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ABSTRACT 	 ii 

The present investigation forms a part 

of a series of invest igat ions - that have been 

izad:rtak.on in this ea-artmentt on a study of aluminium 

and its alloys. The various physical and mechanical 

properties studied include metallo graphic structure, 

lattice parameter, density, coefficient of thermal 

expansion, hardness, tensile strength,percentage 

elongation and machinability. 

Most of the earlier investigations of the 

lattice parameter were carried out at ordinary tempera-

ture and very little work of the study of lattice para-

meter at elevated temperatures has been reported. In 

the present investigation, an attempt has been made to 

determine as accurately as possible the changes in 

lattice spacing with' temperature and composition under 

the equilibrium conditions of alum in ium , aluminium-

copper and aluminium-silver alloy systems by using high 

temperature Unicam X-ray diffraction camera. The knife 

edge of the camera was calibrated by taking silver 

standards. The camera was also calibrated for mean 

specimen temperature corresponding to thermo-couple 

temperature by taking photographs of silver specimens 

at different temperatures. Nelson Riley's extrapolation 

method was adopted for the precise determination of 

lattice parameter. The equations representing the 

relation between lattice parameter and temperature 
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have been determined by using a digital computer. The 

values of lattice parameter as determined from the 

equations are in close agreement with the experimentally 
determined values. The density 	and coefficient of 
thermal expansion were found out in single phase regions. 

In the case of pure aluminum, the coefficient of ther-

mal expansion as determined with reference to lattice 
parameter at 00  C decreases slightly with the increase 

in temperature. In the case of aluminium-copper system, 
the values at 525°  and 548°  C as determined with refer-
ence to lattice parameter at the same temperature, were 

found to remain almost unchanged upto 4% copper addition. 

Beyond this the values of coefficient of thermal expansion 

decrease at an appreciable rate' as the copper concentra 

tlon increases. The coefficient of thermal expansion for 

the alloy containing 7.5% silver is lower and for the 

alloy containing 19.9% silver is higher than that of 

pure .luminium at a given temperature and determined in 

the single phase region. The value of lattice parameter 

for stloys containing 7.5% and 19.9% silver decreases 

and increases respectively with rise in temperat`ru.re. The 

solid solubility line as determined by high temperature 
X-ray diffraction method between 45° and 548°  C was 
found in agreement with that reported by earlidr workers 
baskd on other methods. The maximum solid solubility at 

the eutectic temperature was found out to be 5.? weight 
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percent ccafirming the results obtained by Raynor. 

However, the value does not agree with that reported 

by Ellwood and Silcock which is 5.85 wei-,ht percent. 

Survey of the literature has indicated 

that although the effects of common alloying elements 

on the properties of aluminium have been thoroughly 

investigated, very little work on the effects of tanta 

lum and rare earths additions has been reported. The 

results so far on aluminium and aluminium alloys have 

been rather conflicting. . Practically no work has been 

reported in the case of aluminium-silicon and aluminium-

magnesium alloys. Most of the work reported earlier, 

has been carried out by using mixtures of rare earth 

metals and not individual metals. 	In the present 

investigation the effects of tantalum and rare earths 

on the microstructure, hardness, machinability, tensile 

strength and percentage elongation both at ordinary 

and elevated temperatures of aluminium and its alloys 

have been studied. Power measured by drill calorimeter 

and chip formation study have been taken as indices for 

the evaluation of machinability. The metallographic 

study has been made in all the cases to explain the 

changes in properties on alloying ,additions. The rare 

earths have been added in the form of misch metal, 

lancer-amp2, rare earth fluorides and individual elements 

Viz., cerium, lanthanum and neodymium. The work has been 
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carried out on aluminium, alum in ium- m a gn e s lum alloy 

218, aluminium copper alloys 195 and 122 and aluminium 

-silicon alloys. Systematic and extensive 	vestiga- 
tion has been undertaken in the case of aluminium-

silicon alloys with a view to explore the possibility 

of tantalum and rare earth metals primarily as modifier 

and secondarily as beneficial alloying; additions. 

Following beneficial effects of additions 

of tantalum and rare earths to aluminium and its alloys 

at ordinary and elevated temperatures have been 
establ ishedt- 

: lu_m in ium 

i) Large refining effect with optimum additions of 

0.01% Ta, 1.5% Ce, 0. i% La, 2% Misch metal and 

2% Rare earth fluorides. 
ii) Improvement in percentage elongation with 

optimum additions of 0.3% La, 0.2% Nd, 1.5% 

Rare earth fluorides, 0.5% Misch metal and 0.5% 

Lancer-amp2. Increase in percentage elongation 
at 4000  C with optimum addition of 0.750 Misch 

e 

	

	Metal. Large increase in hardness with optimum 

additions of 3% Misch metal, 1.5% Rare earth 

fluorides and 2% Lancer-amp2 
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iii) Large improvement in machinability with 

optimum additions of 0.5% Ce p 0.059 Lai 
0.1% Nd and 1% Misch metal. 

l~llo y 218 s 

i) Large refining effect with optimum additions 
of 0.15% Ta, 0.2% La. 

ii) Large improvement in tensile strength at 
200° and !,00° C with optimum addition of 

4% misch metal. Increase in percentage 

elongation with additions upto 0.15% Ta, 

0.5% Ce, 0.3% La and 0.1%.Nd. Increase in 

hardness with optimum additions of 1.5% Ce 
and 1% Misch metal. 

iii) Large improvement in machinability with 

optimum additions of 0.075% Ta, 0.5% Ce, 

0.1% La, 0.1% Nd and 4% Misch metal. 

4a toy 195 

i) Large refinement with optimum additions of 

0.75% Ce, 0.2% Nd and 2% Misch metal. 
ii) Increase in percentage elongation with 

additions upto 0.1% Tai 1.5% Ce, 0.3% La 

and 0.1% Nd. Large increase in hardness 

with additions of 0.3% La i 0.1O Nd and 10 
Misch metal. 
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iii) Large improvement in machinability with 

optimum additions of 0.1% Ta, 0.1% La 

and 3% Misch metal. 

:,l loy 122 

i) pronounced refining effect with additions 

of 0.5% Ta, 0.?5% Ce, 0.2% La and 1% 
Misch metal. 

ii) Large improvement in tensile strength 

with optimum additions of 0.05% Ta, 0.5% 

Ce, 0.1% La, 0.3% Nd And 3% Misch metal. 

Large increase in hardness and percentage 
elongation with the addition of 3% Misch 
metal. 

iii) Large improvement in machinability with 

optimum additions of 1.5% Ce, 1% Misch 
metal and only slight effect with 0.1% Ta 
addition. 

AJ..0 n in ium-silicon alloy (Hyper) 

i) 	Partial modification effect produced in 
micro structure with optimum additions of 

0.015% Ta, 0.?5% Ce and 0.05% La. Complete 

modification effect produced with optimum 

additions of 1% Misch metal, 1.5% Lancer- 

and 0.2% Rare earth fluorides. 
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ii) Large improvement in tensile strength 
at ordinary temperature with optimum 

additions of 0.025% Ta, 0.752 Ce, 0.05% 
La, 0.3% Nd;  l% Misch metal, 3.5% Lancer- 
amp2  and 0.,2% mare earth fluorides. Large 

improvement in tensile strength with the 

addition of 1% Misc.h metal. Large increase 

in percentage elongation at ordinary 

temperature with optimum additions of 
0.05 % La, l% Misch metal, 2% a incer-'amp2 
and 0.2% are earth fluorides. Large bene-
ficial effect of the addition of 1% Misch 
metal on percentage elongation at 2000  and 
4000  C. 

iii) 	Large improvement in machinability with 

optimum additions of 0. i% Ce, and 0.5% 
Misch metal, 

alum imam- s it icon alloy ( hypo) s 

i) 	Large refinement with addition upto 0.2% 

Rare earth fluorides. Increase in the size 
and amount of primary alpha in the micro-

structure with lancer-amp2  and misch metal 
add it ions© 
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ii) Improvement in tensile strength and percen-

tage elongation ith optimurrm addition! of 002-*9 

Rare earth fluorides, Large beneficial 

effects on hardness with addition of 0a2 

Rare earth fluoride and only slight begot- 

fie ial effect with the additions of both 

misch metal and la:_c~ ° ~.!~~ between l,5 

and 3%. 

It is hoped that these investigations wi l 

,)rove useful in the development of new aluminium alloy.: 

with better machinability and rnec'he.,ii.cal properties fc-

use at ordinary and high temperature: 
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CHAPTER I 

INTRODUCTION 

1.1 	OBJECT. 	ND SCUPS OF THE PRESENT INVESTIGATION. 

1.1.1 General introduction s 

A striking development of modern industrial 

societies is the way in which traditional materials are 

progressively being replaced by new ones. One such material 

is aluminium, which is actually preferred for several 

applications which were formerly in the province of steel, 

covper,lead, zinc and other long established materials. 

The c' ief reasons for this are availability, lower price 

and tecrbnical suitability. The properties of aluminium 

that make this meta, and its alloys, the most economical 

for a wide variety of uses are appearance, lightness, 

f abricability, corrosion resistance, physical and mechanical 

properties. Because of its low neutron capture cross-

section and corrosion resistance, aluminium warrants 

favourable consideration as a structural material for 

nuclear reactors and for canning and cladding of nuclear 

fuel elements. it has also found extensive use in electrical 

conductors, and air-craft and other light-weight structures. 

However, its low melting po int, decre ase d high-temperature 

strength, lowered corrosion strength of most of its high 

strength alloys and the high coefficient of thermal expansion, 
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limit the use of aluminium and its alloys mainly to low 
temperature applications. 

Extensive research of fundamental nature is 

being carried out to understand the mechanism of alloy-

formation and correlate the various changes in its mecha-

nical properties due to alloying and heat-treatment, with 

change in crystal and metallographic structure. Attempts 

are also being made to develop new .alloys. of aluminium with 

new elements such as rare-earths. etc. for specific purposes. 

The present investigation forr4s a part of a series 
of investigations that have been undertaken in this Department 

on a study of aluminium and its alloys. The various proper-

ties studied include lattice parameter, density and coefficient 

of thermal expansion at elevated temperatures, metallographic 
structures  machinability and mechanical properties at room and 
elevated temperatures. The whole investigation can be broadly 
classified as follows :- 

1)  Hi h temperature X-ray diffraction study of 

aluminium, aluminium- copper and aluminium-silver 
4loys. 

ii) Effects of tantalum rare-earth elements and 

mixtures of rare-earth elements on the micro-

structure , machinability and mechanical properties 

at ordinary temperature of aluminium, aluminium- 

copper, aluminium-magnesium and aluminium-silicon 
alloys. 
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iii) Effects of mjsch-metal additions on the high 

temperature mechanical properties of aluminium, 
aluminium-copper, aluminium-magnesium and aluminium 

silicon alloys. 

1.1.2 High temperature X-ray diffraction study of aluminium, 
aluminium-copper and aluminium-silvaV . alloys 

Since the formation of .a solid solution is 

accor_npanied'by variation in mechanical properties and lattice 

parameters, a study of variation in lattice parameters is 

useful to understand the changes in the physical and mecha-

nical properties. The densities, thermal expansion as we1l 

as vacancies on which mechanical properties depend, can also 

be studied by lattice spacing measurement. In fact, much 
work has been carried out by other investigators to study 

the effects of various common alloying elements on the 

met~l.lographic structure and mechanical properties of 

aluminium (1)*. A systematic study of the quantitative 

evaluation of machinability of some commercial aluminium 

alloys has been made by the author in his earlier investi-

gation (2) . The effects of alloying elements viz., silicon 

co?;er, zinc and magnesium (39 4,59 6) on the liquid densities, 

and total shrinkage during solidification have also been 

reported in earlier publications. 

* The numbers in p ar anthe si s indicate the Reference Numbers 
given at the end. 
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Influence of mould materials on apparent shrinkage and 

mould wall movement of aluminium alloys has also been 
thoroughly investig ated (7) . Al though the engineering 
properties of various aluminium alloys have thus been ex- 

tensively investigated, we find that most of the earlier 

investigations of the lattice parameter were carried out at, 

ordinary temperature whew the solid solubility in most cases 
is very small. In such cases, in order to determine the 

dependence Of lattice parameter on the solute concentrations 

supersaturated solid solutions were obtained by quenching 

the a7-loy from the high temperature at which the solid solu-

bility was greater. It should be emphasized here that the 

state of the supersaturated solid solutifln should be different  
from equilibrium solid solution. Survey of the literature  
has indicated that very little work on the study of lattice 

1~parameter of aluminium alloys, at high temperature has been 
r reported. 	1'wood & Silcock (8 were the first to examine 
lattice spacings of aluminium copper alloys in a temperature 

0  o range of 400 	600 C. The lattice spacings at lower temp- 

erature in equilibrium solid solution have not been reported 
by them. They have , however, reported low accuracy in 

measurement. There also appears to be some discrepancy in 

calibration with regard to temperature measurement. the 

variation of lattice parameter of alloy in equilibrium 

condition with composition at different temperatures was not 

studied. Hume-Rothery and Boultbee (g) made the measurement 
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on the alloy of Al-Cu containing 1,.62 atomic. percentage 

Cu, J - Mg solid solution and alloys of Al-.Si. in the 
temperature range 	- 500 to 2000  C. Lattice spacings 
at high temperatures have also not been reported by them. 

Practically no work has been reported in case of aluminium 

Silver alloys at elevated temperatures. Thus there is lack 

of systematic data on the lattice spacing measurements of 

aluminium alloys in equilibrium at elevated temperatures and 

there seems to be a need of thorough investigation in this 
direction. 

In the present investigation lattice spacing 

measurements at elevated temperatures have been made by 

using high temperature Unlearn X-ray diffraction camera. 

The camera was calibrated for mean specimen temperature, 

corresponding to thermocouple temperature. Nelson-Riley's 

extrapolation correction was applied for precision determi-
nation of lattice parameter. The knife edge of the camera 

was also calibrated by taking silver standards. The work 
has )  however, been limited to study the effect of copper 

1 and silver on the lattice spacing of aluminium at elevated 
temperature. The work has not been undertaken in case of 

aluminium alloys with tantalum and rare earth additions 
althcugh very elaborate work has been carried out on machinabi- 

lity and mechanical properties because of negligibly small 

solid solubilities of these elements in aluminium. The 
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equations were determined for lattice parameter vs. tempera-. 

ture for each composition with the help of computer. In 

the case of pure aluminium the lattice parameter, thermal 

expansion and densities were calculated for different 

temperatures. In case of aluminium -copper system the 

solubility line was redetermined by high temperature X-ray' 
method, between 475 and5480  C. The values of coefficient of 
thermal expansion and densities at elevated temperatures have 
been calculated for both aluminium copper and aluminium silver 
alloys, 

1.1.3 Effects of tantalum rare earth elements and 
mixtures of rare earth elements on the micro-
structure, machinability and mechanical properties 
at ordinary temperature of aluminium, aluminium copper, 
aluminium magnesium and aluminium  silicon alloys 

We are rapidly moving in the world of supersonic 
jet flights, missil48 etc. Resources of metals in general 
are getting depleted at an enormous rate, for exampl e, proved 

world reserves of copper will barely last 30 years and even 

if its production continues to multiply three or four fold 

over the next two to three decades, the supplies would still 

not be adequate. We shall then have to look around for metals 

of the rare e arth group, which today have relatively much 
smaller industrial scale uses. 	It has been clearly shown 
that metals of the rare earth group are valuable alloying 

elements both in micro and macro additions (10), 

I 
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Metallurgic 	applications of rare eartffasmay be 

Classified in two broad headings o .. 

1) Applications in which rare earths form an alloy. 

with some other metals e.g. with aluminium and 
magnesium. 

i) Applications where rare earths play a weak 

role as alloying elements but function fundamen-
tally as purifying elements. 

In each case rare earths are added in the form of 
mixture, and not intheir pure state . Two types of mixtures 

Misch Metal and Lancer-Amp. are widely used. Mixture of 

fluorides and oxides have been also used in many cases of 
ferrous and non-ferrous alloys. The applications O& rare 
earths as mixed metals or their oxides have been extensively 

explored in the past decade and found capable of providing 

a variety of alloys with markedly improved properties. 

From the stand point of the amounts utilized in the 
industry miseh metal is the most important of the rare earth 

metals. Approximately one quarter of the rare earth compounds 
produced in the United States goes into the manufacture of 

g
misch metal and cerium. Misch metal is a mixture of cerium 
roup mare earth metals and isr p ep ared either from monazite'' 

or bastmasite. Some examples of the current uses of misch 
retal are given in the following list (11) . 



i) Lighter flints contain 70 - 80 percent misch 
metal with iron as remainder (12).  

ii) Important component in effecting nodularization 
of cast iron in the ductile form (13) in improving; 
the machinability and mechanical properties of 

grey (14) malleable (15) and alloyed cast iron (16) . 
iii) Used as an additive to low alloy steel castir gs, 

misch metal improves their ductility, impact 

resistance and other physical properties (17). 

iv) Misch metal appears to improve hot working 
properties of stainless steel (18) . 

v) Creep resistance (19) and tensile strength of 
some high temperature Zr-Mg alloys for jet engines 
have been improved by adding as little as •S percent 

misch metal,. 

vi) Good deoxidizer and desulphiser in steel (12) 
vii) An alloy of misch met al , thor ium and aluminium 

has been shown to be an efficient gating agent 
for use in electron tubes (20) . 

The use of rare earth metals as beneficial additions 
to light alloys has aroused considerable interest in recent 
years (10) . The results - so far on aluminium and aluminium 
alloys have been rather conflicting, although claims have been 



0 

made for grain refinement and improvement of mechanical 

properties in quite a few cases. (21-29). The available 

data is poor and justifiable conclusions cannot be drawn. 

Practically no work has been reported in the case of aluminium-

silicon and aluminium-magnesium alloys. Most of the work reported 
earlier have been carried out by using mixtures of rare-earth 

metals and not individual metals. Effects of tantalum and indi-. 
vj.dual rare earth metals VIZ,, cerium, lanthanum, and neodymium 
have not at all been investigated. 

The aim of the present investigation has been to 
study systematically the effects of tantalum and rare-earth 

additions on the micro structure, hardness, ductility, ord1- 

~~'Y. temperature tensile strength and machinability of aluminium 
and its alloys. A systematic study has been initiated with 

the object of developing aluminium alloys with the r are earth 
metals as the alloying elements gin view of the facts that 
India has plenty of rare earth metals available from monazite 

,residues left after the extraction of atomic energy metals viz., 

uranium, thorium, etc. The rare-earths have been added in 

the form of misch metal, lancer-p-2, rare-earth fluorides 
and individual elements viz , 9 cerium, lanthanum and neodymium. 
The work has been carried out on aluminium, aluminium- copper y 
alloys 195 and 122, aluminium-magnesium a Toy p18, and the 

possibility of uses of the above mentioned metals as bene-

ficial additions from strength and machinability stand point, 
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have been explored. The systematic and extensive investi-
gations have been undertaken in the case of aluminium -

silicon alloys with a view to explore the possibility of the 

modification of aluminium alloys by rare earth additions. 

The microstructure, mechanical properties, as well as machi- 
n abil ity of hyper and h \ ypo-alloys treated with different 

amounts of tantalum and rare earth metals and cast in per-

man.ent as well as in sand moulds have also been studied. 
9 

The chip formation study and measurement of power 
consumption by calorimetric method have been taken as 

indices for evaluating machinability of different alloys. 

The chi_: formation study includes the measurement of chip 
thickness ratio and shear plane angle 0 . The metallographic 
structure has been taken in all the cases to correlate the 

changes in the properties with changes in microstructure of the 
alloys on additions. 

1.1.4 Effects of misch metal addition on the high temperature 
mechanical properties of aluminium, aluminium copper, 
aluminium magnesium, and aluminium silicon alloys 

Literature survey has indicated that although 

little but conflicting reports are available on the effects 

of misch. metal on the mechanical properties of aluminium 
allot; s 9  practically no work has been reported on the effects 

of additions on the high temperature mechanical properties 
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although claims have been made for improving the mechanical 

propertiein quite a few cases of magnesium base alloys(30) 

plain carbon and alloy steels (31) . In the 'present invos ii-- 

gation the effects of misch metal additions on the tensile 

stren ch and percent elongation of aluminium ! aluminium -

cop Aper alloy 122, aluminium magnesium alloy 218 and aluminium-

silicon alloys at elevated temperatures have been investi- 

gated, with a view to develop alloys for high temperature 

service conditions, Misch metal has been preferred over the 

individual elements because of its being cheaply available 

in this country. Avery tensile testing machine was used 

for the determination of tensile strength at elevated 

temperatures, Provision was made for three thermocouples 
that could be introduced through a series of radix. holes with 

the help of which the temperature could be measured at the 
two ends and in the middle of the specimen. Duplicate and 
triplicate tests have been made in all the cases. 	As no 
systematic work seems to have been carried outs  on these 

lines it is hoped that these investigations will prove 

useful in the development of new lighter alloys with 

better machin ability pstructural and mechanical properties for 
CL'dinary and high temperature service conditions. 

O0. O - 
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CHAPTER 11 

MEASUREMENT OF LATTICE SPACINGS 
IN ALUMINIUM AND ITS ALLOY S. 
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CHAPTER II 

MEASUREMENT OF LATTICE SPACINGS IN ALUMINIUM AND ITS ALLOYS 

2.1 GENERAL INTRODUCTION 

According to Vegard's law the lattice spacing vs. 

composition curves for solid solution of salts of the same 
crystal structure are straight line joirbg:; the values for 
the two pure salts. This law was originally (32) advanced 
for salts in which oppositely charged ions are drawn 
together by coulomb forces until their electron clouds 

overlap and produce intense repulsive forces which balance the 
attraction. It was later extended to metals. Detailed 
examination of lattice spacing vs. composition relationships 
by Hume Rothery (33) and Owen (34) has shown that deviations 
from the Vegard's law occured in nearly all metallic solid 
soiut Ions. 

Vegard's law can be extended to cases where solute 
and solvent atoms possess different crystal structures, by 

converting the lattice spacing into d, the closest distance 

of approach of atoms (35) . In the face centred cubic 

structures d = a/2 and corresponds to the spacing of atoms in 

the close packed (111) planes, while in the closed packed 
hexagonal structure d = a, and corresponds to the spacing of 

atoms in the basal plane (0001). When there are several diffe-

rent distances of approach in the structure of an element e.g 
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in gallium, the closest distance of approach does not 

adequately express the size of the gallium atoms in a solid 

solution. In such a case a measure of the effective size may 

be obtained by extrapolating to 100% solute the lattice 

spacing/composition curve of gallium dissolved in a simple 

solvent e.g. copper. From the apparent atomic spacing a of the 

solute thus obtained 9 the corresponding apparent atomic dia

meter (A.A.D.) can be calculated by dividingy/ I •For 
r 	O 

gallium in copper the A.A.D. = 2.75 .q°. 

The apparent atomic diameter method is however 

strongly dependent on the nature of the solvent element 

bacause the extrapolated lattice spacing/composition curve 

contains both the atomic size contributions due to the solute 

and the valency and other electronic differences existing 

•between the solute and the solvent, Thas the A,A.D.. of gallium 
in gold is 2.83 A° 

2.2 	PRECISION DETERMIN_",.TION OF LTTICE PARAMETERS: 

2.2.1 Instrumental errors and their corrections. 

Precision work with Debye cameras is hampered by 

many factors:  

•) Film shrinkage. 

ii) Errors in measuring camera radius. 

iii) Displacement of the specimen from the centre of 

the camera by 	yproper adjustment. 
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i') ; Displacement of the effective centre of the 

specimen from the centre of the camera by 

absorption of the rays in the sample. 

v) X-ray beam divergence. 

vi) Finite height of silts. 

The film shrinkage alters the approximate circum-

ference of the camera. A remedy for it is to print a scale 

on the film at the time the photogrph is made. Subsequent 

measurement of this scale then reveals amount of shrinkage 

that has taken place. The same percentage correction can be 

applied to all measured distances on the film. 

Straumanis (36) originated one method of correctFng 

for film shrinkage. The film is wrapped around the camera in 

such a way that the ends come together on one side midway 

between entrance and exit holes. The position 9 - 0 is then 

determined as midway between right and left hand are of small 

angle Debye rings, and the position Q. 900  is similarly 

determined from the large angle rings. Other 9 values are then 

made by interpolation. 

Another common method is to make a standard distance 

on the film, Two knife edges are built into the camera, so 

that they will form sharp limits to the exposed portion of 

the film and 0 is calculated from the formula: 

pol - 	
S 	 ... (2.01) 
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where 01  is the diffraction angle exactly at the knife 

edges and Sl is the circumferential distance between them. 

The principle of calibration can be applied to 

individual films if the powders of the unknown sample and 

the standard substance are mixed and the super-imposed 

spectra are obtained. The angles of reflection from the 

standard powder which are known accurately are plotted 

against the measurement of the corresponding lines to give 

a calibration curve for the film. Then the corrected angles 

for the other lines of unknown substance are read from the 

:curve. 

- 2.2. 2  VETTt&tNN .* S FXTRA.POLATI©N: (37) 

To compute the error in lattice spacing d that 

results from an error in the measurement of 9 , we may put 

Bragg's Law in the form. 

d sin 9 = n 	 .. (2.02) 

which by differentiation yields: 

d cos (Q) Z,9 -r- sin 9 .6d = 0 	.. (2.03) 

from which 	_ — 	8 /.. (9 	.. (2.04) 
OL 

Thus the percentage error in spacing measurement caused 

by a given error in angle measurement approaches 0 as cot Q 

' approaches 0, 'Le, 	9 approaches 900. A smooth 

curve drawn through the plotted points and extrapolated to 

9 = 900 gave the corrected value of lattice .constant . 



Such plots have the disadvantage of non-linearity 
s 

making it difficult to extend the curve accurately to 	=900 .  

2.2..3 	Brd1ey and Jay's extrapolation (38k. 

Bradley and Jay found that most er+r rs depended 
on various functions of e wnich can be comb Ined , into a 
'Single• expression which is 'linear with co92  8 for q;`60°. 
The advantage of the use,  of. eos2  :is that it i5 easy' 
extrapolate along a straight line. It should be noted that 

2 	2 since sin8 = 1 - cosc 
the errors also vary linearly 

with sin20 .. if cost  is used, the plotted d values a es a,re 
extraploted to cos29 = 

0 and if sin2g,is used, d values are 

extrapolated to sin29 = 1. If the radius error is eliminated 

by the asymmetric film-mounting ,arrangement and the beam 

divergence error is ignored, then only two principal errors 

remain namely the absorption error and the specimen eccentri- 

city error. Both errors depend p 	primarily on cos2Q for large 

values of Q , since sin 8 tends to unity' as y approoches 900 . 
The plot against cos29 is linear for 0 Values greater than 
6O°  . 	 4. 

2.2.1 -  
Taylor & Sinclair, . Nelson & Rilev's extrapolation: (39,4.0) '. 

Recently Taylor & Sinclair and independently 

Nelson & Riley have shown that even better extrapolation 

function to use is 1/2 ( co 	+ co s2g 
sing e ) • This represents 

the mean between the different functions which 'are 
proportional 

to the error caused by absor;,ition and the error caused by beam 
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divergence: SiIce modern powder cameras elimin-te the radius 

errors and minimise the eccentricity errors, bsorptton and 

the divergent radiations remain the chief sourceso ' erroi°, 

The plot against cos29 is liner for 0 values greater l-an 

600 . The plots against either • cos29 	or cos20 	n re linear 
sing 	-9 

for much smaller values of 0. It is for this reason that 

Nelson and Riley recommended the use of arithmetic mean of 

these two functions whenever absorption is the chief source 
of error, 

2.2..-5. , Cohen r s method of lesst squares :(41) 

Cohen has shown that the extrapolation to p11 4fl e 
systematic errors can be performed with increased accuracy 
by an analytical method. 

Bragg' s Law, by squaring and taking o zr thms can 
be put in the form 

log sin2Q = 2 log ( 	/2 ) - 2 log d 	.. 2,05 

and differentiating gives 

~ +2  2.06 
s in2® 	d 	 ~t 

since 'h is known accurately,% = 0 
Therefore we get Sid-' = M 2 
The errors in measured d values caused by absorption and 

specimen eccentricity can be set proportional to co32E tkat 



is, 

~-d- cx cost d 

T hus 4 sin28 	2 
-------- oc cos e 
sin2 8 

or ,A sin2 6 cx sin2 9 • cos2 8 

iIe 

........2.07 

........2.08 

. . . . . . . . 2 .09 

D sin 2 
where D is proportionately constant having the same value 
for all angles e of the film but having different values 

for different films. 

The relation determining the values of sing e 
for isometric crystal. can be written in the form a - 

2  
2 

	

2 	2• 
sin ® = 2 / 4 d2 -)'` (h + k + 1 ) 

4 . a2 

	

= Ao (h2 + k2 + 12) 	 .........• 2,12 
2 2 where  A0 

Adding the corrective term we get 

2  2  2 ----2— - sin ®_ D sin 2 A 	........... , L 3 
4d 

An equation of the type is written for each line of the 

pattern expressing d in terms of known indices and the 

unknown lattice conttants. 

For cubic crystals Cohan .wewites equation in the form 
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Ao (h2 +k2 +12) +Dsin2 28 	= sin 2 A ......+2.14 

Let oc = h2 + k2 +- 12 

2 d = io Bin 2 e y so equation 2,14 can be written 
as ~ 	+ r D _ sin2 

Equation relates known value of to the measured values of 

provided only sysl ;.n.itic errors occur. 'As random ct; ervat.,,. .gal 

errors al so occur.. the equation should be put in the 	;1 ,T. 

QC 1 Ao 	D - SinG pI 

Squaring each term 'n brth sir g, e m tior 2.10 ' ecQn" 

Y(di Ao + ri D -, Sins tom.) 	_ L 	 n xq 

Squring each term on both sides, equation 2,17 becomes 

« Ao y ; D- .n2 , 2 

In order that 2,18 be 	minimum, the first derivatiare s 
2 of 	i with r^spect to Ao and D must vanish 

• ~s e2 	.-- 	 2 0 = Zd;(diAo ± giD - sin)  0 

and 	 i 	2 ii = 0 = 	(diAo+ iD - Sin   

Multiplying through by ( 	in 2.19 and by ~'i in 2.20 an 
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rearranging the terms, the so-called normal equations, are 
obtained ; 

g ( 1 a1) A0+ 	c 	1 D 	i 	_sin f  8  ......2.21 i 
( 	) o + ( i 512) D _ 1 	sing g1 ......2.32 

These two simultaneous equations can be solved to gi Tc: `r~ 
values of A and D. 

0 

	

From Lb - v41 ue of A4 	a is eat eui ate; by € gUet;oy, 
a - /12/4 	, Ao 

If a real choice between graphical method and Coh'n's 

matthod exists, it must be resolved on the basis of whether 

the random errors are large `or 'are negligible, 

In the graphical method, they manifest themselves in try 

scatter of observational point's about the straight line tt 

must be drawn to determine the extrapolated value. When such 

scatter is small, the line can be drawn and the graphical 

method is very accurate,. On the other hand, when the scatte::' 
x et hod 

is g re at, least 1gI'lareZshould give better results, sincA i t. 1 

•Q'r'.usively designed to c1itinate random. crcors . 

2,3 CJNSIDERATION IN HIG;;; TEMPERATURE LATTICE 
SPACING MEASURENI a (42) 

X-ray measurements can be used effectively to 

determine the thermal expansion of metals and alloys 1 the 
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range - 196 to 1000 °C and with rather less convenience and 

accuracy at lour: and high . temperatures at least .up t o 2000°c, 
and probably as high as 2800 °C . X-ray measurements provid; 

the only method of obtaining the thermal expansion coeffici-

ents in cases where obly a little material is available or 

in cases of crystals of low symmotry along the crystal axes, 

for thc: preparation and cutting of large crystals for macro-

SCop > c measurements would be tedious. 

Expansion coefficients are normally obtained from 

the change 113 accurately determined lattice spacings with 

temperature. Sometimes it is not possible,for reasons such 

as high absorption, temperature factor etc., to obttain suitable 

high angle back reflection lines in powder photographs. 

Still accurate expansion coefficient may be obtained by 

determining the change of interplaner spacing of suitably 

reflecting planes. In this case position and diameter of the 

specimen must not be altered during a series of exposure 

at different temperatures, so that the absorption symmetry 

errors similarly affect the reflections from any particular 

plane at various temperatures. 

The accurate expansion coefficient is then calculated 

from the relative change of interplaner spacing with tempera-

ture even though the true values of interplaner spacing 

are known. 
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There are four main points of importance in the 
determination of the expansion coefficients. 

i) The first is the exact determination of the speci-

men temperature which can be made by taking photograph 

of pure silver, at different temperature the lattice 

spacings of which are accurately known at different 

temperatures; and then calculating the exact mean 

specimen temperature from the measured values of 

lattice spacing at different observed temperature rg. 

i;) 	There may be possibility of specimen contamination 

during exposure at high temperature, unless the con-

tamination is large it will in general have a second 

order effect on the expansion coefficient. But a 

contamination leading to an expansion of the 

lattice of say 0.0010 KX at room temperature will 

Loo increase the lattice spacing measured at high 

temperature by approximately the same amount. It 
Is, therefore, necessary to apply the appropriate, 

correction to the observed high temperature lattice 

spacing, if it is found that the lattice spacing 

at room temperature has changed following the 

high temperature exposure. 

1i3) The third point concerns the examination of alloys. 

If one component of the system is very susceptible to 

oxidation at high temperature or is easily lost by 
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eva~orationi or by reaction with the enclosing silica 
capillary, then the composition of the specimen may change 

before and during exposure at high temperature, thus affec-

ting the apparent expansion coefficient. 

iv) .A L1 s'_)ecimens used in accurate determinations of 

expansion coefficient should previously be annealed at a 
tem)erature at least as high as that of the highest expo-

sure fora time relatively long compared with the exposure 

time. This treatment will complete all recovery recrystall =-

zation and grain growth processes that can take place upto 

temperatures of highest exposure, The specimens should not 

then change their properties during exposures subsequently 

made at lower temperatures. The treatment is important 

because the processes of recovery recryst all iz ation and 

grain growth may be accompanied by a change of lattice 
parameter, 

2 .4 GRUENEISEN rS RULE AND THERMAL EXPANSION OF METALS. 

Grueneisen (43) has put forward an empirical rule 

conxsecting the volume expansion of solids due to rise in 

temperature with the atomic heat of the solid and its 

compressibility at absolute zero. This rule has been 

stated in various forms. Hume Rothery (1945) has recommended 
the form due to bimon and Vohson (1928) namely ; 



V -V0 
.......2.23 

V 	Q.KF 

where VT and Vo are the volumes of the Solid at T °K and 0 °K 
respectively. Et is the total heat content of the solid at 
T °K and Q and K are constants. Thus 

V° _ 
VT V o 	Et 	 ......2.24 

VT -Vo 	 aT 
m 	

- ap
ay be substituted by 3 	 where a2 and 

p 	 - ! 

ap are lattice parameters of a cubicaoerystal at T°K and 0  

respectively. Similarly we may write for Br the Debye expres-
sion 9 RTD(g/T) . Substituting these values in equation, it 
becomes evident that the curve of 	ao 	 Vs. 	1 - 

ap -a0 	TD (© IT 

will become a straight line. These curves have been drawn for 

ionic crystals such as sodium and potassium chlorides, po-

t assiu~i and Caesium bromides, lithium fluorides, potassium 

and. caesium iodides and in each of these cases a straig.t --
limo has been obtained. 

Mitra (43) undertook an investigation to find out 

if the same relation was obeyed for pure metals. For this 

purpose 'he studied the cell edges of pure copper, aluminium, 

silver and platinum at various temperatures by the X-ray 

diffraction method. Measurements were carried out with the 

help of a 19 cm camera and filtered X-rays were used. The 

cell edges were determined' by the extrapolation technique due 
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to Sinclair and T ,ylor (• 39). Extrapolation to absolute zero 

was carried out by the technique described by Fiochrneister (3) 
They They concluded that unlike the curves for ionic crystals, for 
metallic crystals t  the curves are non linear. 

2.5 LATTICE SPACING RELIiTIONSI-IIP IN ALUMINIUM ALLOYS 

2.5.1 Alloying elements contracting the lattice 

The relation between lattice spacings and compo-

sition  is obtained by Axon and flume Rothery (33) for Li, Si 

Cu, A and Zn where these elements indicate lattice contr,ac-

tio. In the system aluminium-zinc, the lattice spacing/ 

composition relation is not ldne ar but is a curve such that 

the lattice contraction per atomic percent of solute increases 

with the concentration, In the system aluminium-copper the 

lattice spacing/composition relation is linear. In the syste'.n, 

aluminium-silicon, a straight line can be drawn through all 

points within limits of e per.imental accuracy. In this system 

the solid solution is restricted and hence Axon and Hume Rothery 

employed different rates of quenching in order to ensure that 

partial decomposition had not occurred. In the system aluminiwn-

lithium, a contraction of lattice spacing takes place. The 

lattice spacing/composition line is slightly curved. 

Similar measurements were made by Ellwood and 

Silcock (8) on alloys of aluminium and copper. Lattice spacings 
accurate to better than ± 0.0003 A°  were given in A°  and not 
KX units as stated in the paper. Gulijaev & Trusova (44) 
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also measured the lattice spacings of several alloys upto 

0.87 atomic percent copper. Dorn and others (45) measured 

the lattice spacings of very dilute solutions of aluminium-

copper. The results were in agreement with that of Hume 
Ro thery (33) . 

Ellwood (46) in his investigation on lattice spacing 

in aluminium zinc alloys upto 35 atomic percent Zn has found 

excellent agreement with the values of Axon and Hume Rothery 

in the range 0.6 percent Zn. The lattice spacings curve as 
reported by him at 250°  C is unusual in that it can be divided 

into 4 parts. In the ranges 0 - 4.0 and 18.5 - 25,0 percent 

zinc, a non-linear relationship between lattice spacings and 

comosition is found whereas in the range 4.0 - 18.5 and 25.0 

- 35.0 percent zinc, a linear relationship exists. The 
1 a "ice spacings at 3600  C show similar anomalies except that 
the curved portions extend over a greater range of composition, 
the approximate limits being 0 14.0 and 17.0 - 30.0 percent 
z inc. 

Lattice parameters of the alloys of aluminium - z.i1C 
and aluminium-silicon were also measured by Gulijaev and 
Trusova (44). 11 attice spacings of aluminium - zinc alloys were 
found higher than that of the values determined by Axon and 
Hume Rothery (33) and Ellwood (46) , the later both be ing 

in agreement are preferred. The results of lattice spacing 

measurements of aluminium-silicon alloys as determined by 
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Gulijaev and Trusova (44) were also found higher than the 
values determined by Axon and Hume Ro thery (33), 

In the case of aluminium - lithium solid solution 

there are conflicting reports about the effects of lithium on 

the lattice spacing of aluminium in solid solution. Earlier 

measurements by Vosskuhler (47) indicated a slight contrac-

tion of aluminium lattice with lithium in solid solution and 

were found in agreement with the results determined by Hume 

Rothery (33) . But Zuitl and Woltersdrof (48) had previously 
found the expansion of lattice in alloys melted in LiF lined 
Zirconia crucibles. Komovsky and Maximova (49) found no 

change; in aluminium lattice spacing in the aluminium-lithium 
Solidsolution 

The aluminium - chromium solid solution lattice 
Sp aciI s have been measured by Hofmann & Herzer (50) and 

Hofman and Wiehr (51) using back reflection methods. Similar 

measurements have been discussed and shown in the diagrams 

by Falkanhagen and Hofmann (52) and also by Knappwost and 
Nowotny (53) . 	j. report contractions in lattice sp.acin .s 
in aluminium-chromium solid solutions. Knappwost and Towotny 

found a considerable larger lattice spacing in the one homogerie- 
ous alloy examined. 

In case of aluminium-cadmium there is very little 

terminal solid solubility. Dorn (45) measured the lattice 

Spacings of very dilute solid solutions upto 0.065 atomic 



percentage of cadmium. A contraction of 0.0002 KX was 

reported with the addition of 0.065 atomic percentage 
aadmium. 

Slight contraction in the lattice spacing has also 

been reported in the case of aluminium-beryllium dilute 

solid solution by Makaror and Tarschisch (54) and by 

Mlkheev a (55), They measured the lattice spacing by Sachs 

method but the temperature to which the measurements refer 
is not stated. £Luminium-manganese solid solution lattice 

spacings have been measured by Hofmann (56) and by Falkonhagen 

and Hofmann (52) by back reflection photographs using gold 

for calibration. Although the solubility of the manganese 

in aluminium at the eutectic temperature is only 1.4 wt. 
percent age, it is possible to obtain upto 9.5 wt. percent 

Mn in metastable solid solution by quenching liquid alloys 

with appropriately cooled copper moulds. The contraction in 
the lattice has been reported. 

Falkenhagen and Hofmann (52) also carried out the 

lattice spacing-measurements in the case of aluminium-tit a-

nium solid solution and report contraction in lattice spacing. 

U They used rapid quenching from the liquid state to obtain 

supersaturated solid solution. 

Brauer (57) , however, reported an increase in the 
lattice spacing from a = 4.040 KX for pure aldminium to 

a = =4.044 KX, for aluminium saturated with titanium in 
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powders, annealed between 320°  C and 4600  C. 

2.5.2 Alloying elements expanding the lattice : 

Hume Rothery determined the lattice spacings of 

aluminium rich solid solutions of the system aluminium.-

magnesium, aluminium-germanium and aluminium-salver (33) . 

The 1 att ice spacing of aluminium is expanded consider ably by 

the solution of magnesium and germanium and is unaltered by 
sily z 	In the system aluminium-magnesium the limits of 

aluminium rich solid solution are approximately 16 atomic 
percent magnesium at 4500  C. and 3 atomic percent at 2000  C 
d hence the decomposition during quenching was prevented 

b;r cooling in a blast of air. The lattice spacing comport 

sition curve beyond 2 atomic percent magnesium is practically 
a straight 1ine y  but shows a definite curvature at the lower 

percentage, It is seen that addition of less than 1 atonfic 

percent of magnesium produces a slightly smaller expansion 

in the lattice as compared with the effect of larger percen- 
tages.  

Poole and Axon (58) determined the lattice 

spacing of & uminium rich solid solutions of the system, 

aluminium-magnesium. The curves show that small amount of 

impurities in the magnesiwn have a pronounced effect on the 

lat:"ice spacing relationship. They have shown that the change 
of slope in the curves which was found generally in the first 
0.5 atomic percentage solute addition is the result of 
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impurities into the alloys with magnesium. 

Ellwood (46) has also observed a slight curTature. 

in the lattice spacing composition relation for aluminium-
magnesium solid solutions alloys - at low magnesium contents, 

Aluminium solid solution lattice spacings have boon 
also measured by Dorn (45) p  Gulijaev and Trusova (44), Hume 
Rott,hery end Boultbee (9) p  Kustnor (59), Kuznetsor and Guseva 

(6) , Siebel and Vosskuhl.e:r (61) and Trillat and Paic (62) . 

There is good agreement between the measurements 

of Ellwood (46) and of Poole and Axon (58) . Axon and Hume 

Rotheryis (33) measurements tend to be rather lower and 

Kustner's slightly higher particularly at larger solute 
concentrations. 

In case of aluminium-germanium $ toter and Wklemn (63) 

hav determined the solid solubility of germanium in 

aluminium as 2.8 at. percent, Lattice spacing of the alloys.  
upto 1.98 atomic percent germanium was measured. In the 

system the lattice spacing/composition relation is very 

sl i htly curved. Dorn (45) also measured the lattice 

spacing of very dilute solutions of aluminium germanium upto 

0.145 atomic percentage and have shown an expansion of only 
0.0001 A°. 
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There are conflicting reports about the effects 
of silver, on the lattice parameter of aluminium in solid 

solution. Hume Rothery is work (33) upto 6 atomic , percent 

Ag has shown that lattice parameter remains unchanged. 

Dorn (45) carried out the lattice spacing measurement of very 

dilute solid solution of aluminium-silver richest alloy 

containing maximum 0.194 atomic percentage silver, and has 
indicated only,a-.q%:ght .increase of 0.0001 Ao  with the addition 
upto 0.194 atomic percentage silver. 

Gulijaev and Trusova (44) measured the solid 
solution lattice spacings from powder photographs. The 

lattice spacings increased relatively rapidly with concentra-
tion end did not agtee with the results of Axon and Hume 

Rothery (33) . Aluminium-silver solid solution lattice 

spacings were also measured by Ellwood (46) . The lattice 

sp ,c in,/composition relation is given in Fig. 6. It is seen 
that the lattice Spacing of aluminium is practically unchanged 
by addition upto 6 atomic percentage silver, increases 

Slightly between 6 and 14 atomic pc rcent age silver and 

remains fairly constant in the range 14 - 27 percent silver. 
His results upto 6 atrmic percentage silver are in agreement 
with Hume Ro the ry t s work, but does not agree with the results 
of (;li j acv and rusova. He has shown that the increase in the 

1 attice spacing between 6 and 14 atomic percentage silver is 

absociated with the filling of a Brilliouin Zone. The zone 
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is filled as the electron atomic ratio decreases. The 

zono appears to be filled when 14 percent Ag is present 

corresponding with an electron atomic ratio of 2.72. 

Hull and Axon have examined (64) the aluminium 
solid solution lattice spacings in alloys containing upto 

20 atomic percentage silver. They 'emphasize the importance 

of quenching sufficiently rapidly from hot to a low tempera-

ture to prevent separation of a second phase in alloys 

containing more than 10 atomic percentage silver. Their 

me a sure ments show no lattice change or a slight decrease in 

the lattice spacing upto 14 atomic percentage silver after 

which the lattice parameter rises. Between 10 and 20 

atomic percentage silver the measurements of Hull and Axon J_we 

some 0.0001 KX lower than that of Ellwood. 

In the system aluminium gallium practically no 

work has been carried out up till now although a1. uminium 
dissolves 6 atomic p,:rcentage gallium at room temperature. 
Owen l iu and Morris (65) gave the lattice spacing of an 

alloy containing 0.53 atomic percentage gallium as a - = 4.04115 
KX at 18 00. After that no data is available in this system. 

In case of aluminium-calcium system terminal solid. 
solutions are of limited extent. Nowotny (66) examined 

alloys prepared from 99.9955 percent aluminium and 98.0 

percent calcium and determined the lattice spacings by the 
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Str aumanis method. Lattice spaeiing was found to increase 

considerably with the addition of caiØ ium in solid solution. 

In aluminium—thorium system the aluminium solid' 

solution of thorium, is very restricted only t0.24 atomic! 

percent thorium at 6109C. Grube and'Botzenhardt (67) 

exat~iine d alloys prepared from 99.73 percent aluminium and 

98.7 percent thorium, by melting them together at 1000 0C. 
0 

Filings were prepared and annealed at 450 C to 600 C. 

for 200 hours and quenched. Lattice has been found to expand 

considerably with the addition of thorium in gold solution. 

$.0• .(PFA"TRENT ATOMIC DIAMETER IN ALUMINIUM ALLOYS . 

Aluminium is a trivalent solvent with face centered 

cubic structure. The first Brilliouin Zone can hold only two 

electrons per atom and must therefore, be overlapped. From 

the results of Axon and Hume Rothery` (33) on the .lattice 
Spacings of solid solutions of Lip Mg r "Si, Cu, Zn, Ge and Ag 

in aluminium it is seen that in the alloys with silicon, co; per 

and silver the lattice' spacing composition curves are straight 

lines so that the A.A.D. of these solutes are easily obtained 

by extrapolation to 100 atomic percent solute. In the alloys 

with Li and Zn a similar procedure can be applied to the 

initial portions of the curves but magnesium produces a cons1.dh 

erable curvature and Wince the 'A.A.D. in the alloys with 

magnc sium as the solute, is uncertain (68) . 



When the A.A.D. of various solute el emnnt s 

in Aluminium are compared with similar values in other solvents 

	

(33) 	it is seen that quadrivalent 	elements (Si, Ge,) give 

larger A.A.D. values in aluminium than in univalent solvents. 

On the other hand univalent elements (Ii., Ag and Cu) produce 

a  reverse trend. Divalent elements (Mg, Zn) show relatively 

little difference whether dissolved in aluminium or in uni-

valent solvents, but the A.A.D. of magnesium in aluminium and 

zinc in aluminium, are smaller than distances of approach in 

the pure elements in the direction of main Brilliouin Zone 

overl aps. 

Hume Rothery has shown that the differences 

be tvre en the A.A.D. values of any given element when 

dissolved in various solvents 	are controlled by the 

following four factors ; .. 

	

i) 	The relative volume per valency electron in 

crystals of solute and solvent. 

	

11) 	The relative radii of the ions of solute and solvent. 

ill) Brilliouin Zone effects and 

iv)- The differences between solvent and solute in the 

electro-chemical series. 

The influence of the first factoz is such that if a 

solute with a high mean volume per valency electron is dissol- 

ved in a solvent of a relatively low mean volume per electror)9 
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th c lattice spacing is contracted; 

When Lithium is dissolved, itt aluminium, relative 

vol—scene per valency electron Ve y  for Li (21.7 KX3) is greater 
tha n that for aluminium (5.51 KX3) such that A.A.D. of 

Lithium is observed to be small and the mean lattice spacing 

is contracted. In the case of germanium (Ve = 3.6) in 

aluminium'  the reverse is true and A.A.D. is large,  

2,7 	HIGH TEMPERATURE X•R DIFFRACT ION STUDY OF ALUMINIUM 
,AND ITS ALLOYS. 

Lattice spacings of aluminium at elevated temperatures 
were 	measured by several, workersul„ Straumanis and Ievins (699 ) 

Ener , (42) in 19589  Wilson (714 140) and Ellwood and Silcock 
In the high temperature range, the measurementg of Ellwood and 

Silcock,  Wilson and S traum anis and laying  are in good agreement. 

The results of Ener (42), are in good agreement with 

the measurement of Wilson below 2000  C., but at higher ter er 
atures greater expansion was found. 

The expansion of annealed aluminium below room 
temperature has been examined by Hume Rothery and Straubridge1  

( 72) 	by Hume Rothery and Boultbee (9) by Pearson (73) 
and by Figgings (74) . 

Ellwood and Silcock (8) examined the lattice spacings 

of aluminium—copper alloys as a function of temperature. 

They showed that the effect of equivalent atomic percentage 

of copper on the aluminium lattice, increases with increasing 
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temy~era,ture, owing to their relatively greater differences in 

the atomic radii caused by the difference in the thermal 

n eX 	~sion. The coefficient of thermal expansion at 5480 C. 
was measured for each alloy, The decrease in coefficient 

with incre ase in copper content was reported. Authors 

ay}A)e, red to have confused icX units, crystal Aungstron units 

and absolute Aungstron units, and in correspondence on paper 
tIey 	reported the correct valuos of lattice spacing in KX 
units. 

. regards 	temperature measurement there 
ap1ie ared to be some diser ;p ancy in calibration and accuracy 
in LiiEiasuTemCnt was reported low. 

Hume Rothery and Boultbee (9) made the measurerr~encs 

on alloys of aluminium--co'2pper containing 1.62 atomic percent 

COOPPer on the aluminium ;.magnesium solid solutions and on the 
allo of aluminium— silicon between50 to 2000 C. The work 
was not carried out at higher temperatures. The results of 

the measurements are given in Table No, 2.01, 2.02, and 
2.03. 

- Corl- cl _ 
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TABLE No, 2.01 

£LUMINIUM-COPPER ALLOY (1.62 ATOMIC O COPPER) 

Temoersture C 	ainKX 	 aX106 	-~ 

~ 50 	 4.0267 	25 - 50 = 22.5 

+ 25  4.0335 

+ 200  4.0511  200-25 = 2448 

TABLE No.202 

AL MINI 	AGTNTE3ITJM ALLOY 

Atomic. 	magnesium Temper tunes 
'  0 50 C 250 C  200o C 

0 4.0347 4.0414 

2.36 4.0427 4,04.06 	.- 

6.36 . 4,0614 4.0685 	4.0858 

10.56 4.0782 4.0861  4.1037 

TABLE 2003 

.ALUMINIUM-SILICON ALLOY CONTAINING 0.°2 ATOMIC % SILICON 

T enmper ature 	a in KX 	 cc 

0050 

 

4,0329 	 - 50 to 25 0C 
w 

25 	4.0396 	 22.4 x 10 



There results have indicated that in case of 
aluminium- copper alloys thermal expansion increases with 
increase of temperature upto 2000  C. The work was carried 
f(W : one alloy and the effect of copper on thermal. 

pansion at different temperatures could not be studied. 
In 	case of aluminium-magnesium alloy their results 

indicate that both the composition and the temperature ' effect 
the values of thermal expansion. Both yincrease in temperature, 
as well as magnesium concentration, increase the values of 
thermal expansion of aluminium. 

The lattice spacings of the aluminium-zinc solid 

Solution at high temperatures have been measured most 

recently. and extensively by Ellwood (46) . 	They le ad to 
boundaries which are generally in good agreement with the 

equilibrium diagram given by Rayanor. Petrov & Vadera (134) 
have also made high temperature photographs of a series of 
alloys containing from 20 to 96 percent Zn at 370°  C. an 0 

300 C. Among earlier investigations (42) of aluminium-

zin c solid solutions by high temperature X-ray photographs, 
th e following may be mentioned; Ellwood, Owen and Pick up 

(103&), Kissolaper and Trapesnikor (x-35), Owen and Iball 
( 	-) y Schmid and Wasserman ( 	1930 Fink & Van-Horn(1 	o  

-:0:   -  
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CHAPTER III 

EFFECTS OF RARE EARTH ADDITIONS ON PROPERTIES OF 

METALS AND ALLOYS 

3.1 GENERAL INTRODUCTION: 

Rare earth elements which have lately assumed 

importance have numerous unique properties and now are 

available on a commercial scale. They are the elements of 

stomic numbers 57 - 71. Some of their properties to research 

metallurgists are as follows: 
1. Large atomic volume. 

2. An unusually strong chemical affinity for 

non-metallic elements normally associated 

with steel (S,O,N & C) in many cases forming 

refractory compounds which considerably modify 

the crystal structure and thus their properties. 

3. Their great capacity •to occlude hydrogen 

eXOthermally. . They can dissolve considerable 
quantities of hydrogen at low temperatures as 

compared to many other metals including iron.. 

The rare earths are widely scattered in nature at 

low concentrations and they occur in a number of concentrated 

minerals such as -monazite, Xenotime bi stn site, aath 1 nit o, 
s .marskit e, f ergusonit e and euxenite to mention _a, few. Rare 

10 
earths are about/times more abundant in monazite than 

thorium 	. Since monazite is the principal source of 

E71 



thorium, it is clear that as thorium becomes important as 

a fuel for nuclear power, large quantities of rare earths 

will be available as a by-product. In addition,rare earths 

are frequently found associated with t gntalum and columbium 

ores , 	t1hese high temperature materi-ls increase in 

importance, again considerable quantities of rave eartl will 

be available as by-products. 

It has now been clearlys h4own that metals of the 

rare earth group are valuable alloying elements both in 

micro -and macro -addit ions in feyrous and non-ferrous alloys.. 

This chapter presents briefly the uses of rare ea.rt1b as 

alloying elements in metals and alloys. Current developments 

in rare earths applications have also been mentioned briefly. 

The applications for rare earths as mixed metals 

or their oxides have been extensively. explored in the p^.st 

decade, and found capable of providing a variety o: alloys 

with markedly improved properties. This phase of rare 

earths development is fairly well established. 

As egards individual rare earth elements and their 

effect on ferrous and non-ferrous alloys, the information 

is still of qualitative, nature. The number of organisations 

that areroducin p 	g rare earth metals have increased rapidly 

in the past few years. The work reviewed here has served to 

define a few applications which have a real potential. However, 
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the extent to which producers will find a market for the 

rare earth metalsdepends, on the ability of industry to 

translate laboratory results to useful high volume product 

application. 

In the wordq of Felix Trombe " The rare earths are 

no longer of only academic interest. Having penetrated into 

the industrial field, they occupy a place which only remains 

to be developed." 

3.2 	PRODUCTION AND PROPERTIES OF RARE EARTH METALS 

3.2.x, 	History of rare earths: 

Rare earth history began in 1794 when Gadolin (3l;? 

separated a new earths ar11ed yestez'3y ' 	The name Yttria 

w,s given to the oxide and gadolinite to the mineral. A.ltho ' a 

Yttria was at that time considered to be the oxides of a 

single metal it was in reality a mixture of at least 15 or 16 

different metals. 

J.J.Berzelius and W.Hisinger in 1804 (71) discovered 

the mineral known as Cerite. M.H.Klap:oth made a similar 

discovery independently. After this work, it was soon found 

that the original oxides were complex mixtures. The rare 

earths were gradually isolated from that time on. 

During the next hundred years,13 of the 14 rare 

earths were identified and isolated. Centres of the rare 
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earths research developed at nu-ic:rous locations 

and great chemists such as 'osander, Marignac, Crookes, Nilson, 

Clive and Demarcay,,to mention only a few, were associated 

with these researches. In the later part of the nineteenth 

century and the first part of the twentieth, five centres 

should be particularly cited for their contributions e.g. 

the laboratories of Urbain in France, Auervon Welsbach in 

Austria., James in New Hampshire, Hopkins in Illinois and 

McCoy in Chicago. It is interesting to note that at the 

tl4pn of the century, Auervon Welsbach had achieved fame and 

amassed quite a fortune as a result of his researches in 

rare earths. In this century a very respectable industry 

was developed at Lindsay with which McCoy was associated 

and.  at Maywood dealing with cerium, lanthanum and the mixed 

rare earths. During the period 1796 to 1940 all the naturally 

occurring rare earths were isolated and a gre?t deal about 

their properties was described thus providing the basic 

information from which the modern developments steamed. 

The original names given to )rare eartI; are as 
interest&ng as their properties.. Cerium was named by Berzelius 

in 1803 from ostroid ceres; dysprosium, Greek "hard to get at", 

Gadolinium after Johann Gadolin; holnium from Stockholm; 

lanthanum, Greek, " to be concealed;" lutetum from lutetia, a 

town in Gaul, now Paris; neodymium, Greek new twin; "samarium" 

after Col. Samarsky', a Russian mine official; thulium after 

Thule, a distinct mysterious region. Erbium, terbium,ytterbium, 
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yttriumm are derived from Yeterly, Sweden and europium, 

scandium are easily recognisable geogrphical names. 

Information received from various rare earths 

producers in the United Stites indicates that rare earth metals 

and alloys prapared commercially can be divided into the 

following groups: misch metal, cerium and lanthanum metals 

and didymium metal. 

The traditional source of rare earth elements is 

monazite sand. In the 1890 thorium was extracted 

from monazite for use as thorium nitrate in Welsbasch 

gas mantles, The residue containing cerium lanthanum, 

neodymium ,praseodymium and other rare earth compounds in 

lesser amounts was discarded. Welsbasch found that a 

pyrophoric metal (misch metal) could be made from this residue. 

In 1908 in Austria he turned these pyrophoric properties 

to use in the manufacti,re of lighter flints and founded° the 

Treibash Chemical Works, thus becoming one of the first 

commercial producers of misch metal. 

With the decline in the use of gas lamps, the 

demand for thorium. decreased and monazite sand was used 

principally as a source for misch metal. In recent years 

nuclear requirements have, shifted the balance back to thorium 

as the main product from this raw material. In 1949 the 

discovery in California of the Mountain Panbastnasite deposit 



with an estimated reserve of 5 million tons of rare 

earth oxides (48 % CeO2  , 34 % La203) providing an 

additional large source for misch metal and related 

alloys. At present misch metal is made from both monazite 

and bestnasite. 

3.2.2. 	Preparation of rare earth.metals° 

Rare earths are divided into cerium, terbium & 

yttrium earths, on the basis of complex salt solubility 

in a saturated K2SOA solution. The cerium family is 

insoluble, the terbium family is moderately so and the 

yttrium family is readily soluble. 

The ores are opened by H2SO4  and the lanthanum 

sulphate is dissolved by water and precipitated as oxalates 

or sodium double sulphates. Cerium is Separated by oxidation 

to the tetravalent state. Members of the individual group 

are separated on a large scale by fractional crystallization, 

solvent extraction and ion exchange processes. Metal is 

produced either by fused salt electrolysis or by thermal 

reduction with calcium, barium, magnesium, sodium amalgam, 

aluminium or zirconium (31). 

Large .scale commercial production of misch metal is 

presently limited to the electrolysis of fused anhydrous 

chlorides (75). The requisite dehydration of rare earth 

chloride before electro-winning is normally accomplished 

by one of two methods. In the first method the chloride is 



z6lte4 in cast iron, steel or cerium vessels from which airs 

largely excluded. Heating is continued until s. porous, solid, 

nearly anhydrous product is obtained. The product contains 

upto 10 % water insoluble basic chlorides. The second method 

for drying these chlorides 1a.ses a vacuum chamber (76) . The 

anhydrous chloride was reported to contain 1.5 % oxychlorides. 

Most cells for electrowinning misch metal have an 

iron, carbon, graphite or refractory lined steel vessel to 

contain the molten bath. The bath container or an iron or 

carbon block at the bottom of the container serves as the 

cathode. One or more carbon or graphite rods extend vertically 

into the cell through its top and serve as anodes. 

Just before electro-winning a mixture of anhydrous 

Tare earth chloride and Na Cl , KC1, or Ca 612  is charged into 

the pot. In one procedure the charge is melted by external 

burners. In another procedure -anodes are lowered until they 

contact broken pieces of cerium metal placed at the bottom of 

the pot. The direct current is turned on and when sufficient 

electrolyte has been melted, the anodes are raised and 

electrolysis commences. 

The misch metal product can be collected 	in various 

ways. (11) One procedure is to remove the liquid metal by 

scooping it out with a ladle. Other manufacturers prefer to 

pour the entire contents of the cell, bath included into moulds, 



in which it is kept molten. Once the misch metal has settled 

to the bottom of the mould, the liquid bath is returned to the 

electro-winning cell and electrolysis is begun again. Electro-

lysis is carried out at 1560°F. Cerium, lanthanum and 

didymium metals are electro-won' commercially from their 

fused anhydrous chlorides by essentially the same procedure 

as that previously described for misch metal. 

3.2.3 Properties of rare-earth metals; 

The metallurgical importance of rare earthslies in 

their unusually strong chemical affinity for non-metallic 

elements, normally associated with ferrous and non-ferrous 

metals, sulphur, oxygen, hydrogen, nitrogen and carbon. 

Though the, melting point of rare earths is not very high, 

they form stable refractory compounds, which can have profound 

influence on the metal structure even when present in small 

quantities. Tables 3.01, 2.02 & 3.03 (76) give some of 

the physical, chemical and thermodynamic constants of the 

rare earth metals. 
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Table 3.01 Physical and Chemical Constants of the 

Rare Earth Metals. 

Thermal- 	Density* Melt- Boil- Heat of Heat of 
neutron- 	gm/cm3  ing ing 	fusion vapmri- 

Element 	absorption 	point p 	int Kcal/ zation, 
cross section, 	OC 	mole. Kcal/ 
barns/atom. 	 mole. 

Scandium 13 	- 	2 2.5 1400 - 	4 	93 

Yttrium 1.38 	0.14 5.51 1475 - 	4 	103 

Lanthanum 8,,9± 0.3 66.194 866±10 2.3 79.5±1.7 
430 

Cerium 0.70+-0.08 6.78 780±l0 2420 	5.5 107.?: 2 
/36.81 ± ?0 

Praseody- 11.2 ± 0.6 _.6.776 950± 10 3020 	3.1 79.5 i 1.1 
mium /36.805 ± 	90 
Neodymium 44 ± 2.0 6.998 820± 10 - 	- 	36 

Promethium - - - - 	- 	- 
Samarium 65001 1000 6.93 >1300 - 	- 	- 
Europium 4500 ± 500 5.224 - - 	- 	- 
Gadolinium 44000±2000 7.948 •v 1200 - 	- 	- 
Terbium  44 ̀ 	4 8.332 71400 - 	- 	- 
Dysrosium 1100± 150 8.562 1400 - 	- 	- 
Holmium 64± 3 8.764 X1200 - 	- 	- 
Erbium 166 ± 16 9.164 71140 - 	- 	- 
Thulium 118 	6 9.346 >1400 - 	- 	- 
Ytterbium 36 i 4 7.010 '-')1800 - 	- 	- 
Lut et ium 108 ± 5.  9.740 - - 	- 	- 

* Gm/cm3  x 62.43 = lb/cu.ft. 



Table 3.02 Thermodynamic Constants of the Rare Earths 

Specific heat, cal /(mole) (°K) 

Lanthanum 
298°  to 800°K 

Cerium 
298 to 800°K 

Praseodymium 
2930  to 373°K 

G= 6,17 - 1.60 x 10 .3T 

C = 4..40 - 6.00 x 10-3T 
P 

6.85 

Neodymium* 
00  to 400°C 	Cpo = 6.479 + 7.065x10-3t 

+4.463 x 10-6t2  

Enthalpy, or heat contant, 
cal/mole 
Lanthanum ** 
2980  to 800°K 	_H298,16=6.17T+0.80x10-3T2-1911 

Cerium@ 
298°  to 373°K HT-H298.16 = 4.40T+3.00x10-3T2-1579 

Praseodymium 
293°  to 3730K 

Neodymium 
00 to 400°K  

O 
Entropy at 25 C.1  
cal/(mole) (°C) 

Solid 

Gas 

Entropy (ST 	25C) 
cal/ (more) (°C)  

HT-H298.16 = 6.85T - 2042 

Ht-Ho  = 6.479tx3.533x103t2  

+ 1.488 x 10-6t'e 

Cerium 	Lanthanum 	Let ut ium 

13.8 ± 0.8 	13.7 	0.8 	14.5 

48.09 0.05 	43.57+ 0.01 



(Contd.) 

Entropy (ST- S250 C) 
CAL/ (,mole) toC) 

Temp. °C 	 Cerium 	Lanthanum Neodymium. 

x.27 1.93 1.96 2.18 
227 3.51 3.52 3.97 
327 4.90 4.80 5.54 
427 6.18 5.92 6.94 
527 7.36 6.88 8.22 
627 - - 9.41 

Vapor pressure, mm Hg + -17,185-372 = +6.605± 0.201 Lanthanum log? 
T 

Cerium log? = -23,400±440 + 11.58 t 0.27 
T 

Preseodymium loge = 	-17,188 ±243 + 8.098 ± 
0.156 	~> T 

Samarium Reported to have higher vapor pressure 

than gadolinium in range 16^')° to 

700°C 

Electrical resistivity 

(room temperature) /ohm-cm 

Lanthanum 	65-75 

Cerium 	 75-90 

Praseodymium 	75 

Neodymium 	70 

* t = 0C. ; ** Formula accurate within 2 percent. 

@ Formula accurate within 3 percent. 



Table 3,03 Crystal Form and Lattice Structure of the 
Rare Earths. 

Element 	 Crystal form* 	Lattice 	Constaits,A 
ab 	 co 

Scandium (oL) F.c.c. 4.541 - 
Scandium ( 1) H.c.p. 3.3)fl 5.256 
Yttrium H.c.p. 3.637 5.762 
Lanthanum ( d-) F.c.p. 5.305 - 
Lanthanum (,8) H.c.p. 3.762 6.075 
Cerium (p4.) F.c.c. 5.150 - 
Cerium ( 	9  ) H.c.p. 3.657 5.972 
Praseodymium (/.) H.c.p. 3.669 5.920 
Praseodymium ( 	) B.c.c. 5.161  
Neodymium H.ccp. 3.657 5.902 
Promethium F.c.c. -- - 
Samarium H.c.p. - - 
Europium B.c.c 4.582 - 
Gadolinium H.c.p. 3.629 5.760 
Terbium H.c.p. 3.592 5.675 
Dysprosium H.c.p. 3.585 5.659 
Holmium H.c.p. 3.564 5•.631 
Erbium H.c.p 3.539 5,600 
Thulium H.c.p. 3.530 5.575 
Ytterbium F.c.c. 5.479 - 
Lutetium H.c.p. 3.516 5.570 

* F.c.c., face centered cubic;•h.c.p., hexagonal close-
packed; b. c. c. , body. centered cubic,, 

** Other structures have been reported. 
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Allotropic forms have been reported for scandium, 

cerium, lanthanum, praseodymium and possibly erbium. The 

transitions are sluggish and depend on the previous history 

of the metal (76) . For example, a cerium rod cast and tuw:ned 

showed a mixed face-centred cubic and hexagonal close-packed 

structure at room temperature. A similar extruded and tr-rned 

lanthanum rod was also hexagonal close packed with some face 

centred cubic. A cast and turned praseod'imium rod was hexagonal 

close-packed with a small amount of body centred cubic, and 

a similar neodymium bar was entirely hexagonal close-packed. 
ness 

The sluggish/of the transition makes it difficult to determine 

the exact transition temperature. Lanthanum metal has three 

allotropic forms c/~. La, 	%3 La 	and 21 L:a.. The o - Lo form 
exists from ambient temperature to about 2600C, and is 
hexagonal close packed. 	form exists from approximately 
2600 to 864°C. and is face centred cubic. / La form exists 

above 864°C. and is body centred cubic. The -6 - Ce allotrope 

crystallizes in the face-centred cubic form below - 1500C. and 

can tr^nsform only from Y-ce, the room temperature form. Under 

high pressure Y -de form will transform to 	Ce at high 
temperature e.g. at 7000 Kg./cm2 and 25°C. transformation will 

occur. The transformation from aL Ce to $ Ce occurs below about 
- 100C . T-he , Ce allotrope is hexagonal close packed 

isomorphous with 	La 	(11) . 

Constitutional diagrams of La, Ce, Pr and Nd with c iff 

different metals have been studied. Details of some systems 
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of interest in the present investigation are given below (11) 

The alloy system La-A,1 was studied by thermal analy-

sis and metallographic techniques (77). Other studies have 

been also conducted by Weibke & Schmidt (78) & by Nowotny (79) . 

Five intermediate phases are reported; La3A1, La3Al2, La 12 and 
LaA14. The Lall4 undergoes a transformation at 816°C. No solid 

solubility of Lanthanum in aluminium w=as detected (78,79) . 

The existence of La3Al2 is doubtful. 

The alloy system La-Ce has been studied by thermal 

and metallographic techniques by Vogel & Klose (80) & by 

Savitskii (81) complete solid solubility of the 
c 

	and 

modifications of cerium and lanthanum exist throughout the 

diagram. 

The phase diagram for the alloy system La-Cu has been 

determined by thermal and metallographic techniques (82) 

Vogel & Henmann (83) , Nowotny (79) . The presence of four and 

possibly five intermediate phases was established; LaCu, LaCu2, 
LaCu4, LLaCu6 and possibly LaCu5. 

Canneri (82) , Vogel . Heumann (84) . Weibke & -7 8 

Schmidt (1940) studied the alloy system of LaMg. Four 

intermediatehases exist LaM LaM 	LaMg3 g~ 	g2~ 	g3 and LaMg,The 

high temperature modification of lanthanum is stabilized to a 

lower temperature of alloying with magnesium. The solid 

solubility of lanthanum in magnesium is about 0.4 weight 

percentage. 
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In case of La-Si, the intermedi ate phase. 'LaSi2  which 

is body centred tetragonal has been reported (83,82,86) . 

In 	of La•Zr,partial liquid immiscibility exists as 
determined by metallog'raphie study (87) 

Vogel (88) Muthmann & Beck (89) and Vogel & Heumann 

(83) investigated the Ce-Al alloy system by thermal analysis 

and metallographic techniques. Four Intermediate phases are 

reported: Ce3Ai2, CeA1, CeAl2  and CeAl4. Ce a4  undergoes 
a transformation at 1005°C. The phase Ce3r12  could not be 

affirmed. Instead the intermediate phase Ce3.&1 is reported 

which has a phase transformation in the solid state at 250°C. 

Also a CeAl - Ce3A1 eutectic occurs at 29.5 atomic percentage. 

aluminium and at 6450C. and the Ce-Ce3A1 eutectic occurs at 

11 atomic percentage at 580°C. Ce3.a.1 melts at 6550C. The 

solid solubility of cerium in aluminium is reported to be less 

than 0.05 wt. % Ce (90) . 

Phase diagram of the Ce-Cu system, tae determined. 

Four intermedi. to phases are reported: 'Ce-Cu, CeCu2  , CeCu4 

and CeCu6  (91,92) 

The constitution of the alloy system Ce--Mg has been 

studied by various investigators (92 , 94 , 95) The solid 

solubility of Co in magnesium is 0.85 wt. % ' at 65°C 	(11) 

There are four intermediate ph-,ses in the system: CeMg, CeMg21  
-CeM q 

CeMg3, Cel  may undergo a polymorphic change. 
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In case of Ce-S3 system only partial diagram has been 

established by Vogal (96) . The intermedi7te phases Ce3sj 
Ce2Si, CeSi and CeS12 are reported. 

3.3 	RARE EARTHS AS ALLOYING ELEMENTS 

3.3.1 Additions to  aluminium and its alloys: 

There are conflicting reports about the effects of 

addition of cerium or cerium misch metal to aluminium and its 
alloys?  (21), 	Dannison & Tull (22) have observed grain 

refinement of the metal, while Bowen and Bernstein (23) found 
little or no refining or coarsening effect especially in 

aluminium. copper alloys 

Similarly Hodge, Eastwood & Lorig (24) did not find 
any  significant effect of cerium addition on the elevated 

temperature properties of cast aluminium alloys.. Bowen and 

Bernstein (23) studied the effect of various grain refining 

elements on duralr ►-tn type alloys and have reported no effect on 
grain size, 

Russell (26) and Lorig (25) have carried out 

elevated temperature testing of complex aluminium alloys with 

rare earth addition. An aluminium alloy containing 10 to 12 

misch metal ( 5.0 % Ce) , 1-3 % Si and upto 5 % Cu was patented. 

The above alloy was claimed to have high temperature strength In 
the cast condition. Lorig,Boor & wkckerlind (25) studied the 

effect of misch metal addition to aluminium alloy for elevated 
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temperature service. The new alloy contains 11 % misch 
metal, 1.5 % Cu, 1.25 % Ni, 1.0 % Mn, 0.3 % Ce and 0.02 % Ti 
with resto/Al. The elevated temperture properties of this alloy 

are found out to be superior in the range of (700°F. - 800°F) 

The room temperature properties were similar to other commercial 
cast alloys except, the strength which was low. 

Hodge & Smith (27) studied the effect of rare earths 

additions to aluminium bath for hot dipping. Hand dipping into 

an unprotected aluminium bath presents two main difficulties: 

i) One of these is thrt the last edge of the piece to 

be immersed which is normally the first to emerge from the bath 

is usually incompletely coated. 

ii) Coated section although otherwise satisfactory shows 

pumples or blocks of oxide or dfoss distributed irregularly 

over the surface and thus causing roughness. Coatings tend to 
be incomplete and rough, 

When 1.7 % misch metal is added, complete and att re ct ive 

coatings were obtained. The authors gave the following two 

reasons:-- 
• i) The rare eart1b so added reduced the surface tension. 

ii) The rare earths dissolve the oxide film The iron .~ 

aluminium compound which causes lumps to appear on the coated 

surface without the misch metal addition is dispersed and 

distributed uniformly throughout the coatings. About 2 % of 
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iron is maximum that can be held in solution in aluminium 

bath at 135°F. in presence of misch metal. 

Bashforth and other coworkers (28) carried out the 

investigations with a view to study the effect of rare earths 

additions to molten aluminium under vacuum. Metallographic 

examination, mechanical and other properties of the treated 

metal were determined. Both percentage elongetjon & reduc-

tion in area were reported to be improved on addition of small 

quantities of Lancer Amp-2. On further increase in addition 

there seems to be a reversal in both the elongation percentage 

and reduction in area. Decrease in hardness with addition of 

rare earths mixture was noted. No sign's-. icant effect was 

observed with fluoride addition. Metallographic examination 

with respect - to grain structure reveals a general grain refine- 

ment with rare earths additions. 

Recently Savi.tskii, Stepnor and Terekhova (97) 

established that the solubility of Nd in Al is<O.2 . The 

strengthening effect of Nd addition on aluminium was observed. 

The hardness increased from 25 to 155 while the plasticity was 

reported to decre=ase by 5 - 10 %, 

Trehan, Gupte & Nijhaw..n (10) studied the effect of 

misch metal on aluminium-magnesium alloy (7 to 10 %) and 

observed the following effects: 
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1. Addition of misch metal to Al-Mg (7 to 10 %) 
alloys,changes their as cast microstructure Al - Mg. phase 

is progressively eliminated and new phases, essentially 

containing Ce are formed. 

2. The addition oP misch metal to Al-Mg( 7 to 10 %) 

alloy imparts to them improved hot workability and increases 

their hardness. 

3. An addition of 2 - 3 % misch metal to Al-Mg (7 to 

10 %) alloys has been found to be optimum for their hot 

workability particularly in the case of the Al-Mg (10 %) alloy. 

4. The tensile strength of the cast Al-Mg (7 to 10 %) 

alloys is reduced by the addition of misch metal upto about 

2 to 3 % above which it again shows a rise. The tensile 

strength of wrought specimens on the other hand continuously 

rises with an increase in the quantity of misch metal added 

and reaches values comparable to those for steel or duralumin 

(30 tons per sq. in.). 

3.3.2 	Additions ions to magnesium alloys: 

Magnesium alloys containing rare earth metals have im 

been used extensively during the past 10 years in applications 

requiring the high strength and creep resistance which rare 

earth metals impart to magnesium at temperatures upto approxi- 
0 mately 4500  F. - 600.F. They have been used principally for 

jet engine parts in the form of sand and permanent mould 



castings of varying size, configuration ind complexity, Upto 

the present time commercial application of rare earth metals 

in maggesium alloys have been confined entirely to the use of 

misch metal as the alloying addition largely because of its 

availability and low cost. The total consumption of misch 

metal in magnesdLum industry during the last 10 years has 

amounted to approximately 250,000 lbs., with a maximum of about 

50,000 lbs. being consumed in any one year. The availability 

during the last few years of some of the lighter rare earth 

metal in substantial quantities and at reasonable prices has 

permitted the investigations of these materials as alloying 

constituents in magnesium. The important outcome oft this 

work has been the finding, that significantly higher strengths 

at all temperatures are obtained by the use of didymium in 

place of misch metal as the alloying constituent: 

Some of the early investigations carried out in 

Germany and Great Britain clearly demonstrated the ability of 

rare earth metals as represented by misch metal to contribute 
to magnesium higher strength and creep resistance at elevated 

temperature and work was r  pursued to the point of developing 

commercially useful alloys. 

Serious development of magnesium misch metal alloys 

was begun by Dow Chemical Co. in the early forties. Cast 

and wrought alloys were investigated and the compositional 

variation of mechanical properties including creep and fatigue 

was determined over a wide range of misch metal content (gg) 



Investigators at Batelle Memorial Institute made a 

thorough study of Mg-misch metal - Mn alloys. From their work 

they concluded that the optimum composition for casting is 

magnesium plus 6 % misch metal, 0.8 % Mn, 0.2 % Ni, 0.02 % W, 

for forging the optimum composition is magnesium plus 2 % 

misch metal, 1-1.5 % Mn and 0.2 % Ni 	( 99 	~-0 ) .  
Ad.c-i'l:icn of misch metal to magnesium 	extrusion alloys 

has been shown by Grube ( 101 ) to 'impart  t o 

them better high teemperature ptopert i:eS such as high 
creep and fatigue resistance at 600°F. " 7000 F. 

Murphy and Payne (102) demonstrated that misch metal 

and zirconium can be added simrnl.taneously to magnesium and 

that the grain refining action which zirconium has on 

magnesium is retained in presence of rare earth metals. The 

acdditiorr:. of Zirconium not only refines the grain, thus permit-

ing the large intricate castings with no cracking during 

freezing, but also improves the mechanical properties. 

Loenits (103) has evaluated the specific effects of 

various rare earth metals at room and elevated temperatures on 

properties of magnesium. All rare earth metals increased the 

creep resistance of extruded magnesium between 400°and 600°Fa. 

The increase depended on the temperature and concentration of 

the added metal, Alloys containing didymium exhibited the 

highest tensile and compressive strength at room and elevated 
temperatures. 



Danks (104) studied the effect of adding rare 

earth metals to magnesium-zirconium alloys. :1n addition of 

3 % misch metal was observed to donfer high fatigue and 
creep resistance on these alloys° 

McDonald (105,106) observed that addition of 

rare earthsto magnesium, produced cast alloys having elev;ted 

temperature properties markedly superior to those obtainable 

with the older alloys. By suitable heat-treatment creep 

resistE2~ce of 8000 psi at 400°F could be developed compered 

with 1500 psi for magnesium_aluminium-zjnc alloys. Optimum 

concentration of misch metal was found out to be 3 %. 

Mellor & Ridley (107) and McDonald (108) have 

attributed the improvement in the high temperature properties 

to the formation of fine precipit,1tes in the grain boundaries. 
Loenits (103) has found that addition of Ce to magnesium-

thorium alloys introduces a magnesium-cerium compound Mg9Ce 

into the structure which forms a coarse eutectic with the 

magnesium solid solution. 

Mellor and Ridley (10?) h^.ve further observed that 

the presence of manganese in magnesium alloys restrains such 

coarsening effect of the Mg9Ce in the eutectic. 

Roberts (109) had shown that the high magnification 

and resolving power of the electron microscope reveal a subs-

tantial amount of precipitate in the grain boundttries. Cooling 

and Roberts (110) have however demonstrated that high level 
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of strength and creep resistance of magnesium rare earth 

metal alloys at elevated temperature is believed to be 

associated with this grain boundary precipitate which 

blocks the cyclic grain boundary deformation characterstic 

of unalloyed mag.esium. 

Loentis (111) has determined the effects of rare 

earth additions on the linear coefficient of thermal expansion 

of commercial alloys. The additions of rare earth metals have 

no effect on the property. 

The damping capacity of I agnesium decre!ses with 

increasing misch metal additions, but not as rapidly or to as 

low a level, as with equivalent aluminium additions (111). 

Loentis and Feisel (112) made a detailed study of the effect 

of zirconium on the properties of magnesium misch metal 

and magfesium didymium alloys. A significant increase in the 

strength of megnesium 3 % misch metal and magensium 3 

didymium alloys at temperatures upto 4J0°F, was realized with 

increasing zirconium additions. Zirconium also improves the 

ductility of these alloys. At 400°F. zirconium has practically 

no effect on the creep resistance of magnesium misch metal 

alloys exowpt at very low misch metal content. At 600°F. 
however alloys containing 3 to 6 % misch metal suffer a 

significant decrease in creep. resistance. Additions of 

zirconium to magnesium-didymium alloys cause similar decrease 

in the creep resistance of these alloys at temper-ture over 

400°F. 
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Although addition of zirconium to extruded magnesium 

rare earth metal alloys does not lead to significant increase.,, 

in strength, it does improve ductility ,sufficiently to warrant 

consideration for commercial alloys (113) . At present there 

is no commercial extrusion alloy containing rare earth metals. 

A complete study (114) of alloys of magnesium with 

zinc and misch metal and of other zinc containing alloys 

has shown that a wide variation of mechanical properties can 

be attained. It was investigated that substantial additions of 

zinc can be made to magnesium-rnisch metal alloys, with Mrkedly 

impairing either their rr-c.m temperatur or elevated temperature 

strength properties. Similar observations have been made for 

.additions of zinc to magnesium-misch metal - zirconium . 

a]loys 	( 102 , 107 ) (1.14 	111 ) . I tt, l;.as also been 

found that zinc 	)dditions to,  cast M>;-misch rmetaj.-Zr s. toys 

improve their general foundry characteristics and more particu-

larly render them completely free of micro porosity thus tending 

to perfectly pressure tight castings, Furthermore the addition 

of zinc renders these alloys ins#nsitive to heat-treatment thus 

making it possible to obtain their optimum properties by aging 

dirbctly the as cast. material. 

Aluminium additions to Mg-Ce, Mg-misch metal, Mn 

alloys have been studied by a number of investigators (98 

1009115 g 116). All heve found that aluminium 
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decreases the %trength prcperties of these alloys at all 
temperatures investigat ed.. 

Detailed information on the effects of silver on the 

properties of magnesium-rare earth metal ,alloys has not been 

published, Payne & Bailey (117) have recently found 

however, that the alloys containing 1 to 3.5 % aluminium plus 

1 to 3.5 didymium and 0.4 to 1 % zirconium exhibit an except-

ional cambinaticn of properties in the forms of both castings 

and wrought products. Within this composition range the ally, of 
Mg with2.5% ,fig r 2.0% didymium r 0.7 % Zr hn,s been selected 

as the optimum for commercial development, 

Recently Afan~.s (118) studied a wide range of 

alloys of the systems: 

Mg-Li_Al (Liupto 20%) 

Mg -- Li - Zn (Li uptc 26.6 %) 

and Mg alloys containing upto 14 % lithium. 

The effects of Zr, Ce p Mn and other elements were investigated 
in the cast, hot pressed and thermally treated states. 

Alloys with 3 % misch metal (mixed metal) 1.7 % Mn, 
0.2 to 0.7 % Zn (Rods pressed at 320°x.350°C.) were found 
s-congest at normal temper-,tune. 



Effect of small additions on aging and properties of 

Au-Mg-Zn--Cu-alloy by Zamotorim and Pal.was studied (119). The 

following alloys were studied; each containing Zn 7.3,Mg2.7, 

Mn'O. 5, CuO..5 and in addition the following (i) no addition, (ii) 

B 0.025, (iii) B 0.05, (iv) B 0.125 (v) misch metal 0.1 

(ti) misch metal 0.25 (vii) misch metal 0.50, (viii) Ag 0.25, 

(ix) Ag 0.50, (x) Ag 0.75. They reported that misch metal 

and zirconium make the grain fine, hinder development of 

recrystallization and increase the plasticity at higher 

temperatures, .after annealing for 5 hours at 350°C and harden- 

ing from 479-480°C. Boron and misch metal have no effect while 

silver increases the strength slightly in hardened state. 

Zirconium increases the strength in both annealed and hardened 

conditions.Aging is not effected by any of the additives 

studied. 

Effect of misch metal on aging of magnesium-aluminium-

zinc alloys was studied by Vatruba (120) . The following kinds of 

alloys were prepared each containing 1 and 3 Wt% misch metal: 

Mg-Al containing 1.0, 2.5, 4.0, and 6.0 Wt% Al; Mg~Al-Zn with 

At. % ratios Al Zn of 20.69, 7.26 =2.42, 0.66 and 0.27 and mg-Zn 

containing 1.0, 3.0, 3.0 and 7.0 Wt% Zn. Specimens 5 x 8 mm 

were heated & treated as follows: 

(i) annealing 48 hours at 410°C for Mg-,pa and Mg-Al-Zn 

with PA1-Zn 7.26 and 20.69; and at 325°C for Mg-Zn and Mg- ^.1-Zn 
with Al-Zn 0.27, 0.66 and 2.42, (ii) quenching in cold water 

after holding 24 hours at the same temperatures as in (i) , (iii) 
quenching and aging at 125°, 150°C, 175 0 for 6-240 hours. 

Afterwards Brinell hardness was determined, with a ball 5 mm 



in diameter and under a load of 250 Kg. 

For each of the alloys, curves of hardnesses. temperature 

and time of aging were drawn. The aging effect is more intense, 

the more Zn in the alloy while addition of Al inhibits aging, 

Alloys that are rich in zinc do not show aging e.g. MgT ,ll 

alloys as well as those with the ratio pl/Zn=20.69. Addition 

of misch metal raised hardness and decreased the aging effect 

e.g. deformed and annealed alloys Mg-Al-.Zn without misch metal 

had Brinell Hardness (KB) 30.50, similar alloys with 1% misch 

metal had 40.60 and with 3% misch metal showed 40.65; 

similarily, alloys after aging but without misch metal showed 

maximum at 73HB while those with 3% misch metal at 77HB. The 

optimum aging effect was obtained in Mg-Al-Zn and Mg-Zn alloys 

after 48 hours 8t 1T5°  C, 

Effect of rare earth and alkaline earth on the mechanical 

properties of magnesium allc' ys of the systems Mg-Mn,Mg-Mn- Ce 

was studied by Mikherr and Dolgor (121). The possibi-

lity was investigated of improving the properties of the M. Al 

and M-Ag at room and elevated Nemperati.re by adding Nd, La i  Ba 

and Sr. It is shown that La and Nd increase the properties of 

M A 8 from 8 to 12 Kg/mm2  at 200°Cywithin 200 hours La i  reduces 

the long term strength of M A 8 from 3.5 to 2 Kgm/mm2  at 2000C. 
Nd increases the creep strength of Mnl at 2000to 250°C by 1.0- 
1.5% Kgm/mm2. 

3.3.3 fby^e.earth _ alloys of nuclear interest: 

As regards nuclear applications of yttrium and 

the lanthenons following points can be set down (11) 



1. Europium, dysprosium, samarium and gadolirlum or 

suitably devised combinatir.ns are interesting as poisons for 

use in reactor control rods. Europium and gadolinum cerm.etr 

have proved to be usable control materials and their employ 

ment is planned in more than one power reactor core, 

2• Erbium, dysprosium, europium and possibly ?oleo _u.r. 

are of interest as possible burnable poison materials. 
Samarium can be added to this list as a fast burn-up react iv-".. ;;~ 

compensator. 

3. Holmium, dysprosium, europium and even s c and `arm 

might be of use as regional b ackners flux.. suppressorsa c\ 

similar applicaticns. 

4 o Yttrium, cerium and alloys of those elements wt ; 

zirconium would be promising materials for study as hyd :-o e:~ 
carriers for solid moderator applications in ,cores of inter- 
mediate and thermal spectrum liquid metal or gas cooled 
reactors. 

`. Applications of these mn:,teri .ls Cs shielding 
moderators in high efficiency design is also possible w Use 
of hydrided lanthanons of higher cross section, 	seems to 
alternative interesting path for systems in which  
shields would be desirable. 

6. Use of ceria, yttria and lanthana , as diluents for  
oxide fuelubodies is a promising development areas Mixtures of 
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burnable poiscn..type lanthanon oxides as a ternary in such 

systems might also be axplored. 

7. Use of yttrium pipe to carry potential liquid 

metal fuels for either thermal or fast breeder reactors is 

already an accomplished fact. 

8. Use of the lanthanon metals, and .of yttrium as 

alloy modifiers for zirconium and niobium or their complex 

alloys is beipg studied. Interesting developments in this area 

might lead to fairly large scale utilization of these elemen 

9. Miscellaneous small scale applications of the l:.. 

anons in area near the boundary of the nuclear field promise 

advances in areas where hard radiation may be applied. 

Europium and possibly scandium when activated in pile could 

compete with Co60  when hard radiation is needed. 

10 Several of the lanthancns have been studied as alloy 

ingradients particularly alloys of dysprosium in zirconium and 

zircaloy 2. Minor alloy ingradients for property modification 

also seem quite promising. 

11. Large scale reductions in costs of lanthanon oxides 

and pilot commercial production of lanthanon metals at 

reasonable prices make the use of naturally occurring mixtures 

of isotopes of these metals attractive to the nuclear teehnc, 

lcgists. 

0 



12. Use of lanthanon fluorides as coprecipitants for 
fission product poisons in fused salt fluid fuel reactor 

systems has been shown to be feasible by studies carried out 

at Oak Ridge. 

Recently because of interest in high thermal neutron 

crc-ss-sections of gadolinum (76) work has been started on 

alloys of this metal. Because of the scarcity of the metal 

alloys were made with the oxide dispersed in titanium of 

zirconium. They have been saparated both by are melting and 
extrusion. 

A triple ego melted ingot of titanium containing 4.7 
wt. % Gd203  had a brinell hardness of 285, Alloy containing 
90 % Ti, 10 % Gd203 was resistant to 600°F. water after one 

month. However an alloy containing 85 % Zr r  5% Sn T 10 0 Gd203 

was rapidly attacked at. 600°F. An alloy prepared by cold 
compacting evacuating and extruding ZrH2  plus 10 weight percent 

Smj03 disintegrated in 600°F. water. 

Zirconium powder with 25 wt. percent Gd203 and Sm2  C3 
was cold compacted in a cold can then extruded at 1100°F. with 

a 14:1 ratio. Resulting tensile strength was 57,000 lbs/sq.in. 

with 0.64 % elongation as compared to 120,000 lbs/sq.in. and 

6 % elongation for a zirconium extrusion similq.rly prep=ared. 

S•4  ADDITIONS TO OTHER NON-FERROUS .LLOYS: 

The rare earths and yttrium are, but slightly soluble 
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in chromium. None of the rare earths exceeds 0,4 % solubility. 

Samarium and ytterbium are insoluble in chromium. The effects 

of.  all the rare earths on the ability of chromium t- withstand 

high temperatures in air is remarkable (122) 

Chromium exhibits a peculiarity among the refractory 

metals,in that nitrogen is absorbed by chromium at temperatures 

above red heat and diffuses throughoi t the metal structure. 

This is a greater problem than oxidation, since chromium is 

rendered brittle and has no metallurgical value.. Collins, 

Calkins and McGurty (1961) found that rare earth elements and 
specially yttrium were effective in improving the resistance 

of chromium to both nitrogen and oxygen uptc 2500°F. Praseo-

dymium, neodymium, gadolir4um, erbium, lutetium and yttrium 

were the most effective in controlling both scalling and 

nitrogen absorption. Samarium, dysprosium, thulium and 
4 

ytterbium were found to have low solubility in chromium and 
therefore had less influence on the high temperature proper-

ties. Yttrium also functions as a scavenger and grain refiner 
for chromium, but it is not effective to the extent that room 

temperature brittleness is alleviated or the transition 

temperature lowered. 

Although yttrium has no effect on the high temperature 

oxidation resistance of vanadium, its scavengfling effect and 

its ability to render massive vanadium ductile in terms of 

workability and defy-rmation at room temperature are very useful. 
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Hardness of the vanadium dropped with even minor yttrium 

additions to such an extent that the original hardness of 221 

for unalloyed vanadium dropped to 153 for vanadium alloyed 

with 1 % yttrium. A series of arc melted buttons containing 

0 to 3 % yttrium were cold pressed and cold rolled. It was 

found (123) that as the yttrium content increased, the 

ductility increased accordingly. Apparently about 1/2 of th, 

yttrium addition was converted into oxide, as it scavenged 

the oxygen from the vanadium. The alloy system exhibits a 

liquid immiscibility gap from 9 to 99.9 wt. percent 

vanadium. The two liquid regions of the Y - V system is 

extremely favourable for producing a clean, pure vanadium kq 

the scavengoting action of yttrium. 

Savitskiy (124) has shown that rare earth metals 

improve electrical and thermal conductivity of copper alloys 

and weldability of titanium. 

3.3.5 Additions to ferrous alloys: 

Morrogh showed that misch metal is one important 

compound in effecting nr,dularization of cast iron to the 

ductile form. Post Sehefistall and Bevaer (125) published the 

first paper and reported  that addition of cerium and lanth--nm - M 

in the range of about 0.02 and 0.04 % is effective in promoting 

better hot workability in high frequency Ajax and electric 

are melted stainless steel. In other publications the powex-fvL 

influence of misch metal and that of Lancer Amp addition ii 
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steel are sited by them . Lancer"Amp addition was found to 

be effective for desulphurising steel and increasing the 

ductility and toughness in steels, increasing fluidity of cast 

steel and aiding in the control of grain size of steel. 

Increase in corrosion resistance of many alloys by such addition 
has also been reported. 

Knapp (126) , Jackson (127) and Bearer & Lamphier 

have also studied hot workability of rare earth stainless steels 

and have confirmed the original results obtained by Post & 

coworkers ' They attribute absence; of hot -shortne.,5s of 

high alley steels by rare earth addition, to the increased 

ductility at the rolling temperature, Oxidation resistance of 

steel and non-ferrous metals was found out to be improved. 

Russell (128) 5rio1.1in,~n (1.29) and Gautshi & Langenberg 

(130) studied the desuiphurization of steel by rare earths 

addition and have found that rare earths are strong desuiphur-

izers, but efficiency of desulphurization depends on many 

factors like initial sulphur content, mode of rare earths 

additions, and the holding time. 

Beaver (131) in his further work has reported superior 

tensile and impact properties, improved oxidation resistance 

for rare eartl$ added stainless steels. The superior mechanical 

properties of rare earth added stainless , steels wore Supposes? 
to be due to 'grat'ri refinement and inclusion modifications. 
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Evan (132) has reported that Ni-Cr alloys with rare 

earthsaddition had a longer life, and concluded that it was 

due to improved adhesion of the oxide scale, caused by 

keying on the oxides in the protective film. 

Trombe (133) has reported superior oxidation proper-

ties 

 

 for stainless steel and Ni-Cr alloys. In other publi-

cation (134,31) it has been reported that rare earthsaddition 

improves the resistance of steel to high temperature corrosion. 

Cheetham (136) has described important advantages 

gained by rare earth additions in the production of alloy 

steel, stainless steel, high speed steels and silicon steels 

for electrical applications. These include superior mechanical 

properties such as higher impact value at normal and low 

temperature, greater reduction in area percentage, better 

resistance to corrosion and oxidation at elevated temperatures 

easier cogging and fogging of high speed steel, superior 

electrical qualities in silicon steels and an increase in 
grain growth temperature. 

Gautschi and Lan.genberg (130) did not find any change 

in size, shape, amount or distribution of non-metallic 

inclusions between the treated and untreated heats. 

In other publications the useful effects of rare earths 

addition,such as improved ductility, superior tensile and 

impact properties, grain refinement, effective deoxidation 
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and lower oxygen content, scale suppression ?nd prevention of 

segregation have been tabulated. The American Metallurgical 

Product Co. b.as reported an improvement of impact values at 

low temperatures by 60 % with the use of Lancer-,imp addition, 

Becker & coworlder (31) have observed that small amounts 

of boron and zirconium picked up from magnesia or zirconium 

crucibles improve the high temperature properties of vacuum 

melted Ni-Cr-Co alloys and as the rare-earths contain some 

boron and zirconium, part of the improvement could be due to 

the Passage of these elements through rare earths~idditicn, 

Farrel & Rosenthal (135) have reported that small 

boron addition reduces the susceptibility of strainless steel 

to intergranular corrosion. 

Fink (136) studied the effect of niobium,misch metal 
and vanadium additions on alloy 20 )which exhibits high 

resistance to sulphuric acid attack. The evidence available 

indicates that it may be the result of: (i) more,thorough 

deoxidation, (ii) promotion of nucleation and (iii) increase 

in strength at the grain boundaries. 

Sehgal & Eppelsheimer (137) reported the possibility 

of desulphurization by rare ear t ,q addition in the induction 

melted heats. Oxides of rare earth were more effective than 

fluorides and Lancer-Amp. _,Thei have shown that oxides and 

flourides of rare eart , and Lancer-Amp, tend to minimise the 

size of inclusions and distribute them more uniformly. Rare 

0 
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e artlts oxides and lancer-Amp', addition appear to refine 

the grain size of low alloy steel, while rare earth fluoride 

additions result in grain coarsening, 

In his further work Sehgal (31) has observed the 

following effects in low alloy and stainless steel. 

i) - Refinement of grain size, reduction in number of. 

inclusions and improvement in forgeability. 

ii) Improvement in high temperature tensile strengths 

and oxidation resistance by Lancer-Amp 23, Lancer-Amp 2 and .9 

rare eart1 fluorides addition , 

lit). Decrease in the corrosion resistance of stainless 

steel by small additions of Lancer-Amp. 23 and Lancer--Arnp 2 

additions. 

Work conducted by and for General Electric Company 

(138) has repealed some extraordinary effects of yttrium 

and rare earths on the properties of ferrous base alloys. 

Yttrium and the rare earths are only slightly soluble in 

iron base alluys. Yet this slight solubility has a notable 

effect on certain properties of Fe-Cr system such as work-
ability 3 grain refinement, resistance to recrvstailjzation 

at elevated temperatures and especially oxidation resistance. 

Oxidation tests carried out in case of the type 446 

composition (75 % Fe, 25 ,% Cr) resulted in 50 % improvement 
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in short time oxidation rate. It was found that the addition 

of 1 % yttrium is as effective as the addition of 5 % aluminiun 

in improving the oxidation resistance of the Fe-Cr base metal. 

A fine grained structure is retained in the yttrium containing 

material after prolonged heating. 

The combination of 25 % Cr, 1 % Y and 3 % Al provides 

an oxide coating at temperature upto 26000F. which is enamel 

like non-spalling and thermally shock resistant. For comparison 

the alloys were heated in air at 23000F. for 100 hours,  

The Fe-Cr-Al alloy has a powder layer of no fl-,adherent aluminium 
oxide whereas the sample with 1 % yttrium addition shows a 

smooth enamel coating. Similar oxidation resistance is obtained 

by additing 1 % thorium to the 30 % Cr g  1 % yttrium alloy, but 

the oxide film is not as smooth as that of Al-Y combination. 

Only minor improvements were noted in the oxidation 

resistance of austenitic stainless steel with yttrium additions 

(138). A lloys of higher chromium such as type 310 showed 

some improvements but the standard 18-8 compositions *did not 
benefit from yttrium addition. 

The new direction of Soviet work studies the applicat-

ion of individual rare earth metals, the effect of rare earth- 

elements on 	1oy-ing properties of common metals, and the 

optimum combination of rare earth metals to improve the 

properties of industrial alloys. A review of the use of rare 
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earths in the Soviet Union is contained in a recent monograph 

(124) on rare metals by Savitskiy. Because of their chemical 

activity and the stability of their oxides and sulphides rare 

earths are used in Russia as reducing agents, desulphurizers, 

modifiers and hardening agents for steel& ' ` alloys. In Fe-Al 

alloys additions 	from 0.25 to 0.5 % cerium diminish the 

grain size, shift the magnetic conversion time and improve the 

ability to be hot rolled. In cast iron the addition of 0.2 

ferrocerium increases the mechanical properties by a factor 

of two and makes possible large cast iron crankshafts with 

better properties than those of forged crankshaft for 

tractor diesel engines. 

Recently Savitskill (139) analysed Systematically arr 
rth. extensively the effect of rare/metals on the properties 

of heat resistant alloys from the point of view of their 

modifying action, removal of oxygen, nitrogen, hydrogen and 

carbon impurities, improved structure and oxidation resist 3 _ 
ce of surface layer, variation in the mechnism of plastic 

deformation of alloy matrix, lowering of recrystallization 

temperature and strengthening action of alloying elements. 

Singh and Shar~,n (14) have recently shown that 
misch metal 

addition 0.15 %Z,improves the machinability and mechanical 

properties of grey cast iron. Shara.n, Gaindhar and Narayan 

(15) carried out the systematic investigation to study the 

effects of misc,':mctal on the malleabilization cycle, 
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micro structure, machinability, mechanical properties 

(shear, compressive strength and hardness) and corrosi~yn 
behaviour in HC1, HNO3, and NaOH media of malleable cast 

iron. Following beneficial effects of misch metal have 
been established. 

(i) Reduction in malleabili7ation time on 
treatment with about 0.2 % misch metal, 

(ii)  Improvement in machinability, shear and 
compressive strength by optimum addition of . 2 % misch metal. 

(iii) barge improvement in corrosion resistance of 
0.05 % misch metal for 5 % HNO3 and 50 % NaOH and at 

On % for 5 % HCl media. 

than (16) extended the work further to study the 

effect of misch metal on alloyed cast iron and has shown

• the beneficial effect of the addition to cast iron from 

mechhinability and strength consideration. 

The need Is however, emphasized for wider and more 

detailed investigation of these problems partiraularly as 

regards the development of a physico-chemical theory of 
earth 

mechanism by which rareLmetals influence various types of 
alloys, 



CHAPTEP. IV 

HIGH TEMPERATURE X-RAY DIFFRACTION 
STUDY OF ALUMINIUM AND ITS ALLOYS. 



CHAPTER IV 

4,1 GENERAL INTRODUCTION, 

The review of the previous work has indicated 

that very little work on the study of lattice parameter of alu-

minium alloys at high temperatures has been reported. The 

present investigation is an attempt to determine as accurately 

as possible the change in lattice spacing with temperature 

and composition under equilibrium conditions of aluminium--

copper and aluminium-silver alloy systems. The equations 

representing the change of lattice parameter with temperature 
for pure aluminium and other aluminium alloys were determined 

by computers. The densities and co-efficients of thermal ex-

pansion at different temperatures were found in single phase 
region.. The solid solubility limit line for aluminium-copper 

system between 4500  ' and 5480  C has also been determined. 

4„2 EXPERIMENTAL PROCEDURE. 

4.2,1 Pre p aration and chemical analysis of alloy 

Aluminium of 99.9% purity, electrolytic copper 

and silver of 99.9% purity formed the basis of test alloys. 

Different alloys were prepared and analysed as per details 
given below:- 
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4.2.1.1 Aluminium-copper alloys o 

At first hardener alloy of about 50% copper 

and 50% a .uminium was made by melting in a graphite crucible 

in an oil fired furnace. This was then chemically analysed. 

Other alloys were then made from this hardener alloy 

by adding weighed amount of aluminium. Alloys were melted 

in a vertical furnace in an argon atmosphere. Stirring. was 

done to provide homogenity in the melt. Casting was done in 

cast iron metal mould, and then homogenised at 5000  C in an 
electric furnace for about 20 hours to eliminate the effect 
of coring if any. 

The iodometric method was used for copper 

estimation. Copper was precipitated as copper -sulphide and 

was ignited to oxide and fumed to evaporation with I 2S04. The 
solution was then diluted, neutralised with Na2CO3 and the 

iodometric titration was carried out in a weakly acidic 

medium (acetic Acid) against standard sodium thiosulphate 

solution using starch as indicator, Duplicate samples were 

taken for each alloy. Results of chemical analysis are givet 
in table 4tl  1 

4.2.1.2 Aluminium.-silver alloys 

A master alloy of about 50 percent alumi-dum 
and 50 percent silver was made in a graphite crucible in 

argon atmosphere controlled furnace, The other alloys were 

then made from this master alloy by adding weighed mounts of 



TABLE -- 4.01 

C3E'1IC.AL ANALYSIS OF ALLOYS 

S.No. ~uminlum copper alloy Aluminium silver alloy 
Desired Actual e s r  composition compo- analysis analysis 
sit ion 

1 2 % 1.91% 10% 7.5% 

2 4 	% 4.35 20% 199% 

3 10% 9.92%  

4 12 % 12.18 	% 

5 14% 13.79 

:• 

$i (j70 

NOOKRE, 



aluminium and cast in cast iron moulds, Alloys were homo. 
genised at 5000  C in an electric furnace f or about 20 hours. 

The alloys were chemically analysed by chloride 
method. The drillings were dissolved in nitric acid and sil-
ver was precipitated as silver chloride by adding dii. h(;1. 

Tartaric acid was added to avoid oxidation. The silver chlo.. 
ride precipitated was filtered and weighed and t'e amount of 

silver was calculated from it. Results of chemical aialysiss  
based on duplicate samples are given in table 4.01 . 
4.242 X-ray unit 

The Debye Scherrer photographs were -taken in 
a 19 cm. diameter Unican high temperature camera. the  
instrument comprises of four main parts, the cameras  the 
evacuation chamber, the furnace, and the main base. The 
description of these parts is given briefly. 

4.2.2.1 Camera 

The camera consists of a circular ring base 
which carries a short vertical cylinder, the outer diameter 
of which is 19 cm., Round this cylinder the two pieces 

of the photographic film may be clamped by means 	of steel 
spring straps . The straps terminate in brass strips which 

may be pressed under spring loaded steel balls to hold then 

in position. The ends of each piece of film extended beyond 
the knife,edges are incorporated in the cylinder supporting 

the film. The aperture which limits the size of the incident 
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beambeii of X—ray is carried on the circumference of the film 

supporting cylinder and is 1.25 x 1.5 mm. 

A light—tight cover fits over the base. The 

cylinderical side of this cover tapers to a thin edge which 

fits into a' groove$  the correct position of the cover relative 

to the base is secured by a projection which fits into a gap 

on the bottom edge, On the inlet side of the cover there is 

provision for a filter to separate white radiations from the 

characteristic radiations. All light must be excluded from 

the aperture into the camera and if filter proves inefficient 

for this purpose, black paper may be used. On the outlet side 

of the cover is removable fluorescent screen. 

4.2,2.2 Evacuation chamber : 

This is necessary to prevent cooling of the 

furnace by convection and to prevent oxidation of certain 

specimens at high temperatures. It consists of a cylinder 

closed at the top and open at the bottom. On the side is cut 

an opening for the passage of the reflected X—rays covered by 

a cellophane which is held in place by strong wires and 

rendered air tight with secotina. The chamber is cooled by 

a stream of water passing through the pipes at the rear 

of the io ain base. 
n 
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4.2.2.3 Furnace a 

The furnace  i s constructed in the form of two 

short cylinders mounted one above the other with a small gap 

between them. The upper and lower portions are joined together 

by metal parts which support the inlet and outlet guards to 

prevent diffusely scattered radiation from reaching the photo. 

graphic film. The heating wires are 10 percent platinum 

rhodium alloy and are wound to give a large region with a 

uniform temperature at the centre of the furnace. The tempera.

ture is measured by two thermocouples, one mounted radially 

at the top of the lower half, and the other mounted axially 
in the upper half of the furnace. The second thermocouple 

may be adjusted in position and so brought near to the specie 

men. The furnace operates safely upto a temperature of about 

10000  C. The furnace is nickel plated on all the metallic parts 
to provide the 	surface, resistant to oxidation even when 

hot. 

4.2.2.4 Main base a 

It consists of a circular casting on the 'top 

of which are locating pins. These define the positions of 

the camera,the tube into which the furnace fits, and the 

specimen holder. On the outside of the base, is the control 

panel which carries motor and fuses for each half of the 

furnace, the terminals for connecting the furnace to the 

control unit y  and a plug for connecting the temperature 

indicator with one or other of the two thermocouples. A 
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mains-fuse is gounted on the control unit. The evacuation 

pipe comes out at the rear of the base between the inlet & out-
let of the cooling water ring .Levelling toes & a spirit l9vel e 

the Parts of the main base. 

4.2 2.5 Alignment of the camera in the X-ray beam o 

Approximate beam alignment is obtained before 

connecting the necessary equipment as the position of the 

later depends upon the location of the camera. DLriflg align. 

ment the X-ray beam is viewed through the fluorescent screen 

at the exit slit covered by a protective lead glass window. 

The specimen is kept in position to make this adjustment. 
The pivoted beam trap should cover the fluorescent screen 
during exposure. 

4.2.2.6 Mounting of the specimen 

Before mounting the specimen the camera is 

dismantled in the following manner. 

i) The camera ring is removed first by lifting directly 

upwards the camera is placed on a flat surface, c are 

being taken to avoid the damage of the black paper 
screen. 

ii) 	The evacuation chamber is next lifted vertically 

clear cif the furnace assembly. Cellophane window is 
• protected from damage. 

iii) Furnace couplings are withdrawn and the furnace is 



lifted vertically. The lead insulated connections 

are handled with extreme care. 

iv) If the sample is not in the form of a wire but in 

the form of a powder, it is inserted in a fine capi-

11ary. Silica, alumina, or platinum capillaries 

are generally used. 

4.2.2.7 Centering of the Specimen 

Proper specimen alignment is done by the micro-

scope attachments which can easily be fixed to the main base 

with a clamping screw. 

The microscope is adjusted at the factory so 

that the vertical crosswire is accurately in line with the 

main axis. Any error is corrected by the screw adjustment 

provided on the microscope bracket. The specimen is brought 

in exact alignment with the main axis of the camera by a 

series of approximations using the four screws mutually opposed 

at right angles. 

4.2.2.8 Operation of the unit : 

The following steps have to be carefully 

followed in order to take a photograph with the high tempera-

ture powder camera. 

1) T ha vacuum pump is connected to the pumping out tube, 

ii) Thermocouples are connected to the temperature 

indicator by the light weight cable coming from the 

lower part of the front control panel. 



iii) Control units are connected to the camera at the 

two control terminals. The units are connected 

to the main supply through a 10 ampere plug. 

iv) Before raising the temperature of the furnace,the 

cooling water must be circulated and a partial 

vacuum applied. Final pumping out is completed 

during the heating period. 

The variac is set to zero before begining the 

run up as the cold resistance of the furnace is of the order of 

1.0 ohm. Gradual increase and decrease of furnace tempera-

ture is necessary to avoid damage to the refractory linings. 

4.2.3 Knif - edge calibration of the high temperature 
Unicam canera  e 

The adjustments of the knife-edges in each 

half of the camera are made, precisely at the factory. The 

ends of each film extend beyond the knife _ edges,ihioh are 

incorporated in the cylinder supporting the film shadows of 

knife edges formed by reflected X-rays, give fluidiced lines 

corresponding to 5 o  and 85 C respectively. The knife-

edge calibration was checked by taking X-ray diffraction 

photographs of spectroscopically pure silver wire at room 
0 

temperature. The wire was perfectly annealed at 400 C in 

camera under vacuum for 10 hours to relieve the stresses 

before taking the photographs. 

Both the films for pure silver were measured 

separately and lattice parameter was calculated for all the 



ZA 

lines. Nelson Riley's extrapolation curve was then plotted " 
/ separately, for each film. Extrapolation graphs were 

drawn on large graph sheets so that each small division along 
the ordinate represented 0.00002 A°• Very precise values of 
the lattice parameter were then found out. Values were 

compared with the accurate values of lattice parameter already 
reported. 

The photographs of the extrapolation curves 
are given in Fig. 4.01 and 4.02. X-ray diffraction photographs 

are given in Plates 4.01 and 4.02,. & observations are given in 
tables 4.02 & 4.03.' 

The values of lattice parameter determined, 

using the knife edge calibration were found in agreement with 

the accurately reported values of lattice parameter of pure 

Silver at room temperature. This indicated that the knife 
edges were perfectly fixed in the camera. 

4.2.4 Temperature caljtrat_iQn of t ie__,h gh t~ pe ~t r Unlearn camera: 

The exact mean specimen temperature may be 

different from the hot Junction temperature of the thermo-

couple actually recorded. Therefore, exact mean temperature 

should be determined from the recorded temperature. 

In these experiments the thermocouple marked 

T2 was used throughout the investigation. The thermocouple 

was calibrated for mean specimen temperature by the author by 

using pure silver specimen, the lattice parameters of which 



were known at different temperatures very precisely 

by Owen an Roberts. Their results were used for cal ibra- 

Lion. 

The sample of silver was used in the form of a 

wire. The sample was annealed in vacuum at ?00 C for 12 
hours. The X-ray diffraction photographs were taken at 1400, 

2400 	and 45000 as recorded by the thermocouple T2. The 

lattice parneters at different temperatures were determined 

by using Nelson and Riley's extrapolation method. The results 

are given in tables . 4.04 to 4.07 and Figures  . 4.03 to 

4.05 and plates 	4.03 to 4.05. From the values of lattice 

parameter so determined and standard values given by Owen 

and Roberts, (141) the correct mean specimen temperature to 

which the value should correspond, was found out. The curve 

was plotted between observed thermocouple temperature T2 and 

the mean specimen temperature (Figure 4,06) . 
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LATTICE PARAMETER VS EXTRAPOLATION FUNCTION FOR 
PURE Ag AT DIFFERENT TEMPERATURES 

EXTRAPOLATION FUNCTION 	 ' 

FIG.4.OI PURE SILVER FILM No4 
~ 	 AT 22°C. 	

ii 

EXTRAPOLATION FUNCTION 

FIG.4.02 PURE SILVER FILM No.2 
AT 22°C 

.aaoo0  • 

EXTRAPOLATION FUNCTION 

FIG.4.03 PURE SILVER AT 140°C 

u 

• 

oo 	 X.Uo 	o 
EXTRAPOLATION FUNCTION 

FIG 4 04PURE SILVER AT 240°C, 
sI 
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r ..u000 

J 	a.lOa 

..01 1..

.04.00 

O 	03000 	01000 	0.60W 	O.BOpO 
EXTRAPOLATION FUNCTION 

FIG.4.05 PURE SILVER .AT 450°C 



91 
TABLE - 4.02 

X-RAY ]JI)TLTACTION RJULT OF ME 3ILVR AT 220c 

Film 30.1 (Left Side) 

Indices Wave Q Lattice Nelson & 	E'tr:ro1ated 
length parameter Riley's 	value 

A • U. function 

420 1 57,83 4.06034 0.3000 

420 Cy. 5,05 4,06074 0,2950 	4.08590 
2  

422 Q 6768 4.07095 0.1390 1  
422 CX 66.06 4.07063 0.1350 2  
511 78.50 4.03437 0.0350 

511 °2 79.25 4.03391 0.0305 

TABLE - 4.03 

X-RAY D1FFRACTIO1I RSJLTS OF PURE SILVER AT 22 C 

Film To. 2 (Riht side 

indices Wave 0 Lattice Nelson 	& - 	Extrapolated length Parameter Riley's Function 	V alue 

420 57,98 4,07010 0.3030 

422 M i  67.62 4.06080 0.1400 

422 O 7  68.03 4,07905 0.1350 	4,0060 

511 CK 1  78.34 4.03406 0.0360 

511 M 2 79.20 4.00500 0,0330 
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X-RAY DiFFRACTIO1 E3ULTS OF UEZEi SILVER AT 1400 C 

Indices Wave 	0 Lattice Extrapola..- Extrapolated length 	parameter tion 	value 
A. U. 	function 	A. U. 

420 o 57,39 4.09000 0,3170 
422 67.22 4.09277 0.1460 
422 °2 67.51 4.09570 0.1420 	4.09645 
511 M 77.74 4.09558 0.0400 
511 

OE2 78.49 4.09496 0.0350 

4q05 
X-RAY DIFFRACTION REULT3 OF PURE 	ILVa AT 2400  C 

Indices Wave 8 Lattice Extrao1a Extrao1ated length Parameter tio-n  value A.T. function 

55.51 4,08163 0.3600 
420 57.05 4.10534 0.3250 
420 cr, 2 57.27 4.10547 0.3200 
422 67.00 4.09700 0,1476 4.10560 
422 02 67.15 4.10161 0.1465 
511 77.13 4.10562 0.0440 
511 2 77.31 4.10160 0.0370 
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TABLE - 4.06 

X-RAY DIFFRACTION RESULTS OF PU1 S ILVJR AT 4500  C 

Indices Wave 0 Lattice Extrao- ExtraDo- length Paraneter lation fated 
A. function value 

A 	U. 
311 cx 40.67 4.09868 0.8242 
422 o 56.92 4.11111 0.3280 
422 °2 57.15 4.11088 0.3230 
511 76.35 4.1.1859 0.O45 
511 a< 76.46 4.12733 0.0485 	4.1260 A0  

TABLE - 4.07 
CALIBRAT lOLl OF TiRjOCOUpU:' T2 TE ERAIURE FOR 

NEAN SPECINLN TEN?ERATURE 

S. No. 	Observed Lattice Lattice Corrected themnocom,le parameter parameter mean specimen T7 °c A. U. K X units temDerature 

1 	1.4.0 	4.09645 	4.0801 	1520  C 

2 	 240 	4.10560 	4.09732 	2570  C 

3 	450 	4.12600 	4.11763 	4940 
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4.2.5  X-ray tocbnique and lattice spacing  measurement o 

Durbye Scherrer photographs were taken using 

radiation obtained prom a Rayn ax demount able unit. Following 

factors were used. 

Copper Kc radiation was used for taking X-ray 

diffraction patterns and niccel was used as filter at the 
window. 

Thou .all the lines have been measured, only high angle 
lines 511, 4229  420 2  331 and 400 both & 1  and cK 2  have been 

used for the calculation of the lattice parameter. Films were 

measured on a film measuring rule giving an ac curacy upt o 

0.005 cm. Each film was measured twice . One reading was. 

taken from right to loft and then film was reversed and 

another reading was taken. Same procedure was followed for 

another film. Two photographs were taken for each temperature 

in all the cases. The 0 values reported in the table are 

the me an of the four values  taken from the two photo graphs 

Lattice parameter was calculated for each line. 

Curve has been plotted between Nelson & Riley's extra-

potation function and lattice parameter and actual va7.ue has 

been calculated by extrapolating the values to A = 900 
 C. 

Each division in the ordinate had an accuracy of 0.00002 A°. 
Reduced photographs of the curve s  lattice p ammeter vs. extra-

polation function have been given for reference. 
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4.2.6 Method for determining the density and coefficient 
of thermal. expansion : 

In the case of pure aluminium density and coefficient 

of thermal expansion were calculated at all temperatures . In 

case of aluminium copper and aluminium silver Alloys, coefficient 

of thermal .expansion and densities were calculated in single 

phase region only when whole of the Cu or silver remains in 

solid solution. Thus in case of A1-CU. alloy, values were -repor-

ted at 5250  and 548 C while in case of aluminium silver alloys, 

values were reported at 450, 4?9, &0e and 5250  C. 

From the lattice parameter values9  the density for each 

alloy was c al cull ate d by the given formula ; 	 1$  

mMJ 
dt = 3 -` 

at 

where m = mass of at cV '.: ' at unit atomic weight. 

M - composite atomic we ight 

N - no. of atoms/unit cell 

at = lattice parameter measurement at 
temperature to  

The composite atomic weight was calculated by the 

given formula ; 

_ Wt. % A.X atomic wt. of A + wt.% B x atomic M   
wt. ofB 

100 



WA 

Thus in case of pure aluminium, M was replaced by the 

atomic weight of aluminium for calculating the densities. 

The coefficient of thermal expansion were 

calculated in case of pure aluminium with reference to lattice 
parameter at 00  C while in case of aluminium-coppor and alumi-

nium-silver alloys, the coefficient of thermal expansion at a 

particular temperature was determined with reference to the 

lattice parameter at that temperature. Thus the following 

formulae were used in case of aluminium and its alloys for 

.calculating! the values of coefficient of thermal expansion. 

	

1 	da 
Aluminium Oct = ao dt 

Aluminium 	 1 da 
alloy 	Cx t = 	aT 	d t 

da/dt, ao  and 	were determined from equation 

of the lattice spacing vs temperature curve for a given metal 

or alloy. 

4.3 EXPERIMENTAL RESULTS . 

4.3.1 Pure aluminium : 

High temperature X-ray diffraction results are given 

in Figs. 	4.07 to 4.11, plates 	4.06 to 4.10 and tables 

4.08 to 4,12. 

4.3.2 Aluminium copper alloys 

High temperature X-ray diffraction results are given 
in Figs. 	4.12 to 4.369  tables 	4.13 to 4.37 and plates 



4.11 to 4.35 

4.3.3 Aluminium silver alloys : 

High temperature X-ray diffraction results 
are given in Figs  _ 	4.37 to 4.44!  tables 	4.38 to 4.45 

and plates 	4.36 to 4.43. 



TAB - 4.00 

X-RAY DIFFRACTION RESULTS OF PURE ALUMINIUM AT 300 C 

Indices Wave 	£ 	Lattice 	E trapo- 	Extra~Dola- 
lenc th 	par ►eter lation 	ted v ue A•u 	function 	$• U. 

331 0x .6.11 4.04467 0.3460 	4.05090 

331 Ga 2 56.33 4.04458 0.3410 

420 aK 1 50.37 4.04613 0.2970 

420 at2 53.61 4.04.537 0.2920 

422 0c1 68.77 4.04340 0.1255 

422 °2 69.15 4.04324 0,1205 

53.E m 1 31.22 4 0 04907 0.0200 

511  ° 2 82.05 4.05143 0.0165 

TABLE - 4.09 

X-RAY DIFFRACTION RESULTS OF PU Z ,<.LUMINIUM AT 2710 C 

Indices Wave e Lattice Extrapola- Esr-traoao- length Parameter Lion laced 
A.U. function vue 

U 
331 o  55,45 4.07679 0.362 4.00450 

331 0E 2 55.63 4.07009 0.350 

420 c : Z 57.61 -5.07945 0.313 

420 c 2 57.€ 9 4.07753 0.30E 

422 o;1 97.59 4.08207 0.1400 

422 °2 67.8E 4.08376 0.1360 

511 osi 76,54 4.08390 0,0350' 

511 c~,2 79.20 4.08379 0.0330 



TAIL - 4.10 	 100 

X-RAY DIFFRACT ION 1ZES JrTS OF PURE ALUMINIUM AT 3820 C 

Indices Wave e Lattice Extrao ola- Extrapolated length parameter tion value 
A.U. function A.U. 

331 ®c 55.26 4.08974 0.366 
420 os 1  57.39 4.09000 0.317 4.09510 
420 °2 57.62 4,00839 0.313 
422 c 	1 67.24 4.09233 0.145 
422 °2 67.57 4.05202 0.140 
511 011 77,83 4.09440 0.039 
511 as 2  78.51 4.09445 0,035 

TABLE - 4.11 
Y_RAY DIFFRZ CTION RESULTS Or PURE ALUMINIUM AT 494°  C 

Indices Wave 	8 	Lattice Extra,o- Extrapo- length 	parameter lation 	lated 
A.U. function value 

- 	 - 	 A . TT 
420 ac 1  57.14 4.10110 0.3240 

420 CK2  57,35 4,10172 0.3180 	4.10698 

422  O 1 66.87 4.10355 0.1500 

422 °2 67.20 4.10350 0.1460 

511 0c 1  77.08 4.10661 0.0440 

511 °2 77.75 4..10503 0.0395 
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TABLE4.12 

X-RAY UIFF?,ACTION RESULTS OF PULE ALUMINIUII'4 AT 606.5°C 

Indices Wave 	@ 	Lattice Extrapo- Extrapo 
length 	parameter lation 	lated 

A.U. function value A.U. 

:331  QC 1  54.69 4.11506 0.3790 

331 °2 54.9 4.11062 0.3720 

420 cxl  56.83 4.11545 0.3300 

420 °ti 2  57.09 4.11406 0.3240 

422 oc 1  66.41 .4,11760 0.1570 

422 a°. ? 66.72 4.11820 0.1520 

511 o2.  76.29 4.11970 0.0490 

511 or- 2  76.86 4,12037 0.0460 

4.12094 
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LATTICE PARAMETER VS. EXTRAPOLATION FUNCTION 
FOR PURE Al AT DIFFERENT TEMPERATURES 
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oQ  
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F a.iis 

EXTRAPOLATION FUNCTION 

FIG.4.II ALUMINIUM AT 606.5°C 
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TABLE - 4.13 

X-R'.Y DIF. R1CTIO RESULTS O Al + 1.9 11t,% Cu,AT 300C 

Indices Wave e Lattice Itrapo- Extra-oo. 
length paaxnter lat ion lated 

function vale 

331 56.12 4.04427 0.3460 4.04938 
331 O2 56.33 4.04453 0,3410 
420 58.39 4.04537 0.2960 
420 59.62 4.04501 0.2920 
422 1 60.77 4.04853 0.1250 
422 °2 6,17 4.04774 0.1200 
511 1 81.30 404898 0.0200 
511 ac 2 82.29 4.04914 0.0150 

TABLE4,14 
X-RAY DIFFRACTI0 REULT[ 	OF Al + 1.9% Cu AT 2710 C 

Indices Wave Lattice ExtraDo- Extro1ated length parameter lation value- .  
±UflCtiOfl A,U. 

331 M i  55.61 4.06868 0,3580. 
333. cr.2 55.82 4.06673 0.3530 4.07530 
420 o 57.83 4.06090 0.3080 
420 °2 53.09 4.06063 0.3020 
422 o 1,  67,91 4.07239 0,1360 
422 2 68.26 4.07270 0.1310 
511 CK 1 79,19 4.07491 0.0310 
511 DIFFUSED 
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LATTICE PARAMETER VS. EXTRAPOLATION FUNCTION 
FOR AI+1.9wt.% Cu AT DIFFERENT TEMPERATURES 
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TABLE - 4.17 108 

X-RAY DIFFRACT ION RESULTS OF Al + 4.35 % wtr. Cu ALLOY AT 25°C 

Indices Wave 0 Lattice Extrapo Etrapo- length parameter lation lated 
function value 

331 cr, 56.27 4,04153 0.342 4.04760 
420 58.51 4.04300 0,294 

422 o 68.83 4.0454 0.123 

422 ar., 69.28 4.04481 0,119 
511 all @1,45 4.04742 0.010 
511 °2 82.43 4,04763 0.011 

TABLE 4,18 
X-RAY DIFFRACTION RESULT OF Al + 4.35% Wt. Cu.alloy at 2710C 
------
Indices wave 0 Lattice Extrao Extrapo- length parameter latiori lated A.U, function value A.U. 

420 CK 57,94 4.06323 0,306 
422 OL 67.90 4.07067 0.135 4.07290 
422 m 68.37 4.06970 0.130 
511 °i 79.36 4.07252 0.029 
511 0c  2  80.17 4.07231 0.025 



TABLE - 4.17 	 108 

X-RAY DIFFRACTION R3_'S ULTS OF Al + 4.35 % wtr. Cu ALLOY AT 250C 

Indices wave 9 Lattice Extrapo- E stra*po.- 
length parameter lation lated 

unction value 

3 31 56.27 4.04153 0.342 4.04760 
420 a€ 58.51 4.04300 0.294 

422 0~ 1 68,82 4.04549 0.123 

422 a;~ 69.28 4.04401 0.1101 

511 a: l 31,45 4.04742 0.010  

511 0C 2 82.43 4.04763 0.011 

TABLE a 4,18 
X-RAY D • F 	f C$ IOI RESULT \I Lk.1 OF Al + 4.35% Wt. 	`.+u ,. a 1_ oy at 271°b 

indices Wave 0 Lattice Extraoo- Extrapo- length parameter lation lated A.U. function value A.U. 

420 cK 57.94 4,06823 0,306 

422 1 67.93 4.07067 0.135 4.07290 
422 ax 2 68.37 4.06970 0.130 
511 as1 79.36 4.07252 0.029 

511 Cx 2 80.17 4.07231 0.025 
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TABLE - 4.19 

X-RAY DIFFR7CTI0N RESULTS OF 2U + 4.35 % TtALLOY AT 3820C 

Indices Wave U Lattice EX,  trao- Extrapo- 
length parameter lation lated 

function value - - A,  
331 55.55 4.07535 0.359 
420 57.76 4.07641 0.310 
422 67.64 4.08042 0.140 4.08157 
422 cK 68.08 4.07807 0.134 
511 78.76 4.08070 0.034 
511 CK 2 79.46 408130 0.029 

TABLE - 4.20 
X-RZY DIFFRCTION RESULTS OF Al + 4.35% Wt.Cu, ALLOY AT 437.5 

Indices Wave e Lattice Extrapo- Extrapo- 
length parameter lation lated 

function value - AU, 
420 57.53 4.08661 0.315 4.09012 
422 67.39 4.08802 0.143 
511 CX 1 78.14 4.08977 0.037 
511 Cx 2 78.85 4.08962 0.033 
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TABLE .. 4.21 

X—RAY DIFFRACTION TION RESULTS OF A '+ 4.35/ Cfdt .Cu. 
ALLOY AT 4940  C. 

Indices Wave 0 Lattice Extrapo- 'E traoo- length parameter lation lated function value 
ABU• A.U. 

331  CK 55.30 4.00721 0.365 
420 oc 57.41 zd.®9188 0.317 4.09296 
422 oc 1  67.32 4.00970 0.144 
422 aX 2  67.50 4.09200 0.142 
511 aX 1  77.97 4.09240 0.038 
511  (X2 78.64 4.09260 0.034 
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TABLE -4.21 

L«.RAY DIFFRICTION RESU'LT'S OF A, +-, 4.35/ WWdt.Cu. 
ALLOY AT 4940  C. 

indices Wave 
length 

8 Lattice Extrapo- Extraoo- parameter lation hated` 
function value A.U. la, U. 

331  o 55.30 4.00721 0.365 
420 0K 57.41 ea.09188 0.317 4.09296 
422 oc 67,32 4.00970 0.144 
422 0K 2  67.58 4.09200 0.142 
511 0C 1  77.97 4.09240 0.038 
511 aX 2  73.64 4.09260 0.034 
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LATTICE PARAMETER VS. EXTRAPOLATION FUNCTION 
FOR A1.4.35 wt.% Cu AT DIFFERENT TEMPERATURES 
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113 TABLE -4.22 

X-RAY DIFFRACTION RESULTS OF ',l + 5/ Wt.Cu. ALLOY AT 25° C 

Indices Wave 	 Lattice 	Extraa ')o- 	Extra Jo- length 	0 	tiara peter lation1 	lated 
A, U, 	ullctio... 	value 

=i.U. 

331 a 56.26 4.04139 0.343 

420 cr 50.51 4.04296 0.294 	4.04712 

422 tic i 68.90 4.04461 0.123 

422 oy' 2 69.30 4.04393 0.119 

511 ~~1 81.50 4.04600 0.0-9 

511 ac2 02.52 4.04633 0.015 

4.23 

X-RAY DIFFR--.CTIOi1 RESULTS OF 	+ 5.% Wt.CU..ALLOY AT 1610C 

Indices Wave Lattice Extrapo- Extrapo- length 0 Parameter lation lated 
function value A U A.U. 

331 at 55.77 4.06481 0.332 4.06698 

420 (X 58.01 4.0648 0.304 

422 ac i 60.11 4.06671 0.134 

422 eL 2 63.51 4.06560 0.129 

511 db  79.76 4.06850 0.027 

51 M 2 80.77 4.06509 0.022 
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TABLE - 4.2 4 

AIFFR~CTT ~; 	
ZT OF - +5` a jt ,cu ALLOY At 382° C 

..I~~' 	Ci`~ ~E~~ r~ A~ 

	

'---.--r.~-..-- 	 Est ra~o ~, 	Lxt ra Do- 
ttice  fated 

	

Indices lave 	® 	parameter lation 	value length  function 

A.U. 	
. AU. 

~.~- 

331 	ac 

 

55.51  4.07697  0.360  4.08344 

420 

	

57,75 	4.07681 	0.310 

511 	i 

	

76.55 	4.0820. 	0.034 

511 	2 

	

79,35 	4.08276 	0.029 

TABLE 4.25 

RESULTS  4F .A1. + 5% Wt.CU ALLOY hT 494
°G 

 

Indices Wave  
I
p
atGCe 	 tr 7p.. 	lxC 

r 
~ 

P0 

	

jength
8  arameter laticn 	lated  

funcUon value  7. 

422 . 	 4.085p8 	0.11 

	

4.09060
51 	

2 	67, ~5 	
.00459 	0,137 a;1  78.22  

,! 	
37 

5n «08853  
0.037 

	

~2 	7B«~3 	
4,08938 

0.033 
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TABLE - 4.24 

X-RAY DIFFRACTION RESULTS OF Al +5`/ -•?t . Cu ALLOR' AT 382°  C 

Indices Wave Lattice Extraoo- Exxtraoo- 
length 8 parameter lation lated 

function value 
A. U. A.U. 

331 at 55.51 4.07697 0.360 4.08344 

420 0K 57.75 4.07681 0.310 

51x, o~ 1 78.65 4.08201 0.034 

51,1 79.35 0X 2 4,08276 0.029 

TABLE - 4.25 s 

X-RAY DIFFRACTION RESULTS OF .Aj + 5% Wt.Cu ALLOY AT 4940C 

Indices Wave 	 Lattice Extrapo- Extrapo- length 9 	parameter latiai 	lated 
function value 

	

A.U. 	 A.U. 

420 	57.75 4.07681  

422 eKi 67.49 4.08508 0.141  4.09060 

422 0C2 67.85 4.08459 0.137 

511 oc 1 78.22 4.06853 0.037 

511 °2 78.83 4„08988 0.033 
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TABLE - 4.26 

X_.RAY DIFFRACTION RESULTS OF J + 9.992% Wt.Cu ALIAS 

AT 25° C. 

Indices Wave Lattice Extrapo- Ext;rano- 
length 9 parameter lation lated 

function value 
A.U. A.U. 

420 or 1 58.29 4.04768 0.2000 

420 0X 2 58.77 4.03790 0.2880 

422 aK1 69.08 4.04005 0.1220 4,04668 

422 c 	2 69,29 4.04608 0.1190 

511, a 1 81.54 4.04606 0.0185 

511 (x 2 82.67 4.04659 0.0140 

TA L - 4.27 

X-RAY DIFFRACTION RESULTS OF A, • + 9.92/a Wt.Cu AT 271°C 

Indices Wave Lattice Exbt raDo- ~o-- 
length 8 parameter lation lated 

function value 
A, U. A.U. 

420 c  57.84 4.06684 0.3000 

422 0C  67.91 4.07500 0.1360 4.07578 

422 cac 2 60.27 4.07299 0.1310 

511 c1 1 79.15 4.07533 0.0310 

511 QC 2 79.90 4,07548 0.0270 
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TABLE - 4.28 

X-RAY DIFFRACTIO1J RESULTS OF A, + 9.92%  Wt.Cu  AT 2820  C 

Indices Wave Lattice Extra o- E xtrapo- 
length A parameter lation lated 

A.U. -function value 

420 oc 57,25 4.07170 0,3200 

422 os, l  67.45 4.03300 0.1420 

422 2  67,88 4.08347 0.1365 

51 Cc 1  78.40 4.00567 0.0350 4.03664 

511 M 2  79.11 4.00567 0.0310 

TABLE, - 4,29 

X-RZY DIFFRACTION RESULTS OF A]  , + 9,02/ t.Cu AT 4940  C 

Indices Wave 	G 	Lattice 	ECpt.ra-ao- 	Extr oo- 
lengtlz 	parameter lation 	lated 

.A, U. 	function 	value 
A.U. 

420 c 	1  57.45 4.08638 0.3160 

420 oc 2  57.54 4.09264 043140 

422 rr 1  67.15 4.09468 0.1465 	4.09630 

422 °2 67.49 4.09473 0.1410 

511 cc 1  77,05 4.09580 0.0380 

511 oC 2  78.4. 4.09590 0.0350 
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LATTICE PARAMETER VS. EXTRAPOLATION FUNCTION 
FOR A[.9.92 wt.°/° Cu AT DIFFERENT TEMPERATURES 
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TABLE - 4.30 

X-RAY DIFFRAACTION RESULTS OF ./1 + 12.10% Wt.Cu{ AT 25°C 

Indices Wave Lattice Extrapo- Extra-oo-- 
length 0 parameter 	lation lated 

function value 
A.U. A.U. 

331 cay 56.10 4.04250 0.3770 

4.20 or 50.50 4.04622 0.2940 4.04630 

422 ac t 60.89 4.04520 0.1200 

422 M 2 69.27 4.04501 0.11.90 

511 o~  81.58 4.04607 0.0100 

/ 511 at 2 82.62 4.04592 0.0140 

TABLE - 4,31 

X-RAY DIFFRACTION iESULTS OF 'Al + 12.10`/ WW7t.Cu,, JtT 2710C 

331 01 55.63 4.07134 0.3575 

420 0° 57,07 4,07153 0,3070 	4.07454 

422 ail 67.93 4.07195 0.1360 

422 0C 2 68.28 4.07229 0.1310 

51.1 o~ 1 79.23 4.07410 0.0310 

51i• 2 80.00 4.07424 0.0260 
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TABLE -. 4.32 

X-RAY DIFFRACTION RESULTS OF Al + 1,2.18% Wt,Cu., 
AT 382° C. 

Indices wave Lattice Extrapo_ Extrano.. length 8 parameter lation latedd  
function value 

11 U 

331 aK 55.56 4.07500 0.3630 

420 oc 57.32 4.07341 0.3085 
422 cx 1  67.61 4.08116 0.1400 4.08520 
422 92 67.96 4.08136 0.1355 

511 ob l  78.50 4.08437 0.0350 

511  cK 2 79.22 4.08447 0.0310 

TABLE.-4.33 

X MY DIFFRf CT20N RESULTS OF Al + 12.13% Wt,Cu , 

AT 494 C, 

Indices Wave Lattice El tra;po-- Extrapo.. length ® parameter lation fated 
Function value 

A U A U 
331 os 55.32 4.08443 0„3650 

420 oz 57.50 4.08772 0.3150 

422 of t  67.31 4.09001 0.1440 4.09462 
422 Qt 2  67.63 4.09106 0.1400 

511  ac 1 77.91 4.09320 0.0390 
511 0C 2  78.55 4.09398 0.0345 
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EXTRAPOLA1OI FUNCTION 

FIG.4.32 ALUMINIUM +12.I8WEIGHT 
COPPER AT 494°C 

LATTICE PARAMETER VS. EXTRAPOLATION FUNCTION 
FOR AI.12.18 wt.% Cu AT DIFFERENT TEMPERATURES 
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125 TABLE - 4.34 

L.RhY DIFFRZ►CTION 1ESULT OF Al + 13.79% Wt .Cu 
AT 300 C. 

Indices Wave Lattice rxtrapo- Extrapoia- length 	9 parameter lation tea A.U. function value 
 ----- -- ...~..,._..~ ,._. 	 — A U 

420 Or ], x8 942 .,4.04354,. 0.2960 

420 °2 58.67 4.04314 0.2900 
422 1 60.85 4.04618 0.1240 4.04860 
422 Cr. 2 69.22 4,04615 0.1200 

511 C;i 81„34 4.04056 0,0200 
511 ix 2 82,36 4.04005 0.0150 

TABLE .. 4„35 
X-RZ.Y UTry:pA,CTIoN RESULTS Or Al + 13,79% Wt, 0u 

AT 271° c 

-- 
Indices Wave 

length e 
Lattice Extra-po- Extrapo.. parameter lat i on fated 

function value 
U 

331 55.69 4.06086 0.3560 
420 57.93 4,06854 0.3060 
422 67.91 4,07220 0.1360 4.07598 
422 oI 2 68.25 4.07298 0.1315 

511 c 	i 79,11 4,.07574 	* 0,0310 

511 cC 2 79,99 4.07476 0.0260 
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X..RAY DIF FRhCTION 1SULTS OF A1+ 13.79% gat. cu 
AT 3820  C 

Indices Wave Lattice xtra-oo_ E trapo.. length 8 parameter lation lated 
rA.U. function value 

11. U. 
420 . oc 1  57.67 4.07645 0, 3120 

420 0c 2  57.90 4.07645 0.3060 

422 cx 1  67.64 4„08038 0.1395 4.08440 
422 tx 2  67.97 4,08116 0.1360 

511 0c 1  78_372 4.08360 0.0330 

511 0 2 79.34 4.08339 0.0300 

TABLE - 4.37 

X 	Y DIFFRACTION fESULm OF Al + 13.79% Wtu 
AT 5490  C 

Indices Wave 8 Lattice Fxtrapo.- Extrapo- length parameter lation latecd- 
function value A AU, A.U.  

420 0c
1 

 56.97 4.08544 0.3270 

422  (X1 67.24 4„09204 0.1450 

422  o- 2 67,..6 4,09248 0.1405 4.09572 

511 cx i 77.71 4.09351 0.0400 

511 vc 2  78,47 4.09465 0.0350 
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LATTICE PARAMETER VS. EXTRAPOLATION FUNCTION 
FOR Al + 1.3.79 wt.°% Cu AT DIFFERENT TEMPERATURE 
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TABLE 4.38 

X-RAY DIFFRACTION RESULTS OF 'Al + 7.5% Ag AT 340 C 

Inli.ces Wave Lattice Extrapo.- Extrapo- 
length parameter lation 1 atd 

function value 
---------- _._._-------- ^..~.. 11. U . 

420 cc 1 58.46 4.04036 0.2950 

420 cx 2 58.67 4.04206 0,2900 

422. cx 1 68,82 4.04775 0.1250 4.05110 
422 ac 2 69.24 4.04594 0.1200 

511 cx 1 81.22 4.05101 0.0210 

511 cx 2 82.36 4.05090 0.0145 

T ABLE - 4,39 

X-RAY DIFFRACTION RESULTS OF . Al + ?.5% Ag AT 1610C 

Indices 	Wave. 	9 	Lattice 	Extrapo-• .Extra o- length 	 parameter lation 1atedp 
function value 

A.U. 	 A.U. 

331 	c 	56.28 	4,06131 	0.306 

420 0C1 1 5 7.91 4.06599 0.302 

420 a 2 58,14 4.06608 0.301 

422 cc 1 68.04 4.06891 0.135 	4.07342 

422 oc 2 68.42 4.06808 0.130 

511 CM7! 79.44 4,07138 0.029 

511 cx 2 80.03 4,07387 0.026 
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TABLE - 44Q 

X-RAY DI FERACI' SON RESULTS 0 F .--- + 	7.5% Ag 
at 2 710 0 

Indices Wave ® Lattice  Extrapo- xtrapo- 
length Param°ter lat:ion 1 ated 

function valLTe A.U. A.L 

331 c  55.45 4,07727 0.3610 
420 0Kl 57.74 40739Q) 0.,3095 

420 2 57,91. 4.07592 0.3060 4.08254 
422 c~;.1 67.65 4.07994 0,1395 

422 « 2 68.03 4, 07905 O 1350 
511 o= 1 78.66 4,,08223 0.0290 
511 ° 2 79.44 4,08146 0.0240 

T' j 	LE 	- 4r41 

X "'J..L.L}Y 	~':riL`~..l~il:~ ?'O L'J 	flI SULTS 	O 	.3'.1 	+ 	.5% Ag 

..-.~,.+~mv.--..n a.r..- n.:+..rcaaw.ax>..~- 

Ai 
r.,-- 

302
t. 

 

1 dlco s Ware 
~.-.~.--...., ~>•~.,-•~~,.:+m-~-..H-r~....+....~s~.rx~.. 

Lattice  Extr apo- 
..... ~,~.a.r...~ 

Exr r~po~, ength p rz ie1er =Lat?_on late,, 
function. vajue 

222 cX 40.21 4107801 0,5370 

331 0- 55019 4,09344 0a3670 

420 c 5723'. 4.09524 0.3190 4.09772 
422 CK 67113 409630 0.1460 

511  oc 77.(35  4.09 72 0 0.0405  

511 0 78.30 4.09746 0.0360 
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LATTICE PARAMETER VS. EXTRAPOLATION FUNCTION 
FOR AI+7.5wt.%Ag AT DIFFERENT TEMPERATURES 
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TABLE - 4,42 

X-RAY DIFRRAC ION RESULTS OF la + 19.9% Ag 
0 AT 30 C 

Indices Wave 9 	Lattice 	Extrapo- Jxtrapow length 	 parameter 	lation 	laced 
function value 

A.0 	 A.I. 
222 	cx 	41.44 	4.03547 	0.8170 
331 OC 56.23 4.04281 0.3440 
420 ac 58.48 404480 0.2940 
422 a 68.82 4.04643 0,1250 	4.0455 
511 cc 1 81.31 4,04888 0.0200 
511 a 2 82.25 4.04940 0.0155 

TABLE -- 4.43 

X-RAY DIFFRACT ION RESULTS OF Al + 19.9% Ag 
at 2710  C 

Indices Wave 0 Lattice Extrapo- Extrapo. 
length 	parameter lation lated 

function value 
A.J.  

220 	a 32&4 4.05440 1,2860 
311 	a 39,06 4.05842 0.9230 
222 cx 	41.03 4.06841 0.8310 	4.07632 
331 cc 	55.63 4.07134 0.3570 
511 cc 1 	79.10 4.07590 0.0310 

511  ox 2 	79.86 4.07611 0.0270 
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TABLE -, 4.44 

X-RAY DIF'F'RACTION RESULTS OF Al + 19.9% Ag 

at 382' C 

Indices Wave 	8 Lattice Extrapo- Extrapo- 
length 	 parameter lation latd 

function 	valve 
A.U. 

42 	 57.53 	4.08656 	0.3140 

422 	oz 1 	67,38 	4.08931 	0.1430 
4.09045 422 	of 2 	67.71 	4 e 0 6 	0.1390 

511 	0c1 	78.14 	40008080 	0.0365 

511 	°2 	78.82 	4,08998 	000330 

TABLE - 4.45 

X-RAY DIFI~RAC.' ION RESULTS OF 4 + 19 v9% Ag 
0 

at 494 C. 

Indices Wave A 	Lattice Extrapo- Extrapo- 
length 	 parameter 1 at ion 	fated 

A.U. function va1Ue 
A.U. 

331 a 55.06 409968 0,3710 

420 0C 1 57.23 4.10024 0.3210 

422 a 2 67.07 4.10256 0.1470 	.4.10392 

511 a 1 77.27.. 4.10344 0.043J 

511 Cx 2 77.90 4.10350 0.0380 
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LATTICE PARAMETER VS. EXTRAPOLATION FUNCTION 
FOR Al +19.9 wt.% Ag AT DIFFERENT TEMPERATURES 
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4.4 DISCUSSION OF THE RESULTS. 

4.4.1 Pure , J uminium : 

The salient features of the results are as follows : 

i) There is regular increase in the lattice spacing 

with temperature. The relation appears to be nearly 

linear (Fig. 4.45) 

ii) The equation 
'-3 
	?2 a = 4.04711 + 0.,140783 x 10 T -~ 0.33919.7 x10T 

as determined by computer, represents the relation 

between lattice parameter (a) and tempe'ature (T0 C) 
iii) The values of lattice spacing at various temperatures 

as determined from equation are in close agreement 

with the experimental. values (Fig. 4.45). 

iv) With increase in temperature the solid density as 

determined by X-ray, goes on decreasing, gradually 

for lower temperatures, beyond which it decreases 

at an appreciable rate (Fig. 4.45). 

v) There- is a slight decrease in coefficient of thermal 

expansion ( . a a-) with increase in tempera-

ture upto 5480C (Fig. 4.45) . 

Lattice spacings of aluminium at elevated temperatures 

were measured by several workers. In the high 'temperature 

range the measurement of Ellwood and Silcock (8) and Wilson 

(7,140) are in agreement. The results of Ener are in good 

agreement with t he measurement of Wilson (71,140) below 
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COEFFICIENT OF THERMAL EXPANSION AND DENSITY 
OF ALUMINIUM AT DIFFE 	TEMPERATURES. 

S.No. Temperature Lattice Coefficient of Density 
O o C parameter thermal expan- gri/cc. 

A s ion 
1 	da 	** 
a~ 0 i- 

1 0 4.0471 2.7030 

2 100** 4.0608 3.39x105 2.6758 

3 200** 4.0739 3.14x10 5 2 65 59 

4 27i1* 4.08450 -- 2,6296 

5 300** 4.0863 2.97x10 5 2.6334 
6 382* 4.0951 -. 2.6092 
7 400* * 4.0980 2.81x10-5 2. " ~036 
8 450* 4.1036 ^ 2.72 x10 2.5930 

9 475** 4.1063 2.68x10 5 2.5879 
10 494* 4.1069 - 2,5866 
11 500**  4.1090 2.64 x10 5 2.5229 
12 525** 4.1117 	2.59 	x 10-5 2.5777 
13 548*' 4.1141 	2.56 x 10-5 2.5756 
14 606. 5* 4.1209 	- 2,554  

* 	Experiment ally determined values, 

** Calculated values from equation determined by computer. 
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0 
200 C9  but at higher temperatures greater expansion was found. 

Lattice spacing as determined, in the present investigation at 

00 C was found out to be 4.0471 A°. The result is in .agreement 
0 

with the result of Wilson within ± 0.001 A , who found out the 

lattice spacing at 0°  C to be 4.0472 A°. Thus the values of lattice 

spacings agree with the results of Wilson (71, 140) in . lower 

temperature range. However, for higher temperatures the results 

of lattice spacing are slightly higher. Our results confirm 

results of Ener (9:2 ) for higher temperatures. The powders were 

not annealed by Wilson after filing. It may be emphasized that 

the specimen used in accurate determination of expansion coeffi- 

cient should be annealed at a temperature at least as high as 

that of the highest exposure for a time relatively long compared 

with the exposure time to complete all recovery recrystallization 

and grain growth processes that can take place  upto temperatures 

of highest exposure, because these may be accompanied by a change 

of lattice parameter. This may account for slightly lower 

values reported by Wilson (71) at elevated temperatures. 

Densities calculated at different temperatures are 

given in ta-ble 4.46 and Fig,. 4.45 . There is gradual decrease 
0 

in density with temperature upto about 250 C. Beyond 250 C 

there is change in slope, and density decreases at an appreciable 

rate. Perryman has reported the density Thu = 2.6984 ± 0.0003 

gm/cm3  at 200  C while Taylor' (142) has reported 2.6981 gm/em3a  

In the present investigation the density calculated at 20 C 

come d out to be 2.6980 gm/cm3  . This is in agreement with the 



previously reported values at 200 C. 
At about 25do C, change in slope of lattice parameter 

vs temperature curve, for aluminium is observed (Fig. 445). The 

anomalous behaviour is reported to be more apparent in macro-- 
scopic measurement of Its _ expansion and for which no particular 
quantitative explanation has been made. Though the above 
anomaly could not be detected in lattice parameter curve in the 

present Investigation, it is apparent ii the density curare, 

It is understood that probably this may be due to the f act 
that vacancies start generating at a very fast rate beyond 
this temperature, 

Coefficients of thermal expansion has been reported 

by Wilson and others at elevated temperatures. This has been 

Calculated by finding the change in lattice par ameter for a 

small change in temperature and is based on the assumption, that 
at temperatures above the J:~ebye characteristic temperature, 

the variatjo-n of its thermal expansion coefficient as a func-

tion Of temperature will not depart much from linearity  over 
intervals of 5Co C 1000 C and is a good approximation over 
such i.ntervalg0 

In the present investigation, second degree equation 

has beo1 determined by the computer and then da/dt at a 

particular temperature has been found out by differentiating 

This method of determination of slope should necessarily be 

141 

more accui ,te a Nelson and Rhl_eyts extrapolati-)nnt method has been 
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used for precision determin,atton of lattice parameter. The 
wire has been annealed properly at the tempetature of highest 

exposure to complete all recovery recrystallization and grain 

growth processes. The position of the sample wcs not disturbed. 

And all the readings for different temperatures were taken with 

the same sample so that the particrle,. size may not have any 

effect on the reading. Krti_fa edge calibration has been made 

by taking pure silver picture and thermocouple has also been 

calibrated for mean - specimen temperature, It is claimed that 

coefficient of thermal expansion values so determined should 

necessarily be more accurate than the previously reported 

values. 

4.4.2 Al uminium  -copper alloys  : 

The results are given in table4.47 to 4149 and 
figs 4.46 to 4.53. The salient features of the results are 

as follows - 
i) The lattice parameter increases with increase in 

temperature in all the cases. 
ii) The lattice parameter vs temperature' curve shifts 

vertically in the downward direction with increase in 

copper concentration from 0 to 1.9% and the values are 

lower for all temperatures. The slope of the curve 

decreases for lower temperatures and becomes parallel 
0 

to the pure aluminium curve beyond about 400 C (Fig.4.46) 

iii) With increase it - copper concentration from 1.9 to 4.3% 

same curve is obtained for lower temperatures. However, 
for higher temperatures the slope has decreased appre. 

ciably in case of 4.35% Cu alloy (Fig. 4.46) . 
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iv) For 5% copper alloy the curve is common to 4,35% Cu 
0 

alloy upto about 450 C beyond which it has appreci-
ably decreased and lattice parameter becomes nearly 
constant with increase in temperature. 

v) The val ues of lattice parameter as determined from 
equations (Table 4.47) and the experimental values 
-agree well with each other. 

vi) Density values of aluminium calculated at 5250  C 
and 5480  C and the slopes of the curves increase with 
increase in copper concentration. 

vii) Coefficient of thermal expansion at 5250 	and 
5480  C calculated from equations remain almost un-
changed upto about 4 % copper, beyond which it dec-
reases at an appreciable rate. No detectable effect 
is observed due to increase in temperature from 
5250  to 5480  Co 

viii) Values of lattice spacings determined from equations 
at different temperatures decrease linearly with 
increase in copper concentration, the slope remaining 
almost the same for all temperatures, and then becomes 
constant in the two phase region. The point of 
intersection of the inclined and horizontal portion 
gives the solubility limit at that temperature. 

ix) The solubility limit line of copper in aluminium 
between 4750  and 5480  C is in agreement with the 
previous results (4.53) . The maximum solid solubili-
ty of copper in aluminium at eutectic temperature is 
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reported to be 5.7 wt % copper while at 260
0 
 C, it 

is between 0.1 to 0.2% . Thus the solubility decrea-

ses drastically  with decrease In temperature. The 

relation between lattice spacing and composition has 

been determined by Axon and Hume-Rothery(9) , Ellwood 

and Silcoc k( 8) , Sharan and Swaroop (143,) Gile j aev and 

Tr asov a (49) and Dorn and others (45) . Lattice spacing 

has been found to decrease linearly with increase in 

concentration. 

Axon and Hume Rothery (33) have reported on the basis 

of density measurement, that there are probably no vacant lattice 

sites formed in the alloy containing less than 2 atomic % copper, 

though discrepency in the values of the alloy containing 2.17% 

copper was observed, but according to  them the difference was due 

to enclosed pores. Sharan and Swaroop (143) 	ve indicated the 

generation of vacancies at about 1.9 atomic percentage at an 

enormous rate. However, due to less accuracy in the back ref -

lection method the result could not be confirmed. The above 

measurements were based on the assumption that vacancies are 

retained at ordinary temperature by rapid quenching. It can 

be seen that by quenching even at very rapid rate, the condition 

at elevated temperature might not be retained, and the vacancies 

generated, if any at high temperatures might not appear as appa-

rent during quenching. 
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TABLE -r 4.49 

COEFFICIENT OF THERMAL KXPANSION AND DENSITY 
OF ALUMINIUM- COPPER ALLOYS T ELEVATED 

TEMPERATURES . 

	

S ,No. % Cu 	Temperature 5250 C Temperate re 543° C by weight 1 d  
Density 
	

1 d  
dT gm/cc 	 aT Density 

~m/cc 

G;0,002 	2,56x10 5 2.578 	2.52x10 5 	2.5760 

r5 2 	1e91% 	2.92x10 2,6587 	2,92x10 5 	2,6340 

3 	4.35 % 	2.19x10 5 2.7590 	2.18x10 5 	2.7475 

4 	5.00% 	 - 0.54x10 	2. ` 940 	0.42x10 5 	2.7930 

TABLE - 4.50 

NiAxr,~ t~ yLUBILITY OF COPPER IN ALUMINIUM AT DIFFERENT 
T EMPERATURES AS DETERMINED BY X-RAY METHOD 

t 	C 	1/T° A Solubility* So1u% 1fty Solubility 
x104 in wt.% in atomic at Eutectic 

• temp.from 
the curve 

lobs vs 1/T  
(method ii)  

450 14.225 2 , 6 0.05038 475 13.370 3.25 0.14796 
500 12.937 3.97 0.2397 5.7 wt% ** 525 12.531 4,97 0.3373 
548 12.18 5.7 Q' 0.39913 
* Solubility as det(a-rmind by Method  (1) 

* 	Maximum 	solubility 
*** Maximum solub~lit at eutectic temp. by method (II) . 

eutectic by 
extrapolating 

Y at 	 temp . by method 
apolating the curve log,8vs 1/P to the temperature. 

(ii) 
eutectic 
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From the results (Fig,. 4.46 , 4.47 , T abi ea. 4.47, and 

4.48) it can be seen that, as normally expected due to thermal. 
expansion, lattice parameter has increased with temperature 
in all the cases, except that the slope of the curve is different 
for different compositions and temperatures. The results of 

lattice spacing, coefficient of therm]. expansion, and density 

can be understood on the basis of the following considerations. 

i) At a given temperature, the increase in concentration 

will result in decrease in lattice spacing (8,9,44,143)) 
lattice Parameter of copper being less than that of 
aluminium. 

i) Rise in temperature for a given composition upto the 

maximum solid solubility limit, will result in increa-

se in concentration due to increased solubility of 

copper in aluminium tending to decrease the lattice 
Parameter. 

iii) With increase in temperature, the difference in 

spacing of the two elements becomes greater owing 

to relatively greater-thermal expansion of aluminium as 
compared to that of copper.It is,, therefo.r&, expected 
that changes in spacing caused by the addition of 
unit quantity of copper should increase with tempera-
ture, assuming ideal solution. 

iv) Possibilities of generation of more and more vacancies 

increase with rise in temperature, tending to increase 
the lattice parameter, the effect being negligibly 
Smaller for lower temperatures. 
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It can easily be seen that effect due to vacancies 
will be negligibly small 'at low(. temperature and can be 
ignored. Since lattice parameter has been found out in equi- 

librium, the value represents the terminal solid solution 

lattice spacing at a particular temperature, As solubility 

is very small at login. temperature and increases tremendously 

with rise in temperature, the 'increase in tenl.,erature in case 

of 1.9% copper alloy should bring about increase in concentra-

tion resulting in more and more contractional effect upto 4006  

due to above reasons, Beyond 4000  C effect due to (ii) vanishes 
and the contractional effect is produced only due to - (iii) 

with rise in temperature. Since the copper-concentration is 
small the contractional effect so produced at hih,, temperatures 

will be less. It appears that the effect due to vacancies beyond 
4000  C predofjnates over the contractional effect produced res-
ulting in slight increase of slope. 

For the alloys containing higher concentr ations 
( 4.35 and x.00 wt.% Cu.) the curve is common with that of 1.90% 

0  upto about 400 C) due to same reasons, since the same amount 
Is in solid solution in all the cases. For higher temperatures 

because of tremendous increase in solubility with increase in 

temperature, bhe concentration will increase at a fast rate with 

rise in temperature, bringing about larger and larger contrac. 
tional effect. The effect will further increase at higher 

' temperatures due to reason (Iii). It appears that larger 
contractional  effect produced due to above reasons predominates 
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over the effect due to vacancies, resulting in decrease in slope 
of the 1 attice spacing vs. temperature curve for all temperatures 
in both the cases. The effect is more pronounced in case of 5% 
copper alloy where the slope has appreciably decreased. 

The values of the coefficient of thermal expansion 
of alloys with reference to the lattice °  paramct<r at 548 Care 
plotted against copper weight percentage. It can be seen that due 

to reasons (1) and (iii) larger contractional effect should be 

produced with increase in concentration. It is, therefore, 

expected that coefficient of thermal expansion should decrease 

with increase in concentration, if the effect due to vacancies 
is ignored. Ellwood and Silcock have indicated a regular decrease 

with increase in concentration. In the present investigation it 

can easily be seen that coefficient of thermal expansion is found 

to remain ;; almost unchanged upto about 4% beyond which it dec-

reases at an appreciable rate with increase in concentration . At 
0 

548 C there is possibility of generation of larger amount of 

vacancies which will have a tendency to increase the lattice 

parameter and coefficient of thermal expansion, It is interest-
ing to note that probably for lower concentration, contractional 

effect produced due •to (i) and (ii) becomes equal to expansion 

effect produced due to (iv). For higher concentrations however, 

larger contractional •effect produced due to large increase in 

concentration ,predominates over the effect due to vacancies 
resulting an decrease of coefficient of thermal expansion with 

increase in concentration. In Figs .4.48 to 4.52 are plotted the 
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values of lattice spacing vs. compositdion curve for different 

temperatures. The point of 'intersection of the horizontal and 

inclined portion gives the solubility limit at that temperature. 
The solid solubility line between 475 . and 5480  C is given in 
Fig. 4.53 , The maximum solubility at the eutectic temperature 

has been found out by the two methods. 

i) By finding out the lattice p arame e r with the help 

of equations as determined by computer in single and 

double phase region, and finding out the point beyond 

which the lattice parameter becomes unchanged. 

- .) By plotting log solubility (in atomic %) against 
—1 ( absolute temperature) 	and then extrpolating 

to that of eutectic temperature. 

Literature survey indicates that there is some contro-

versy about the value of maximum solubility limit at the eutectic 

temperature. Raynor has reported the value to be 5,7 weight 
percentage while Ellwood and Silcock (8) have reported the value 

to be 5e85 weight percentage as determined by method (ii) . In 

the present investigation values as determined by both of_ the ,above 

methods was found out to be 5.7 weight, percentage, confirming the 

result due to Raynor. The solubility limit line between 4750  
0 

and 548 C as determined in the present investigation is in 

agreement with the previously reported result, within t 0.05 
weight percentage, 

0 	0 
Densities have been calculated at 548 	and 525 C 

and are plotted against weight percent age copper. The density 
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0 

at 525 C Increases ases with increase in percentage copper.. The rate 

however, goes on increasing with increase in percentage. With 

increase from 525 	to 5480  C the same nature of the curve ' is 

obtained except that rate of increase of density increases more 

rapidly with increase in percentage. The increasing rate 

of increase of density with increase in weight percentage can 

also be understood with the same reasons. With increase in con- 

centration amore and more contractional effect in the lattice is 

produced resulting in corresponding decrease in volume per unit 

mass and increase of density 	This e xp . ain why the slope 
goes on increasing with increase in'concentration . Because of 

difference of coefficient of thermal expansion of aluminium and 

copper the contractional effect produced by increase in concen-

tration due to reason (iii) incre :se^ In case of higher tempera-

ture ,, The rate of increase of density at 5480  C , therefore, 

increases more rapidly with increase in percentag e as compared 
0 

to that of 525 C 

A general understanding is th s gained of the effects 

of copper addition on the lattice parameter, coefficient of thermal 

expansion and density vu  es a more clear picture can however, 

only emerge out by the study of actual Vacancies at higher 

temper.tu.res and by extending work on few more alloys between 

0 and 1,9 weight percentages  Thus,though,thore ins agoodsc-o o oD 
further work in the above direction the work had to be limited to 

thy: above study only in the present investigation reported be 

cause of having no facility of X-ray work in the Metallurgy 

department of this University. 
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4,4.3 Aluminium-silver alloys 

The results are given in Fi g s. 4.55 to 4.57 4 tables 
4.47 7. 4.48 and 4.50. The salient features of results are 
as follows : 

i) The lattice parameter increases with increase in 

temperature for both Al + 7.5 % Ag and Al + 19.9% Ag 

except that the values for 19.9% silver are lower 

than that of 7,5% silver alloy (Table 4,48), 
ii) With increase in silver concentration the lattice 

parameter is found to decrease for all temperatures 

in single phase region. The rate, however, decreases 

with incroase in temperature. 

iii) The density goes on Incre&aing almost linearly, with 

increase in silver concentration. With increase in 

temper ature ,the curve shifts slightly upwa.rdi:_ i 
.vertical d~-rection- ( Fig. 4.57) 

iv) The density is found to decrease linearly with 

increase in temperature. With. increase in silver 

concentration the curve shifts vertically in the 

upward direction, the slope remaining almost the same. 
v) The coefficient of thermal expansion for 7.5% silver 

alloy is lower and for 19.9% silver alloy is higher " 
than f6-'r ,pu ie ' um niw 3h e value for 7,5% silver and 

19,.9% silver alloy decreases and increases respective. 

ly with rise in temperature. 
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COEFFICIENTS OF THERMAL EXPANSION AND DENSITIES  
OF AMT SILVER ALLOYS AT DIFFERENT 

T E24PERAT URE * 

S.No. Tem  ~"M op  0% Ag  7.5% Ag  19,9% Ag 

da Density r da densi- 1 da density 
ty aT dT gm/cc 

 dT gm/cc aT dT gm/cc 

3.180  --  4.155 

-5 	-5 

 

1.86x10 3.176 3.15x10 	4.145 

1. 74x10 3.172 3.12x0 5 4.135 

~5 

 

-5 

	

1.64x10 3.168 2• x'' -0 	4.125 

1 450 

'.5 
2 475 2.64j0 

3 	500 2.61 xi0 5 

M5 

4 	525 2.56x10 V 

* Calculated from equatians as determined by computer. 
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There are conflicting reports about the effects of 

silver on the lattice parameter of aluminium in solid solution, 

Gul iz aev and Trusova (44) and Dorn (45) have reported increase 

in lattice spacing with increasing silver concentration, while 

Axon and Hume Rothery and Ellwood have reported no change in 

lattice spacing upto 6 atomic % silver. Beyond 6 atomic % Ellwood 

has shown increase in lattice spacing to a coast ant value at 14 

atomic % silver and according to him the increase is associated 

with the filling up of the Briilouin zone, Hull and Axon's 

results show slight decrease in lattice spacing, upto 14 atomic 
silver, 

Most of the work reported are based on the room temper 
ature measurements after rapid quenching. Since solubilyty de-

creases drastically with decrease in tempgrature g  very very rapid 
quenching is desirable, to prevent the precipitation of the second 
phase and to retain conditions of elevated temperature. This 
may be the reason of conflicting reports by different workers. 

In the most recent investigation by Sharan,Narayan and 

Kalra (144) results of lattice spacing of Hull and Axon have 

been confirmed, Very severe quenching from 5000  C was done to 

prevent the precipitation of the second phase. Slight contract.-

ion al effect is observed with silver addition. Their results 

have indicated the generation. of. definite vacancies beyond 7.5% 

addition ,the amount of which increased with further addition. 
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From the above considerations, it can be seen that 
increase in silver concentration should bring about no or little 

contractional effect on the lattice spacing of aluminium, The 

results of lattice spacing vs, composition at different tempera-

tures in single phase region are given in Fig. 4,55. Little 

contractional effect is produced with silver additions for all 

temperatures. The results are in agreement with the results of 

Hull and Axon (64). Sharan and others (144) who have studied 

the lattice spacingsof quenched alloys. With increase in 

temperature it is apparent that the slope decreases beyond 
7,5%. 

It is considered that with silver additions -beyond 
7.5 % , vacancies are generated with alloying. The effect 

may not be apparent at ordinary temperature but the amount shokld, 

definitely increase with increase in temperature. The genera-

tion of vacancies should bring about increase in the lattice 

spacing. Thus a part of the contractional effect produced is 

balanced by the expansion due to generation of vacancies at 

elevated temperature resulting in~corresponding decrease in the 

slope of the lattice spacing vs. composition curve. The 

coefficient of therm, expansion of 19.9% silver alloy is higher 

than that of pure aluminium and the value is found to increase 

with increase in temperature. The above fact can also be under-

stood with the same reasons. With increasing temperature,the 

increasing amount of vacancies will lead to higher and higher 
values of thermal. expansion. 
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Since the vacancies are reported to be generated 

beyond 7.5%, naturally the effect of vacancies will be 

negligibly small for additions upto 7.5 % silver. The 

contractional e ffect with silver addition will predominate 

over the very small effect due to vacancies leading to lower 

value of thermal expansion than that of aluminium. Since 

the coefficient of thermal expansion of silver is less than 

that of pure aluminium, the contractional effect produced 

should be found to increase with temperature, assuming the 

effect of vacancies to be negligibly small for lower con- 

centrat ions. 

Although a general undetstanding is thus gained of 

the effect of silver addition on the lattice spacing and 

thermal expansions of aluminium at elevated temperatures, a 

clear picture can only be obtained by the study of actual 

vacancies at elevated temperature and not by quenching and 

carrying out work on few more alloys. The work could not 

be extended in this direction because of having no facility 

for high temperature X-ray work in our new metallurgy 

department of Roorkee University. Most of the work reported 

here has been carried out at the Metallurgical Engineering 

Department of Banaras Hindu University. 
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CHAPTER V 

EXPERIMENTAL TECHNIQUE FOR THE EVALUATION OF MACHINABILITY~ 

METALLOGRAPHIC STRUCTURE AND MECH'NICAL PROPERTIES: 

5.1 	METALLOGRAPHIC STUDY 

For study of microstructure cylindrical specimen 

of about 1" diameter were polished by emery paper down to 

000 grade, hand polished on selvet cloth and atched by 

Kellar's reagent. The photomicrographs were taken on the 

Vicker's Projection Microscope. 

5.2,  HARDNESS TESTING 

Hardness was measured on polished specimens using a 

Vicker's H-rdness Testing Machine with 10 Kg load. Hardness 

values were determined as the average of 10 values taken 

at different regions of. the same sample. 

5.3 . 	MECH!!.ATI CAL TESTING AT ROOM TEMPERATURE 

Tensile tests of specimen, of appropriate specifica- 

tion were made by machining the cylindrical cast ingots 

and tested in,lounsfield tensometer. 	Sample of the alloys 

treated with tantalum and individual rare earth elements 

were tested in Avery Tensile testing machine. ot ,r S rnpte5 
eve. Ye --ia keh. t v,- e d e fin.. W Se . 

5.4 	TECHNIQUE FOR EVALUATION OF MACHI1:̂ ,1 IZITY 

5.4.1 	General introc?uction- 

Considerable efforts have been made to investigate the 
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machinability of metals by investigators like Ernst, 

Boston, Leyensetter, Woldman,Gibbons, Takeyama and others. 

However the definition put forward by Woldmann and 

Gibbons that "The most machinable metal is one which will 

permit the fastest removal of the large amount of material 

per grind of tool_ .(without resharpen;.ng of the tools) with 

satisfactory finish" sounds pretty satisfactory (145) 

The different methods for evaluation of machinability 

were suggested by Herbert (146) Bostc,n (147) Soremsan & Gates 

(148) , Kessener (149) , Keneford (150) and Schmidt (151) . 

From the methods suggested above it can be easily seen that 

there is no direct method of dbtermining the ease and diffi-

culty of removing metal and use of individual methods have 

always been made to evaluate the machinability of metals. 

The most important factors which are these days considered 

for evaluation of machinability of the metals are: 

(i) Tool life 

(ii) Chip formation and shear plane angle JO 

(iii) Cutting forces and power consumption. 

(iv) Surface finish. 

The relative importance of these four factors depend, 

upon the kind of machining operations. This can be tabulated 

in the form as below o  _ 
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Table 5.0J, 

 

Order Rough operation Finishing  Automatic      W C 

 

operation  Tools 

1. Tool life  Surface finish 

2. Power consumpt- Types of chips 
ion. 

S.  Types of chips  Tools life 

4.  Surface finish Power 

consumption. 

Types of c22ips 

Surface finish 

Tool life 

Power 
consumption. 

5.4.2  
Consideration for the selection of calorimetric 

methods for power consumption and chip formation 

criteria for evaluation of m=achinabilit , 

5.4.2.1 Calorimetric method. 

Various methods have been employed in the past 

for the measurement of power consumption. Some of the important 

instrument!,,used for the measurement are: 

(i) Dynamometer 

(ii) Ammeter 

(iii) Wattmeter 

(iv) Calorimeter 

(i)  Dynamometer: A dynamometer is a device which indica- 

tes the cutt5'rg force.; at the tool & is the most 
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reliable device because the mecb.anical 
p. 

efficiency of motor machine system is+ elimi 

and it 	 na t ed 
gibes a Picture about what happens at the 

cutting edge of the tool. 

Ii) Ammeter: Ammeter in the line ma
y 

sufficient value where the line voltag
e is 

fairly constant,as 
an indicator of power 

developed by motor. 

iii} wattmeter: Yt is 
a more satisfactory device 

than an ammeter since it automaticall
y 

 es for voltage  
Y co~mpens., 

age fluctuation. This records 

horse-power developed by the motor during 

cutting and tare horse-power whew. 
Snot 

cut t 2ng . 

iv) Calorimeter: A calorimeter has been Used by 

by Schmidt and others (151) to determine 

balance of 

	

	 tre heat 
work done in the metal cutting 

process. The set up is si 1e mp 	and has been found 
very 

successful for lighter metals like a
lumi-nium and magnesium, durin

g the machining of which 
develops small cutting forces. 

Discussing the four methods, the wattm t 

been found to be o 	 e er has 
c 	'nly Used and is suf ficiently accurate for production 

,set ups. But discrepencies caused 
by varying drive motor efficiency , dub 

rication and 
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friction factors in gears and bearings render this method 

unsatisfactory for precise determination of power required 

by the cutting tool. 

These sources of errors can very well be eliminated by 

using dynamometer but such instruments require expert design 

and calibration and must be checked frequently, especially 

when used at high cutting speeds. Sources of small errofs, 

relatively difficult to exclude in investigations of this 

sort are 

i) Variation in work - piece material which is 

actually never homogeneous. 

ii) Change- in cutting edge angles caused by wear which 

begins as soon as cutting starts. 

Ammeter method is not a very good method and depends 

on the value of line voltage which is always fluctuating. 

In the present investigation the calorimetric method 

has been used for the determination of power consumption 

due to following considerations: 

i) It is very much reliable and successful method for 

aluminium and its alloys. 

ii) It is very sensitive, and even a very small 

difference of rise in temperature can be 

measured, whereas Wat'meter and dynamometer methods 

are not so sensitive for small changes in 
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machinabil ity.  . 

iii) 
It does not require expensive cooling provisions 

which are necessary in other methods. 

iv) 
Very small test Pieces are required. 

v) Experimental set-u
p is simple le and does not require 

special training for handling. 

5.4.2.2 Chip forma,tio study. 

Study of chip - formtion, and shear Plane angle p hav 
been taken  e as 

another criteria for evaluating machinability. 

In practice shear angle is variable and its 
value depends 

on the cutting conditions and the material being cut. A
s seen if the angle is small the 	As can be 

g  ,  path of shear will be lon 
chip wall be thick 	

g, the 
and the force required to remove the layer 

of metal will be 	 -  hi h g  
If the angle is large , the path 

of shear will be short 	the chip will be thinner and 
force required to remove the 1 aver of 	

the 

metal will be small ., 
A metal requiring less force for cutting can obviou

sly  
classed as easily  

sly be 
Y m achinable metal. Thus the shear angle is an 

important geometrical quantity in the cutting of t
he he metal; 

can be used ns the criterian for 'machinability of met 1 
Due to the above reasons measurement of chip thickness 

 a s ~ ness ratio and shear plane angle  
has been made in all the c

ases 
 ases for 
g the machinability in the present investigation. 
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5.4.3 Principle of calorimetric method and chip formation 

study. 

5.4.3.1  Principle of calorimetric method for: measuring 

power consumption in drilling:...  To measure the 

power consumption, the tool (drill) and the work - piece are 

submerged in a specific quantity of distilled water. The test 

pieces. tubular having outer diameter less than the diameter 

of the drill. This eliminates the friction and squeezing 

action At chisel edge point and makes the cutting action 

similar to that of single g  point tool .Chips do not flow through 

the clearance space of the drill, but they fall down into the 

water; Thus by measuring the difference in temperature before & 

after the drilling operations the srecific power consumption can 

be calculate('. This` gives the Power required directly at 

the cutting tool. 

5.4.3.2  Principal of Chip Formation Study: 

A chip is a portion, which is sheared from a body by 

the cutting tool during machining. The basic mechanism of chip 

formation is by sheer deformation, Let us consider the case 

of a continuous chips' (Fig. 5.02) The metal deforms by shear 

in a narrow zone extending from the cutting edge 
to the 

work surface. For mathematical analysis the shear zone has 

been treated as a single plane, commonly known as shear plane. 

It is usually indicated by a straight line which makes an 

angle A 
with the direction of tool travel. is the metal 
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lying ahead of the tool re-ches this plane ,it is di
splaced 

by shear to form the chip, which then slides up the face 

 tool. In the case of continuous chips
s (Fig. 	

is 

g. 5.03) the 
shear occurs without fracture of metal and so continuo 

chip is formed. In the case of discontinuous chi s Fi 
the met 	 p { g.504)  . 1 a is not able to undergo the required amount of 

shear without fracture and thus fracture does occur int r- 

mitten~l. 	
py along the shear Plane, breaking the chips up into e 

Pegments. 

In the case of the built p edge chips (Fig, 5,05) 
the metal shears/ without fracture$ but the resistance 

 of the chi 	
ce to the 

p up the tool surface produces additional 
shearing deformations in the 

chip; that pmrticn of the chip 
metal adjacent to the tool face shears away from the body 

. 	of the chip. : 11d remai.ne 	AS the built up edge. As the 
cutting proceeds the built up edge constantl 

y changes in size, 
it builds up because of more metal shearing awa

y fro flowi chi 	 y 	m the chip 
and the work material passing beneath, then it 

decreases in size agRir as this extra metal bolu 

in 'the form off` f~-~ meet 	
ghs off 

s lef t o the chip and finished 
surface. (152) 

For the sake of analysis the metal machining 

processes have been classified into two system
s viz: 
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i) Orthogonal cutting system. 

ii) Oblique cutting system. 

In the case of orthogonal cutting, the tool is set 

with its cutting edge perpendicular to the dii ect i.on of tool 

travel and only a single cutting edge is active. The width of 

the cutting edge has been assumed a bit greater than 

width of the work-piece. (Fig. 5.06) . In oblique cuttin
g 

as shown in fig.. (5.07) the cutting edge of the tool is 
inclined at an angle `l 	called the inclination angle. Thi 
inclination of the cutting edge introduces additional effect3 
not found in orthogonal cutting. 

b The chip does not flow in 
a direction perpendicular to the cutting edge. Theeometr~~~ g 	,r 
of chip formation in this case is illustrated in(fig,50 pg) 
in which )J :measures the inclination of the cutting 	 , g edge. IAA 
a result of this angle, the chip flows up the tool face with 

a side-ward motion measured by angle /3 . The two basic tool 

angles Play important roles in the process of machinin . 
g 

These are the rake angle o! and the inclination angl e V 
In practice the eff  active :aka angle of the orthogonal 

cutting system is virtually equivalent to those called 
a ed 

velocity or true rake angle of a cutting tool. The velocit
y    

angle  rake an g 	is the slope of the tool face with respect to a 
plane peep e.nd"icufar '-to the direction of tool travel measure 
in a plane which both contains the tangential velocity vector 
and is perpendicular to the generated surface at that point. 
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It is a, function of back rake, side rake and side cutting 

edge angles of a cutting tool. This angle may be 

calculated from its component angles by means of 

equation (153) 

tan' t = tan X cos C + tan a sin C  .(5.01) 

	

where t = - 	velocity rake angle of cutting tool 
°4 	- 	back rake 	angle 

Y 	- 	side rake angle 

C-  - 	side cutting edge angle 

Merchant has independently deduced an expression 

for shear angle in terms of rake angle, chip thickness, 

and depth of cut (i.e. feed) and the expression can be 
given as 

t1  cos t 	 (5.02) 

tan gy 	= 	t2  
1- 	 sin t 

5.4.4  Calorimetric set up:- 

For the set up the complete calorimeter was 

designed and constructed in the workshop based on the 
method developed by Schmidt. The details are shown in 

fig. 5.09. The calorimeter was made of 111  thickhoss 
16 

sheet. The calorimeter was covered with a lid at the 
top. The whole of the calorimeter was covered with glass 

wool and then by 1/8" ply-wood sheet to prevent conduction 

of heat outside; and was made completely heat insulated. 

The set up was made on "Ex-Cell-0 Room Turret Milling 
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Machine", having variable speed and feed arrangements. 

The details of the calorimeter along with the fixture, 
& specimen are shcWn in fig. No. (5.10) 

5.4.5 	Experimental Procedure: 

5.4.,5.1 Preparation of test pieces 

For each alley required number of test pieces 

having the shape and dimension as shown in fig. (5.09) 
were machined from already cast rods for calorimetric 
tests . 

For chip formation study 1" dia and 5-3/8' long 
cast rods were used. A very little cut was given just to 

remove the 
surface 1 , er before the actual tests were 

performed. A rod of 15/16'1  dia was actually used for 
collecting the chips. 

5.4.,5.2 Determination of water equivalent of the 

instrument with test piece and drill, 

The water equivalent of the apparatus was 

calculated considering the total set up and specimen 

with the drill partly immersed as one body and applying 

the method as given by the formula., 

ml S  (t2 - t1) + w (t2-t1) = m2  S (T - t2) 

where W is the water equivalent of calorimeter when 

taken as one body; 



ml = mass of water- initially in the calorimeter; 

ti = Initial temperature of water; 

t2 = Final temperature of total water in calorimeter 

after adding hot water of mass m2  and temperature T. 

S = Specific heat of water. 

The value; of W was taken as average of three 

values. The water equilent w?s calculated with all the 
four alloy specimens sepeTately and are given in table 
No .5.02. There appeared to be no effect with small 
variation in composition due to addition of rare earth 

metals on water equivalent. 

Table No. 5.02 

S.No.  Name of tha alley  Water equivalent gms. 

1•  Pure aum nium  37.18 

2. 111 umin ium + 8 Mg.  36.3 

3. ,Alloy 195 (4.5 % cu.)  37.7 

4. Alloy (122)  38.4 
(Al 10% Cu +0.2% Mg) 

5. zlumjnium Silcon  36.9 
alloy 1 type 
(1!. - 13) 
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5./1.(5.3 Procedure for determining power consumption and 

calibration of the calorimeter for actual power 

consumption with wattmeter. 

The set up was made on'F,x-cell-o-Ram Turret 

Milling machine" having variable speed and feed arrange- 

ments. Same speed and feed were used as in the actual 

experiment. Following procedure was <adopted. 

i) The specimen was fixed in its position after 

measuring its diameter. 

ii) The c,lorimeter,set along with the specimen 

was then fixed with the help of attachment as 

shown on the platform of drilling machine. 

iii) 100 cc of distilled water was taken • , the 

drill and specimen were kept submerged. in 

water. 

iv) Then the initial temperature tl of the 

water was noted. 

v) Required amount of f t.ed and speed were 

adjusted. 

vi) Time in sec. for cutting upto 1'1  was noted. 

The final temperature t2  after cutting Was also 

noted. 

t 



.  vii) The whole set was allowed to cool for 

the same time as was required for cut. The 

temperature t3 was noted. The difference of 

t2 and t3  divided by 2 when added to final 

temperature t2 gave the correct temperature 

t, after radiation correction. 

viii) The power was also measured with the help 

of wattmeter kept in the circuit , 

The watts consumed were measured on no load 

and while drilling the specimen. The 

difference of the two readings Love the watts 

consumed, 

ix) The power consumed with the help. of galori-

meter was calculated as given below. 

Volume removed per minute Vm in cubic 'i-v-,.e, ,s 

= Effective area x Feed Rate / min. 

/4 LD2  - (3/16)21  x R.P.M. x Feed /Rev 
( 5.3) 

The quantity of heat caused by the combination 

of friction and deformation during the cutting of 1" 
length of test piece  and  unit HP were determined 

by finding mut  the rise in temperature (t, - tl) of the 

water surrounding the tool and work piece, the total 

water equivalent and volume of metal removed per minute 



187 

B.T.0/Min = (Total water equivalent) x Feed 

rate per min x rise in temperature 

(t4 - ti) in degree I'/ 453.6 ( 5.4) 
H.P.  = B . T . u / min x 778.7  ( 5.5) 

33000 

The horse power so calculated was compared with 

the actual hcrse power measured by wattmeter and. 

%fraction was determined. Observations are given in 

table 5.03 . This fraction was found nut to be 95%. 

Experiment was performed for all th, test pieces 

using the procedure as d:scribed and power consumption 

was calculated by the rise in temperature (t1-t1). The 

H.P. was then calculated as shown in  and (5. The 
HP was then corrected for the actual horse power using 

the fraction as determined in previous paragraph. 

Volume of metal removed per minute in cubic  - was 

then determined by the formula 

'/ 4 (D2-d2)xR,P.M. x Feed/Rev  (5.6) 

The Volume was converted into cubic-cm unit. 

H.P so determined divided by volume removed per minute 

gave the values of HP unit. Duplicate sa?rples were taken 

in all the cases, and the average values have been 

reported in the tables in preceeding chapters. The two 

readings of HP-unit taken for two different test pieces 

for the same alloy were found to be within ± .0005 HP. 
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5.4. 564 	Procedure for chip formation study. 

The set tip was made on Horihar model lathe 

machine . High speed tocl as used. Tool geometry 

as used,is shown in Fig. 5.01. The chip thickness was 

measured with the  help of toolmaker's microscope 

having least count of ,05 mri. At least 50 chips were 

measured in each case. he chip thickness ratio and 

shear plane angle  were calculated by the equation 

5.02. 

5.x'l.5.6 	Cutting conditions. 

5.4.5.5.1 Calczimetric method 

Speed 1000 r.p.m. 

Time for cutting 1" length = 16 Secs 

Feed - 60  = 0.00375 " per minute 
16x1000 

Drill 13/16" di ,% high speed steel drill. 

5. 4.5.5. 

Chip formation study 

Depth of cut 	3/32" 

Diameter of face plate D = 7 
21 " 

32 

Surface speed 	- 550 feet / min 

Time of t'ie travel for i" = 1 min 4 secs. 

Therefore 550 	~~ DN Tnrhere N is the 
12 

number of revolutions / min. 

N = 2?4 r.p.m. 



19C 

Feed 	= Distance travelled 

per revolution = 0.087 ,`mm  

Tool , eometrp.- Tool geometry is given in 

Fig. 5.Q1. 

Et cutting edge angle  = 100  

C = side cutting edge angle = 150 . 

Y = side rake angle  = 20° 

Side relief angle  = 10 0  

End  relief angle  =10° 

Back rake angle 	= 200  
-r : Cu"-roaYtio = t. ,/t a 

Tani = tan ji COSC + Tan oG Sin C 

t  = 32° 51.51  

Therefore  1 Cos t 

1- Tsint 

=  0.087 mm. 

.2  in mr. 

5.5  PURITY OF BASE MET LS AND ALLOYING ELEMENTS 

AND COMPOSITION OF MIXTU?RES OF RARE-EARTH 

aEMENZS USED IN THE PREPARATION OF ALLOYS. 

Aluminum of 99.5 % purity electrolytic copper of 

99.9%, purity, mog n esium of 99.8% purity, and 3111c0n of 
99.3% purity formed the basis of test alloys. 
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Misch metal containing 50-52% c_erfu 
20-22% lanthanum, 15 - 1?% neodymium and 10-12% 

of other rare ,earth elements was used throughout 

the investi7,.tion .LA..ncer- amp 2 used was straight 

misch metal containing. 5% iron and 10% zirconium, 

Rare - earth fluroides was mixture of rlu,.orides of all 

rare - earthspresent in the same preporti.on as present 

in misch metal. 	Cerium of fluka.quality and of 99.5 j 

purity, lanthanum of light makes neodymlril and tantalum 

of 99% purity were us.od in all the cases. 



CHAPTER VI 

EFFECTS OF TANTALUM)  RARE EARTH 
ELEMENTS AND MIXTURE OF RARE 

EARTH ELEMENTS ON THE MICRO- 
STRUCTURE, MACHINABILITY AND 

MECHANICAL PROPERTIES OF 
ALUMINIUM AT ORDINARY 

TEMPERATURE. 
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CHAFr ER VI 

EFFECTS OF TANTALUM,  RARE-EARTH ELEMENTS AND 
MIXTURES OF RARE -EAIOH ELEMENTS  ON  T H,,' 

MICROSTRUCTURE;MAC A TT,,TY D 
MECHANICAL PROPERTIES  OF ALUMINIUM 

AP ORDINARY  TEMPERATURE.  

6.1 GENERAL INTRODUCTION . 

A systematic study has been made with a view 

to explore the possibility of beneficial additions of tantalum 

and rare earths on aluminium from strength and machinability 

considerations. The rare earths have been used in the form 

of mixtures via., misch metal, lancer-amp 29  and rare earth 

fluorides. Effects of individual rare earth --metals viz, 

cerium, lanthanum and neodymium on the microstructure, 

machinability, and mechanical properties have also been 

investigated. The investigation will help to develop the 

suitable applications of these elements as alloying, as 

well as to give the more clear picture of the causes of the 

effects of additions of rare earth mixtures based on the 

effects of the individual elements contained in them. 

Review of the literature has indicated 

that although there are little but conflicting reports about 

the tf fects of addition of misch metal on the gr 5in size and 

mechanical properties, no work has been done in the direction 

of machinability. Practically. no attempt seems to have been 

made to investigate the effects of tantalum and in ideal 

rare earth metal s Ce, La and Nd on the m achin ab ii ity and 

mechanical properties of aluminium. 
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6.2 EXPERIMENT AL PROCEDURE. 

6.2.1 Preparation of aluminium alloy w _r.h rare earths 
and tantalum ; 

The required amount of alumi _ ..urn of 99.5% 

purity was taken in the gr aphite crucible i.nd melted in 

to nerature controlled vertical muffle F=urnace. When 

the temperature was raised to 8000 C the crucible was 

t aken out. The required amount of rare-, -e a.rths 9 wrapped 

in aluminium foil, was dipped inside the melt and 

stirred. In the case of tantalum, the molten metal was 

superheated to 10000 C and tantalum wr.~-,seed in aluminium 

foil was added. The liquid aluminium was :._ept in the 

furnace for about 15 minutes for homo gcnis etion. The 

casting was done at 700° C in cast iron metal moulds. 

6,3 EXPERIMENTAL RESULTS 

6.3.1 Effects of Tantalum  additions 

Results are given in Figs. S,07 &. 6.029 

table. 6.01 and plates 6,01 to 6.08 

6.3.2 Effects of cerium additions 

Results are given in f? ;s. 603 &. 6.049 

table 6.02 and plates 6.09 to 6.12. 

6.3.3 Effects of lanthanum additions: 

Results are given in figs .3.05 & 6.069 

table 6.03 and plates 6.13 to 6.16. 
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6.3 .4 Rffects  of  neodymium additions., 

Results are given in fi: .6.07 	& 6.089  
table 6.04 and plates 6.17 -fio:. 6.19. 

6.3.5 Effects of misch metal additions. 

Results are given in fi g .6.09 .& 6.10, 

table 6,05 and plates 6.20 to 6,25. 

6.3.6 Effectsof lancer amp 2 and rare earth 
fluorides additions a 

Resul ,s are given in figs. 6.11 and 6.129  

table 6.06 and plates 6,26 to 6.35, 
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TABLE - 6.01 

E1'ECrS OF TANTALUM ADDITI0NS ON T l  T HE M.ECFajC:JJ 
PIJ PEFi FFs Am) AGE1 N,BILITY OF ALUMI °'I UN 

S. 
No, 

% 
Alloying 

Tensile 
Strength. 

% 
elonga- 

Hard- 
ness 

Chip 
thick- 

Shear 
plane 

HP/crn3 
/min Element kgm/mm2 ti on V.H.N.  ness angle 

ra'io 
.~,_~...~. 

00 
.. 

1 0.006 13.3 25.0 
-- 

27 0.145 7°32P 0.0259. 
2 0.010 8.3 20.0 26 0.113 5946t 0.0271 
2 0.025 7.4 18.8 24 0.125 6 25t 0.0291 
4 0.050 8.5 '20.0 25 0.134 60551, 0.0230 
5 0.075 7.6 20.0 27 0.131 6Q45' 0,0278 
6 0.100 77 20,0 28 0.134 60551 0.0261 
7 0.150 745 2000 29 0,134 6055t .0.0261 
8 0.200 77 20,0 27 0.134 6Q551 0.0261 
9 o.300 716 17.5 24 0.134 6055' 0.0261 
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PLATE 6.05 	 70 X 	 PLATE 6.06 	 70 X 

Al+0.075 wt.°/.Ta 	 A(+0.1 wt.°% Ta 
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PLATE 6.07 	 70 X 	 PLATE 6.08 	 70 X 
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TABLE .6.02 

EFFECTS OF CERIUM ADDITIONS ON THE MMMECH TICAL PRO PERPIES 
AND MACHINABILITY OF ALUMINIUM 

3. % Alloy- Tensile % Hard- Chip Shear HP/cm3  
n4, ing 

element 
strength 
kgm/mm2  

elonga- 
tion 

ness 
VI-N. 

thick- plane /min. nc ss angle 
ratio 0o  

1 G.0 13.3 25.0 27 0.145 70321  0.0259 
2  0.2 7..5 24.0 25 0.174 

0 
9 11' 0.0240 

3 U.S 7.4 23.8 27 0.213 110261  0.0240 
4 1.0  7.4 13.8 24 0.206 11002' 0.0250 
5 	1.5 	7.1 	17.5 	28 	0.157 80121  0,0232 

TABLE 6.03 

EFFECTS OF LANTHANUM ADDITIONSON THE MECHANICAL PROPEff11IES 
AND MACHINABILITY OF ALUMINIUM. 

S. y- Tensile 	% No, ing strength elonga.» Hard- Chip Shear HP/cm3/ element kgm/mm2  tion ness thick- plane Min. 
VHN. ness angle 

ratio 0o 

1 000 13.3 25.0 27 0.145 70321  0.0259 
2 Q.05 7.8 17.5 22 0.150 7049' 0.0241 
3 0.10 7.8 26.0 20 0.150 70491  0.0253 
4 0.20 7.8 25.0 25 0.146 7032' 0.0258' 
5 0.30 6.7 30.0 21 0,141 7419 t •  0.0272 
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TABLE 6,04 	905 

EFFECTS O F NEO DYMI UM ADDITIONS O N THE ML CHA NI CAL 
PROPERTIES AND MACHINABILITY OF ALUMII IUM. 

S. 
No. 

% AXloy.- Tensile % elan- Hard Chip Shear Hp/cm 3/ ing 
element 

strength 
kgm/mm2 

gation ness thick pla no min, V Less angle 
rtjo 

1 0.00 13,3 ~ 25,.0 27 0.145 7032r 
- 

0.0259 
2 0.10 8.5 28.,0 28. 0.158 80161 0e0188 
3 0.20 8.0 29 , 0 26 0,163 8033 T 0Q024. r~' G 

4 0030 7.8 26,0 26 0.181 90341 0.0243 

T .3LE 6.05 

EFFECTS OF MISCH METAL ADDITIONS ON THE NECHANIOj 
PROPEETIES AND MACHINABILITY OF ALUMINIUM 

S. 
No. 

% A11oy- 
ing 

Tensile 
strongt . 

% elan- 
gation 

Hard 
ness 

Chip 
thick 

Shear HP/em3/ 
element kgm/mmm VThJ nO ss 

plane 
angle min , 

ratio 00 

1 0.00 13.3 20,0 27,0 0.145 7o32T 0,0259 
2 0.20 12.3 24,0 41.0 T - _ 

3 0.50 12„0 .27.0 44.0 0.335 200771 0.0188 
4 0,75 10,,6 19.5 44.0 - 

5 1.50 11,1 13.5 44.0 0.410 230541 0,0211 
6 2,00 10.9 12,0 45.0 

7 2.50 10.9 12,0 44.0 0.418 24026? 0.0200 
8 3.00 10.9 12,0 47.0 0.420 240341 0.0198 
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PLATE 6.17 	 70 X 

Al+ 0.1 wt. % Nd 

PLATE 6.18 	 70 X 

Al + 0.2 wt. °J° Nd 

PLATE 6.19 	 70 X 

Al+ 0.3wt. % Nd 
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TABLE 6.06 

EFFECTS OF RARE EARS H FLUORIDES OF LANCER-.AMP 2 ADDITIONS 
ON THE MECHANICAL PROPERTIES OF ALUMINIUM. 

S. 2 % alloy- 	Rare earth fluoride Lancer_ Ip. No. 	h in g 
element 

-------  • S  • lon- . V. H.N T. S - o / gation ion kgm/ elon-  V.H.N. 
mm mm2  gation 

1 13 27 0.00 13.32 27 13.3 26 
2  0.20 .- •. - 12.8 33.0 39 
3  0.50 12.2 15 45 12.3 31.0 40 
4  0.75 - - - 12.2 - 41 

5  1.00 13;0 18 46 - 28..0 44 
6 1.50 12.5-  27 49 - 
7 2.00 13.2- 26 49 11.0 16.0 46 

8  2.50  - 11.3 20.0 - 
9  3.00 12.20 25 44 11.3. 14.0,  45 
10 4.00 11.6 26 	- 46 11.1 12.0 45 
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PLATE 6.26 	 106 X 

Al +0.2 wt. / LANCER AMP.2 

PLATE 6.27 	 106X 

Al + 0.5 wt. % LANCER AMP. 2 

PLATE 6.28 	 106 X 

At + 0.75 wt. 0/ LANCER AMP.2 
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PLATE 6.29 	 106 X 

Al + 1 wt. °/ LANCER AMP. 2 

PLATE 6.30 	 106X 

Al + 2 wt. °I° LANCER AMP. 2 

PLATE 6.31 	 106 X 

At + 3 wt.. °/° LANCER AMP. 2 
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6.4 DISCUSSION OF THE RESULTS . 

6.4.1 Effects  of tantalum additions : 

The salient features of the results are 

given below o 

i) On metallographic study it is observed that 

there is large refining even Tith minor 

addition of tantalum upto 0.01%. With further 

addition little detectable affect is observed 

on the grain size •(plates 6,01  t o 6.08), 

ii) No beneficial effect is produced on the 

tansile strength. It decreases to a constant 

value at about .05% addition. 

iii) The % elongation curve also follows the 

pattern of the tensile strength. curve. It 

is found to decrease to a constant value at 

about .025% addition, 

iv) The hardness increases slightly upto about 0,,15% 

additimbeyond which it decreases. 

v) Both chip thickness ratio aid shear plane 

angle 0 decrease slightly to constant value, 

at about 0.1% addition resulting in decrease 

of m achin ab i]r  ity . 

vi) BP/cm3/min. is found to increase upto 0.025% 

addition indicating the detrimental effect 

upto 0.025% addition, Beyond 0.025% addition 
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the value drops down to a c on st .. n t value at 

about 0.1% addition. Value is hover, slightly 

more than that of original alloy irdicating 

that there is no benef ici@1 affect of tantalum 

addition upto 0.3% on the mac inability from power 

considerations. 

Tantalum is found to have no sal Id solubility 

in aluminium. Marignec (154) and Bay ryner (155) h,aVe 

reported the existence of the compound TaA13 formed at 

69,09 weight percentage. Thus with the addition of 

tantalum there is possibility of formati)n of very small 

amount of new phase ,the mount of which should increase 

with the increased addition. The increase in hardness 

can easily be attributed to the formtio!a of the fine 

particles of these intermetallic cornnoyids. The 

decrease in hardness beyond 0.15% may be due to large 

coarsening of the precipitate of the intennmediate phase. 

The refining action may also be understood 9  as due to 

particles of these compounds acting as nuclei for re-

crystallization. 

The increase in machinability beyond 0.025% 

adtion can easily be explained on the basis of the 

following two majar points:- 

1) The refinement effect produced due to 

tantalum addition should bring about increase 

in machinability. 
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it) The increasing addition of tentalu.m msy 

bring about the increase in tre hardness 

resulting in decrease of eiachnrbility. 

It is interesting to note t h:t beneficial 

effect due to refining predominates over the adverse 

effect due to the presence of hard Ta,A,l3  phase 

resulting in increase of machin;1bii t opto ^bout 0;i% 

addition. With further addition the of 'c.:cts seem to 

balance each other and machinability bcOrces constnt. 

6,4,2  Effects  of cerium additions e 

The salient features of the reeu_1ts are 

given below o - 

i) An important effect of cerium addition is the 

refinement of grain structure, Addition at 

1.5% cerium gives a very fins,  rain size,  

(Plates 6.09 to 6,12). 

ii) Tensile strength is found to decrease to a 

constant value at about 0.5% -Iddition. 

iii) The percentage elongation rern .jns almost un-

changed upto 0.5% addition. beyond which it 

decreases to a constant value ai, about 1.5% 

addition. 

iv) There is slight but regular increase in 
hardness value with cerium addition. The 

rate appears to be nearly l i.no ar . 
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v) $o th chip thickness ratio aid shear plane 
angle 0 increase to 	Cons at art V; l ues at about 

0.5% addition. 

vi) Hp/cm3/min. first decreases upto 0,2%. 

Between 0.2 and 1% the valu.e is almost 

constant. Beyond 1% addition it again goes 

on decreasing slightly. 

The refining action and hardness increase are 

not surprising. Cerium is reported ';o dissolve upto 0.05% 

by weight in aluminium in the solid state, Four intermeta, 

llic phases are reported.. Ce3Al, CoAl, CeAl2  and Ce.Al4(84) 

So with the addition of cerium, very little of it goes 

into solid solution, most of the amount reacting with 

aluminium to form the intermetallic oompounds the pre-

dominating being CeA14.. The. increase in hardness can 

easily be attributed to the formation of fine particles 

of these intercnetallic compounds, Their presence,however, 

could not be detected in our met allographic study s 

possibly because of their submicroscopic size. The 

refining action may also be understood 	due to the 

particles o:' these compounds acting as nuclei during 

solidification. 

Figure 8.04 gives the values of chip thickness 

ratio, she P. plane angle V and HP unit for the aluminium 

treated with cerium. It can easily he seen that both chip 
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v) $oth chip thickness ratio and shear plane 

angle 0 increase to 	cons 'L iJ.] -G values at about 

0.5% addition. 

vi) HP/cm3/min. first decreases unto 0.2%. 

Between 0.2 and 1% the Value is almost 

Constant. Beyond 1% addition it again goes 

on decreasing slightly. 

The refining action and hardness increase are 

not surprising. Cerium is reported !;o dissolve upto 0,05% 

by weight in aluminium in the solid state, Four int e rmet 

llic phases are reported.Ce3Al I  CeA19  CeAl 2  and CeA14(84). 
So with the addition of cerium, very little of it goes 

into solid solution, most of the amount reacting with 

aluminium to form the intermetallic compounds the pre-

dominating being Ce.A14.. The increase in hardness can 

easily be attributed to the formation of fine particles 

of these intermetallic compounds. Their prc:senee l however, 

could not be detected in our met allogr,aphic study 

possibly because of their submicroscopic size, The 
refining action may also be understood 	due to the 
Particles oi' these compounds acting as nuclei during 
solidification. 

Figure 8.04 gives the values of chip thickness 

ratio, she ,r. plane angle q and HP unit for the aluminium 

treated with cerium. It can easily ho seen that both chip 
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thickness r n.tio and shear plane an le 	i:-.cr;e,nse to 

constant values t about 0.5% addition s "'; ?i-;.7g beneficial 

effects of cerium addition on mach npci:1_ity from chip 

form=ation considerat ions. Beyond 0.5; 	dition the 

Values . become constant. The results oaf 11F unit also 

indicate thu beneficial effects of ceri1m addition upto 

0.5% on the machinability. The improve:ri it in the 

machinability upto 0.5% can easily be understood on the 
basis of the following two consider 5tic) IS o 

i) Large refilling effect produced due to cerium 

addition results in incre Esc of machinability. 

ii) With the inc-^easing cerium content in 

aluminiure the amount of harder submicroscopic 

intermedi.ate phases fin^J_1 y dispersed in the 

matrix should result in Im)cov: c—nt of hard-

ness but correspojading decrc s,o in machine- 

bility. 

It appears that for the lower -dditions upto 

about 0,5% tho beneficial effect due to large refinement 

of grain predominates over the adverse effect due to 

intermediate phases 9 the amount of which will be smaller 

resulting in the improvement in machin;a~ility from both 

chip formation st .dV and power ^o:sir9n.r ;;:i_ans. For higher 

additions duo to large increase in the aceunt of inter- 

A.r 
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mediate phases beyond 0.5, to 1% ,uh;: two effects seem 

to balance each other resulting in co; t ~nt value of 

machinability. 

6.4.3 Effects of lanthanum additions o 

The salient features of the results area 

given below 

i) On metallogrgphic study it is observed that 

there is large refinig eff. ct of lanthanum 

addition upto about 0.1%, bas.nnd which there 

appears to be the presence of some additional 

phases In the microstructure which seems to 

increase with further addition .(Plates 6.13 

to 6,16) 

ii) There is large decrease in t _- n s i_le strength 

upto about 0.1 addition be rn:,nd which it 

becomes constant. 

iii) The % elongation is found to decrease upto 0.05% 

addition beyond which it goes on increasing 

with further 	,dc i.ttors , 	The 	rate 
of increase is nearly l in : ar. 

iv) There is slight effect of lanthanum addition 

on the hardness value , The value slightly 

decreases upto 0.1% beyond which it increases 

slightly with further additions. 
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v) Both chip thi&kness ratio and shear plane 

angle 0' slightly increase upto '0.1% addition 
beyo7td whic ; they become co-v,stant with 
I'ur Sher additio s. 

vi) H.P./cm3/min. is found to d cr :use slightly 

upto 0.05% addition beyond w'; ich there is 

gradual but regular increase in the horse 

power value with lanthanum addition. 

Lanthanum is found to have no .solid solubi-

lity in aluminium. Five intermediate phases are reported 
Lai :Al, La A129  La Al,  LaA129  and La Al4  the predomi-
nating phase being Al4L,s. Thus with la:at1num addition 

the is possibility of the formation of these phases, 

the predominating being .A14La 9  the aaiount of which should 

increase with increased addition. Presence of some 

additional phases has already been detec-i- A in our motallo-
grnphic study, although the exact nature could not be 
detected and needs c-roful X-ray or electron study. 

The slight increase in hardne,s moy be due to 

the presence of these phases. The large refining effect 

produced may also be due to the fine paicles of those 

pn s s 9  ac t,.r_g 	rucle L during solidification. 
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Fig. 6.06 indicates the beneficial effect of 
lanthanum addition upto 0.05% on the machinability. Both 
chip thickness ratio end shear plane angle 	increase, 
while HP unit decreases with 0.05% lanthanum addition. 

As explained earlier the increase in machinability  may be 
due to large refining effect ,predominating over the 

adverse -effect ,due to the phases the amount of which should 
be very small. With larger additions thG adverse effect 
due to increasing amount of phases prodominatos over the 
beneficial effect due to the refining, resulting in 
decrease of machinability. 

6.4.4 Effects of neodymium additions: 

The salient features of the results are 
given below 

i) There is large refinement of grain structure 
with neodymium addition at about 0.2%. The 

effect is not so pronounced as in the case 

of cerium addition (Plates 6,17 to 6,19), 
ii) The tensile strength is found to decrease to a 

constant value at about 0.2% addition. 
iii) The percentage elongation increases upto 0.2% 

addition. Beyond 0.2% the vn .ue is found to 
decrease with increased addition. 

iv) There is no effect of neodymium addition on 

the haT.dness value upto 0.1%. With further 

addition the value is found to decrease slight-

ly to a constant value at about 0.3% addition. 
r 
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v) Both chip thickness ratio and shear plarie angle 

0 increase with neodymium ad.:.ition upto 
0 .3% addition. 

vi) There is large decrease in the value of H.P/ 
cm3/min. upto about 0.1% addition, Beyond 

0.1% the value increases to i constant value 
at about 0.2% addition. 

The maximum solid solubility of neodymium in 
aluminium is found to be 0.2%. Following phases have boon 
reported in the system Nd j, NdAl2 and ;,1dA14. Savitskij 

and others have observed the strengthcoi.-,1! effect of Nd 
addition on aluminium (97), They have r:ported an increase 

In hardness from 25 to 155 and decrease in plasticity by 
5 to 10 %. 

In the present investigation no detectable 

effact on the hardness value has boon observed upto about 
0.2% addition. The percentage elongation is found to 
increase upto about 0.2% beyond which it decreases slightly., 

the maximum increase being by about 4%. The result is not 

in agreement with the results of Ssvitskii and others who 

have reported definite increase in hardness and decrease 
in plasticity with Nd addition. 

Since the solubility of Nd in aluminium is 0.2%, 

there is no possibility of formation of a;.ny intermediate 

phase upto 0.2% . Even the amount of intermediate phases 
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at 0.3% ,addition will be very small. As explained in the 
previous cases, the increase in hardness is due to the 

presence of fine dispersion of intermediate phases, it is 

exrjected that with Nd addition no chct'i c in hardness should 

t Ake place.  The results are in concL_rrcn ce with the 

above argument. ' It is interesting to net that little 

refinement has occured upto 0.2% Nd addition. Effect is 

not so pronounced as in the case of cerium addition since 

the amount of intermediate phases acting as nuclei during 

solidification will be negligibly small in case of Al-Nd 
alloy. 

It can easily be seen thpt large: beneficial 

effect of Nd addition on the machinjbil ity h s been 

observed both from chip formation nd power considera-

tion.s. The increase in machinability with Nd addition 

may 	be attributed to the Nd going into solid solution 

and slight refinement in the grain structure. A slight 

increase in power consumption beyond 0.2% nay be due to 

the presence of small amounts of hard intermediate 

phases bringing about , slight adverse effect on machi- 
nability, 

6.4,5 Effects of misch metal 

The salient features of the results are given 
below.- - 

G 
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i) An important effect of misch ietal addition 

is the refinement of grin. structure. There 

is little effect upto 1.5% addition. Addition 

between 2 to 3. % gives a very fine grain size. 
(Plates 6.20 to 6.25) 

ii) There is very little; effect on tensile— 

strength at room tempor atur . It decreases 

slightly upto about 1% and then remains almost 

unchanged. 

iii) The % elongation increases upto 0.5% addition 

and then decreases to a constant value. 

iv) There j. a  regular incre ase in the hardness of 

aluminium with the addition of misch metal. 
v) Both chip thickness r ^ti o nd shear plane 

angle cf increase with the increase in misch 

metal addition, very rapidly upto 0.5% 

addition,beyond which they increase gradually. 
vi) HP/cm3/min decreases to -; constant value at 

about 1% addition. 

There are conflicting reports ,bout the 

effects of addition of misch metal on ti.1& properties of 

aluminium. Schof ield and Wyatt (21) and Danmison & Tull 

(22) have observed grain refinement in aluminium but 

Bowen and Bermttein (23) found little or no refining 

effect, our investigations confirm the earlier results, 

alt hough little grain refining effect was observed below 

1.5% addition. 

C'-  
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The refining effect produced by misch met al 

can easily be understood on the b .asis of f_fecAs of 

individual elements contained in the misch metal. 

1.5% misch metal will contain nearly 0.75% Ce, 0.3% La 

and 0.2% Nd. Cerium is reported to dissolve upto 0.05% 

by weight in aluminium in the solid st;,t :, while l antha-

num is reported to have no solid solubility in aluminium. 

Nd is reported to dissolve upto 0.2% by weight. So out 

of Ce-La-Nd content of misch met 2J upto 1.5% addition, 

v cry little Ce goes into solid solution; most of the Co 

and whole amount of La will react with aluminium to form 

intermetallic compounds Al4Ce, Al4L etc., which contain 

56.4% Ce and 56.3%L5 by weight respectively. The whole 

of Nd will go into solid solution. The slight refinement 

effect may be understood as due to the particles of these 

eompo-unds acting ss nuclei during solidification. With 

further addition of misch metal the amount of intermediate 

phases will incre ale 

Part of neodymium will also react with alumi-

nium to form the intermetallic compounds. With the 

addition between 2 - 3 % there may be presence of large 

amount of fine particles of these phases A14Ce, Al4La 

and little of A14Nd acting as nuclei during solidification 

leading to a large amount of grain refinement. 



227 

The fact,  that the larger amount of grain re- 

finement as observed on met allographic st ndy is due to 

cumulative effects of Ce, La, Nd, is Also confirmed by 

seeing separately the effects of these individual elements, 

It can be seen that additions of all then elements 

separately have resulted in slight reineuint of grain-

structure. Effect is not so pronounced as in the case of 

misch metal, where the large effect ru 	bc, due to cumu- 
lative effects of all the three elements. The increase 

in hardness may also be attributed to th presence of fine 

particles of these intermet,llic compounds. The % elonga-

tion is found to increase upto 0:.5% beyond which it 

decreases to a constant value. The effect of misch metal 

on the % elongation can be explained on the basis of the 
following considerations. 

1) With the additions of cerium upto 0.05% the 

elongation remains unchanged beyond wlhich 

it decreases to a constant value at 1.5% 

addition. 

ii) With lanthanum addition beyond 0 05% 

addition, the % elongation ;oe s on increas- 

ing linearly. 

iii) With addition of neodymium upto 0.2% the %- 

elongation increases b~yo :o which it is 

found to decrease with further addition. 
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0.5% misch metal will contain nearly 0.25% Ce 
0.10% La and 0.075% Nd. Thus it is cle ar from the above 
considerations that the beneficial effect of misch metal 

on % elongation is due to La and Nd contents. For higher 

additions between 0.5% to 1% the adverse- effect due to (1) 

predominates over the slight beneficial effect due to 

(ii) and (iii) resulting in decrease of ' elongation. It 

is interesting to note that with .additjo beyond 1%, the 
1a 	beyae:£i.cial effect produced by La, and Nd contents 

become almost equal to that of detriment ,l effect produced 
by cerium leading to constancy in the v 1Le. 

Fig. 5.10 gives the values of chip thickness 
ratio, shear plane angle 0 and unit horse power. Both chip 
thicrules s ratio and shear pt a 	angle 0 increase very 
rapidly upto 0:5% beyond which they mere rase gradually. 
The unit horse power decreases to a const,nt value at about 
1.5% addition, The large improvement in machinability with 

misch metal addition is not surprising, By studying the 

effects of individual elements, it, has been seen that both 

Ce and Nd bring about improvement in machinability by 

addition upto 0.5% addition. Since 1% misch metal ,n_ 
ta-i: about. 0.5% Ce, 0.2% La and 0,15% Nd, it can easily 
be seen that both Nd and Ce have mainly u =,rticip aced in 
improving the machinabil icy. 
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The improvement in machinability with misch 

metal addition can easily be understood onthe basis of 

the following considerations 

i) With misch metal addition very little of Ce and 

large part of Nd will go into solid solution resulting 

in slight increase of machinability, 

ii) Large refinement effect on misch metal addition 

will result in increase of machinability. 

iii) The increasing amount of misch :metal addition will 

bring about a large increase in additional hard 

intermediate phases resulting in decrease of 

machinability.. 

For additions upto 0,5% the effect due to (iii) 

will be negligibly small, with a net result of large 

improvement in machinability. For additions beyond 0.5% the 

increasing amount of additional phases will have an increased 

amount of adverse effect resulting in decrease of the rate 

of increase of machinability. With misch meta, addition 

beyond 1% effects seem to balance each other, resulting in 

constant values of machinability as indicated by only a 

slight increase in chip thickness ratio and shear plane 

angle 0 and almost constant values of unit horse power. 

6.4.6 Effects of lancer-amp 2 and rara earth fluorides: 

Salient features of the results are given below-. ~- 
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i) 	Metallographic study indi_cat.. s that there is 

little effect of lancer- p 2 addition on the 

grain size of aluminium, Very slight refine-

ment has been seon on meta to r,phic study, 
Plates 6.2 to 6.35). 

ii) There is little effect of 1; ncoa imp 2 on 

tensile strength. It decre;ssos upto about 1 

percent and remains almost u.;~c_ ans•ed. 

iii) The % elongation increases upto -bout 0.5% 

lancer amp 2 addition beyond which it goes 
on decreasing     with more  additions 

ice) There i 	s1iht and rogul ~,r 	cr.;;ase in the 
hardness of aluminium with addition of lancer- 

amp  2 upto about 2,5% beyond which it becomes 
const ant. 

V) 	An important effect of rare-eth fluoride 

addition is the refinement of the grain 

structure j'ere is" a I je effect upto 2% 

addition beyond which ,thero is large refining 

effect. The effect is not so pronounced as in 
the case of misch met al (Platos 6,32 to 6,35), 

• 

• he 'e.a.s , little effect of rai @ -aarth fluorides 

addition on the tensile stren th, It slightly 
decreases with the addition. 
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vii) Th % c1ong.tion 1ncr:-s:.s to a constiit 
v'1ue t 1.5% addition cf rrQ 	rth f1uor id-  , 

viii)There is a large incrc:,as ,. Iij hardness upto 

about 2% rara earth fiuorjS addition beyond 

which it slightly 

Tho only differenc b•t 	1Cir-inp 2 

and ri.sch netp]. is that 1ancr-iip 2 contains 10% 
Zr and 5% Fe, in addition to misch 	It is, 

th:r:fore, expected that effects onncernpp 2 should 

be si;n:L1 ar to that of misch motl on qjurninjum, From 
Fi 	6.21) it can. easily b... 	n that effects of 1ncer- 

ar• similar to that of. !jsch mets1 on 	sile 

stren;th and % e1ongrtin. O 	tl1ogrph1c study it is 
Seer that unlike misch iatql ther. is ora little refine- 

 efft onsluminjum, prob,biy duka to th presence 

of zirconium or iron which have acted in the opposite 

W:iy to minimise the refining ction 	iiich met 1, As 

pr.viouslv discussed the incrise j hardness with 

1 cer-mp 2 can be attributed to the pr:?:nce of fine 

particles of intermotal. lie compounds of 140e, Al4 La 
etc, Th decrso in % elonation bond O.% mar be 

due to laj,'o-e increase in the amount of brl,'-ttle inter-

inetJjje phases 

- Li 
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Since fluorides are mixtures of rare-earth 
metals in the same proportion in which they exist in 
misch meta,l, they when added may decompose partly to their 

elemental forms and effect the properties in a similar way 
as that of misch metal. The fluorides so added may also act 

as flux in removing hydrogen. It is considered that the 

increase in%elongation may be partly due- to the degassi-

f ication that takes place due to fluoride addition. The 

refining effect may be due to fine particles of intermediate 

phases formed because of partial decomposition and acting 
as nuclei during solidification. 



'CHAPTER VII 

EFFECTS OF TANTALUM, RARE EARTH 
ELEMENTS AND MISCH METAL ON 

THE MICROSTRUCTURE, MACHI 
NABILITY AND MECHANICAL 

PROPERTIES OF ALUMINIUM-. 
MAG NE SLUM ALLOYS AT 
ORDINARY TEMPERATURE. 



233 
M 

CHAPTER VII 

EFFECTS OF ADDITIONS OF TANT AI,,T1M 5 RARE EARTH ELEMENTS 1ND 

MIS OH ME111~ L , ON THE NICRODIPRI?CTLRE 9 MACHIT\?ARILITY AND 

MECHANICAL PROPER`T'IES OF ALUMINIUM MAGN SIITM :ELI CYS Al 

ORDINARY TEMPER.~,.UTRE. 

7.1 	GENERAL INTRODUCTION: 

Alloys of aluminium with m=agnesium are 

characterised by their high resistance to corrosion, 

superior high temperature properties and good 

machinability. These are extensively used for structuya. 

members in eircr-a.fts and marine vessels, brake shoes 

etc. The present investigation has been undertaken 

with a view to stud,' systematically the effects of 

tantalum and other rare earths on the microstructure, 

machinability and mechanical properties of aluminum.. 

magnesium alloy 218 with 8% magnesium. This alloy has 

large applications where exceptional mechanical 

properties, resistance to corrosion and finishing 

characteristics are required. The rare eartl has been 

added in the form of mixtures as misch metal. The effects 

of individual metals Cep L?, and Nd contained in the 

misch metal have also been investigated,t.itereture 

survey hs indicated that although little work is 

avail Nl; on the effects (f m;Gr-h m;-;, Pl. on microstxu.Gtuie 
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and mechanical properties of Al-Mg  allay practically no work 

has been reported in the direction of machinability . No work 

has been done previously to study the effects of individual 

elements Ce, La and Nd on the machinability, microstructure 

and mechanical properties. Thus the above investigation will 

help in the development of new alloys from strength and 

m-chinability standpoint, •as well as to understand more 

fundamentally the causes of the effects of misch metal on the 

alloy bised on the effects of icdividual elements contained in 

it . 

72  EXPERIMENTAL PROCEDURE. 

7.2.1  Preparation of alley 218 and addition of rare-earth 

and tantalum° 

Aluminium was first melted a ..n a graphite crucible 

in a temperature controlled vertical muffle furnace. The 

required quantity of magnesium wrapped in aluminium foil 

was added to the melt at 7500c. The alloy was chemically analy-

sed for its magnesium content. The required amount of rare-earths 

wrapped in aluminium foil was dipped into the molten metal and 

the melt stirred. 

In order to add tantalum, the molten alloy with 

magnesium was super heated to about 10000 C and tantalum 

wrapped in aluminum foil was then added to it. 
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Casting was done at about 700°c in cast iron 

moulds in all the cases. After analysis g . the magnesium content 
in the alloy was found to be 7.96%. 

	

7.3 	EXPERIMIKIT_U, -• RESULTS. 

	

7.3.1 	Effect s_of tantalum add it ions 

Results are given in Figs. 7.01 & 7.02, table 

7.01 and Dlates 7.01 to 7.06. 

	

7.3.2 	Effects of ceriun additions 

Results are given in figs. 7.03 & 7.04, table 

7.02 and plates 7.07 to 7.09. 

7.3=3  Effects of lanthanum additions: 

Resu'its are given in Figs. 7.05 to 7.06 table 

7.03 and plates 7.10 to 7.13 

	

7.3.` 	Effeci; 	 f~neoynium addition 

Results are given in Figs. 7.07 & 7.08 table 
7.04 and pla'6es 7,14 to 7.15. 

 

7.3.5  Eifacts ,f~misch metal. 

Results are given in Figs. 7.09 & 7.10, table 

7.05 and plates 7.16 to 7.20. 
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TABLE 7,01 

EFFECTS OF TANTALUM ADDITIONS ON THE MECHANICAL PROPERrIES9 MACHIN f~BILITY OF ALLOY 2189 (8% Mg) 

No. % 	. lay - 	Tensile % 	V. H N 	alp 	Shear 3/ 
ing streng~h elod- hick plane HP/cm 
element k 1 ga~i°n ress angle 	min 

ratio 

1 0.000 16.3'. 1.75 	72 0.424 - 2405 0r 0.0280 
0,025 11,4 

1.20 	79 0.483 280481 0.0225 
3 9.075 10., 3 3 q 75 	77 0.483 280481 0.0238 
4 0010 9..8 .3.75 	78 0.439 29

0
13' 0.0227 

5 0o15 11.7 3.75 	77 0,465 270351 0.0224 
6 01.30 11,4. 12O 	81, 0.470 290551 0.0221 

TABLE 7.02 
1 'FECrS OF 

J i',ACHINABILITY 
CERIUM ADDITIONS ON THE 

0 F MECH.jvICAL PROPERTIES ALLOY 218 (8% Mg). 

'To. 
allo7 '.r_.. 	

V .H.N. 	Chip Shear ing 
e _eren,c 

sire: -7gth 
Igo /c~~~ 

elan- . 
gat on thick plane H1'/em3/ 

ness an le min. 

1 0 00 i63 2 ,00 	?2 0.424 24050' 0.0280 
L 0.20 139 2,25 	75 0.467 270431 0.0233 
3 0.50 1..J.6 2,25 	77 0.446 260171 0.0204 
u 1-GO 7,2eg 12o 	77 0.470 270551 0.0211 
5 1150 11.6  ' 1,20 	78 0.470 270551. 0.0204 
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PLATE 7.01 	 106 X 

A[+8% Mg 

PLATE 7.02 	 106 X 

Al+8 % Mg + 0.025 wt.°/0 Ta 

PLATE 7.0 3 	 106 X 

Al + 8 % Mg + 0.0 75 wt.%Ta 
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PLATE 7.04 	 106 X 

Al+8°% Mg. 0.10wt. °% To 

PLATE 7.05 	 106 X 

Al+8% Mg+0.15wt.%Ta 

PLATE 7.06 	 106 X 

AL. 8%Mg+0.30wt.°%Ta 
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PLATE 7.07 	 106 X 

Al+ 8% Mg+ O.5wt.%Ce 

PLATE 7.08 	 106 X 

Al+8% Mg +1.0 wt. % Ce 

PLATE 7.09 	 106 X 

Al t8%Mg+1.5wt.%Ce 
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T ABLE 7.03 

E FFE Cr OF L ANT HANUM •AtDI`AI 0 N ON MECHANICAL  
PROPERTIES - AND MACHINABILITY OF ALLOY 218 

(8% Mg) 

S. 	% alloy- Tensile % 	V # H*1,T *  Chip Shear 
No. ing 	strength elon- 	thick pganp/cm3/  

element kgm/r m2  gation 	ratio angle  min, 

1 	0.00 	16.3 	2.00 	72 	0,424 24050'.0.0280 

2 	0.10 8.S 1.20 72 0.505 300141  0,0232 
3 	0.20 8.9 3.73 72 0.505 

0 
30 141  0,0232 

4 	0.30 8,9 375 70 0.401 300011  0.0253 
5 	0.40 1311.. 2,,50 72 0.491 30° 11. 0.0226 

TABLE 7.04 

EFFECT OF NEODYMIUM ADDITION ON TL HE MECHANICAL 
PROPERTIES AND MACHINABILITY OF ALLOY 218 

. (8% Mg) 

alley- Tensile %elon-. V.H.N Chip She a?^ HP/cm3/ 
i o. 	Irig 

element 
strength gation thzc.kplane min 
kgm/mint ness angle 

1 	0.00 16,,3 2,00 72 	0.424 240501  0.0280 

2 	0,10 16.4 7.50 69 	0.506 300211  0.0198 

	

3, 01,20 	10.4 	1,,20 	72 	0.503 30°101  0.0223 
4 	0.30 	11.6 	2.25 	89 	0.527 31048' 0,0233 



PLATE 7.10 	 106 X 

At + 8 °/° Mg + 0.1 wt.% La 

PLATE 7.12 	 106 X 

Al. 8 °!o M g + 0.3 wt. °/o La 

PLATE 7.11 	 106 X 

Al. 8°I0Mg+0.2 wt%La 

244 

PLATE 7.13 	 106 X 

Al. 8°/°Mg+0.4wt.%La 
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T ABL E - 7.05 

EFFECTS OF MIS CH METAL ADDITIONS ON THE MECHANICAL 
PROPERTIES AND MACIHINABILITY OF ALLOY 218 

S%Mg) 

S. ;~ loy- Tensile %elon- V.H,N, Chip• S'ier HP/cm3 ng 	strength g a ion 	 / element kg/n,jn2 	 thick plane 	min. 
ness angle 
ratio 

1 01-0( 16,3 2a0 '1", 2 0424 24050t 0,0280 
2 0,20 15.8 2,0 95 ._ - 

3 0'50 15,0;? 2,0 98 0,5 0 350241 0,,0236 
`'y 1.00 14,2 25 105 0~492 29°G5° 00218 
5 150 139 2.0 102 0,542 32050► 0.0225 

6 2100 12 0 2° 0 96 0.580 35°24? 0O228 
7 3.00 15,9.. 25 5 0.571. 34°48t 0,0220 
8 460,0 13,1. 2,0 90 0.635 3909t 0~022g 

0 
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PLATE 716 	 106 X 

AI+8°/0Mg+O.5wt.°/° MISCH METAL 

PLATE 7.17 	 106 X 

.AI+8°/0Mg+1.0wt.% MISCH METAL 

,LATE 7.18 	106 X 

AI.S°/°Mg+2.Owt.%MISCH METAL 



r .•lam ~+e r~7.i ~~,~ ~ y~paic ~~.~.1~ 

r 	4. 

PLATE 7.19 	 106 X 

Al.. 8% Mg + 3 wt. %MISCH METAL 

er • 	 ~Y 	 I;. 	t~h 

PLATE 7.20 	 106 X 

AI+8°/0 Mg +4 wt. °/° MISCH METAL 
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7.4  DISCUSSION OF THE RESULTS 

• 7.4.1  Effects of tantalum additions 

The salient features of the results are Given below: 

i) On metallographic study it is observed that only 

phases that are present in the original alloy are 

Al-Mg and Mg2Si3  the latter due to silcon present 

as an impurity i_a the metal in addition to o 

With increase in tantalum addition there appears to 

be large refining eff:ci f grains. The mic rotr°uc 

t„re of the alloy treated with 0,,15% tantalum 

indicates a very fine grain size, (Plates 7.01 to 

7.06) 

ii) No beneficial effect is produced on the tensile 

strcngh w tip the addition of Cant a'>>m. The tensile 

 

strength decreases upto 0%  ,  addition.  r 

 

/  beyond which 

it slightly increases to a constant value at about 

0.,15% addition, 

iii) The % elongation increases upto 0,15% tantalum 

addition. With further addition the % elongation 

goes on decreasing. 

iv) There is slight but regular increase in the hardness 

value with tantalum addyt ion, 

v) Large beneficial effect of tantalum addition is 

produced on machinability,  e Both chip thickness 
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ratio and shear plane angle 0 increase upto 

0.075% addition beyond which they decrys.se 

to constant values at about 0,15° addition. 

vi) The values of unit horse power are found in 

agreement with the values of chip thickness ratio 
and shear plane angle  . The large decrease is 

observed in the unit horse power value upto 

0.075% addition beyond which it increases very 

slightly to a constant value at about 0.1% addition 

indicating a large beneficial. offpctt cf tant aT >>m 
addtion on machinebilit1.r. 

Tantalum is found to have no solid solubility in 

aluminium and magnesium. The cn y phase formed is TaAl2, The 

large refining effect is due to the presence of fine particles 

of intermetallic compounds acting as nuclei during solidifica-- 

tion. The regular increase in hardness may be attributed to the 

increased amount of hard intermetallic compounds. The increase 

in % elongation upto 0.15% addition may be due to the refining 

effect. The decrease in % elongation beyond 0,15% addition may 

be due to large increase in the amount of brittle intermetallic 
phases. 

The improvement in machinabilitty with tantalu1 ?itlon 
can be explained on the basis of the following ccn~idcrat~ons• 
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i) The large refining effect produced due to 

tantalum addition tends to increase the 

machinability. 

ii) With increasing taut glum a6cz r tci.o the amount 

of .hard intermediate phases should increase 

tending to decrease the machinability. 

It appears that for Additions upto 0,0, 5% the 

beneficial effect due to the refining predeminates over 

the slight adverse effect due to the presence of 

intermediate phases. For high er "Additions hosver 

increased amount of hard intermediate  i 

about a large adverse effect, p.rcdomin ping o`Ter the 

beneficial effect due to (i) with a net result of 

decrease in machinabiliu"y. 

The presence of the intermediate phases as 

explained above could not be detected on metal o a:,.i.:: 

study probably due to their being of submicroscopic 

size and needs more careful X-ray or electron 

diffraction study. 

7.4.2  Effects of cerium additions: 

The salient features of the resat- arc given 

below: 
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i) No detectable effect is observed on metallogra-

phic structure with the addition of cerium except 

that a very slight refinement occurs in the 

grain. (Plates 7.07 to 7.02 ) 

ii) With the addition of cerium the tensile stren6th 

is found to decrease upto about 0.5% 9  the rate 

being almost linear. With further addition the 

strength increases to a constant value at about 

1% addition. 

iii) There is very little effect of cerium addition on 

the % elongation of the alloy. It :increases very 

slightly upto 	`-0.5% beyond which it drops 

down to a more or less constant value at about. 

1% addition. 

iv) There is slight but regular increase in 

hardness value. 

v) Large beneficial effect is observed on the 

machinabilitY of the alloy when treated with 

cerium from chip formation considerationBoth chip 

thlones° ratio and shear plane angle 	increase 

to more or less constant value, at about 1% x 

addition. 

vi) H.P. / C m3/mILn is found to decrease very 

rapidly to more or less a constant value at 

about 0.5% addition. The unit horse power curve 
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is found to be in agreement with the curve of 

shear, plane angle 0, the minima  and 

maxima being obtained in unit horse power 

and shear angle  respectively at about 

0.5% addition. With further addition-, both are 

found to remain unchanged. 

The solid solubilities of cerium are reported 

to be 0.5 wt% and 0.85 wt % in aluminium and magnesium 

respectively. Thus with the addition of cerium upto 

0.1% a part of it will go into solid solution in 

aluminium and remaining into n gnesiu.m phase: With 

further addition the cerium should react with aluminium 

and magnesium to form intermediate phases Al4Ce,.12Ce 9  

AlCe, AlCe3  GeMg, CeMg2 9  CeNg3, Ce"rg the predominating 

phase being A14Ce and CeMg9. 

A slight refinement may be due to fine particles 

of intermediate phases acting as nuclei during 

solidification. A slight but regular increase in hardness 

with cerium addition may also be attributed to the 

presence of fine harder precipitates of these phases. The 

presence of these ph ses could not be detected on 

metallographic study probably due to their being of 

sub-microscopic, size. 

The slight increase in % e1.ong Lion upto 0.2% may 

be due to cerium going into solid solution and refinement 

of primary  . The decrerse in % elongation beyond 0.5% 

addition is attributed to the fine despersion of the 
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precipitation of the intermediate phases being 
coherent with the lattice. 

Fig.. 7.04 indicates the effects of cerium addition 

on the chip thickness ratio, shear plane angle j0 and 

horse power consumed during drilling... From all the three 

criteria the machinability is found to improve by 

addition of cerium upto 0.5%. The improvement in the 

machinability with cerium addition can be unc~Prs-~ood 
on the basis of the following considerations:- 

i) Slight amount of cerium going into solid 

solution in aluminium and magnesi,im will 31 
to improvement in machinability. 

ii) Refinement effect observed with cerium addition 

should have beneficial effect on machinability-. 
iii) The decrease in tensile strength upto 0.5;? 

addition should bring about an improvement in 

machinability as lesser power should be consumed 

for cutting. 

iv) With increasing cerium addition beyond 0.1% the 

amount of hard brittle intermediate phases should 

increase resultingin decrease of machinability. 

It is interesting to note that for additions u)to 

O.5% the beneficial effects due to (i), (ii) and (iii) 

predominate over the adverse effect due to (iv) 

resulting in improvement in machinability. For higher 

additions, the increased amount of intermediate phases 

and corresponding increase in hnrr9r, 	 - 
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strength, will bring about an adverse effect) thich 

seems to balance the beneficial effects due to cerium 

going in solid solution and slight refinement 9  with 

a net result of constant value of machinability.. 

7.4.3 Effects of lanthanum additions: 

The salient feature of the results arc given below: 

i) On metallographic study there appears to be 

large refining effect in oC gre ins as well as 

in Al-Mg phase upto 0.2% addition, beyong which 

slight reversal takes place and grain becomes 

again coarser. (pit-  e5  7, iO {-o 7-13) 

ii) The tensile strength decreases very rapidly 

upto about 0.2% addition, beyond which it again 

goes on increasing with further additions, 

iii) The % elongation is found to increase with 

lanthanum addition. There is very little effect 

upto 0.1%, beyond which it increases at a large 

rate, the optimum composition giving the 

maximum % elongation being 0.3% . Beyond 0.3% 

addition the % elongation again decreases. 

iv) There is very little effect on the hardness 

value. It remains almost unchanged with lanthanum 

addition. 

v) Both chip thickness ratio and shear plane angle 

increase upto 0.1% addition, 
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to constant values at about 0.2% addition 

indicating the beneficial effects of 

lanthanum addition on machinability upto 

about 0.1% addition from chip formation 

considerations , 

vi) 	HP/Cm3/min. decreases wit i increasing 

lanthanum addition slowly between 0.1 and 
0.2% addition. Beyond 0.2% the value slightly 

increases to a constant value at about 0.3% 

addition, Though the values of H.P. for all the 

alloys treated upto 0.4% are lesser than that 

of the original alloy showing the beneficial 

effect on machinability for all additions. 

Lanthanum is found to have no solid solubility 

in aluminium. The intermediate phases formed are La3Al, 

La3Al2, La_11, LaAl2 and LaA14 the predominating phase 

being LaAl4 The solid solubility of lanthanum in 

magnesium is about 0.4 %. Four intermediate phases 

exist LaMg, LaMg2 , LaNg3 and LaMg9 , Thus with the 

addition ^ lanthpanum to alloy 218 about 0.03% will go 

into solid solution in magnesium beyong which it may 

react with aluminium and magnesium to form intermediate 

phases La3j, La3 l , Lail~Lanl La^14 	g, 	g2, 2 	2, 	and LaM LaM 

LaM 3,LaMg9 respectively, the predominating phases 
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being La Al4 and LaMg9 . The large refining effect unto 
0.2% addition may be due to the presence of the 

particles of these intermediate phases acting as nuclei 

during solidification. 

The large increase in % elonf~ =t ion may he partly 
due to small amounts of lanthanum going into solid 

solution and partly due to refinement of  grains and 

entectic. The decrease beyondO.3% may be due to 

large increase in the amount of brittle hard intermediate 

phases and recoarsening of the matrix as observed in 

microstructure, The increase in tensile strength beyond 

0.3% may also be attributed to the large increase in the 

amount of intermediate phases. 

The large improvement in machinability upto 0.1% 
may be attributed partly to the lanthanum going into 
solid solution in magnesium and partly to refinement 

tiffect produced, predominating over the small adverse 

effect produced due to the presence of intermediate 

phases. For higher additions however the large increase 

in the amount of intermediate phases with a corresponding 

increase in tensile strength and recorsening of the matrix 

will bring about the decrease in machinability. The 

results obtained on the basis of both the criteria, 

horse power and chip formation, are in pefect agreement. 



260 

7.4.4 effect of neon.ymium addit ions: 

The salient features of the results are given below: 

i) On metaliographic study there appears to be 

slight refining effect of neodymium addition. 

(Plates 7.14 & 7.15)- 

ii) 
The tensile strength remains almost unchanged 

upto. about 0.1% addition beyond which it 

decreases sharply to a constant value at about 

0.2% addition, 

iii) Large beneficial effect is produced on 

elorL"tion with neodymium addition, upto about 

0.1%. Wt1 further additions the value drops 
to a constant value at ©2 % addition..: 

iv) The hardness remains almost constant upto 

0.15% addition., beyond which it goes on 

increasing with more and more neodymium 

addition. 

V) 
Both chip thickness ratio and shear plane angle 

N icr&s i,ibt'n1 neodymium addition, rap idly 

upto about 0.1% beyond which the rate goes on 

decreasing, and the values tend towards more 

or less a constant value at about 0.3% addition. 
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vi) HP/Cm3/min. decreases rapidly upto about 0.1%  

addition. Between 0.1 to 0.2% the value is 

almost constant. With further additions there 

appears to be very slight increase. The unit 

H.P. values of all the alloys treated ,upto 

about 0.3% are much lower than that of the 

initial alloy indicating the beneficial effect 

on machinability in all the cases. 

The maximum solid solubilities of neodymium in 

aluminium nd magnesium are reported to be 0.2 and 4,0 

weight percentages respectively. The solid solubility 

however decreases with dercease in temperature. Thus 

with the addition ' upto about 0.2% most of the neodymium 

will go into solid rclut!on in aluminium and magnesium. 

With further additions it may react with aluminium and 

magnesium to form NdA1 1  NdAl2, Nd.114, NdMg, NdMg2, NdMg3, 

the amount of which should increase with increased 

additions. The improvement in % elongation is attributed 

to neodymium going into solid solutio n, and slight 

refinement of matrix.. The increase in hardness beyond 

0.2% addit or may also be due to increasing amount of 

fine dispersion of the above mentioned intermediate 

phases. The improvement in machinability with neodymium 

can also be explained on the basis of the above consider- 

ations. It can easily be seen from Fig. 7.08 that both 

chip thickness ratio and shear plane angle 0 are found 
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to increase with Nd addition upto 0.2%. The slope 

decreases beyond 0.1% . T} same fact is confirmed from 

H.P. plot also, where large decrease in the horse poj,!er 
value was observed only upto 0.1%. The large increase 

in machinability upto 0.1% addition may be due to 

neodymium going into solid solution and slight refin ir s. 
of the grains. For ad.ditionw'1a¢ vyeen.01%0 2% 

G~  

may be possibility of for;-nation of small, amount of  
intermediate phases ,bringing about a slight adverse 

effect on machinability resulting in decrease of slope. 

With further additions the adverse effect du to _. c:;, 
amount of intermediate phases seems to predominate cve_° 

the beneficial effect produced, with a net result of 
slight decresse in machinability , 

7.4.5 Effect of mich metal additions:  

The salient features of the results are given 

i) Metallographic study indicates that with 

increased misch metal addition then is a g r-adu, 
decrease in the AlMg phase and a correspor;'7, 

increase in new phase. There appears to be 

little refining action with misch metal addit;,'"n 

Ii) The tensile strength is found to decrease some-

what upto about 2.0% misch metal additin. Beyo"1 

2.0% misch metal the tensile strength again 

increases with further and further additions;. 
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the minimum being observed between 2,0 and 3.0% 
T 

iii) The % elongation was found unchanged iith 

the addition., 

iv) The hardness increases upto 1.0% misch metal 

addition, beyond which it decreases to a 

constant value at a-bout 2.0% misch metal. 

v) Both chip thickness ratio and shear plane angle 

A increase with increase in misch metal addition 

appreciably upto 2.0%, beyond which the rate 

decreases slightly indicating beneficial effect 

of misch metal addition on machinability 

upto 4.0 o misch metal. 
vi) H.P4/Cm3/min. is altio found to decrease with 

imisch metal addition. There is an appreciable 

decrease upto about 1.5% addition, beyond which 

the value decreases very slightly upto 4.0% 

addition. The unit H.P. curve agrees well with 

the chip thickness ratio and shear plane angle 

JO 	curves, confirming the large beneficial 

effect of misch metal additions on machinability.  

Our results of mechanical properties are in 

general agreement with the results of Trehan of al on 
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Al-Mg alloys. The work has been extended further 
to study the effects of additions on machinability. 

The effect of misch metal addition on the 

properties- can easily be explained on the basis of three 

major individual elements cerium, lanthanum and neodymi.ur~ 

contained in it. Cerium and neodymium are reported to 

dissolve upto 0.05' % and 0.2Wt% in_aluminiui respecti-

vely, while La has no solid Solubility. The solid 

solubilities of cerium, lanthanum and neodymium in 

magnesium are reported to be 0.859 0,4 and 4.0 Weight 
percentage, respectively. Thus out of ce 'ium, lntntm  

and neodymium contents of misch metal ,cerium will go 

into solid solution upto. about 0.1% partly into 

aluminium and partly into magnesium. About 0.03% 

lanthanum will go into solution in magnesium, while 

neodymium may go into solution upto about 0.2% in 

aluminium and 0.3% in magnesium. Thus with the addition 

of misch metal very little of cerium and lanthanum will 

go into solution, most of them may react with aluminium 

and magnesium to form intermediate phases Al4Ce,A14La, 

CeMg9 , CeMg3, LaMgg and LaMg3 etc. ,the amount of which 
should increase with increased addition. The whole 

of Nd will go into solid solution upto 4.0% addition 

of misch metal. With the increase of misch metal content 

from 1.0 to 4.0% the amount of A .-Mg phase gradually 



265 

decreases and there is an increase in some new phases 

Slight refining effect has been observed on metall-

ographic study. Refining may be due to the fine 

particles of intermediate phases acting as nuclei 

during solidification. 

It is interesting to note that the % e]onrat1^,,,  

remains almost unc.ianged with misch metal addlion, when 

all the three elements cerium, lanthanum and neodymium 

have individually produced the beneficial effect on 

elongation. This may probably be due to the coarsening 

of the precipitates in the case of misch metal as 

observed on metallographic study. 

.It may be noted that there is a very large 

increase in hardness upto about L C ; misch metal  i,; ch 

will contain roughly about 0.5% Ce, 0.2% La and 0,1.55% Nd, 

There has been no effect of lanthanum on the hardness 

value. In the case of cerium ndclit _on- . hardness 

continuously increases with increased addition upto _ 5%. 

The hardness remains uneffected with Nd additionsupto 

0.15%, beyond which increases appreciably with increased 

additions. Thus the large increase in hardness as  

observed upto 0.5% misch metal addition may therefore 

be mainly contributed by cerium and partly by combined 

effects of neodynium and lanthanum. The increase in 

hardness may be attributed to the presence of intermeta- 

llic compounds of Ce and La. The decrease in hardness 



beyond 1.0% may be due to the coarsening of the matrix. 

Fig. 7.09 gives the values of tensile strength 

with increasing misch metal additions. The tensile strength 

decreases upto 2.0% beyond which it again goes on increasing 

the minir;;.tr being obtained at 2.0%. The tensile strength of 

the alloy treated with 4.0% misch metal is much greater than 

that of the untreated alloy. The effects of misch metal on 
the tensile strength can easily be understood on the basis 

of the .following considerations:- 

i) With increasing cerium and lanthanum additions 

the tensile strength decreases upto 0.5 and 0.2% 

respectively, beyond which it again increases. 

The curve follows the same pattern as in the 

case of misch metal addition. 

ii) With increase in neodymium content the tensile 

strength increases upto 0.1% beyond which it 

decreases. 

It is interesting to note that for additions upto 

2.0 %misch metal,the detrimental effect due to (i) predomi-

nates over the beneficial effect due to (ii) . For higher 

additions .beyond 2.0%, however ,the large beneficial effect 

due to cerium and lanthanum predominates over the effect 

produced due to Nd content with a net result of increase 

in tensile strength with misch metal addition. There is a 

large increase in machinability upto 1.5% both addition 
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from chip formation as well as horse power consideration. 

The rate however decreases with further addition to more 

or less a constant value at higher additions. The large 

improvement in machinability upto 1.5% may be due to cerium 

and neodymium going into solid solution, slight refinement 

effect and decrease in tensile strength. With further 

additions the increase in amount of intermediate phases, 

coarseness and their non-uniform distribution and increase 

in tensile.strengtl will bring about an increasing adverse 

effect, resulting in decrease of slope. The values become 

nearly constant at about 2.0% indicating that the adverse 

effect produced balances against the beneficial effect 

produced due to elements going into solid solution and 

slight refining effect. It is clear from figure
s  7.03, 

7.06 and 7.08 that large beneficial effect is produced on 

addition of cerium, lanthanum and neodymium upto 0.5%, 

0.15% and 0.1% respectively . 1.5% misch metal will 

contain roughly about 0.5% Ce, 0.2% La and 0.15% Nd. Thus 
for additions upto 1.0% misch metal all the three elements 

cerium, lanthanum and neodymium should contribute to the 

improvement in machinability. 

• . o 



CHAPTER VI-11 

EFFECTS OF TANTALUM, RARE EARTH 
ELEMENTS AND MI SCH METAL ON 

THE MICROSTRUCTURE,MACHINABI- 

LITY AND -MECHANICAL PROPER- 

TIES OF ALUMINIUM COPPER 
ALLOYS AT ORDINARY 

-TEMPERATURE. 



CHAPTER. VIII 

EFFECTS OF TANTALUM, RARE EARTH ELEMENTS AND MISCH METAL 

ON THE MICROSTRUCTURE,MACHINABIIITY AND MECH,NIC!J,  

PROPERTIES OF ,ALUMINIUM - COPPER ALLOYS AT ORDINARY 

TEMPERATURE. 

8.1 

 

GENERAL INTRODUCTION: 

In the present chapter a systematic study ha-- hen 

made of the effects of tantalum, rare earth elements and 

misch metal on the microstructure, machinability and mecha.n-

ical properties of alloy 195 with 4.5% copper and a7.loy 122 

with 10% copper and 0.2% magnesium. Alloy 195 has got 

applications where a combination of high tensile pr;o perti?s 

and good machinability are required Flywheel 1ousings, 

rear axe-^ housings, bus wheels, aircraft wheels, fittings 

and crank cases are some typical applications. Alloy 1.22 

has got the applications, where good high temperature 

strength, high hardness, resistance to wear and good mec11rlu 

ability are, required. ".ir cooled. cylinder heads, automotive 

piston, bushings  xe  

In the present investigation the rare eartks Vale 

been used in the form of mixture viz. misch metal. Effects 

of individual elements cerium, lanthanum and neodymium 

contained in misch metal have also been investigatild. Effects 

of tantalum additions have also been studied. As practically 

no work seems to have been reported on the above lines, it 
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is hoped that the above investigation will be useful iii the 

development of aluminium alloys with additions of 

rare earth metals ,misch metal & tantalum from ma:;hinability 

and mechanical strength standpoint. 

8.2  EXPERIMENT ̂,JJ PROCEDURE: 

8.2.1  Preparation of allows: 

8.2.111  reparation of alloy 195 and addition of rare 

earth metals and tantalum to the same: 

The master alloy of aluminium and copper with about 

50% copper and 50% aluminium was first prepared. The alloy 

was chemically analysed.. The  necessary quantities 

of aluminium and the master alloy were melted in a graphite 

crucible. When the temperature reached 800°C, the required 

amount of rare earth metal wrapped in aluminium foil was 

added. In order to add tantalum, the master alloy containing 

copper was super heated to 1000°C and tantalum wrapped 

in aluminium foil was added to the melt and stirred. 

The alloys were cast in cylindrical metal moulds to 

prepare specimens for tensile testing at room temperature, 

hardness and metallographic study, at about 700°C in - all 

the cases. l.uminium chloride was used as flux for 

degassification. The alloy 195 was chemically analysed for 

its copper content by iodometric method and the results of 

chemical analysis based on duplicate samples are given in 

table 8.01 
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8.2.1.2 	Preparation of alloy 122 and addition of rare 

eat'th metals and tantalum to the same: 

Necessary quantities of aluminium and the master 

alloy were melted in graphite crucible. When the temperature 

of the melt reached 800°C, the magnesium equivalent of 

0.2% was wrapped in aluminium foil, and added to the 

melt with stirring. The alloy now containing 10% copper 

and 0.2% magnesium was kept in the furnace for 10 minutes 

for homogenization. alloy was then cast and chemically 
analysed. Results of chemical analysis based on duplicate 

samples are given in table 8.01. The required amount of 

the alloy was melted. When the temperature reached 800°C 

the weighed amount of rare earth metal wrapped in aluminum 

foil was added to the :mat. In r& -to  add tantalum,molten 

alloy was super-heated to 1000°C and then the tantalum 

wrapped in aluminum foil was added The alloys were kept 

in the furnace for about 10 minutes for complete homogeni-

zation. The alloys were then cast in cylindrical metal 

moulds at a temperature of about 700°C. The aluminum 

chloride was used as flux for degassification. 

Table 8.01 

Chemical anal s is of A11oy__ 

S.No. Alloy No.  Desired composition Actual Composition 
(by chemical 
analysis) 

1. 195  4.5% cu  4.48% cu 
Rest aluminium. 

2. 122  10%, Cu,0.2% Mg  9.92% Cu,0.19% 

Rest aluminium  Mg. 
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8.3 	E PERIME1Tt1L RESULTS: 

8.3.1 	Effects of additions of tantalum rare  earth 

elements and misch metal on the properties 

of alloy 195. 

	

8.3.1.1 	Effects of tantalum additions. 
The results are given in figs. 8.0l& 9b02 

plates 8.01 to 8.05 and table 8.02. 

	

8.3.1.2 	Effects of cerium additions. 

The results are given in figs. 8.03 & 8.04, 

plates 8.06 to 8.08 and table 8.03. 

	

8.3.1.3 	Effects of tanta1tifl additions 

The results are given in figs. 8.05 & 8.06 

plates8.09 to 8.11, and table 8.04. 

8.3.1.4 	Effects of neodymium additions. 

The results are given in figs. 8.07 & 8.08 

plates 8.12 to 8.14 and table 8.05. 

8.3.1.5 	Effects of misch metal addition$ - 

The results are given in figs. 8.09 & 8.10 

plates 8.15 to 8.18 and table 8.06. 

8.3.2 	Effects of additions of tantalum, rare - earth 

elements and misch metal on the properties of 

alloy 122. 

8.3.2.1 	Effects of tantalum additions. 

The results are given in figs.8.11 & 8.12 

plate 8.19 to 8.23 and table 8.0S'. 
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PLATE 8.01 	 106 X 

Al +4.5 % Cu 

PLATE 8.02 	.106X 

Al + 4.5% C u +0.05 wt.% To 

PLATE 8.03 	106 X 

Al+4.5%Cu+0.lwt.% Cu 
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T ABLE 8.02 

EFFECTS OF TANTALUM ADDITION ON T  MECHANICAL 
PROPERTIES AND MACHINABILITY OF 

ALLOY 195(4,5% Cu) 

S. % alloy- Tensile %eionga- Hard- Chip 	Shear 	HP 
No, ing strength tion ness thick. p1ane 	cm / 

element kgm/mm2  V.H.N. ness 	anglo 	min 
ratio 	QI 

1 0.00 16.2 3.1 49 0.41.2 23058T 0.0201 

2 0.05 15,3 7.5 53 0.422 240427 	0.0203 

3 	0.10 	12.6 	8.0 

4 	0.15 	13.8 	7.5 

55 	0.464 27030' ' 0,01 28 

52 	0.493 29°29 F 0,0197 
5 	0.30 	12.1 	1.2 	53 	0.414 24095+ 0.0241 

TABLE 8.03 

EFFECTS OF CERIUM ADDITIONS ON THE MECHANI CAL 
PROPERTIES AND MACHINABILITY. OF 

ALLOY 195(4,5% Cu) . 

S. 	%alloy- Tensile % el.on- 	Hard-Chip Shear 	SIP/cm3  
No. ing strength gation 	ness 	thick plane 	/min 

clement kgm/mm2  VHN, 	ness angle 
ratio 0 

1 	0.00 16.2. 3,12b 	49 	0.412 23°58V 0.0201 
2 	0,20 10.8 2,25 50 0,412 23°581  0.0193 

3 	0.75 7.1 2,R5 52 0.418 240251  000205 
4 	1,5o 15.5 6.25 51 0.397 23020' 0,0193 
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'PLATE 8.09 	106X 

Al+ 4.5% Cu+ 0.lwt.% La 

PLATE 8.10 	106 X 

Al + 4.5% Cu+0.2 wt.%La 

(PLATE 8.11 ' 	106X 

Al +4.5% Cu+0.3wt.°/° La 



T ABLE - 8.04 

EFFECTS OF L.@tNTHANUM ADDITION ON THE MECHANICAL 
PROPERTIES AND MACHINABILITY OF ALLOY 195 (4.5% Cu) 

S. % alloy-- Tensile % Eloriga- Hard- Chip Shear HP/cm s̀/ 
No. ing strength tion ness 'thick plane min 

element kgm/mm2  ness angle 
ratio 0 

1 0.0 16.2" 3.13'• 49 0.412 230381  0.0201 

2 0.1 15.0 3475 49 0.535 320212  .0.0201 

.3 0.2 13.3.E 5.65 54 0.382 220'G2 0.0210 

4 0.3 11.8 R 7,50 56 0.328 18034T 0.0197 

TABLE 8.05 

EFFECTS OF NDDDYMIUM ADDITION ON TE MECHANICAL 
PROPEICIES AND MACHINABILITY OF ALLOY 195 (4.5% Cu) 

S. 	% alloy- Tensile oelonga, 	Hard- Chip Shear 	HP/cm3/ 
No. ing strength ation 	ness thick plane 	min 

element kgm/mm2  VI VT ness angle 
ratio 

C 

1 	0.0 16.2: 3.10 	49 0.412 , 230581 	0.0201 

2 	0.1' 13.8. 6.50 66 0.340 19018' 0.0201 

3 	0.2 11.5• 6.3 62 0.348 19049L 0.0198 

4 	0.3 13.9 5.50 62  0.348 19049'  '0,0210 
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TABLE 8.,06 285 
EFFECTS OF 

PROPERTIES 
MISCH METAL, 

AND MACHIN.A,BILITY ADDITIONS ON THE MECHANIC,, 
OF ALLOY 195 (4.5% Cu) 

S. % alloy- 
No.ing 

Tensile 
strength 

% elonga-- 	Hard 	Chip 	Shear tion HP/cm3/ 
element kgm/mm2 

ness 	thick 
Viii 	ness 

plane 
angle 

min 
ratio 0 

1  0.0 16.2. 10.00 49 	0.412 230581  0.0201 
2 0.2 14.1, 7.00 
3  0.5  15,3:  8.00  0.422 60  24042 1  0.0197  

4  1.0 12,.,E 8.00 58 
5 1.5 - _ 0.467 27°43 ► 0.01g 8 

6  2.0 12,7.. 5.00 59 
7  3.0 12,:3 4.00 58 	0.429 2507? o,0±0 

TABLE 8.07 
EFFECTS OF TANTALUM ADDITION 
AND MACHINABILITY OF 77 LOY ON THE MECHANICAL PROPERrIi' 

122 ( 	0% Cu, 0.2% Mg) 

S. 
No, 

o alloy-'-  T9nsite in  
g 	strength 

% 	....._ 
elong ... 	Hard Chip % 

tion 
Shear I /cm3%  

element kgm/mm2 ness thick 
VI N 

plane min 
ness angle 
ratio 0 

1  0.00  12 ,, 5 4.38 109 	0,589 360201  0.p247 
2  0.05 25,7, 1.20 99 	0.611 370311  0.0252 
3 0.10 22..5, 3.00 95 	0.611 370311  0.0235 
4 0015 23,6* 2.25 107 	0.580 350241  0.0233 
5 0.30 22.1 1.20 102 	0.580 

_.___ 

350241  0.0236 
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TABLE 8.08 	 291 

EFFE CL S 0 F L ANT HANUM - ADDIT I0 N 0 N TIM ME CHI CAL 
PROPERTIES AND MAGHINABILITY OF ALLOY 122 (10% Cu, O.2% Mg) 

S. % alloy- Tensile - e1onl a- Hard ChipShearr EP/cm3/ No, ing 	strength tion 	ness thick plane min element kgm/mm2 	 VHN ness angle 
ratio 0 

1 	0.0 	12..5 	4,38 	109 	0.589 36°21t 0.0247 
2  0.1  23.1. 3.75 108 0.527 310481  0.0254 
3  0.2 23,0 2,25 110 0.611 370311  0.0254 
4  0.3 23.:6 20 00 109 0.600 36°461  0.0256 

TABLE 82 09  

EFFECTS OF CERIUM ADDITION ON TIE MECHANIC1.L PROPERTIES AND MACHINAFILITY OF e1LOY 122 (10% Cu,  
0.2% Mg)  

S. % alloy- Tensile % elong- 	Hard Chip Shear HP/em3/ No. ing strength ation 	ness thick pl ane min element kgm/mm2 VI ness angle 
ratio 0 

1 0.0 12.5 4c,38 	109 0.589 36020 1  0.0247 
2  0.2  19.6 1.20 	110 0.561 32°5 01  0.0242 
3 0,5 22.2 2.25 	113 0,561 3205 	' 0.0268 
4  1.0 19.9. 1.20 	112 0.5'.9 36°60' 0.0258 
5  1.5 14.7 1,20 	. 100 0.600 36

0
46'' 0.0227 
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TABLE 8.10 

EFFECTS OF NEODYMIUM ON THE MECFT.-NICAL PROPERTIES 
& MACHINABILITY OF AL + 10% C'.-. + 0.2% Mg ALLOY. 

S. % alloy- Tensile % elonga- Hard Chip Shear HP/cm3/ No. ing 
element. 

strength 
kgm/cm2 

tion. ness thick plane min 
VHN ness angle 

ratio 

1 0.0 12.5- 4.38 109 0.589 3600n' ` 0,0247  

2 0.1 17,3 2.25 126 0.551 33027 *-0,0239 

3 0.2 17.5_ 2.25 125 0.575 35g ' 0.0229 

4. 0.3 17.8 2.25 125, 0.575 35005' 0.0225 

TABLE 

EFFECT OF MISCH. METAL ON THE MECH.A_NICAL PROPERTIES 
& MACHIN' B IT,TTY 0 F AL + 10% CU + 0.2% Mg. 

S.: % 	alloy- Tensile P1 orga- Hard Chip Shear HP/em3/ 
No ing strengl~ tiovu ness thick plane min 

element kgm/cm VHN ness angle 
ratio 9h 

1 0.: 0 12.5 2.00 109 0.589 36°02'0.0247 
2 0.2 13.5- 2.00 155 

0.600 36046' 0.0236 3. 0.5 17.3 2.00 176 

4 1.0 16.2' 2.00 194 0.635 390tCJ' 0.0222 

5 1.5 - - - 
0.611 37°31 .0.0248 

6 2.0 2Q, 4.50 240 

7 3.0 20.4 4.50 255 

8 4.0 18.8 2.10 235 0.600 36046 0.0220 

9 5.0 	16.5 - 1,50 197 
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8.3.2.2 Effects of cerium addition s 

The :o.sults are given in Figs. 8.13 & .8.14 
plates 8.24 to 8.26 e table 8.08.. 

8.3.2.3 Effects of lanthanum addition e 

The results are given in Figs. 8.15 & 
8.16, plates 8.27 to 8.29, and table 8.09 . 

8.3.2.4 Effects of neodyi ium additions : 

The,results are given in Figs. 8.17 & 
8.18 , plates 8.30 to 8.31 and table 8.10 . 

8.3.2.5 Effects of misch metal additions e 

The results are given in Figs. 8.19 & 
8.20, plates 8.32 to 8.37 ; table 8.11. 

8.4 DISCUSSION OF THE RESULTS. 

8.4.1 Effects of additions of tantalum, rare earth metals 
and  misch metal on t 	properties of alloy 195 : 

84.1.1 Effects of tantalum additions :- 

The salient features of the results are 
given below :- 

1)  There appears to be very little effect of 

tantalum addition on the grain size of the 
alloys. The metallographic study indicates 
the presence of some additional phases in 
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addition to the normal phases, the amount of 

which appears to increase with further addition, 

ii) With increase in tantalum addition the tensile 

strength decreases to nearly a constant value 

at about 0.3% addition. 
iii) There is large improvement in % elongation upto 	, 

0.15% tantalum addition ,beyond which it goes on 

decreasing with further and .further additions. 

iv) There is slight but regular increase in hardness 

value with, tantalum addition, 

v) Both chip thickness ratio and shear plane angle 

0 increase upto 0.15% addition,beyond which the 

values go on decreasing with tantalum additions. 
vi) H.P/Cm.3/min decreases upto 0.1 % tantalum addition 

With further additions the value goes on increas-

an!. The curve of unit horse power vs %. tantalum 

addition is found in agreement with chip thickness 

ratio`r' and Sheaf° plane angle 0 curve. 

Tantalum is found to have no solid solubility in 

aluminium. The only intermetallic compound formed as reported 

by Marignac and Braner ( 15fl) 	is T aAi3  at 69.09 

No intermediate phase is formed with copper. Thus with the 

addition of tantalum there is possibility of formation of very 

small amount of new phases ,the amount of which should increase 

with increased addition. The increase in hardness and tensile 

strength can easily be attributed to the formation of fine 

particles of these intermetallic compounds. 

The improvement in machinability may be due 
4.. - 	_.j ,t 	, 	

- 
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For higher additions large increase in the amount of hard 

intermediate phases resr?lting in large increase in hardness 

and tensile strength, will bring about a large adverse effect 

on machinability, predominating over the slight beneficial 

effect due to refining, with a npt result of decrease in 

machinability. 

8.4.1.2 	Effects of cerium additions: 

The salient features of the results are given below: 

i) Metall.ograahic study indicates that effect of cerium 

addition is to refine the grain up to 0.75% 
beyond which a little coarsening takes place. There.. 

appears to be the prosense of some new phase at grain 

boundary at 0.75% cerium,in ac'dition to normal phases. 

• primary alpha and Cu Al2, the amount of which seems to 

increase with further additions (Plates 8.06 to 8.08) 

ii)The tensile strength is found to decrease up to about 

0.75% addition beyond which it goes on increasing with 

further and further additions. 

iii)Ther€ is slight decrease in % elongation up, to  about 
0.75% cerium addition beyond which it goes on 

increasing with further additions: 

iv) The hardness. remains almost unchanged with cerium 

addition. 

v) There appears to be almost no effect of cerium 

addition on machinability from chip formation 

consideration. Both chip thickness ratio and shear 

plane angle 0 remain almost unchanged with 

cerium addition. 



vi) H.P./cm3  / min also remains almost constant 

with cerium-  addition, confirming that there 

is no detectable effect of addition on 

machinability. 

Since cerium dissolves upto 0.05 wt % in 

aluminium and has no solubility in copper, with the 

addition of cerium very little of it goes itbo solid 

solution. Most of the cerium so added react 's with aluminium 

and copper to form Ce3  Al2, CeAl , Ce n12, Ce!a4  and CeCu, 

CeCu2, CeCu4  and CeCu6  the predominating phases being 

CeAl4, CeCu6, and CeCu4. Presence of these phases has 

already been seen in the microstructure. Though the exact 

nature can not be predicted on metallographic study onlyand 

needs cerefut X-ray or electron diffraction study. 

The slight refining action may be due to the 

particles of these intermediate phases acting as nuclei 

during solidification. The increase in tensile strength 

beyond 0.75% may be due to increase in the intermediate 

phases q quite coherent with the lattice. 

No detectable ef.fectco-:`cerium addition on 

machinability has been obtained. It is interesting to note 

that slight beneficial effect due to refining seems to 

balance with the adverse effect produced due to L ,crease in 

the intermediate phases resulting in constant value of 

machinability with cerium addition. 

3O3 
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8.4.1.3  Effects of lanthanum additions: 

The salient features of the results are given 

below; 

i) Metallographic study indicates that there is 

little refinement produced by lanthanum 

addition. 

ii) The tensile strength 'goes in decreasing 

almost linearly with lanthanum additions. 

iii) Large beneficial effect of lanthanum additions 

is produced on % elongation. It goes on 

increasing with increase in lanthanum additions. 

iv) Large increase in hardness value is observed 

with cerium additions. There is little effect 

upto 0.1% addition,beyon;. which it goes on 

increasing ppreciably with further and further 

additions. 

v) Both chip thickness ratio and shear plane 

angle .0 increase upto 0.1% addition, beyond 

which both the values are found to decrease 

with further and further additions. 

vi) H.P, remains  almost unchanged with  - 

lanthanum additions. 
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Lanthanum is found to have no solid solubility 

in aluminium and. copper. Following intermediate phases are 

reported: La3„1, La3Al2  j LaAl, LaAl2  and La .l  LaCu LaCu 4•  9 	2' 
LaCu.49  LaCu6 and 1— Cu5, Thus with the addition of lanthanum 

there is possibility of the formation of these phases, 

predominating phases being La.A14, LaCu4j  LaCu6 and LaCu5, 

the amount of which should increase with increased addition. 

Presence of these phases could not be dectected on our 

metallographic study probably due to their submicroscopic 

size. Increase in hardness and tensile strength with 

lanthanum additions beyond 0.1% may be due to the increas-

ing amount of these fine intermediate phases. The refining 

effect produced is due to the presence of fine particles 

of these int  e phases. acting as nuclei during 

sol_idifi cat1.oYLa The increase in O elongation may be 

attributed to the refinement of cK in the microstructure. 

The sli c  beneficial effect of lanthanum addition upto 

041 on the machinability can easily be understood on the 

basis of the following considerations: 

1) The slight refinement effect produced due to 

lanthanum addition should result in the 

improvement of machinability. 

ii) The increasing amount of intermediate phases 

with increased lanthanum addition should' 

bring about 'n adverse effect on machinability. 
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Lanthanum is found to have no solid solubility 

in aluminium and. copper. Following intermediate phases are 

reported:  La3f,1, a32 La l,  La  .. 2  and LaA14;. LaCu, LaCu2, 

LaCu.4, LaCu6 and LaCu5. Thus with the addition of lanthanum 

there is possibility of the formation of these phases, 

predominating phases being La.A.14, LaCu4, LaCu6 and LaCu5, 

the amount of which should increase with increased addition. 

Presence of these phases could not be dectected on our 

metallographic study probably due to their submicroscopic 

size. Increase in hardness and tensile strength with 

lanthanum additions beyond 0.1% may be due to the increas-

ing amount of these fine intermediate phases. The refining 

effect produced is due to the presence of fine particles 

of these int lm di -e phases. acting as nuclei during 

solidific .ti,ovtia The increase in % elongation may be 

et -ibuted to the refinement of ex in the microstructure. 

The Siij beneficial effect of lanthanum addition upto 

0,1% on the machinability can easily be understood on the 

basis of the following considerations: 

1) The slight refinement effect produced due to 

lanthanum addition should result in the 

improvement of machinability. 

ii) The increasing amount of intermediate phases 

with increased lanthanum addition should' 

bring about 'n adverse effect on machinability. 
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Since the amount of intermediate phase should be 

very small, for lanthanum addition upto 0.1% the beneficial 

effect due to (i) may predominate over the adverse effect due 

to the presence of intermediate phases with a net result 

of improvement in machinability. For higher additions, 

ho~rever, the increased amount of hard intermediate phases 

should bring about the large adverse effect, predominating 

over the slight beneficial effect due to slight refinement, 

resulting in decrease of machinability 

8,4.1.4 	Effect's of neodymium dditionsa 

The salient features of the results are given hel. owl. 

i) On metallogyaphic study it is observed that 

there is appreciable refining effect in 	grain 
1T 7_t neodymium adda.t ion beyond 0.2% upto which 

very little refining takes place. 

ii) The tensile strengU decreases Lost linearly 

upto 0..2% at- n beyond which it again rises, 
iii) The % elongation increases to more or less a 

constant value at about 0.1 Wt % addition. 
iv) The hardness also increases to a constant• 

value at about 0.1 % neodymium addition. 

v) Both chip thickness ratio and shear plane angle 

N decrease to constant values at 0.1 Wt% 

addition. 
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vi) H.P,/Cm3/m n. is found., to re~a:Qvc% a? most 

constant %r1. ; neody~7fum additions, 

Neodymium : s reported to have solubility of 0.2% 

in aluminium and no solubility in copper, The only phases 

that are formed 'are NdA1, Nd,Al2 and NdC'u5. Thus with the 

addition of Nd content upto about- 0.2% of it will go intio 

solid solution, beyond which it may react with aluminium 

and copper to form the abo-re : t ermediat e phases. These 

ph ses could not be detected on metallographic study 

probably due to their being of submicroscopic size. The 

refining action produced beyorg o.2% may be due to the 

presence of these fine intermediate phases acting as n.u.c-LfL 

during solidification. Thy increase in tensile strength and 

hardness may be due to fine dispersion of the intermediate 

phases. The i,mcrease in % elloragation upto 0.1% may be due 

to neodymium going into solid solution. 

The machlinabi 1ity has been found cc at to remain 
a. Adtiti.'o,~ 

almost unchanged with neodym .umhthough detectable refining 

effect has been produced at about 0.2% addition. 

It appears that little beneficial effect produced 

due to refining on machinab _T t; is col,nter..balanced by the 

adverse effect due to the presence of intermediate phases 

resulting in almost constarl value of machinability 
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8.4.1.5 	Effect of misch metal additions: 

The salient features of the results are given below: 

i) There appears to be appreciable refinement of 

the a - grains with misch metal addition. The 

normal phases that exist are a grains, and 

Cul';12  phase at the grain boundary. With 

increasing misch metal, there appears to be the 

presence of some additional phases in addition 

to the normal phases, the amount of which seems 

to increase with further. addition.(Plates 8.15 

to 8.18) . 

ii) The tensile strength decreases to a cons-tant 

value at about 3 % addition. It decreases at an 

appreciable rate upto 1% beyond which the rate 

decreases, 

iii) The % elongation goes on decreasing with 

increasing misch metal addition. 

iv) Hardness increases to more or less a constant 

value at about 	1% addition. 

v) Both chip thickness ratio and shear plane angle 

0 	increase, with misch metal addition, 

appreciably upto 1.5%, and at a slow rate 

between 1.5% to 3%, indicating the beneficial 

effect on machinability upto 	3% addition 

from chip formation consideration. 
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vi) HP/Cm/min. is found to decrease gradually 

with misch metal -addition upto 	3% the result 

being in agreement with chip thickness ratio 
and shear plane angle 0 plot. 

The above effects so observed with misch metal 
addition can easily be explained on the basis of the 

effects of individual elementsv(~- , CerLumjlanthanum, and 
neodymium. contained • in misch metal. Cerium and neodymium 

dissolve 	upto 0.05% and 0.2% by weigh t in aluminium 

respectively. Lanthanum has no solid solubility. The above 

three elements are found to have no solid solubiti:ry in 
copper. Thus out of cerium , lanthanum &neodymium contQnt 

of misch metal very little goes into solid solution. 

Most of the cerium and lanthanum will react with aluminium 
and copper -to form the intermediate phases: Pa4Ce, A14La, 

CCu4, CeCu6, LaCu4, LaCu5 and LaCu6 etc. The presence 

of the above phases has been actually observed on metal7.o-
graphic study though the exact nature could not be 
detertned on metallographic study only. The refining effect 
produced may be due to the presence of fine particles of 
these intermediate phases acting as nuclei during solidi-
fication. It can easily be seen from the effect of 
individual elements, that all the three elements cerium, 
lanthanum and neodymium have contributed in refining the 
grains. The large refining effect produced may be due to 

:Large cumulative effects produced due to these elements. 
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The decrease in tensile strength upto 1% addition 

of misch metal is not, surprising. 1% misch metal will contain 

approximately 0.5% Ce, 0.2% La and 0.15% Nd. Tt 'can easily be 

seen from the effects of individual elements that detrimental 

effect produced by misch metal upto 1% is contributed by 

all the three elements. Bolh cerium and neodymium have 

ct:,imontal effect, on tensile strength upto 075% and 0.2% 

addition respectively,beyond which they have beneficial 

effects, while lanthanum has det imental effect produced due 

to lanthanum addition is counterbalanced by. the slight 

beneficial effect produced due to cerium and neodymium. 

Fig. 8-05 indicates the effect, of misch metal 

addition on % elongation. The % elongation is found to 

decrease almost linearly with misch metal addtion. It is 

interesting to note that where all the three elements 

cerium, lanth< cm and neodymium have beneficial effects on 

elongation, the effect of misch metal addition can not 

be explained on the basis of the effects of individual 

elements. The decrease-  in % elongation maybe probably due 

to large increase in the amount and coarsening of the 

precipitates. 

Large beneficial effect of misch metal addition 

on machinability has been produced upto 1.5% addition both 

from chip formation and power consumption considerations. 

Beyond 1.5% add—ition the- machinability tends towards 

constancy from chip formation consideration although from 
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power consideration it steadily decreases with misch metal 

additions. The improvement in machinability with misch 

metal addition can easily be understood on the basis of 

the following considerations e 

i) With misch metal addition refinement of 

grain takes place, tending to improve the 

machinability. 

ii) With increasing misah metal addition there is 
an increase in the amount of the brittle 

intermediate phases resulting in improvement in 

machinability. 

For lower additions since the amount of intermediate 

phase is very small )  there appears to be large increase in 

machinability due to refinement. For higher additions 

however a part of the beneficial effect is counterbalanced 

by the adverse a-feet produced due to increase in the 

amount of interr1_ed.iate phases resulting in decrease in the 

rate of increase of machinability with misch metal addition. 

8.4.2 	Effects of addition of tantalum rare-earth metals 

and misch metal on the properties of alloy 122 

8.4.2.1 	Effeci of tantalum additions; 

The salient features of the results are given below3 

i) There is pronouneed refining action of tantalum 

addition upto about 0.15% addition. No signifi- 

cant effect is observed on further additions, 
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ii) The tensile strength increases upto 0.025% 

addition beyond which it decreases to a consta-

nt value at about 0.1% addition. 

iii) The % elongation decreases upto 0.05% 

addition. Between 0.05% to 0.1% addition there 

is a slight increase. With further additions 

it again decreases almost lineafly. 

iv) The hardness first decreases upto about 0.1% 

addition, beyond which it increases to a 

constant value at about 0.15% addition. 

v) Both chip thickness ratio and shear plane 

angle 0 increase upto 0.1% addition, beyon. 

which each decreases to a constant value at 

about 0.15% addition. 

vi) H,P./Cm3/min. is found to decrease upto 0.15% 

addition beyond which it again increases. 

As discussed earlier since tantalum has no 

solubility in aluminium, with the addition of tantalum the 

enly intermediate phases formed is Ta-A13, the -amount of 

which will increase with increased additions. The large 

refining effect may be due to the presence of fine particles 

of the intermefiallic compound. The increase in tensile 

strength may be due to the large aamount of refinement of 

primary alpha and eutetic. 
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The improvement in machinability for smaller 

additions upto 0.15% addition 9 may be attributed to the 

large refinement of primary alpha and eutectic i  since 

the adverse effect due to intermediate phase will be 

very small. For larger additions the large adverse effect 

due to large increase in the amount of intermediate phase, 

will predominate over the beneficial effects due to 

relining with a net result of decrease in machinability. 

8.4.2.2 	Effects of cerium addition. 

The salient features of the results are given below: 

i) There is a pronounced refining action of 

cerium addition upto a bout 1.5% cerium. At 

about 1.5% cerium, * some new phase in addition 

to the alpha solid solution and the eutectic 

makes it.s appearance and seems to increase with 

f ruttier addition. 

ii) Tll(, tensile strength is found to increase 

appreciably with cerium addition, gradually 

upto 0.5% beyond which it decreases. 

iii) The % elongation decreases to a constant 

value at about 0.5% additior 

iv) The hardness is found to increase upto about 

0.5% addition beyond which it decreases. 

v) Both chip thickness ratio and shear plane angle 

0 decrease upto about 0.5% cerium addition 

beyond which the values go on increasing 

almost linearly with cerium additions. 
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vi) HP/Cm3/min. increases upto about 0.5% cerium 

addition beyond which it goes on decreasing 

with further additions. 

Since cerium dissolves only upto 0.05% in 

aluminium and has no solubility for copper, with the 

addition of cerium very little of it goes into solid 

solution, most of it reacting with aluminium and copper 
to form the intermediate phases AI4Ce j  Al2Ce, Cell, Ce3,12, 

CeCu2, CeCu4  and CeCu6; the predominating phases being 

A14Ce, CeCu4  and CeCu6. The refining effect produced as 

already explained may be due to the presence of these 

fine particles acting as uncle'i during solidification,, The 

large increase in tensile strength and hardness upto Oa 

addition may be atttibuted to th.e refinement of alpha, and 

increasing amount of intermediate phases finely dispersed 

in the matrix. The decrease in tensile strength and hard- 

ness beyond 0.5% may be due °̂recoars hng  of the precipitates. 

Detrimental effect of cerium addition on 

machinability has been cbsealved upto 0.5% beyond which 

machinability increases. The machinability of the alloy 

treated with 1.5% cerium is slightly bet eT than the 

untreated original alloy. The detrimental effect of misch 

metal addition upto 0.5% on machinability may be due to 

increase in hardness and tensile strength, thereby offering 

'larger resistance to cutting. The increase in machinability 

beyond 0.5% may be due to decrease in hardness and tensile 
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strength due to coarsening of the precipitates. 

8,4.2,3 Effects of lanthanum additions : 

i) Metallographic study indicates that there is 

a 1 arge refining effect of lanthanum addition 

upto about 0.2%. On further additions no 
detectable effect is observed. 

ii) The tensile strength is found to increase 
with lanthanum additions appreciably upto about 

ID.1% and slightly between 001 to 0.3%. 

iii) The % elongation decreases to a constant 

value at about O2% lanthanum addition. 
iv) The hardness remains almost unchanged with 

lanthanum addition. 
v) Both chip thickness ratio and shear plane 

angle 0 decrease slightly upto about 0.1%. 

Between 0.1 and 0.2% b oth t he values increase, 

and with further additions the values become 
almost unchanged. The values for the alloy 

treated with . '-0.3% are almost equal to that 

of the original untreated allo?T, 
vi) BP/cm3/min remains almost constant with 

1 anthanum additions. 	 - 
Lanthanum is found to have no solid solubility 

in aluminium and copper. Thus with the addition of lanthanum 

there will be possibility of formation of large amount of 
intermediate phases: La3Al, La3Al2, LaPJ., LaA121  LaA14y LaCu )  

P 
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LaCu2, LSaCu4= LuCu59 LaCu6 resulting in increase in 
tensile strength and corresponding decrease in % elongation 

The above phases could not be detected on met4lographic 

study probably due to their being of submicroscopic size, 

From Fi4;. 8.16,it can be, seen that almost no beneficial 

effect is obtained on m achin abil ity both from chip f orma-

tion and power considerations. It appears that slight 

beneficial effect due to refinement is counterbalanced by the 

adverse effect produced due to presence of brittle inter-

mediate phases, restating in almost constant value of 

machinability, 

8.4.2,4 Effects of neodymium additions :- 

1)  There appears tobealittle refining effect 

of neodymium addition on the microstructure. 
ii) The tensile strength increases with neodymium 

addition appreciably upto 0.1% and slightly 
between 	0.1 and 0.3% addition, 

iii) The % elongation decreases to a constant value 
at about 0.1% addition. 

iv) The hardness in,,... eases to a more or less constant 

value at about 0.1% addition. 
v) Both chip thickness ratio and s~:_,; ar plane angle 

O slightly decrease u.pto 0.1% addition , Indic a--
ting the slight detrimental' effect with 

further additions they increase to more or less 
constant values at 0.2% addition. 

vi) Hl'/Cin 3/min, remains almost unchanged uptyo about 
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0.1% addition beyond which it decreases upto 0.2%. 
With further additions,value becomes almost constant, 

With the addition of neodymium y it will go into 
solid solution upto about 0.2% in aluminium. Thus the amount of 

intermediate phases Nd.Al29  NdA1 etc, formed due to reaction 
of neodymium with aluminium should be very small. If refining 

effect observed is due to the presence of fine intermediate 

phases, as discussed in earlier cases, it is expected that in 

case of neodymium addition, very little refining effect should 

be observed. The results are in confirmity with these facts, 

The increase in tensile-strength may be attri-
buted partly to the neodymium going into solid solution 

distorting the lattice, enhancing the strength and partly to 

fine dispersion of intermediate phases particularly at higher 

additions, 

Fig. 8.18 indicates that almost no beneficial 

effect is obtained on machinability. Maehinability remains 

almost unchanged with neodymium addition, It slightly decreases 

upto lbout 0.1% addition beyond which it increases almost to 

its original value. The slight decrease in machinability upto 

0.1% may be attributed to the increase in hardndss and tensile 

strength,  Since tensile strength and hardness femain almost 

constant beyond 0.1% a slight refinement effect will bring 

about slight increase in machinability. The above fact is 

not so much apparent from chip formation consideration, the 
H.P. values are in complete confirmity with the above 
expl an at ion. 



8g4.2,6  Effect of misch metal additions: 

There is a prof o Aced refining action of 
mis0h metal upto about 1%.addition}   No 

significant change is observed on further 

additions. Beyond 3% addition some new phase 

in addition to the alpha solid solution phase 

arld the a .tect icy  makes its appearance an 

seems to .ncrea$e with fruther additions. 
ii) Beneficial effects due to the addition of 

misch metal have been observed on tensile 

strength, % elongation and hardness at room 

temperature upto about 3% addition. With 

further additions the values are found to 
decrease. 

iii) Both_ chip thickness ratio and shear plane 

angle jO increase upto 1% addition beyond which 

they decrease to constant values at about 

1.5% addition. 

iv) HP/Cm3/min. is found to decrease upto about 

1% addition beyond which it increases to a 

constant value at about 1.5% addition. Values 

are found in agreement with the chip thickn3ss 

ratio and shear plane angle 0 values indicat-

ing the beneficial effect of misch metal on 

machinability upto about 1% from both the 

criteria. 

318 
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The striking increase in tensile strength, hard- 

ness and % elongation at room temperature in the alloy on 

adding misch metal may be attributed as in the eslier 

cases to the refining of the structure, and also the 

appearance of submicroscopic particles of new phases. 

Most of the rare earth elements contained in misch metal 

do not go into solid solution and may be expected to react 

with aluminium and copper to form i.ntermc;allic compounds 

which will increase with increase in misch metal content. 

The refining effect produced with misch metal addition 

is not surprising. All the three elements cerium, 

lanthanum and neodymium contained in misch metal have 

produced ref t g effect on the alloy individually. The lay 

refining effect of misch metal may be the cumulative ef.f cctc 

of all the three elements. The decrease in mechanical 

properties beyond 3% may be due to relatively increased 

amountsof 'intermetallic compounds, their non.uniform 

distribution as well as recoarsening of the matrix. The 

nature of the insoluble phases could not be confirmed by 

met alto graphic study only. 

The increase in tensile strength and hardness 

with misch metal addition can easily be explaihed on the 

basis of the effects of individual elements cerium,lantha- 

num contained in misch metal. It is interesting to 

note that beneficial effects have been produced due.to  
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all the three elements when studied seperately. Thus the 

large beneficial effects, of misch metal may be the cumt.i.-

lative effects of all the three elements. 

The increase in % elongation with misch metal 

addition can not be explained on the basis of the effects 

of individual elements, since all the three elements have 

individually produced detrimental effects on % elongation 

and the effect of misch metal is to increase the % 

elongation. This is probably due to the fact that very large 

refining of alpha grains, is obtained with misch metal 

addition,predominating over the adverse effect due to 

brittle intermediate phases. 

It is interesting to note that the alloy treated 

with misch metal upto 1% is superior from strength as well 

as machinability consideration. -Uloy treated with further 

addition upto 3% is better only from strength consideration. 

The improvement in machinability upto 1% misch 

metal addition may be attributed to the large refining 

effect produced, predominating over the slight adverse 

effect due to intermediate phases. For further additions 

upto 1.5% the adverse effect due to the large increase 

in the amount of intermediate phases and increase in 

strength predominates over the beneficial effect produced 

due to refining, resulting in slight decrease of 

machinability. 



CHAPTER IX 

EFFECTS OF TANTALUM AND RARE 
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LITY AND MECHANICAL PROPE-- 
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ALLOYS AT ORDINARY 
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CHAPTER Ix 

9.1 GENERAL INTR09JC ION. 

The commercial importance of aluminium-silicon 

alloys is borne by the fact that they now account for about 

half of . the world's light alloys production. The alloys 

have very wide applicability in the manufacture of objects 

like pistons for internal combustion engines and cylinder 

blocks requiring good resistance to corrosion and wear. They 

have very good casting properties and a wide strength/ 

weight ratio. 
Aluminium dissolves very little or silicon in 

the solid state. The percentage of silicon found in the 

solid solution in aluminium at eutectic temperature is 

1.65% by weight. The solubility decreases with decrease 

of temperature and comes down to 0.65% at 200°  C. Ordinarily 

silicon is coarsely dispersed in the form of flares which 

affect the mechanical properties of the alloys adversely. 

T.he distribution and size of silicon particles pan favoura- 

bly be modified by certain additions like sodium, alkali metals 

and alkali fluorides. Modification process refers to a 
process In which eutectic temperature, structure and compo-

sition of alloys are apparently altered by addition of small 

amounts of another constituent. 
The present investigation reported has been 

undertaken with a view to explore the possibility of rare- 

0 
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earth met als principally as modifier and secondarily as a 

beneficial alloying addition to aluminium silicon alloys. 

The micro-structure as well as mechanical properties of hyper-

and hypo alloys, alloyed with different amounts of misch 
metal, lancer amp 2 and rare earth fluorides in the molten 

condition, have been studied. The cooling rate during soli-

dification affects the structure and mechanical properties 

drastically. Faster rate of cooling makes the structure finer 
and improves the mechanical properties. In order 'to investi-

gate the effects of rate of cooling during solidification alloys 

have been cast in permanent as well as in sand moulds, 

The mixture of metals in the form of misch metal and lancer-
drip 2 was preferred to one or more of the pure metals because 

of its low cost and easy availability in India. 	The cheaper 
mixture of rare earth fluorides has atso been used with the 
expectation that fluorides will have an additional advantage 

of hydrogen degassification in aluminium alloys. Influence of 

minor additions of pure metals has also been investigated to 

understand more fundamentally the causes of behaviour of the 

mixtures based on the effects of individual elements, viz., 

Cerium, lanthanum and ne odymiu contained in the mixture of 
rare earths. 

As no systematic work seems to have been carried 

out on these lines, it is hoped that these investigations 
will prove useful in the development of new lighter alloys 

with better machinability, mechanical and structural 
properties, 
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9.2 PREVIOUS WORK ND THEORIES ACCOUNTING FOR MODIFICATJON: 

Uptil 1900, the addition of silicon to aluminium 

was considered to be detrimental, In 1891, howeve °, Minet (156) 

recognized that an abnormal mode of crystallization could 

occur in the alloys of aluminiumand silicon. In 1920 Pacz(157; 

discovered that the mechanical properties of aluminium shine, 

alloys could be materially improved by the addition of a saT-.. 

quantity of an alkaline fluoride. This process was given the 

name "Modification". In 1922 and 19239 Edwards, Frary and 

Churchil (158) introduced the use of alkali metals whilo 

Guyer and Philips (1F9) introduced the use of alkaline ea-;h 

metals and their oxides and hydroxides for modifications ,Tne 

function of the modifying agent is not known and several 

theories to account for modification have been put forward. 

9.2.1 Guillet 's True flux theory 

The theory was proposed by Guillet (160) in 1722k 

According to him the modifying reagent reacts chemically in sac:i  

a way as to remove the impurities, alumina and silica by 

reduction. The improvement in the mechanical properties was 

believed to be due to increased purity. The theory failed to 

explain any of the facts associated with modification. 

9.2.2 .Ilotropic modification theory : (161) 

Jefferes proposed, at about the same time as true 

flux theory, that two systems of aluminium silicon alloys ex~.st ; 

one of which is metastable. This theory was quickly abondoried, 
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when it was shown by X-ray diffraction methods that the same 

allotropic modification existed in normal and modified alloys. 

9.2.3 Ternary phase theory: (162,163,164) 

Curran (162) and Otani (163) suggested indepen-

dently the ternary Al-Si-Na system as an explanation of the 

part,sodium played in the production of modified structure. 

Ransley and Newfield (164) attributed the formula 

Al Na Si 1.25 or Al Na Si 1.33 to the ternary phase. They 

found a ternary eutectic at about 0.017 wt. pereentage sodium, 

The ternary alloy theory attempted not only to 

account for the improvement in the properties but also to 

explain the depression of the eutectic . solidification 

temperature. This theory fails , however, to account for the 

change in the eutectic composition during modification and 

for the fact that the modified eutectic melts at the same 

temperature as the normal eutectic. The theory does not 

also account for the presence of both primary phases in 

modified hyper eutectic alloys. 

9.2.4 Colloidal  Theory  

The colloidal theery was proposed by Guyer and 

Phillips (165), Above the melting point ,the state is of 

complete atomic dispersion. But on solidification the state 

is crystalline. This theory states that in transition from 

the dispersion state to crystalline state substance passes 

through a colloidal state. The particle size is 10-0  to 10"r1  

cm . in diameter. The crystal normally ,rows because the 
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colloids usually coalesce. But in presence of certain "colloid 

protectors" this coalescence is retarded and so the crystal 

growth is inhibited. These colloid protectors are known as 

modifying agents. 

The theory failed to explain the following(l66) 

	

1) 	According to this theory coalescence of smaller 

particles results in eutectic, which is not true. 

ii) In order to account for the effect of sodium, 

the theory depends on the limited solubility of 

sodium in aluminium and silicon and offers no 

explanation for the 'fact that Li and to a small 

extent Ca and Mg., which are soluble in aluminium- 
silicon 	alloys in all proportion, can effect 

modif ic at ion. 

iii) Further there are metals such as lead and bismuth, 

which like sodium, are partially soluble in 

aluminium silicon alloys and yet do not cause 

modification. 
iv) C hange brought about by rapid chilling of sodium 

free alloys. 
v) Presence of both primary phases in modified 

hper-eutectic alloys. 

9,2f5 Thal and Chalmer's theory (167) 

Examinations of the early literature revealed 

numeron.s inconsistencies in the result of thermal analyses, 

the temperature of solidification of modified eutectic for 
example being reported over the range of 576°  C - 560°  C. 
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The beg- oing of primary solidification in modified alloys 

is variously to be above and below the normal temperature. 

one of the theories was able to account for modification. 

B-' Lb -,)dii:lca"'L•ion and ;`:herm,ai experiments were carried out. 

Beosuse of the hi gh volatility of sodium and its ease of 

c_ :i dat ion; one af the uncertainties in all the earlier work 

on :roc,; _ ic2tio:n.;3 has b..;-an the actual. soc$i.iir ^)'tent of the 

,L-_oyso Th0U and Ghhalmer° 	adopted radioactive method.to 

estimate Na. content. From the results of the radidactive 

experiments it may be conc1uded that sodium is present in al all 
i1 e nil.oys to which it was ac1ded the percentage depending on 

X110 smount 	ded to the melt and on the rate of solidifica- 

t jeer Remnoul. ding the alloys e p:I do s a loss of some but not 

_."_ the sJ .1.1:71; Vii 	s!f1c' r~ 	 increases the ~.1~i.i a in 	J. 	 loss. 

T 1e'-rrjlai exp e ^ .menu a ;ing the more modern 

e(L4.:.pment rind purer motels wtieoee :"epeated, The object of these 
xpe i..rencs was to ce term1n,. the ,emperature of eutectic 

ac . ii.if c:;..on a„d of begini_ng of primary solidification for 

rlcy of various composition with and without sodium 
ad. i iY on end with C i.^ferent cooling rates. 

Following con ;luriorr were derived from the 

e :p`•r 	so 

) 	Tea > 'reeenee of soli , r aepresses she temperature 

of  ~. outectio so'. 1d 3 .. c t.ion0 

The presence of sodium does not affect the 

ter,perature of primary solidification. 
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Previous investigators had concluded that the 

sodium burned off in remelting the modified alloys, since 

heating curves of the modified alloys indicated that the 

modified eutectic melts at the same temperature as the 

normal eutectic. The results of the radioactive experiments 

showed that sbdium was still present after rernelting. 

Tha1.l & Chalmers suggested that the presence of 
a concentration of sodium in the aluminium surrounding 

the silicon crystals decreased the surface energy and the 

interfacial tension bets 	the solid aluminium and the 

solid solution. This will result in the suppression of the 
silicon crystals, and will evidently have no effect on the 

melting point of the eutectic. 

9.2.6 Mitchel's theory (168) : 

Mitchel and others have proposed that sodium 

removes or poisons nuclei such as hydrogen (or hydrides) 

and nonmetallic, inclusions and alters the nucleation pattern 

for the eutectic crystallization of silicon. The suggestion 

that sodium poisons or removes nonmetallic nuclei such as 

hydrogen or hydrides do not seem reasonable because their 

treatments such as chlorine fluxing, which removes hydrogen, 

do not cause modification. 

9,,2.7 Plumb and Lewis theory (169) 

Plumb and Lewis reported that they had not 

observed selective adsorption of sodium by the molten phase 
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through the use of autoradiograptiy. Instead they found, the 

sodium uniformly distributed with in 10? .resolution limit 

of their technique. Also using chemical analysis methods 

they found no evidence of selective segregation o:' sodium in 

the silicon phase with increasing sodium concentration. From 

the results of an electron microscope study they concluded 

that fine modified eutectic produced by chit casting and 

that produced by sodium treatment were sufficiently alike 

microstructurally to cast doubt on any contention that 

different mechanisms were involved in these two ways of 

obtaining modification. 

A theory similar to a hypothesis advanced by 

Edward (158) was proposed. Adcording to it the addition of 

modifying agent retards nucleation of eutectic silicon at the 

'unrlodified' eutectic temperature and causes solidification to 

, occur at a steady state temperature considerably below the 

freezing point where diffusion is slower and individual sili-

con crystals cannot attain so large a size. Two ways in which 

sodium could present the formation of stable nuclei at the 

normal eutectic temperature are (i) by adsorption on the nuclei 

so making it difficult for. them to grow to a stable size or 

(ii) by adsorption on the solid sur-faces (most probably on 

aluminium) where the silicon crystals form. 

9.2.8 Kum  and  Heine's hypothesis (170)  a 

The literature survey revealed a lack of data 

supporting the theories of modification. Specif icalJ y;  it s 

not covered in the literature are as follows 
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I) The mechanism or path or. solidification of the normal 

and modified alloys, including the temperature of 

initial nucleation of the silicon phase, growth-
temper ature range, and completion of solidification. 

ii) The influence of nucleation and growth temperature on 
the morphology of the silicon phase. 

iii) The effect of variable cooling rates. 
iv) The influence of silicon content or alloy composition 

on items (i) 	d (ii) above, 
v) The difference existing between the true modified 

eutectic and the pseudo modified eutectic produced 
by rapid cooling, if any. 

vi) Supporting evidence concerning contact angles, 

interfacial energies, and concentration gradients. 
vii) Common properties of elements causing eutectic 	`. 

modification 
viiI_) A.  critical nucleation and growth temperature 

experiment. 
ix) 	A hypothesis applicable to other systems involving 

modification. 

Some of these gaps were filled in by this theory, 
Particularly in relation to items (i) to (v) and (vii) to 
(ix). 

The phenomenological aspects of the processes of 
solidification in modified and normal aluminium silicon 

alloys were described for the composition range 7.0 - 17.0 

silicon. The techniques of interrupted slow cooling followed by 
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quenching and interrupted isothermal quenching were used for 
this purpose #  Elements that produce modification were studied. 
and the requirements - sly' a modifying element were formulated 

from the results. The shape of the silicon particles, which 

grow during solidification has proved to be temperature depen-

dent. The specific temperature ranges of nucleation and growth 
in the 7 w 17% silicon range studied were as follows ;.- 

i) Polyhedral silicone nucleation and growth at 

temperature down to 583 °C. 

ii) Coarse silicon plates: nucleation and growth at 
and slightly below 583°  C. 

iii) Fine silicon plates growth below 583°  C with 
increasing cooling rate, 

iv) Globular silicon: nucleation and growth at 580°C 

and below. This produces the modified eutectic 
in sodium treated alloys and pse-tjdo—modified 
eutectic in chill cast alloys, 

v) Idiamorphic silicon (primary silicon in hyper 

eutectic alloys) from the liquidus temperature 
down to temperatures of plate growth. 

Polyhedral silicon and coarse silicon plates 

in normal alloys is produced by the habit characteristics of 
the higher temperature of formation. In modified alloys the 
growth is favoured on crystallographic planes of the lattice,  
which produces a globular shape, According to them, the 
modifying element depresses the nucleation temperature, 
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lowers the growth temperature thereby changing the growth 

shape from coarse plates to globular silicon. 

Following conditions for modification were given,-. 

i) The binary system should be of proper type. 

There should be a substantial difference in 

melting point between the two components. 

Further the precipitating or high melting point 

phase should have low solubility for the solvent 

phase. In addition the eutectic should be rich in 

the solvent or low melting phase component. 

ii) The modifying element should have a tendency to 

form compounds with the precipitating phase at 

a temperature below the normal eutectic temperature. 

Further the modifying element should have a low 

compound forming tendency, low solubility and 

possibly a mtsc ibility gap with the solvent 

phase. The modifying element probably should 

have a low melting point ( and boiling point) 

relative to low melting "b:inary phase component. 

£.3  EXPERIMENTAL PROCEDURE. 

9.3.1 Preparation of Aluminiumicon alloys and ad ition 
Of ant alum and rare e ar the to the s ;nne : - 

The required amounts of aluminium and silicon 

including an additional amount of silicon to account for tho 

loss in preparation were charged ir~to a graphite crucible heated 

in an oil fired furnace. Precautions were taken to avoid gas 
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absorption. Four heats were prepared. Alloys were cast into 

blocks. Each heat was chemically analysed for silicon content. 

The chemical analysis report is given in Table 9.01. 

TABLE 9.01 

No.of heat 	Desired composition 	Actual composition 

1 	 12%I 	 11.9 % S i 
Erper { 

2 12% Si 	 13, 0 %1 S T. 

3% 8 o Si 	 7.5 % Si. Hypo 
4 ( 8% Si 	 9.0% Si 

Pieces weighing about 400 g!rs~ cut from the block 

were taken in a temperature controlled electric furnace. 1ghen 
the temperature of the melt reached 800 0C9 the crucible was 
taken out and weighed amount of rare earths w appe.d in aluminium 

foil was plunged into the molten metal and agitated mildly 

with a graphite rod. In order to add tantalum melt was 
super heated to 10000 C. 

After the additions, the alloys 1.rere allowed to 
remain in the furnace for about 20 1,i)nutas for complete homo- 
geniz ation. The crucible was taken out and when the temperature 
of the melt reached 700 °Cg alloys were cast in sand or cast 
iron moulds as desired. Pou:i°ing temperatu 	and other conditions 
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during addition and casting were kept exactly similar in 

all the cases., Heats No. 1 was used for additions of 

tantalum, cerium lanthanum and neodymium and hea;; No ,2 was 

used for misch metal addition. Heats No. 3 and 4 were used 
for additions of misch metal, lancer 'a-amp2  and rare earth 
fluorides respectively. 

9.- E) ERINENT AL FESULTS 

9.4.1 	Effects of tantalum additions ",o hyper-eutectic Al Si alloy (11.9% Si) 

The results are given in Figs. 9,01 and 9.02, 
Table 9.02 and plates 9,01 to 9.06, 

9.4,2 Effects of cerium additions to hyper-eutectic 
Al-Si  alloy (11.9% Si) 

The results are given in Fig. 903 and 904, 
Table 9.03 and plates 9,07 to 911 

9,4,3 Effects of lanthanum additions to hyper-eutectic Al-Si alloy (11.9% Si) 

The results are given in 'Figs, 9,05 & 9.06, table 
9.04 and plates 912 to 9.,16. 

9.4.4 Effects of neodymium additions to hyper- 
eutectic 	--Si alloy (11,9% Si) 

The results are given in Figs. 9.07 & 9.081, 
table 9.05 and plates 9,17 to 9.1.9. 

9.4.5 Effects of misch metal addition to hyper. 
eutectic Al-Si alloy (13% Si)  o- 

The results are given in Figs. 9.09 to 9.11, 

tables 9,06 & 9e07 and plates 9,20 to 9.32 



334 

9.4.6 Effects of lancer-aznp2  additions to hyper-eutectic 
aluminium silicon alloys (13% Si) :- 

The  results are given in Fig. 9,12, table 9,,08 

and plates 9.33 to 9.38. 

9.4.7 Effects of rare-earth fluorides addition to 
hyper-eutectic aluminum silicon alloys (13% Si) : 

The results are given in Figs. 9.13 & 9.14, 

table 9.09 and plates 9,39 to 9.48. 

9.4.8 Effects of rara-earth fluorides additions 
to hypo-eutectic aluminium-silicon alloys 
(7.5%Si) i 

The results are given  in Figs. 9.15 . table 9.1.0 9  

and plates 9.49 to 9.52. 

9.4.9 Effects of lancer-amp2  and misch metal 
additions to hypo-eutectic aluminium 
silicon alloys (9% Si) o- 

The results are given in Figs. 9.16 & 9..1?, 

table 9.11 and plates 9.53 to 9.62. 
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TABLE 9.0 9• 

EFFECTS OF TANTALUM ADDITIONS ON THE NECHIANIC. L PROPERTIES & MACHIN: BILITY OF HYP..ER'E?)TECTIC ALUMINIUM-SIL:~CGN .'?,JOY 
11.9% Si) , METAL MOULD CAST. 

S. % alloy- Tensile % elonge.- Hard Chip 
	Shear 

	

No. ing 	st r n h 	 a HP/cm3 

	

element. k me g 	tion. 	ness thick 

	

g /cm 	 plane min. VHN ness a ngl e 
ratio 

- 

	

1 Pure 	6.1 	2.50
m..-  

g4 0.238 12°56' 0.0181 
2 0.005 8.7 

	

1.20 	42 0.204 .100401 0,0189 

	

 3 0.010 	8.9 	1.20 	42 O.17  ~y: ~°~; 1- .r 0 0177 

	

4 0.017 	8.9 	1.2p 	 J 38. 0.202 10047+ 

	

5 Oe025 	9.3 

	

1.20 	41 0.235 12°45!  

	

6 0.075 	7.0 	1.20 	° 40 0.229 1.2°24 0,021 

TABLE 9.0.3 
EFFECT OF CERIUM ADDITION ON THE MEC 

	

& M^ CHIN ABILITY OF HYP EF 	 i It NIC,~L PROPERTIES 
ERI ECTIC ~,.L~i~INIi'M_SILCON ALLOY 11.9% Si) METAL MOULD CAST. 

S • % alloy- Tensile 	p °'~--  No. ing 	stren h ° elonga_ Hard Chi 	3 

	

g tion. 	 Slane HP/cm ness thick Plane min. element. kgm/cm  
VHN Hess angle 

ratio , 
1 0.00 	6,1 	2.50  44 	0,238 12°56+ 0.0181 
2 0.10 

- 	- 0.49Q 290171 0.0155 

	

3 0.30 	7.2 	2.25 0. 
65 0.348 19 49t 0.0230 

	

4 0.50 	6.9 	1.25 	68 0.405 23°34' 0,0243 

	

5 0.75 	7.0 	2.25 66 0.355 200171  0.0250 

	

6 1.00 	7.3 	1.90 
74 0.293 160191 0.0235 
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TABLE 9- 0,4 

EFFECTS OF LANTH^.NZM A )DITIONS ON THE MECH NIC IL } ROPg...,R.7E11s 
& •M ,CHIN,3ILITY OF TrYPEREUTECTIC .;ALUMINIUM-SIITCON ALLOY 

(11.9% Si) , METAL MOULD CAST. 

S. 	% alloy- Tensile 	% elonga- Hard Chip Shear HP /cm: 3 
No. ~ 	ing streng h tion. ness  thick plane min. 

element kgm/cm VHN 	ness angle 
ratio. 0 

1  0.00 6'1  2.50 44  o.238 12
0
56' 0.0181 

2 0.005 9.6 2.80 40 0.238 12056' 0.0165 

3 0.050 14.0. 5.07 68 v.233 120381 0.0231 

4 0.100 7.9: 1.20 60 0.233 12°381 0.0214 

5 0.150 8.2. 3.00  67 0.232 12°34 	0.0241. 

6 0.200 7.9 2.5O 65 o.260 14°16'0.0241 
6 

TABLE 9.O' 

EFFECTS OF NEODYMIUM ADDITIONS ON THE MECHANICAL PROPERTIES 
& MPCHINA^ABILITY OF HYPEREUTEr:TIC ALT]NINIUM SIISCON ALLOY 

(11.9% Si) ,. MET ^W MOULD CAST. 

S. % alloy- Tensile 	% elonga- Hard Chip 	Shear HP/ cm3/ 
No. ing 	streng h 	tion, 	ness thick plane ;yi, 

element kgm/cm 	 VHN ness angle 
ratio 

1 	0 	6.1 	2.50 	44 	.238 	12056° 0.0181 

2 	0.1 4.8. 2 .5 0 54 .232 l2°34 0.0234 

3 	0,2 6.2 2.50 67 .218 11044' 0.0214 

4 	0.3 7.3 2.30 66 .262 140241 0.0217 
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TABLE 9.0'6 

EFFECTS OF MISCH - METAL I!.DD.ITIO BON THE MECHANIC^.L PROPERTIES 
AND MA.CHINABILITY OF HYPEREU3': TIC A.LUMINIUNI-,SI1TC`ON _ALLOY 

(13%' Si) METL MOULD COST. 

No. 
	alloy-  Tensile 	% elonga- Hard Chip Shear HP/crr~3 / ing 	strength t1°n. 

element. 	km/. cm ness thick plane min. VHN ness angle 
ratio 

1  0.0  16.8,  3.0 66 -238 120561 0.0131 

2 	0.2 	20.1 	-3 .0 69 .398 23° 6' 0.0165 

3 1.0 29.1 3.0 70 .332 18°47' 0.0190 

4 1.5 - - -- .258 14°91 0.0204 

5 2 .0 27.3 4.0 - 70 .262 14°23' O,034 

3.0 19.9 4.0 73 .262 14°23 0.0204 

7 4.0 19.6, 2 .0 76 ' .250 13°39' 0 .02:!,2 
8 5.0 15.7. 1.5 '79 

TABLE 9.07 	• 

EFFECTS OF MISCH MET ^I, ADDITIOZ 0:1 THE MECH~.i~ ICJ.L PROPERTIES 
OF HYPEREUTBCTIC "LUMINIUM SILICON-,ALLOY (13% Si) ,  

CST. 

S. 
No. 

. jd alloy-. 
ing 
element 

Tensile e 
strength 
1>.~;m/cm2 

` ~~ 	e~.og~~. 
tt.n~.. \TT N 

1 0.0 'X=`a '' 7.5 3.0 64 

2 0.5 9.2 3.5 64 

3 1.0 ' ~1+O . S 5.0 63 
4 2.0 8.8: 5.0 64 
5 3 .0 8.8; 4.0 67 
6 4.0 8..9 3.5 65 



• - 	
;'Pq 	.-..•.,. 

, 	 4•ç' 

\j .. 

Lc • 

• 	i~3ip Ilia ki"A V; 



1)r 	IW 

1td 

?;f4 





•ter  

~, 	} 	.•r-, 	fir;+;- 	.."'  ^'fir y K?7:35► 	•'.: 	 -'- 	-:A. 	f tk 	A!s Vi 	S' 	 e.' 

Ii 



355 

TABLE 9.0`i 

EFFECTS OF L ,LACER AMP-2 ADDITION ON THE MECH.aNIC.AL 
PROPERTIES OF HYPEREUTECTIC ALUMINIUM-SIIJCON ALLOY ( 13% Si) 	METAL MOULD COST. 

S. % Alloying Tensile % elongation Hardness No. element, strength VHN 
kgm/cm2. 

1 0,0 	.. I6.8 3.0 67 
2 0.2 15.1 2.5 70 
-3 0.5 202 7 4.0 7.0 

4 1.0 26 5.0 72 

5 1.5 a.9r4 5.0 72 
6 2.5 2Q4 4.0 72 
7 3.5 23..5 4.0 77 

TABLE 9.09 

EFFECTS OF Rn.RE EATH FOUORDS ON THE MECHANIC!."L PROPERTIES 
OF HYPEREULECTIC ALUMINIUM SILCON ALLOY (13% Si) 

METAL MOULD CAST. 
METAL MOTTLD CAST 	 S'\JTD CAST 

S. 
NO. 

% alloy- 
ing 

Tensile % elon- Hard ~ alto- Tens- %e1  Hard 
element. 

streng h 
kgm/cm 

gation. ness ying ile rat- ness VHN element stre- tion VHN 
ngth 
k 
cm 

1 0.0 16.9. 3 .0 66 0,00 7,3 3.064 
2 0.2 21.3 10.0 73 0.10 8.'3  2.0 68 
3 	0.5 - - 68 0.20 9.W 2.0 68 
4 1.0 19.4 2.5 72 0.5.0 7. 6 1.5 65 
5 1.5 16.5 ' 30 70 0.75 7.4  2. 0 65 
6 2.5 - - 81 1.00 6.S 1.5 64 
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FIG.9.13_EFFECT OF RARE EARTH FLOURIDE ON THE MECHANICAL 
PROPERTIES OF Al +13 0/0 Si (METAL MOULD CAST) 
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FIG.9.14_EFFECT OF RARE EARTH FLOURIDE ON THE MECHANICAL 
PROPERTIES OF A(.13°/0 Si ( SAND CAST) 
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PLATE 9.43 	 106 X 

Al+13 % Si +0.05wt %R.E. FLUORIDE 
(SAND CAST) 

PLATE 9.44 	 106 X 

Al+13°/0 Si+0.1 wt % R.E. FLUORIDE 
(SAND CAST) 

PLATE 9.45 	 106 X 

A1+13°/0 Si +0.2 wt % R.E.FLUORIDE 
(SAND CAST) 
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PLATE 9.46 	 106X 

AI+13°/°Si+0.5wt°/°R.E.FLUORIDE 
(SAND CAST) 

PLATE 9.47 	106X 

At 	°/o Si+0.75wt 010 R.E. FLUORIDE 
(SAND CAST) 

PLATE 9.48 	106 X 

At+13 °I° Si +1.0 wt °I° R.E. FLUORIDE 
(SAND CAST) 
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wt.*/. RARE EARTH FLOURIDE (HYPO) AI-Si 

FrG.9.15_EFFECT OF RARE EARTH FLOURIDE ON THE MECHANICAL 
PROPERTIES OF At t 7.5 % Si 

FIG.9.16~EFFECT OF LANCER AMP 2 ON THE MECHANICAL 
PROPERTIES OF A1.9 % Si (METAL MOULD CAST) 
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TABLE . IO 
EFFECTS OF RARE EARTH FLHOR.IDE-SON THE MECHANICAL 
PROPERTIES OF HYPO-EUTECTIC- ALUMINIUM-SI CON ALLOY 

(7.5% Si) , METAL MOULD CAST. 

S.No. % Addition Tensile Strength % Elongation Hardness Kgm/mm2 V.Ii. N. 

1 0.00 12.9 3:0 47 
2 0.20 17.6 5.0 60 

3 0.75 15. f5 9,0 50 
4 1.50 14.2. 5.0 53 

TABLE 9.11 . 

EFFECTS OF LANCER -AMP-2 & MISCH MET ^,L ^DDIy'IONS 
ON THE MECHA.NIC~.I, PROPERTIES OF HYPOEITECTT^, ALUMITIUM  S InCO N .~,iiOY (9% Si) 9 METAL MO T LD CAST. 

S. 
No. 

Lancer -a 

I Tensile 	% elan- 
Addition.; Strength gation. 

Kg mm 

1. 0. 16.4 12.5 63 116.4 12.5 63 
2 0.2 15.3. 11.5 61 11 15.0• 10.0 59 
3 1.0 13.3) , 7.0 57 i 14.8 8.0 55 
4 2.0 ; 	10.5: 4.5    

5 8 '+ 
12 g . 7.0 58 

5 3.0 1  8.7 4.0 65 fl, 4. 7.0 67 
6 4.~ 

t 
12.7 4.0 66 8.4 4.0 66 

. i 4 
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OF At .9 O/5 ( METAL MOULD CAST) 



PLATE 9.56 	 106 X 

A1+9°/0 Si + 3 wt% MISCH METAL 
(METAL MOULD CAST) 

PLATE 9.57 	 106X 

At+9 % Si+ 4 wt % MISCH METAL 
(METAL MOULD CAST) 
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9.5 DISCUSSION OF THE RESULTS s 

9.5.1. Effects of tantalum additions to hypereutectic 
aluminium-silicon alloys (11.9% Si) Metal mould cast: 

Salient features of the results arc given below: 

i) Plate 9.01 indicates the microstructure of Al + 11.9 

Wt.% Si metal mould cast. It consists of coarse 

eutectic and primary silicon plates. With increase 

in tantalum addition there appears to be the re-

finement of the silicon plates and the eutectic. 

The amount of a goes on increasing. At about 

0.015% tantalum addition the structure appears to 

get modified. With further additions the amount of 

silicon containing eutectic phase decreases and a 

new phase starts appearing, the amount of which 

appears to increase with further  additions. 
ii) The tensile strength increases upto 0.025% 

addition beyond which it decreases. 
iii) The %-elongation remains almost constant with 

tantalum additions, 

iv) The hardness slightly decreases to a constant value 

at about .015% addition, 

v) Both chip thickness ratio and shear plane angle 

decreases upto 0.01°  addition indicating a slight 
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detrimental effect on machinability. Beyond 0.01% 

addition it increases to a constant value at 

about 0.025% addition. The values of r and 0 of 
the alloy treated with 0.025% addition are almost 

equal to that of the untreated alloy. 
vi) 	Vitt SIP/Qi3/min, slightly increases upto 0.005% 

addition. With further additions it again decreases 

upto 0.025% addition. The unit HP curve is in 

agreement with the chip thickness ratio and shear 
plane angle 0 plot. The optimum amount of tantalum 
addition for best machinability from power consider-
ation is found out to be 0.025% . 

Tantalum  is found to have no solid solubility in 

aluminium ,nd silicon. Thus with the additions of tantal.uri it 
will react with aluminium to form T a.A13  (1542155) and silicon 
to form TaSi2  and Ta„5Si3 (171). The increase in tensile 
strength may be partially attributed to modification, and 
partially to the fine dispersion of intermet a„lic compounds. 

The increase in machinability beyond 0.005% upto 
0.025% may be due to modification resulting in refinement of 

Silicon plates and eutectic; predominating over the slight 

adverse effect due to the presence of intermediate phases. 

For additions beyond 0.025% addition the two effects seem to 

balance each other resulting in constant value of machinability. 
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The modification effect produced by tant.glum 

addition can easily be explained on the basis of recent theory 
on modificatioyj proposed by.  Kim and Heine (170). According to 
this theory9 phase shapes such as polyhedral cooro or fine 
plates in the normal eutectic or globular as in• modified 
eutectic are growth-temporatur uc dependent, The polyhedral 
silicon or silicon plates in normal alloy are Produced by the 
habit characteristics of the 'nigher temperature of formation. 

The modifying element does not cause the ;lobular shape in 

modified eutoctic inste,.id it lowers the nucleation temperature 
to less than 580 °Cg  where the globular shape characteristi-
cally gorws. They have formulated the requirements of a modi-

fying element that it should have a tendonc% to form com-

pounds with the precipitating phase at tomper ature be-I:ow the 

normal outoctic temperature, should have a low compound 
forming t; ndency9  low solubility and possibly a miscibility 
gap with the solvent phase. 

As explained above, it can be seen that tantC'1 m 

s tisfjes the requirements of a modifying element except that 

it has also the tendency to react with the solvent ph, 

preventing the added element ta) react with the precipitating  
phase. Because of the formation of internmetallie compounds 	th 
Silicon tho nucleation temperature of silicon is depressed 

to the temperature of the globu.l; ar. growth resulting in 
partially modified structur.e.. 
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9.5.2 Effects cif cerium additions to hyper—eutectic 
aluiiniur alloy (11.9% Sid 
-----°- ' I T 	.rte...-„---~ ----  

The salient features of the results are given below&— 

i) The effect of cerium additions is to modify the 

structure. The eutectic gets refined, the amount 

of primary oc increases. Complete modification 

is however, not brought about upto about 0.5 

cerium, The microstructure of the alloy treated 

with 0.5% cerium consists of :Line eutectic, primary 

oc and some silicon plates. Complete modification 
is brought about , however, at about 0.75 

cerium. There is almost complete disappearance of 

silicon plates in the microstructure.. The micro-

structure of the alloy treated with 0.75% cerium 

contains fine eutectic in the matrix of primary 

alpha. With further additions there appears to 

be reversal and the silicon plates are again 

visible in the microstructure. 

ii) The tensile strength increases to a constant 

value at about 0,5% addition. 

iii) The % elongation also slightly increases upto about 

0.3% addition, beyond which it becomes constant 

with further addition. 

iv) There is large increase in hardness upto about 

0.2% addition beyond which it flcreases to a 

const qnt value at about 0.3% addition. Beyond 

0.75% addition it again goes on increasing with 
further aciditinns 
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v) Both chip thickness ratio and shear pl ane angle 0 
increase upto 0.1% addition. With further additions 

they are found to decrease at a linear rate. 

vi) HP/cm3/min decreases upto 0.1% addition 'beyond which 
• it increases to almost a constant value at •about 
0.5% addition. 

Cerium is reported to dissolve upto 0.05% by 

weight in aluminium and has no solubility in the precipitating 

phase silicon. So most of the cerium reacts with aluminium to 
form intermetallic compounds Al4Ce, Al2Ce, A1Ce and with tho 
precipitating phase silicon to form compounds Ce3Si, 
Ce2Si and CeSi. The increase in hardness and tensile strength 

may partially be attributed to the modification and partially 

to the strengthening effect produced by the fine dispersion 

of the intermetallic compounds. Slight increase in % elongaw 

tion may also be attributed to the modification effect pro-
duced on cerium addition. 

Fig. 9.04 indicates the effect of cerium addition 
on the machinability of A1Si alloy, 	ct both chip formation 
and power considerations , it can be seen that beneficial 

effect of cerium addition upto 0.1% has been produced on 

machinability, With further additions the machinability 
decreases 

The effect of cerium addition on the machinability 

can easily be understood on the basis of the following 
considerations: 
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i) With cerium addition the refinement of the silicon 

plates and eutectic will bring about an improvement 

in machinability upto 0.75% addition. 

ii) With increasing addition of cerium beyond 0.05% the 

amount of hard intermet.all is phases will increase 

resultting in decrease of machinability. 

For lower additions the beneficial effect due to 

( i) 	predominates over the little detrimental effect produced 

due to (ii) because cerium goes into solid solution upto 

0.05% and the amount of intermediate phase will be very 

small. For higher additions 9  however, due to large increase 

in the amount of intermediate phases, detrimental effect 
produced predominates over the beneficial effect due to (i) 

resulting in decrease of machinability. 

It can be seen here that though some modification 

effect has been produced by cerium it is not a very good 

modifier, as can be seen that with 0.75% addition even in 

met al mould cast the complete modification has not been 

brought about. The microstructure consists of some silicon 

plates in addition to primary alpha and fine eutectic. The 

modifying effect produced can easily be understood on the 

basis of the recent theory on modification proposed by Kim 

and Heine (170).. Cerium satisfies the requirements of a modi-

fying element as given by them except that it has also the 

tendency to react with the solvent phase to form intermet a-

llic compounds, and also little solubility in the solvent 
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phase. Thus the nucleation temperature of silicon is de-
pressed to the temperature of globular growth only with 

larger additions of cerium when sufficient amount of modify-

ing element is present to react with the s i]_ icon phase . The 

effect is not so pronounced and complete modification is not 

brought about even in metal mould cast due to above reasons, as 

the 0onditions are only partially satisfied. 

9,,5.3 Effects of lanthanum additions to hypes-
eutectic  aluminium-silicon aliay (i .9 Si) : 

The salient features of the results are given 
below :- 

1) An important effect of lanthanum addition is to 

refine the eutectic. There appears to be very 

little change upto 0.01% addition, The structure 

appears to be partially modified at about 0.05% 

addition. The microstructure consists of fine 

eutectic in the matrix of oc dendrites. Few silicon 

• plates are also visible. With further additions 

there appears to be the presence of some new phase 

. 	in addition to eutectic and few silicon plates, 

II) The tensile strength increases upto about 0.05% 

addition)  beyond which it decreases to a constant 

value at about 0.1% addition, the value 9  h never, 
being more than tip. t of the untreated alloy, showing 

the beneficial effect of lanthanum addition on 

the tensile strength for all compositions. 
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lii) The % elongation also increases upto 0.05% 

addition beyond which it decreases to a constant 
value at about 0.1% addition. 

iv) The hardness is found to increase with lanthanum 

addition. At about 0.15% addition the value 
becomes almost constant. 

v) Both chip thickness ratio and shear plane 

angle 0 slightly decrease to constant values at 
about 0.05% addition. 

vi) HP/cm3/min also increases, with lanthanum addi-

tions indicating the detrimental effect of 
lanthanum on machinability. 

As discussed previously lanthanui has no solid 
solubility in aluminium and silicon. Thus the whole amount of 

lanthanum added reacts with aluminium to form intermetallic com-
poundq, J\14La etc., and with the precipitating phase. silicon 
to form LaSi . The increase in tensile strength and hardness 

may be partially attributed to the partial modification result-

ing in refinement of eutectic increase in the amount of primary 

alpha, and partially to the strengthening effect produced by 
the' fine dispersion of the intermetallic compounds. The 
increase in % elongation may'  however, be attributed to the 
refinement produced. The decrease in tensile strength and %.-

elongation beyond 0.1% may be due to relatively increased amount 
of the intermetallic compounds, increase in their size, non-
uniform distribution as well as recoarsening of the matrix. 
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It can be seen that slight detrimental effect of 

lanthanum addition has been produced on machinability from 
both chip formation and power consideration. It appears that a 
detrimental. %ffect produced due to large amount of intermediate 

phases predominates over the little beneficial effect due to 

slight refinement with a net result in decrease of machinab.-
lity with lanthanum additions. 

For additions beyond 0.1% due to decrease in detri- 

mental effect because of decrease in strength, the two effects 

seem to balance each other, resulting in constant value of 

machinability as obtained from both chip formation and power 
consumption considerations. 

The modifying effect produced by lanthanum is not 
surprising.. Lanthanum satisfies the requirements of a modify-

ing element except that it has also the tendency tof orm inter- 
metallic compounds with t 	 preventing the added element 
to react with the precipitating phase . Due to the above i act 
it has not 

acted as good modifier and only partial modificat'on 
takes place with lanthanum addition. Since there is no solubi-
lity of lanthanum in aluminium, immediately with the addition 

there is possibility of the formation of LaSi to suppress the'  
nucleation temperature and not as in the case of cerium which 

dissolves upto 0,05 %. This explains why in the case of l antha- 
nrm only small addition has been effective in modifying the 

structure when in case of cerium the effective addition has 
been found out to b e about 0.75% . 
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9.5.4 Effects of neodymium ad"itions to the hyper 

eutectic aluminium-silicon alloy (11.9% Si) 

The salient features of the results are given 
below: - 

i) An important effect of neodymium addition is to 

refine the eutectic. There appears to be dis-
appearance of silicon plates, decrease in the 

silicon containing phase and increase in the amount 

of alpha upto 0.2% neodymium. The structure of 

the alloy treated with 0,2% neodymium appears to 
be partially modified. Beyond 0.2% addition th:.'e 

is again reappearance of silicon plates in -Erie 
microstructure. 

ii) The tensile strength remains constant upto 

0.1%*  addition. Beyond 0.1% it is found to 
increase with neodymium addition upto 0,3% 

iii) The % elongation remains almost unchanged 

with neodymium additions. 

iv) The hardness increases appreciably to a constant 

value at about 0.2% addition. 

v) Both chip thickness ratio and shear plane angle 

0 remain almost constant upto 0.2% addition, 
Beyond 0.2; percent they are found to increase 
with further additions. 

vi) HP/cm3/min increases upto 0.1%g  beyond which the 

value is found to decrease to a constant value 
at about 0.2% addition. 



Neodymium has got the solubility of about 0.2% 

in aluminium. Thus with the addition of neodymium upto 0.2% 

most of the neodymium goes into solid solution and very small 

amount reacts with the precipitating phase to form NdSi . 
2 

For additions beyond 0.2%,Nd should react with aluminium also 

to form Nd,Al2, NdA14  etc. The increase in hardness and 

tensile strength may be attributed partiolly to the modifi-

cation and partially to the strengthening effect produced 

due to the fine dispersion of intermetallic compounds 

especially at higher additions. 

Improvement in machinabilitybetwgem Q,1% ay.d: 

0.2% may be due to partial modification resulting in r€l_ne-

ment of silicon plates and eutectic and increase in primary 

alpha. 

The effect of neodymium to modify the structure 

partially can easily be understood on the basis of same 

considerations as discussed in previous cases, Neodymium does 

not fulfil all the requirements of a modifying element. 

Though it has no scin.bil ity for the precipitating phase ? it 

has definite solubility upto 0.2% in aluminium. Because 

Nd has tendency to go into solid solution preventing the 

added element to react with the precipitating phase, with 

the addition of n8.P 1ymium very little of NdSi2 phase is 

available and is not sufficient to suppress the nucleation 

temperature completely to a temperature of globular growth. 

Thus large addition of about 0.2% Nd has been effective in 

modifying the structure and not small additions, as in the 
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case of lanthanum. With the addition of neodymium upto 0.2; 

very little of NdS12 phase is available and is not sufficient 
to supress the nucleation temperature of all silicon to a 

temperature of globular growth and therefore, some silicon 

plates are formed and 'structure is only partially modified 

For additions beyond 0.2% the tendency to form NdSi2 is 

further hindered due to the formation of intermetallic corn-
pounds of neodymium with aluminium, 

9.5.5 Effects of misch metal ' additions to hyper-
eutectic aluminium silLon alloy (13% Si) 

The salient features of the results are given 
below: - 

i) 1n important effect of misch metal addition is to 

modify the structure. There is little effect 
upto 0.5% addition. Complete modification is, 

however, obtained at about 1% addition in both 
sand and metal mould cast alloys, With further 

additions recoarsening of the eutectic takes 
I.~ 

 
ace, Beyond 2% addition some new phase makes 

its appearance and seems to increase with further 
additions. 

ii) The tensile strength increases upto about 1% 

addition and then decreases in both sand and 
metal mould cast alloys ( Fib'., 9.09 	and 9.11) 	The 
value has been found out to be higher than Na 
treated alloy, cast under the same conditiond, 
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iii) The % elongation increases upto about 2~ addition 

and then decreases in both sand and metal mould 
cast alloys. 

.v) There is gradual and slight increase in the 

hardness values of sand cast aluminium silicon 

alloys treated with misch metal addition?. However, 

regular and larger increase in the hardness 

values with misch metal addition has been found 
in chill cast. 

v) Both chip thickness ratio and shear plane angle 

0 increase upto 0.5% addition beyond which they 
decrease to constant values at about 1.5°o addition. 

vi) 	HP/cm3/min decreases upto 0.5% ac"d.ition.. With 

further additions it increases to a constant 

value at about 1.5% addition. The curve is found 
to be in agreement with chip thickness ratio 

and shear plane angle 0 c€'rves. Optimum addition 

on the basis o ' both the criteria for best 

machir ability has been found out to be 0.5% 

Cerium and neodymium are reported to dissolve 
upto 0.05% and 0.2% by weight in aluminium, while lanthanum 

is reported to have no solid solubility. So most of the amount 

of ceriumylanthanum content reacts with aluminium to form 

intermetallic compounds Al Ce and A14La . The cerium and 

lanthanum content and little of neodymium may also react with 
the Precipitating phase silicon to form compounds Ce3Si9 Ce2 Si, 
CeSi,LaSi and NdSi2. The increase in hardness can easily be 
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attributed to the formation of fine particles of harder inter-

metallic compounds. The increase in tensile strength may be 

partially attributed to the modification and partially to 

the strengthening effect produced by the fine dispersion of 

the intermetallic compounds and not as in sodium modified 

alloy, where the increase may only be attributed to the modi-

fication of the structure. The increase in tensile strength 

upto 1% can also be understood on the basis of the effects of 

individual elements. 1% misch metal will contain about 0.5% 

cerium, 0.2% lanthanum and about 0.15% neodymium. It may be 

noted that all the three elements have produced beneficial 

effects on tensile strength. The large increase in hardness 

and tensile . strength may be the cumulative effects of all the 

three elements. The decrease in tensile 'strength and 

elongation beyond 1% addition may be due to relatively 
increased amount of intermetallic compounds, increase in their 

size and non uniform distribution as well as recoarsening of 

the matrix. 

The improvement in machinability upto about 0.5% 

addition may be due to partial modification resulting in 

refinement of the eutectic and silicon plates. For higher 

additions the adverse effect due to increase in the amount 

of interridiate phases, thereby increasing the hardness and 

tensile strength predominates over the beneficial effect 

due to refinement of the structure with net result of decrease 

in machinability at an aNpreeiable rate upto 1%. Beyond 1% 

since the tensile strength drops down9  detrimental effect of 
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misch metal due to harder intermediate phases seems to balance 

with the beneficial effect produced due to decrease in ten-

sile strength, resulting in constant value of machinability. 

The large modification effect produced by misch 
-metal can easily be understood on the basis of individual 
elements cerium, lanthanum and neodymium contained in misch 

metal and the recent theory of I~:im and Heine (170) on modi-

:ication. Our experiments indicate that in the unmodified 

alloy microstructure consists of polyhedral silicon and coarse 

silicon plates. With increasing misch metal addition coarse 

silicon plates are converted into fime plates and finally 

into globular with about 1% addition. The microstrucgure 

of the alloy treated with 1% mjsch metal consists of only 

primary alpha solid solution and globular fine eutectic. If 

the temperature dependance of the silicon phase shape is, 
confirmed it can be easily seen that misch metal depresses 
the nucleation temperature of silicon. Small addition does 

not seem to be effective and depression to temperature of 

globular growth is only possible with about 1% addition, It 

is interesting to note that the elements cerium, lanthanum 

and neodymium contained in misch metal satisfy the require- 

ment of modifying elements except that these elements have 

also the tendency to react with the solvent phase to form 

intermetallic compounds, and cerium and neodymium have 
solubilities of 0.05 % 	and 0.2% respectively for solvent 
phase, preventing' the added elements to react with the precipir 

tating phase. Thus the nucleation temperature of silicon is 



depressed to the temperature of globular growth only with 

larger additions of misch metal when sufficient amount of 

modifying element is present to react with the silicon phase. 

The modification effect of misch metal can also 

be explained on the basis of the effects of individual 

elements. It can be easily seen that since all the three 

elements cerium, lanthanum and neodymium do not satisfy &11 

the requirements of a modifying element, they -are , therefore, 

only partial modifiers, the optimum additions of Ce, La and Nd 

being 0.75%p  0.05% and 0.2% additions respectively. Al though 
as discussed above the individual elements contained in misch 

metal are only partial modifiers the optimum addition of 1% 
of misch met al has been found out to be very affective in 

modifying the structure completely in both sand and metal mould 

cast, allegs • It appears that this may be due to the combined 
effects of all the three elements ce r iva, , lanthanum and 

neodymium which could individually otherwise only partially 
modify the structure. 

9.5.6 Effects of Lancer-amp 2 additiorB to hyper-eutectic 
aluminium silicon alloy (13% Si) 

The salient features of the results are given 
below:_ 

i 9 Metallographic study indicates that with increas-
ing addition of lancer- amp2  . more and more modi-
fication of the structure takes place upto about 

1.5% addition. Beyond 2% addition, a new phase 
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having eutectic structure makes its appearance, the 

amount of which increases considerably with further 
additions. 	he distribution of the phase appears 
to be uniform. 

ii) The tensile strength increases upto about 1,.O% 

addition. Between 1 to 2% addition, it is practi•. 

cally constant. Beyond 2% addition it again goes 
on increasing. 

iii) The -% elongation increases upto about 1.5%, 

addition and then decreases to a constant value 
at 2.5% addition. 

iv) There is a slight but regular increase in 
hardness values with lancer-amp additiorr. 

Metallographic study indicates tL t striking 

influence of lancer..am 	addition is to refine the structure. 
The complete modification is,' however, obtained at about 1,5% 
addition. The modifying effect of lancer-amp 2 can be easily 
attributed to the presence of cerium, lanthanum and neodymium 

in lancer -aup 2 , and can be explained exactly in the same 
way as in misch met al. Beyond 2.5% addition there appears to 
be the formation of some new phase having eutectic appearioe, 
The new phase may be the eutectic of A1-A.14La or Al AI Ce, 
The increase in hardness and tensile strength may be attr bu-

ted to the modification as well as •to the strengthening effe 

produced by the fine dispersion of the intermetallic compounds. 
Unlike misch meta,, beyond 1.5% addition no coarsening of the 

phase takes place, The distribution of the phase is fine and 
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uniform, resulting in increase of tensile strength, Upto 3.5% 

addition the refining action t ay be because of the presence 
of zirconium in 1 ancer",amp 2, 

9.5,7 Effects of rare-earth fluorides additions to hyperP-eutectic aluminium silicon alloy (13% Si) 

The sent features of the results are given 
below. 

1) Metallographic study indicates th; t there is 
definite codification of the outectic with 0,2 'o 
addition in metal mould cast alloys, Complete 
modification is however, not brought about in 
sand Cast alloys, although there is definite 
refining of both silicon p , atos and polyhedral 
silicon upto 0,2% addition, 

ii) Both?. tonsjle strength and 	elongation increase 
upto 0,2% addition in sand and meta. mould cast 
alloys, 

iii) Very slight but regul ar increase in hardness v aluo 

was observed in metal mould cast alloys, however 
in sand cast alloys there is increase only upto 
0.2% addition beyond which it decreases to a 
constant value, 

Metallographic study indicates that there is 

definite modification of the structure with the addition of 

0,2% fluorides in chill cast alloys, With further additions 
alpha dendrites become coarser and tioir distrtb .tion becomes 
r onvuniforn3  1p t0 rase of sand east alloys pomp .ete 



modification is not brought about. There is definite 

refining of both polyhedral silicon plates upto 0,2% 

additions. Dare earth fluorides when added to molten 

alloy will decompose to their elemental form, out of 

which very little will go into solid solution, most of 

which will react with the precipitating silicon and the 

solvent phi s e to form int ermetall is compounds. Only a 

small amount decomposes to the metallic state till the 

temperature of polyhedral silicon growth is reached, 

and may not be sufficient to suppress the nucleation 

temperature of all silicon to the temperature of: 

globular growth. This explains why polyl~dral silicon 

has not vanished though there is definite refining due 

to suppression of nucleation temperature of silicon. It 

appears that complete suppression of nucleation tempera-

ture to the temperature of globular growth can however 

be obtained in chill cast alloys by combined effects of 

chilling and modifier. 

The increase in tensile strength and hardness 

may be due to refining of the structure and due to the 

presense of sub microscopic precipitates of intermetall_ic 

compounds. The increase in % elongation and tensile 

strength may also be partially due to the hydrogen 

degassificat ion of the molten metal by fluorides. 
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9.5.8 Effects of rare-earth fluorides addition to 

hypoeutectic aluminium-silicon alloys, (7.5% Si) 

The salient features of the results 

are given below: 

i) Metallographic study indicates that with 

rare-earth fluorides . addition, both the eutectic 

and primary alpha get refined upto 0.2% 

addition. The amount rf alpha dendrites 

does not appear to change with the addition. 

ii) The tensile strength increases upto about 

0.2% addition and then decreases to almost 

constant value at about 1.5% addition. 

iii) The % elongation increases upto 0.75% 

addition and then decreases. 

iv) The hardness increases upto 0.2% addition 

beyond which it decreases to a constant value 

at abount 0.75% addition. 

Metallographic study indicates that there is 

definite refining of primary alpha and eutectic upto 0.2% 

addition. Beyond 0.2% addition recoersening of the matrix 

takes place. The increase in hardness, tensile strength 

and % elongation upto 0.2% addition may be due to the 

refining of the structure. The modification effect produced 

can be explained on the same basis as discussed in the case 

of hy,,~ereutectic aluminium- silicon alloys. 
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9.5.9 Effects of misch metal and lancer-amp2 additions 
to hypoeutectic aluminium -silicon alloy (9.0% Si) 

The salient features of the results are given 
b elo ws- 

i) Metallographic study indicates that with increase 

in misch metal and lancer-arrp2 addition there is 
gradual decrease of the amount of eutectic phase 

and increase in the size and mount of primary 

alpha dendrites. Between 3 to 3 % lancher-amp2 addi-

tion there appears to be the formation of some new 

phase having eutectic appearance,the amount of which 

increases considerably with further additions. 
ii) It can be seen that the tensile strength decreases 

in both the cases. The decrease may be due to the 

Increase in the coarseness and amount of alpha 
dendrites with increased addition, 

iii) The % elongation is found to decrease in both 
the cases of lancer-amp2 and misch metal. Wit,,,► 
lancer-amp2, however, it decreases to almost 

constant value at about 2% Addition. 
iv) Hardness vs. composition curves follows the same 

path in both the cases of misch metal and lancer-

amp2 addition. The hardness decreases upto 1.5% 
addition. There is increase between 1.5 to 3%. 
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With about 3% lancer-amp addition there appears 

to be the formation of some new phase having eutectic 
appearance and uniform distribution in the- matrix 
resulting in an increase in tensile strength unlike misch 
metal in which regular decrease is observed. 
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CHLPT ER X 

EFFECTS OF MISCII METAL ADDITIONS ON THE 
HIGHH TEMPERATURE MECHANICt1 PROPERTiES  

DF ALUMINIUM AND IT ALLOYS 

10.1 GENERAL INTRODUCTION . 

Review of the literature has indicated 

that there are conflicting reports of the effects of misch 

metal on the high temperature mechanical properties of 

aluminium. Practically no work seems to have been reported 

on the effects of misch metal addition on the high tempera-

ture mechanical properties of aluminium-silicon, aluminium-

copper and aluminium-magnesium alloys. 

The present investigation reported has been 

undertaken with a view to explore the possibilities of bene-
ficial additions of misch met al oh the high temperature 

mechanical properties of pure aluminium alloy 122 (io% Cu 
and 0.2% Mg), alloy 218 (or G 8A) with 8% Mg, and aluminium 
silicon alloy with 13% silicon. The properties studied 
include tensile strength and percentage elongation at 200 
and 400 degrees centigrade. 

10.2 EXPERIMENT, T, PRO CEDURE. 

10.2.1  Tensile  tests at elevated temperature; 

Avery tensile testing machine was used 

for the determination of tensile strength at elevated 

temperature. The machine is provided with an electric 
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The leads are of compensating material so that the tempera.. 

ture shown on the millivoltmeter corresponds to that of the 

cold junction position. 

By means of controller the temperature can 

be maintained constant. The feeler of the temperature 

controller is introduced into the heating chamber through 

anv he3.r hole provided in furnace and the controller 
connected to the regulating unit. The regulating unit is 
supplied in a carrying case containing the transformer, 

resistances, main switch with thermal release ) and cont-
actor switch with valves relay for automatic temperature 

control. The automatic temperature regulator has an 
accuracy of + 2 °C 

Samples of appropriate specifications with 

gauge length of 10 cms were machined from cylindrical. cast 

ingots. Three samples were taken for each composition for 
performing the tests . 

10.3 EXPERIMENTAL RESULTS. 

10.3.1 Effects of misch metal additions to aluminium. 

The results are given in table 10.01 and 
Fig. 10.01. 

10.3.2 Effects of misch metal addition to j;ui~„silicon 
Al_.._ l oy (l3% Si) 

The results are given in Table 10.02 
and Fig. 10.02 . 
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on the effects of misch metal addition on the high tempera-
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copper and aluminium-magnesium alloys. 
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and 0.2% Mg), 	alloy 218 (or G 8A) with 8% Mg, and aluminium 
silicon alloy with 13% silicon. The properties studied 
include tensile strength and percentage elongation at 200 

and 400 degrees centigrade. 

10.2 - EXPERIMENT, ,L PFO CEDURE. 

10.2.1 Tensile  tests at elevated temperatures 

Avery tensile testing machine was use d 

for the determination of tensile strength at elevated 

temperature. The machine is provided with an electric 
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furnace which is . suspended on two hinges fixed to one of 

the columns or to the frame of the testing machine. The 

furnace is provided with three superimposed heating coils 

each of which can be regulated independently. This arrange- 

ment permits distributing the heat uniformly along the full 

length of the specimen. The heating coils of the furnace 

are completely covered with ceramic sections so that they 

cannot be possibly touched or damaged by the specimen or 

metal parts. The construction of the furnace is such that 

by correct adjustment of the heating coils a uniform 

temperature over the gauge length of the specimen can be 

attained. Thermo-couples , the junctions of which are in 

immediate proximity to the specimen surface or slightly 

touch the specimen, are used for measuring the temperature 

of the specimen. Provisions are made for three thermo- 

couples which can be introduced through a series of radial 

holes in the furnace . In this way the temperature can 

be measured at the two ends and in the midd,e of the 

specimen. 

The thermo-electric voltage is measured by 

a mill~rrolt meter provided with two scales of which one 

indicates millivolts and the other permits of direct 

readings in degrees centigrade when using thermocouples 

of the chromel alumel type. 

For taking the temperature each of three 

thermocouples is successively connected to the millivolt-

meter by means of a measuring position selector switch. 
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The leads are of compensating material so that the tempera-

ture shown on the millivol tme ter corresponds to that of the 

cold junction position. 

By means of controller the temperature can 

be maintained constant. The feeler-of the temperature 

controller is introduced into the heating chamber through
n~tep.r hole provided in furnace and the controller 

connected to the regulating unit. The regulating unit is 
supplied in a carrying case containing the transformer, 

resistances, main switch with thermal release, and cont-

actor switch with valves relay for automatic temperature 
control. The automatic temperature regulator has an 
accuracy of + 2 °C, 

Samples of appropriate specifications with 

gauge length of 10 cms were machined from cylindrical, cast 

ingots, Three samples were taken for each composition for 
performing the tests 

10.3 EXPERIMEI\1T'1L RESULTS. 

10.3.1 Effects of misch metal additions to aluminium. 

The results are given in table 10.01 and 
Fig. 10.01. 

10.3.2 Effects of misch metal addition to 	;i~~silicon 
to 	l3°d Si 

The results are given in Table 10.02 
and Fig. 10.02 
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TABLE - 10.01 

EFFECTS OF MISCH METAL ADDITIONS ON THE HIGH 
TEMPERATURE MECHANICAL PROPERTIES OF ALUMINIUM 

Sr % addi-  200 oC  
4000C No. tion  

Tensile 	% elongation Tensile % elongation strength 
kgrm2 	 strength 

kgm/mm2 

1 	0.00 	8.05 	10.0  5.09 	3.5 
2 0.20 8.14 9.1 3.88 3.5 
3 0.50 - _ 

4 0.75 7.42 3.5 2.91 8.1 
5 1.00 7.28 3.5 2.82 8.1 
6 1.50 - - 2.64 7.1 
7 2.00 - 2. 2.47 - 
8 2.50 5.12 1.5 2.47 4.0 
9 3.00 2.98 2.0 2.24 2.5 

TABLE - 10.02 

EFFECTS CF MISCH METAL 	ADDITIONS ON THE MECH^.NIC~L PROP 	 TIES OF HIGH TEMFE RATIJRE Al + 13% Si ALLOY (CHILL CAST
) S • No. % addi- tion 

2000 
C 400° C 

Tensile 
strengti 

,o elongation 7Tensile 	o Elongation 
kgm/ 

strength 
kgm/mna2 

1 

2 

0.00 9.38 0.95 4.78 1.10 0.20 9.74 0.85 _ _ 
3 
4 

0.75 11.09 0.80 4.59 1.60 
1.00 15.08 1.05 

5 1.50 7.66 1.00 4.39 1.95 6 2.00 10.89 1.37 
? 3.00 8.77 1.00 4.38 1.95 
8 4.00 9.93 0.60 4.57 1.95 
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TABLE - 10.03 

EFFECTS OF MISCH METAL ADDITIONS ON THE HIGH 
TEMPERATURE MECHANICAL PROPERTIES OF ALLOYS 218(8% Mg) 

S. % addi- 	2000  C 	 400 0  C 
No. tion 	- 	 ------ 

Tensile % elonga- 	Tensile 	% elongation strength tion 	streng h 
kgm/mm2 	 kgm/mni 

1 	0.0 . 	9.11 	0.51 	2.71 	2.00 

2 0.2 8.80 0.41 3.06 1.98 

3 0.5 - - 2.85 1.51 

4 1.0 9.14 0.38 - - 
5 1.5 10.72 0.64 3.51 1.51 
6 2.0 11.48 1.00 - - 
7 3.0 - - 3.74 1.51 
8 4.0 12.89 1.2? 3.60 1.51 

TABLE - 1004 
EFFECTS OF MISCH METP1 ADDITIONS ON THE HIGH TEMPERATURE 
MECHANICP:1 PROPERTIES OF ALLOY 122(10%Cu & 0.20 Mg) 

S. o alloy- 2000 	C 400 	C 
No. ing 

element % elongation 	Tensile 	o el no g tion Tensile 
strength strength 

kgm/mm2 kgnVmm2 

1 01 0 7.90 2.0 4.16 3.0 
2 0.2 7.60 2.0 3.81 3.0 
3 0.5 7.00 3.0 3.30 1.3 
4  1.0 7.00 3.5 3.26 1.5 
5 2.0 7.00 2.5 3.26 1.6 
6 	4.0 	- 	- 	- 	- 
7 	5.0 	6.90 	1.5 	3.07 	1.5 
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10.3.3 Effects of misch metal addition to ailoy219 : 

The results are given in table 10.03 and 

Fig. 10.03 . 

10.3.4 Effects of Miseh met a.1 addition to A Ioy 122 .: ". 

The results are given in table 10.04 and 

Fig. 10.04. 

10.4 DISCUSSION OF THE RESULTS o 

10.4.1 Effects of misch metal addition to aluminium : 

The salient features of the results are 

given below : 

.i The tensile strength decreases at 200
0 
	and 400°C 

with the addition of misch metal. The rate of 

decrease is rather drastic at 200 °C. The % - 

elongation at 200 °C decreases to a constant value 

at about 1% addition of misch metal while at 400°C 

it increases upto 1% beyond which it falls down. 

Hodge & Eastwood 	id not find any significant effect 

of cerium addition on the elevated temperature properties 

of cast aluminium alloy. Our results, however, show a 

definite and significant decrease in tensile strengths at 

200 ° . and 400 °C with misch metal addition on aluminium, 

possib1 r due to the coagulation and growth of particles of 

the intermetal,lic compounds formed by the) reaction of cerium, 

lanthanum and neodymium contained in misch metal with 

aluminium as discussed in previous chapters. Although no 

beneficial effect was obtained at 200°  C on % elongation, 

it was found to increase upto 1% addition at 400 0C. No 



402 

definite eN2lanation can be given for the above effects. 

Probably this may be due to grain refinement resulting 

in the increase of grain boundary volume offering less 

resistance to plastic deformation as compared to grains at 

4C0e C. 

10.4.2 Effects of misch metal additions to aluminium- 
sil±con alloys :- 

The salient features of the results are given below-. 

As at room temperature the tensile strength of 
' 

Al-Si alloy at 200
o 
 C increases appreciably upto about 1 % 

addition of misch metal and thus decreases to a constant value. 

At 400°  C the tensile strength remains almost unchanged with 

misch metal addition. 

The % elongation increases at 2000  as well as at 400°  

C upto about 2% addition. With further addition, it decreRses 

appreciably at 200°  while at 400°  C it decreases slightly to 

a constant value at about 3.0% addition. 

10.4.3 Effects of misch metal addition to alloy 218: 

The salient features of the results are given below: 

i) There is an appreciable increase in tensile 

strength of alloy 218 at elevated temperatures 

with misch metal additions. The increase was 

striking at 200 C upto about 3% addition. 

ii) The % elongation at 200°  C remains almost 

constant upto about 1% addition, beyond which it 
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increases to a constant value at about 4% 

addition. The % elongation at 4000 C, 'however, 

decreases to a constant value at about 0.5% addition. 

As explained earlier with the addition of misch 

metal little of cerium and lanthanum will go into solid 

solution, most of them may react with aluminium and magnesium 
to form intermetallic compounds A14Ce, A14La, CeMg9 , CeMg3, 
and LaMg3  , the amount of which should increase with increased 
addition. The above phases could be observed on metallogra-

phic study although the exact nature can be identified only 
by careful X-ray or electron diffraction studies. The large 

increase in strength at elevated temperature may be due to 

fine dispersion of some of these stable phases. Trehan and 

others (29) have already reported improvement in hot worka-

bility of the alloy with misch metal addition. Our investiga-

tions indicate larger improfement in machinability upto about 

1.5% addition. Thus the alloy 218 treated with 1.5% misch 

metal is superior to that of the untreated alloy, from 

machinability, hot workability and high temperature 
strength considerations. 

10.4.4 Effocts of misch metal addition to alloy 122: 

The salient features of the results are given 
below:- 

1) The tensile strength at 200°  C as we l as at 
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4000  C of alloy 122 remains almost unchanged 

with misch metal addition. A very slight 

decrease was observed upto about 1% addition, 

the tensile strength remaining almost constant 

thereafter, (Fig. 10.03) . 

ii) The % elongation at 2000 C increases upto about 

1% adc1ition of misch metal beyond which it 

decreases, while at 400 C it decreases to a 

constant .value at about 0.5% addition. 

It is interesting to note th.'t although large 

beneficial effects of misch metal have been obtained on the 

mechanical properties of alloy 122 at ordinary temperature, 

the tensile strength remains practically unchanged with misch 

metal addition at elevated temperatures. It appears that 

slight detrimental effect produced due to refining balances 

the beneficial effects produced due to strengthening by the 

pressure of fine intermediate phases with a net result of 

constant value of strength at elevated temperatures. 

-:0:- 



a = 4..04711 + 0.140783 x 10~3T - 0.339197x10 T 2• The values of latticepar
ameter at various temper a.. 

tu.res as determined from equation are in close 

agreement with the experimental Val ues. 
3• 	Lattice s 	 ° 	 0 pacing at 0 C was found out to be 4.0471A 

and is in agreement with the results of Wilson 71 
0 ) within ± 0.0001 A 

4• There isg ra dua l decrease in density  o 	upto about 
250°C beyond which there is change in slope and 

density decreases at an appreciable rate. 
5• Density determined at 20°C was found out to be 

2.6980 gm/cm3 and is in agreement with the Previousl
y  

reported values of Perryman and T  
~l °r {142) with in 

± 0.0002 gm/cm 3 

6. Coefficient of thermal expansion 	 1 	da pansion ( 	 ) as 
determined by 	 ao 	dt y equation decreases slightly with 

increase in temperature upto 54800. The relation is 
found out to be linear,  
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11.1.2 Aluminium-copper alloys :- 

1  Lattice parameters of aluminium-copper solid solutions 

with varying compositions in equilibrium at different 

temperatures have been precisely determined using 

Nelson Riley's extrapolation method and are given in 
table 4.47. 

2. The equation representing the relation between 

lattice parameter and temperature for e,cli cor::ci rr, 
was determined with the help of computer. The values 

of lattice parameter as determined from equations 	e 
in close agreement with the experimentally determined. 
value s 

3y The lattice parameter is found to increase with 
increasing temperature for all the alloys, However, 

the curve shifts vertically downwards with im re asin g 

copper concentrations from 0 to 109 % and the value: 
are lower than pure Al for all temperatures for 1,9% 
Cu alloy. The slope of the curve decreases for the 

lower temperatures and becomes parallel to the pure 
aluminium curve beyond 400 0C. 

4. With increase in copper concentrations the same curve 

is obtained for lower temperatures. However, for 

higher temperatures the slope is found to decrease 

more appreciably in the case of alloy containing 
higher copper contents 

5. The density values of aluminium calculated at 525 anc9 
5480  C and the slopes of the curves increase with the 

increase in copper concentrations. 
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4000  C of alloy 122 remains almost unchanged 

with misch metal addition. A very slight 

decrease was observed upto about 1% addition, 

the tensile strength remaining almost constant 

thereafter, (Fig. 10.03) . 

ii) The % elongation at 200' C increases upto about 

1% adf1 iti.on of misch metal beyond which it 

decreases, while at 400°  C it decreases to a 

constant value at about 0.5% addition. 

It is interesting to note that although large 

beneficial effects of misch metal have been obtained on the 

mechanical properties of alloy 122 at ordinary temperature, 

the tensile strength remains practically unchanged with misch 

metal addition at elevated temperatures. It appears that 

slight detrimental effect produced due to refining,balances 

the beneficial effects produced due to strengthening by the 

pressure of fine intermediate phases with a net result of 

constant value of strength at elevated temperatures. 

0 - 	- • • 	: O 
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constant value at about 0.5% addition. 

It is interesting to note thatt although large 

beneficial effects of misch metal have been obtained on the 

mechanical. properties of alloy 122 at ordinary temperature, 
the tensile strength remains practically unchanged with misch 
metal addition at elevated temperatures. It appears that 

slight detrimental effect produced due to refinings balances 

the beneficial effects produced due to strengthening by the 

pressure of fine intermediate phases with a net result of 
constant value of strength at elevated temperatures. 

-:o:- 
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CHAP TER XI 

CONCLUSIONS 

11.1 HIGH TEMPERATURE :X-R,AY DIFFRACTION STUDY OF 
ALUMINIUM ALLOYS 

11,1.1 Pure* Aluminium :- 

1  /The. lattice parameter is found to increase linearly 

with temperature. Following equation as determined 
"`by enPuter represents the relation between 1 at tice - 

parameter and teTnpa-r-at,,- 	;- 
a = 4,04711 + 0.140783 x 10-3T - 0.339197x10~7T 

2. The values of lattice Parameter at various tempera_ 
tures as determined from equation are in close 
agreement with the experimental values. 

3, 	Lattice spacing g at ac in 
 

0 0 C was found out to 0 
be 4.0471A 

and Is in agreement with 
0 

within ± 0.0001 A 

the results of Wilson(71) 

4. There is gradual decrease in density upto about 
2500C beyond which there ' is change in slope and 
density decreases at an appreciable rate. 

5. Density determined at 20°C was found out to be 

2.6980 gm/cm3 and is in agreement with the previously 

reported values of Perryman and Taylor(142)within 
± 0.0002 gm/ cm 3 

6. Coefficient of thermal expansion ( 1 	da 
determined by equation decreases s1 ghtly with 
increase in temperature upto 5480C. The relation is 
found out to be linear. 
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11.1,2 £Aluminium-copper alloys :- 

1. Lattice parameters of aluminium- copper solid solutions 
with varying compositions in equilibrium at different 

temperatures have been precisely determined using 

Nelson Riley s extrapolation method and are given in 
table 4,47. 

2. The equation representing the relation between 

lattice parameter and temperature for e ch coripoci t•Hn 
was determined with the help of computer. The values 

of lattice parameter as determined from equation; cue 

in close agreement with the experiment ally deto;;rmined 
values. 

3 The lattice parameter is found to increase with 

increasing temperature for all the alloys, However 

the curve shifts vertically downwards with irn ce asin g 
copper pp 	concentrations from 0 to l09 % and the v alues 

7 are lower   than pure 	for all temperatures   f or 1,9~ 
I Cu alloy. The slope of the curve decreases for the 

lower temperatures and becomes parallel to the pure 
al umiriium curve beyond 400 0C. 

4G With increase in copper concentrations the same curve 

is obtained for lower temperatures. However, for 

higher temperatures the slope is found to decrease 

more. appreciably in the case of alloy containing 
higher copper contents, 

5. The density values of aluminium calculated at 529 ano 
5430 C and the slopes of the curves increase with the 

increase in copper concentrations. 
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610 Coefficients of thermal expansion at 525 and 5480  C 

were calculated from equations with reference to 
lattice parameter at that temperature. The value s 
are found to remain almost Lfn.changed upt o 4% copper 
beyond which they decrease at an appreciable rate, 

an.de4n slight disagreement with the results of 

Ellwood and Silcock for lower concentrations who 
have determined regular decrease in the values with 

varying copper concentrations. However, for higher 
concentrations ourfi.n 	f:tr-m their results. 

7, No detectable effect on coefficient of thetma1 
expari$ion is observed due to increase in temperature 
from 525 to 548° C. 

8, The Valurs of letti a Spacings in equilibrium at 
different temperatures are found to decrease linearly 

with increase in copper concentrations in single phase 
region and become constant in the two phase region. 

9. The solubility of copper in aluminium at a particu- 

lar temperature was found out by determining the point 
of intersection of the inclined and horizontal 

portions of the lattice spacing vs. composition curve 

at that temperature. The solubility line determined 
between 4750  and 54-80  C by the high temperature X-ray 
method is in agreement with the previous results deter-
mined by other methods. 

10. The maximum solubility at the eutectic temperature 
has been found out by the two methods 

i) By finding out lattice parameter at 5480C with 
the help of equations in single and double phase 
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regions and plotting the curve between lattice 
parameter and composition, then finding out the 
point beyond which the lattice parameter becomes 

unchanged. 

ii) By plotting log solubility in atomic percentage 
against 1/Absolute temperature and extrapolating 
to that of the eutectic temperature. 

The values determined by both the methods have 

been found out to be 5.7 wt. percentage confirming the 
results due to Raynor. The value Is lower than the. value 

reported by Ellwood and Silcock who have found out the 

maximum solubility to be 5.85 wt. percentage by applying 

method (ii) at the eutectic temperature. 

11.1.3 Aluminium-silver *alloys :- 

1.  The lattice parameter increases with increase in 

temperature for both aluminium + 7.5% silver and 

aluminium + 19.9 % silver alloys except that the 

values of the alloy containing 19.9% silver are 
lower than that of the alloy containing 7.5% silver 

for all temperatures. 
2. The equations representing lattice parameter vs. 

temperature for each composition as determined by 
computer are given in table 4.45. The results of 

lattice spacings determined from equations are in 
agreement with the experimentally determined values. 

3. With increase in silver concentrations the lattice 
parameter is found to decrease for all temperatures 
in ';g1e phase regions. The rate , however y de- 
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creases with the increase in temperature. 

4. Our,results are in agreement with the results of 

lattice spacings at room temperature of Hull and 
Axon (64) 9  Sharan and others ( 144) and are not in 
agreement with the results of Gulizaev and Trusova 

(44 and Dorn (45) who have reported increase in 

lattice spacings with increase in silver concen-
trations at ordinary temperature 

5. Density increases and decreases almost linearly 
with increasing silver concentration and tempera-
ture respectively. 

6. The curve density vs. composition shifts vertically 

downwards with increase in temperature, while the 
curve density vs. temperature shifts vertically 

upwards with increase in composition. 
7. The coefficients of thermal expansion for the alloy 

containing 7.5% Ag is lower and for the alloy con-

taining 19.9% Ag is higher than that of pure alu-

minium at a given temperature determined in single 

phase region. The value for 7.5% Ag alloy and 19.9% 

Ag alloy decreases and increases respectively with 
rise in temperature. 

11.2 EFFECT F  OF TATILIJM,RE EAJ-{P H ELEMENTS AND MIXTURES 
OF RARE EARTH ,ELEMENTS ON THE MI CRO;ST RUCT URE,MACH,T N 
BILITY AND MECHANIC PROPERTIES OF ALUMINIUM AT ORDINARY TEMPERATURE: 

11.2.1 Effec 	f°Cnt" m additions 

1. There is large refining effect of tantalum addition 

on the grain size upto 0.01% addition. 
2• No beneficial effect is produced on the tensile 

strength and % elongation. Both are found to 
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decrease to constant values at about 0.05 and 0.025% 

respectively, Hardness , however, increases slight-

ly by maximum of 21% at about .015% addition. 
3. There is detrimental effect of tantalum addition 

on machinability from both chip formation and 

horsepower considerations. 

11.2.2 Effects of cerium additions :- 

1. The important effect of cerium addition is 
refinement of grain-structure., The optimum 
addition to give maximum refining effect is found 
out to be 1.5%. 

2. No beneficial effect of additions is produced 

on the mechanical properties. Both tensile 

t!. strength and % elongation decrease to constant 

values at about 0.5 and 1.5% additions respectively, 
while hardness remains unchanged for all additions. 

3. Beneficial effect is produced on machinability. 
The optimum addition has been found out to be 0.5% 
to give the maximum increase by 30% in the she 
rig 1; 0 value and decrease in power consumption 
by about 8%. 

11.2.3 Effects of lanthanum additions 

1. 	There is large refining effect upto 0.1% lanthanum 

addition. For higher additions there appears to 
to be the presence of some additional phase in 
the microstructure. 

0 



11.2.5 Effects of misch meth., additions ; -. 

1. The effect of misch metal is the refi_,„ 
grain size beyond 1 5/..  

~o elongation beyond 0.1% 
2-3% ?izT',G_-~. 

a*ion. There is increase in % elongation by 

about 20% of its initial value with the addition of 

0.3% lanthanum. 

3. Beneficial effect is produced by addition upto 

0.05% on machinability as evaluated from both 

chip formation and power consumption criteria. 

There is maximum increase in shear plane angle 

0 by 11% and decrease in horse power value by 7%. 

11.2.4 E'f'fects of neodymium additions 

1. There is little refining effect at about 0.2% 

addition. The effect is not so pronounced as in 

the case of cerium additions. 

2. Detrimental effect is produced on tensile strength 

I 	and hardness by additions upto 0.2 and 0.3% res- 

4 	pectively. The ' elongations however, increases by 

maximum of 27% of its initial value with the addition 

of 0.2% neodymium. 

3. Beneficial effect is produced on machinability as 

evaluated from both chip formation and power con-

sumption criteria. There is maximum increase in 0 

by 21% and maximum decrease in power consumption 

by about 27% at 0.3% and 0.1% additions respectively. 
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decrease to constant valubs at about 0.05 and 0.025% 

respectively. Hardness ,, however, increases slight-

ly by maximum of 21% at about .015% addition. 

3. 	There is detrimental effect of tantalum addition 

on machinability from both chip formation and 
horsepower considerations. 

11.2.2 Effects of cerium additions :- 

1. 	The import ant effect of cerium addition is 
refinement of grain-structure., The optimum 
addition to give maximum refining effect is found 
out to be 1.5%. 

2, 	No beneficial effect of additions is produced 
on the mechanical properties. Both tensile 

strength and % elongation decrease to constant 

values at about 0.5 and 1.5% additions respectively, 
while hardness remains unchanged for all additions. 

3• 	Beneficial effect is produced on machinability.  
The optimum addition has been found out to be 0.5% 

to give the maximum increase by 30% in the shear 
n, .a. 0 value and decrease in power consumption 
by about 8%. 

11.2.3 Effects of lanthanum additions 

1. 	There is large refining effect upto 0.1% lanthanum 

addition. For higher additions there appears to 
to be the presence  of some additional phase in 
the microstructure. 

0 
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2. The detrimental effect is produced on tensile 

strength upto 0.1% addition while there is only 
slight effect on the hardness. The beneficial 
effect L X,roduced ..or % elongation beyond 0.1% 

There is increase in % elongation by 
about 20% of its initial value with the addition of 

0.3% lanthanum. 

3. Beneficial effect is produced by addition upto 
0,05% on machinability as evaluated from both 

chip formation and power consumption criteria. 

There is maximum increase in shear plane angle 
0 by 11% and decrease in horse power value by 7%. 

11.2.4 Effects  of  neodymium additions : 

1. There is little refining effect at about 0.2% 

addition. The effect is not so pronounced as in 

the case of cerium additions. 
2. Detrimental effect is produced on tensile strength 
(I 	and hardness by additions upto 0.2 and 0.3% res- 

4 	 pectively. The -'9 elongations  however, increases by 

maximum of 27% of its initial value with the addition 
of 0.2% neodymium. 

3. Beneficial effect is produced on machinability as 

evaluated from both chip formation and power con-
sumption criteria. There is maximum increase in 0 

by 21% and maximum decrease in power consumption 
by about 27% at 0.3% and 0.1% additions respectively. 
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11.2.5 Effects of misch metal additions o 

1. The effect of misch metal is the refinement of 

grain size beyond 1,5% addition. Addition between. 

2.3% gives a very fine grain Size. 
2. Slight detrimental effect is produced on tensile 

strength upto 1. ~o addition. eneficial effect 
• is produced on the % elongation and hardness. 

There is maximum increase in % elongation by about 

35% of its initial, value at about 0.5% addition, 

while the hardness increases by about 74% at 3% 
addition. 

3. There is large beneficial,. effect of misch metal 

addition on machinability, as indicated by about 

2 times increase in she ar plane angle 0 value 

and decrease in power consumption by 27% at about 

3% and 1% additions respectively. 

11.2.6 Effects of lancer-amp 2 and rare earth fluorides additions: -   

la There is very little effect of lancer-amp 2 addition 
on the grain size, when large refining effect is 

produced by fluoride additior~ beyond 2%. 
2. There is detrimental effect of both lancer--amp 2 

and rare earth fluorides on tensile strength while 

large beneficial effect is produced on % elongation 

and hardness. The % elongation increases by maximum 

of about 100% and 65% with the additions of 1.5% rake 
earth fluorides and 0.5% lancer-amp2 respectively. 
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The hardness, however, increases by maximum of 82% 

with the addition_ of 1.5% rare earth fluorides and by 

maximum of 65% with the addition of about 2% lanc,I4er~-

mp 2. 

11.3 EFFECTS OF ADDITIONS OF NrALUM RERE E. P:H: ELE ,ANTS 
AND MISCH MET AL ON THE MICRO S'TRU~TURE$MACHINABILITY AND 
MECHANICAL PROPERL'IES OF ALUMINIUM MAGNESIUM ALLOYS ,i T 
ORDINARY TEMPERATURE ; 

11.3.1 Effects of tantalum additions :- 

1. There appears to be large refining of grains with 
additions upto 0.15%. 

2. Detrimental effect is produced on the tensile 

strength by additions upto o,i% while large bene-

ficial effect has been obtained on % elongation which 

increases 4 times by optimum addition of 0.15%., The 

hardness however, slightly increases by maximum of 

about 12% with 0,3% addition. 
3. Large beneficial effect has been produced on machi-

nability. The value of 0 increases by 18% and horse 

power decreases by about 18% with optimum addition 
of 0.0?5%. 

11.3.2 Effects of cerium additions a 

l.. Very slight refinement occurs in the grain with 

the addition of cerium, 

2. ' Slight detrimental effect is produced on tensile 

strength while little beneficial effect is establish-

ed on % elongation and hardness which increase by 

about 12% and 8% withtbe optimum additions of 
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3. Large beneficial effect is produced on machinability. 

The maximum increase in 0 by about 10% and decrease 
in horse power by about 27% with an optimum addition 
0.5 %, have been obtained. 

1133.3 Effects of lanthanum additions 

1. There appears to be large refining of oc grains 
upto 0.2% addition. 

2. Detrimental effect is produced on tensile strength 

by addition upto 0,2% while hardness remains almost 

unchanged. There is largo increase in % elongation 

by about 87% with optimum addition of 0.3%. 
3. Beneficial effect on machinability has been produced 

by an optimum addition of 0.1%. There is increase 
in 0 by maximum of 20% and decrease in horse power 
by 	maximum of 17%. 

11.3.4 Effects of neodymium additions e 

1. There is slight refining effect of neodymium addition 
on the microstructure, 

2. Detriment al effect is observed on tensile strength 

by additions upto 0.2% and the large beneficial 

effect on _% elongation which increases by 3z- times 

the original value by an optimum addition of 0.1%. 

The hardness, however, remains unaffected upto 0.2% 

but increases by about 24% with an addition of 
03% 
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3. Beneficial effect of neodymium addition is 

established on m ac hin abil ity . There is an increase 

in the value of 0 by 24% with optimum addition of 0.2% 

and decrease in horse power by about 30% with 

an addition of 0.1%. 

11,3 	Effects of misch metal additions :- 
1. With incre ase in misch metal additic there is 

gradual decrease in Al-Mg phase and crrespond;.n 

increase in the new phase, There appears to be 
little refining action. 

2. There is decrease in tensile strength upto 2% 

addition beyond which the beneficial.. effect is 

produced. Tensile strength increases by about 11% 

with the addition of 4% misch metal. The toughies 

remains constant while increase in hardness is ob-

served by about 45% with an optimum addition of 1%, 

3. Large beneficial effect is established on machina- 

bility. There is very large increase in shear plan. 

angle 0 value by about 57% and decrease in horse 

Power by about 21% with the optimum addition of 4% 
misch metal. 

114 EFFECTS OF T AN'T .ALUM, RARE EARTH ELEMENTS AND M IS CH 
METAL ON THE MICROS.TRUCTUREgMACHINABILITY AND MEC1W1IC_:~L 
PROPERTIES OF ALUMINIUM COPPER ALLOYS AT ORDINARY !EMPERAT U E: 

11.4.1 Additions to alloy 195 (4.5% cu):-

11.4.1.1 Effects of tantalum additions :- 

l. There appears to be very little effect on grain 
size. 
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2, Detrimental effect is obtained on tensile strength 

upto 0.3% addition, while there is slight but regul ar 
increase in hardness value, The % elongation inc-
reases to 22 times its initial vu  e, with an 
optimum addition of 0.1% . 

3. Beneficial effect is produced upto about 0,1% 

addition. The shear plane angle 0 increases by 
about 23% and horse power decreases by 6% with 
the same addition, 

11.4.1 ,2 Effects of cerium additions o 
1. The effect of cerium addition is to refine the 

grain upto 0.75% beyond which some new phase starts 
farming. 

2. The detrimental effect is produced on tensile 

strength, The hardness remains unchanged, The 

large beneficial effect is produced on % elongation 

beyond 0,75% addition, which increases to about 
double of its value at about 1.5% addition, 

3. There is no effect of cerium addition on machi-

iaability as evaluated from chip formation and 
power consumption criteria, 

11.4.1,3 Effects of lanthanum additions :- 

L There is little refining effect produced by 
lanthanum addition, 

2, Detrimental effect is produced on tensile strength, 

The % elongation increases to 2- times its initial 
value and hardness increases by 14% with 0.3% 
addition. 
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3, The machinability is found to improve with the 

addition of lanthanum from chip formation criteria, 

The value of ¢ increases by about 35% with optimum 

addition of 0.1%. The horse power , however, 
remains unchanged. 

11.4,1, 4 Effects of neodymium additions s 

1. For additions beyond 0.2% large refining effect 

in o grains is observed, 

2. Detriment al effect is produced on tensile strength. 

The % elongation, however,, increases to double 
Of its initi al value and hardness increases by about 
30% with an optimum addition of 0.1°0. 

3. Slight detrimental. effect is produced on machinability, 

11,4,1,5 Effects of misch metal additions :- 
1. There appears to be an appreciable refinement, of ox 

grains. T'or higher additions there appears to be the 

formation of some new phase in addition to the 
normal phases, 

2. Detrimental. effect is produced on. tensile strength 

and % elongation upto about 3% addition, The 

hardness , however, increases by about 23% with 

an optimum addition of 1% beyond which it remains 
con  Cant, 

Beneficial effect is produced on machinability, 

0 increases by about 16% and horse-power decreases 
by about 5.5 % with the addition of about 0.3% 
misch metal, 
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11.4.2 Additions to alloy 122 ;.. 	.. 

11.4.2.1 Effects of tantalum additions ; w A~ 

1. There is pronounced refining action of tantelum 
addition upto 0.15% 

2. Large beneficial effect is produced on tensile 

strength which increases to about double of Its 

value with an optimum addition of 0.05%. Detri-

mental effect is produced on % elongation and 
hardness, 

3. There is slight improvement in machinability 

with tantalum additions. The shear plane angle 0 

increases by 4% and horse power decreases by 25% 
with an addition between 0.1% and 0.2% 

11.4.2.2 

1.  

2.  

3.  

Effects of cerium additions : -- 

There is pronounced refining action of cerium 

addition. For higher additions some new phase 

appears in addition to the normal phases. 

Large beneficial effect of cerium addition on 

tensile strength is established with an optimum 

addition of 0.5%. The hardness increases very 
slightly upto 0.1% while % elongation decreases 

to constant value at. about 0.5% addition. 

Although very little effect on machinability is 

observed from chip formation criteripm ! there is 

definite crease in power consumption by about 

8% with an addition of 1.5% cerium. 
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11.4,2.3 Effects of lanthanum additions .- 

1. There is large refining effect of lanthanum 

addition upto 0.2%, 

2. There is large improvement in tensile strength 

by about 80% with an optimum addition of 0.1%. The 

detrimental effect is produced on % elongation upto 
0.2% while hardness remains unchanged. 

3. There is no detectable effect of lanthanum addition 

on machinability from both chid formation and 

power consumption considerations, 

11.4.2,4 Effects of neodymium additions : 
1. There appears to be little refining effect 

21 the microstructure. 

2. There is large increases in tensile strength by 

about 90% with the addition of 0.3%. Detrimental 
effect is produced on % elongation while hardness 

remains almost unchanged. 
3. There appears to be no detectable effect of neody-

mium addition on machinability, 

11.4.2.5 Effects of misch metal. additions : 

1. There is a pronounced refining action of 

addition of misch metal upto about 1.Q%. For 

additions beyond 3% some new phase makes its 

appe ar ance . 

2. Beneficial effects have been observed on the 

mechanical properties. The tensile strength 
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d % 

elongation increase to double of their initial. 

.values with an optimum addition of 3.0% misch metal. 

3. The improvement in machinability with misch metal 

addition is established. The shear plane angle 0 

increases by about 9% and horse power decreases by 

about 10% with an optimum ?addition of 1% misch 
metal. 

11.5 EFFECTS OF TANTALUM = RARE E ,RTe ELEMENTS tND MITTURES 
OF RARE EART H ELEMENTS ON THE MICROSTRUCTURE, MACHI. 
NABILITY AND MECHANICAL PROPEL C IES OF ,UMINIUif 
SILICON ALLOYS VT ORDINARY T EMpER U EE ; 

11.5.1 Effects of tantalum additions to hy~creutoctic aluminium-silicon alloy (11.9 J Sl. :  

1. The structure appears to be Partially modified at 

0.015% addition, With further additions the amount 

of silicon containing phase decreases and the now 
phase starts appearing. 

2. Beneficial effect on tensile strength is produced 

by tantalum addition. There is increase in tensile 

strength by about 46% with an optimum addition of 

0.025 %. There is little effect on % elongation 
and hardness values. 

3. No beneficial effect is produced on machinability 

as evaluated from chip formation criteria n although 
very little beneficial effect is observed from horse— 

power consideration, the minimum being obtained at 
about 0.025% addition. 
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11.5,2 Effects of cerium additions to hyper-eutectic 
aluminium-silicon alloys (11.9% S~) :- 

1,  The effect of cerium addition is to modify the 

structure, Maximum modification is observed at 
about 0,75% addition. 

2. There is large increase in tensile strength by about 

21% with an optimum addition of 0.75% cerium. 

The hardness increases by about 68% at an addition 

of 1%. No beneficial effect is produced on % elonga-
tion, 

3. 	Large beneficial effect is produced on machinability 
The shear plane angle • 0 increases to about double of 
its initial value and horse Hower decreases by about 

14% with an optimum addition of 0.1% cerium. 

11.5.3 Effects of lanthanum additions to hyper-eutectic 
aluminium-silicon alloy (11.9% Si) o- 

1. The structure appears to be partially modified 

at about 0.05% addition. For higher additions there 

appears to be the presence of some now phase in 

addition to eutectic and silicon plates. 
2. The large beneficial effect is produced on mechanical, 

properties. The tensile strength increases to about 

times its initial value and % elongation increases 

by about 50% with an optimum addition of 0.05%. The 

hardness , however, increases by about 54% with the 
addition of 0.15% . 

3• 	Slight detrimental effect is produced on rnachina- 
bit ity with lanthanum additions. 
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11.5.4 Effects of neodymium additions to hyper eutectic 

aluminium =silicon alloy (11.9% Si) o 

1. Partial modifieation t akes place in microstructure with 
the addition of 0.2% neodymium. 

2. Beneficial effect is produced on tensile strength 

beyond 0.1% addition. There is maximum increase by 

about 20.%at 0.3% addition. The hardness increases 

by about 52% with 0.2% addition. The % elongation 
remains almost unchanged. 

3. No beneficial detect able effect is produced on 
machinability, 

11.5.5 Effects of misch-metal additions on the 
hyper-eutectic aluminium-silicon alloy (13.0% Si)- 

1. Complete modification is obtained at about 1% addition 
in both sand and met al mould cast alloys. Beyond 2%  
addition some new phase makes its appearance and 
seems to increase with further additions 

2. Beneficial effects of additions are produced on 

the mechanical properties. Tensile strength increases 

by about 77% and 50% with an optimum addition of 1% in 

both metal mould and sand cast alloys respectively. 

% elongation , however, increases by 60% with the 

same addition in the both the cases. Although little 

effect on hardness is produced in sand cast, it 

increases by 20% in chill- cast with an , addition of 
5%. 

3. There is large improvement in machinability  with misch 
metal addition, The value of 0 increases by 85% and 
horse power decreases by 14% with an optimum addition 
of 0.5% 
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11.5,6 Effects of lancer _ p2 additions to hypereutectic 

aluminium^silicon  alloy (13.0% Si) s- 

1. Modification of the structure takes place at about 

1.5% addition. For higher additions there appears to 

be presence of some new phase having uniform 
distribution. 

2• There is an increase in tensile strength by about 
40%, % elongation by 66% of the initial Value 

and hadness by 15% with an optimum addition of 3.5% 
2% and 3% respectively. 

11.5.7 Effects of rare earth fluorides additions to 
hypereutectic aluminium silicon alloy (13.0% Si) : 

1. Complete modification is brought about with 0.20 

addition in chill cast, while only partial modifica 

tion takes place in sand cast with the same addition, 
2. There is increase in tensile strength by about 34% 

and 26% with the addition of 0.2% in sand cast and 

metal mould cast alloys respcctively. Large benefi-

cial effect on % elongation and hardness is produced 

in metal mould cast alloys With the addition of 0.2% 
and 2.5% additions respeetively swhile little effect is 
produced in sand cast. 

11,5.8 Effects of rare earth: fluorides additions to 
hypereutectic aluminium-silicon alloys(7.5% i):.- 

1. With the addition of rare earth fluorides both 

eutectic and primary a get refined upto 0.2%. 
2. There is increase in tensile strength. by 36%g  

elongation to three times its original value and 
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hardness by 27% with the additions of 0.2% 

0.75% and 0.2% fluorides respectively, 

11.5.9 Effects of misch metal and lancer- np2  
additions to hypoeutectic alu!inium-silicon 
alloy (9% Si) :- 

1.  There is gradual decrease in the amount of 

eutectic phase and increase in the size and 

amount of primary CK . 
2. Detrimental effect is produced on tensile 

strength and % elongation with lancer-anp2  and 
misch metal addition. Very slight beneficial 

effect is produced on hardness beyond 1.5% 
upto 3%. 

11.6 EFFECT, OF MISCH MEI', L ADDITIONS ON THE HIGH 
TEMPERATURE MECHANICAL PBOPER[IES OF ALUMINIUM 
AND ITaS ALLOYS o - 

11.6.1 Effects of misch metal additions to aluminium: 

1. Definite and significant decrease in tensile 
strength; at 2000  C and 400°  C is obtained with 
misch metal additions. 

2. Although the toughness at 200°  C decreases, 
% elongation at 4000  C increases to about ]2 
times its initial value with the optimum addition 
of 0.75% misch metal. 

11.6.2 Effects of misch metal addition to alloy 218 

1. The tensile strength at 2000  and 4000C increase 
by 40% and 36% respectively with 4% misch metal 
addition, 



425 
2. The % elongation at 200°C increases to about 

22 times its initial value, while detrimental 

effect is produced at 4000  C. 

11.6.3 Effects of misch metal addition to alloy 122 : 

1. The tensile "strength remains almost unchanged 

with misch metal additions at 200 oC and 400°C. 
2. Although there is slight increase in % elongation 

at 200 °C upto i% it decreases slightly at 400°C 
with misch metal additions. 

11.6.4 Effects of misch metal additions to aluminium 
silicon alloys a - 

1. Tensile strength at 200 °C increases appreciably 

by about 67% with 1% misch metal addition, while 

it remains almost unchanged at 400°C. 
2. % elongation t  however, increases by 44% and 

39% at 200 °C and 4009C respectively with misch 
met al addition. 

-:0: - 
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