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INTRODUCT ION 

S ,ntering is the p +ocess by which solid bodies 

are bonded by atomic forces through the application of 

pressure and/or heat. It Involves tho basic concept of 

adhesion of particles by the action of surface cohesive 

forces. Sintering consists of three simultaneously 

occurring phenomena vise  $ bonding particles at the contact 

points;  changes in pore geometry normally resulting in 

shrinkage of a compact, and grain growth. Various dsfini. 

tions of sintering have been proposed in the last fifty 

3 ears. Zn putting forward any reasonable definition of 

sintering, the following factors must be taken into 

consideration. 

(a) A liquid phase is present only to the 

extent that it leaves a solid skeleton behind* 

(b) A decrease In free enthalpy of the system, 

which represents the driving force of the sintering process, 

results from, 
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U) Diminution In the specific surface area 

due to initiation and/or growth of contacts (nooks) 

(ii) Decrease in pore volume and/or the surface 

area of the pores; 

(iii) Itimination of non-equllbrium states in the 

lattice; 	 $ 

(.v) Important properties approximate to those of 

the compact, porosity tree materials 

Based on them considerations# the following 

definition was proposed by i`hummler & Thor a(l3  3-0 

" . By sintering is understood the heat-treatment 

of a system of Individual particles of of a porous body$  

with or without the application of external pressure, in 

which some or all of the properties of the system are 

changed with the reduction of the free enthalpy in the 

direction of those of the porosity -free cyst©m. In this 

connection, at least enough solid phases remain to ensure 

shape stability, " 
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The aintering. process has a imique position 

in the field of powder metallurgy. ceramics and the 

agglomeration of ore flues# This is one of the techno' 

logical field whore the practical performance is almost 

perfectly mastered tnspite of the fact that the actual 

mechanism of sintering is only vaguely understood. There 

Is no general agreement about the mechanism of sintering 

even after more than thirty, years of continued efforts. 

This is $ however$  not surprising since sintering does not 

involve one simple and straight forward process, but 

consists of manor simultaneously occurring phenomena. The 

The phenomenon dosinating at any instant during the process 

depends on a great variety of factors a t 1 .) , e.g. 

(l) Ristory and other characteristics 
of powder; 

'ii) Density of the sintering compact; 

(iii) Sintering temperature and time; 

(iv) Impurities; 



Cv) Doping agents; 

(vi) Sintering atmosphere eta. 

Various sintering theories have been proposed 

to relate the rate of shrinkage, the rate of neck growth 

or the change in pore shape, size and distribution to the 

mechanism of material transport operative during sintering. 

At present there are two major schools of thought viz. 

assuming either a diffusion mecianism(2 3, 6, 90  10) 

plastic flow mechanism(4, St. W) 0 it is now universally 

accepted that the driving force for the material transport 

during, altering is the lowing in total surface energy 

of the pierticulute system. 

The sintering of metal powders depends to a. 

large extent on the surface state of the powder. Migration 

of atoms along surfaces is usually fast$  but owing to the 

small quantity of material involved, and also the presence 

of contamination, it does not contribute materially to 

sintering consequently, to attain the desired properties, 

long times and high temperatures are usually required* 
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To achieve faster rates of sintering aAd to drove the 

physical and mechanical properties of the powder compacts,, 

a substantial amount of material must be moved in short 

time and the lattice as a whole must contribute to the 

process of transport (x2̀) . The concept of "activated 

sintering" was developed in this connection 

To 'activate' sintering it is necessary to 

increase the driving forces for sintoring and to decrease 

the resistance to material transport. It refers to the 

sintering operations in which the rate has been modified by 

some chemical or physical means ( ) . 

Physical methods of activation Include the use 

of varying nagnetic field, deformation,, Irradiation#  static 

loading, cyclic heating or ultrasonic vibrations(23  0 

chor deal methods g  which appear to be more 

practical, may Involve dissociation of hydrides, sintering 

under atmospheres Containing a reactive (aggressive) gas,. 
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sintering in the presence ©f very small quantities 

of alloying elements or sintering of metal powders having 

reactive surface layers (22)  , 



R`7IFM OP LXTERAiTJRL 

tZ.l 	All the r000gnisable factors influencing the 

pattora of material transport during sintering have been 

recently classified by Thummler and ThommaW  are given 

in Table I 

A. Temperature dependent properties of the metals 

(i) Free surface and interfacial energy$  
including the pore surfaces 

(ii) Diffusion Coefficients (lattice, grain 

boundaries q  surfaces) 

(lit) Viscosity coefficients (frith amorphous 
substances) 

(iv) Critical shear stresses (combinedwith

ction of plastic flan) 

Cv) Vapour pressure and rate of vaporisation 
(combined Frith the action of vaporisation and 
condensation) 
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(vi) Crystal structure and state or bonding 

(vii) Nascent state conditions, modification 

changos 

Powder properties, pretreatment and sintering conditions 

(1) Effective integral  area of contact 

(it) Surface activity 

(iii) Lattice activity (cold forking, tonsilo 

and compressive stress # lattice defects 

governed by manufacturing conditions, 

crystallite sizes) 

(iv) Reciprocal orientation of the contact faces 

Foreign constituents (including those introduced 

by sintoring conditions) 

Ci) Soluble (homogeneously or heterogeneously) 

(ii) Insoluble 

(iii) As surface layers (o,g0, oxide films, 

soluble and insoluble, reducible and nom 

roducible, dissociating and non-dissociotin, 
under sintoring conditions) 
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(iv) Gases (adsorbed occluded and dissolved 

and effects of sintering atmospheres) 

The quantities listed under (A) govern 

essentially the transport processes and are responsible 

for their relative importance. 

(B) also includes#  though not mentioned $ the 

particle size#  particle size distribution#  and pressing 

conditions* 

Numerous possibilities exist of influencing, 

the promotion or inhibit on of sintering, either delibera-

tely or otherwise. These include all the secondary factors 

listed above 'tn (3) and CC) which relate both to 'powder 

and processing criteria. 

Those factors may influence the sintering 

process in positive or negative direction and can take 

place In the following ways P 



(a) The surface or contact conditions between 

the particles are altered. 

(b) The activation energies of the transport 

m1antsms are raised or lowered, 

(a) The type of particle transport or of 

transport path is changed. 

(4) The number of particles capable of 

migration is changed, 

in general it is not always possible, to predict 

ich of these factors exert a promoting or Inhibiting 

Impulse's 

The influence of Important variables and the pro* 

table mechanism of "activation" has been explained in the 

following lines. 

U 
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(1) Effect of Structure, state of bonding and 
môdi fication changes 

A comparison beWeen metals possessing cubs, 
4. 

hexagonal and tetragonal latttcoS s hotrs that the topezture  

at the start of sintering, rcferw ed. to the relevant melting 

point,increases with deorea~ing symratr r i.e. the sintor. 

ability decreases correspondtn ly(OV 8), This could be 

due to 000tirr nee of non-metallic homopolar bonding 

constituents, at any rate with lots closely packed 

str4ctUXes. 

The allotropic niodifieattzts and trap tozmrations 

also influence the sintering rate, Du'ing transformation,  

the sintering contacts can. be destroyedd or distorted by 

roacon of volume aha a (4 ) 0 

(2) Effect .af _ Pot der_a v_ ,t (52 53) 

Tho total activity of po rdor particles is 

composed of the surface and lattice activities. 

(a) Surface activity :. This is directly 

related to the particle size and shape and hence to the 

ocientific surface. 



High surface activity powders are cha acteriz 

by sharp surface rregulartties, as well as by a high 

specific surface area. Atoms are 'particularly mob le on 

surfaces having a strongly convex curvature, which leads 

to the initiation of sintering at very for temperatures 

with such powders. An Increase in surface values naturally 

gives lover sintering temperatures  and a higher 

shri~i ga(61) . 

(b) Lattice activity zo► This depends on 

U) Particle and crystallite sizes 

11) Lattice defects, arrangement of 
dislocations and inter, stresses 

13 Particle and crystallite sizes s - Generally-, 

finer powders give higher shrinkage than coarser material 

and that tavaurable distribution functions improve the 

apparent powder density,, tap density and green and sintered 

density, on the other hand, fin powders give lower apparent 

and green densities. 
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Atomic processes in fine materials usually 

take place more rapidly and easily during sintering, because 

surfaces$ grain boundaries, and all lattice distortions are 

present within a more restricted space and hardly any 

undistorted region exists , 

The finest powders# especially in the pressed 

state also have a large "integral contact area" per unit 

volume, provided that their surface is not too severely 

fissured 

It has been established ( ) that powder from 

single crystal particles exhibits slight grain growth at 

high sintering temperatures$ while pólyorysteiltne particles 

show a strong grain growth, corresponding to their higher 

activity. 

(ii) Lattice defeats, arrangement of dislocations 
and internal stresses s1- 

Nonequilibrium states within the Volume (sag* # 

excess vacancies, dislocations and internal stresses) also 

arises from the method of production. Excess energy can 
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be introduced Into powders especially by cold working  

(i.e. grind) (69`) 
 0 

An increase in densif cation with grinding time was 

found in the case of A1203  powder (calcined at high. 

temperature) (5 ' 	. The results on the influence at 

deformation- ducod• of reescs in metals are not in agreemext,  

The stresses are eliminated at temperatures much lower than 

those at which dens ficatton begins, and are thus without n 

practical importance so far as sintoring processes are 

concerned,, 

(3) The 1 Wence of s oichiomet 

Special type of lattice activity is obtained with 

certain oxide compounds, as a result of the presence of the 

non-stotchtonetri.c states in the cation or anion sub lattice. 

In the case of uranium-dioxide (UO2+X) •xcess o gen is 

present at elevated temperatures in the form of Inter-

stitials, which are extremely mobile(57  `. Due to this 

uranium dioxide (UO,, ,) sinter. lore easily than ordinary 

stotchtometric oxide under many q  if not all conditions(58)  0 



1 iii 1.0 

(4) The intluence of foreign constituents 

The sinteringprocess can be afTécted In 

various ways by foreign atoms and foreign constituents, 

which are present in different forms. These factors are 

described below s 

(a)  Ox e 1 !`ers 

In some cases e.g., in copper and Iron it was 

found that an optimum thickness or oxide layer promotes 

sintering. Only those oxide layers which are reducible 

or soluble or dissociated during sinters are 

beneficial'11' 69) 0 

A slater promoting effect has been reported(60)  

with metal/oxide mixtures (of Cu -P tO, Fe - F,920,31  

W W03) an long as the water vapour formed and other 

enclosed gases could be removed sufficiently easily. 

Oxides that are not removable under sintering 

conditions have in general an ir4ibiting effects  because 
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they act as diffusion barriers * Zn the case of aluminium, 

stainless steel and uranium powders 6  their respective 

oxides (e.g., Al 30  Cr203  and UO) show Inhibiting affect 

in practice. 

(b) The influence act sinters, at 	here(3 9  X 2) 

Inert or reducing gases are generally preferred 

for metals. Addition of aggressive or nascent gases 

promote the reactions. In removing enclosed or adsorbed 

gases from the compact a vacu• to superior to other 

sintering atmospheres. 

Sintering was frequently promoted by the addition 

of chlorine, fCI and reactive nascent hydrogen (e.g. by the 

decomposition of Ti R). In such cases new sinter active 

surfaces are continually formed$  thus accounting for the 

promotion of sintering. This method proved sucoeseful in 

the case of iron powders (27'  42 0  63)11  

Chlorine contained siritering atmospheres promote 

the sizitering process in Iron . ` steel by the formation of 
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volatile or low malting point halIdes, especially in  

the early stages of stnte ngt 

(a)  Small additives 

Strongly inhibiting or ' promoting effects of the 

second component were observed, according to the materials 

used, mitering conditions and stage of sintering. Here 

the deciding factor Is not the solid solution formation, 

as suCbt  but the different partial diffusion coefficients 

(heterowdiffusion effect) occurring in each case In 

practice. New vacancies are constantly being produced in 

this stay. These can assist the process by increasing the 

effective atom mobility, provided that they remain 

"dissolved" in the lattice* If vacancies coagulate to form 

now pores, they naturally have an inhIbiting action by 

producing the well known Kirkendall effect. Favourable 

results have been reported in the systems Fe-NI, Co Ni 

and Ago, 	and also in tungsten With small additions of 

metals of the iron group and platinua gtoup(239 24 



The marked promotion of tungsten sintering 

by small additions of the Iron group metaled  especially 

nickel # can be considered as a special case, in which 

the temperature of extensive densification can be decreased 

to l]00OCo With about 0*26 % t addition, almost theoretical 

density of tungsten have been obtained'. It is 

explained that metal addition should be effOotive only upto 

the point where a continuous surface layer Is formed on 

tungsten particles, a further addition appears to have no 

,effect(66 
 0 Tungsten diffusion is these layers should  be 

rate deter iWing, because t g st en is soluble in the added 

metals but iron-group metals do not dissolve much in 

tungsten. Larger additions haft a very minor effect or 

may oven prove inhibitIng if tutormetallic phases*  with a 

high bonding energy are formed. 

More recently the Inhibited sintering character-

istics of powder mixtures, e.g. # In the Cut-Ni sy eben, have 

been investigated. Under certain conditions expansion 

phenomena Were observed instead of coot otion(73`t 74), 
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According to Fisher and Rudman 166)  these are directly 

related to the. degree of homogenisation, The a ran 

eton is also attributed to other factors such as pro 

ferential gas ivolution dui the formation of solid 

(5) Other factors which may promote sinteug  

(a) 	t axe 	 a 	 r D ) 

The formation o. f new phases during sintering is 

associated in 1any cases with particularly marked expansion 

phenomena, (68t 69)  0  By using specific pressure sintering 

conditions,, sound and fairly pure phases can be manufactured 

by such 'reaction sintertug' e.g.,  C from uranium and 

carbon 'mixture is obtained. 

• / 	! t a 	 i 1 • 	41 	r 	R s 

This is occupying a epeoi l position because of 

ease of diffusion process and of the possibilities of 

r.es&e.ring of the phase remaining solid in the melt and ©f 
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rapid dissolution and reprecipitation. The process 

can be divided into three stages (7°t 71, 72) as follows. 

Ci) Particle rearrangement stqe -- 

The rearrangement of the particles of the 

residual solid phase br viscous flow in the liquid phase, 

helps in dens i f . ca ton. 

(ii) Dissolution and reprecipitatiOn stage 

For these to take pla e)  at least a limited 

solubility of the solid In the liquid phase is necessary* 

This stage promotes densification with slower rate. Small 

grains, with strongly convex curvatures then disappear 

while larger ones assume a more regular shape. 

The driving farce for material transport results 

frau the Increased compressive stressed and hence from the 

enhanced chemical potential and higher solubility In the 

contact zones. The solid substance is then carried away 

and precipitated again at location of lower stress* 
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Y  

In ease of incomplete wetting (angle of contact 90) 

the solid grains are partly in contact without the interpo 

sition of the melt. A non.vettingliquid phase (contact 

angle 	90) is ineffective or inhibiting and usually exude. 

partially from the sintered compact in the fora of droplets. 

.2  ACTIVATED XI RING OF NEALS AND ALLOYS 

T auten( 2̀)  has shown that physically absorbed gases 

can help migration of atoms at relatively low temperatures. 

A greater effect may be expected when she sorption preceeds 

the formation Of a new phase. In this case, a large scale 

atomic rearrangement in the surface occurs. Also chemisorption 

involves transfer ©r sharing of electrons between the metals 

and the adsorbate. This reduces the surface bond energy of 

the substrates  which may thus provides the surface with 

increased numbers of atoms to participate In material, transport 

if the newly formed phase is removed before or during the 

sintering cycle, 
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Surface cleaning (to remove impurity) like absorbed films 

etc. $ is necessary to activate the sintering process. One 

method of cleaning is to oxide the layer and reduce It 

(oxidation Is done so that reduction will be easier) to get a 

fresh surface. Metallic crystals are activated by alternate 

oxidising and reducing. 

Copper, and iron powders sinter best 4)  when they 

have optimum amount of oxide,#  they are capable of reducing. 

This of course limit the cold welding. Also much oxide will 

give much water vapour (when hydrogen I s used for reduction) . 

This gas will rupture the compact. 

C asing(69)  suggested that optimum oxide layer 

on copper to get good compact properties in vacuum sintering 
0 

I s about 400.600 A. We must have low oxide and low temp era -
Lure treatment In air so that activated sintering Is possible. 

This practice does not require lubricants. Pbr iron powder 

300 - 3500C Is favourable for activated sintering and the 

optimum oxide layer is about 404-600 2. if oxides are not 

reducible then other compounds are formed. on the surface. 



-t 23 too 

In Case of molybdenum we add controlled amount 

of oxygen In hydrogen atmosphere, possibly OH (volatile) 

takes part in the reaction. Molybdenum is sintered at 

16300  C In hydrogen saturated with H2O at 40000. These 

have similar density of Compact sintered at 22000C with 

dry hydrogen. The same ease has been noted In the cast 

of tungsten* 

Another method by EUdter(42 ' ) is to Introduce 

liquids Into the system by using halide compounds 

and NH4Cl) . 	This gives more extended range of 

operative temperature. Fo-31  and Fe ,» Al alloys have 

been tried by this technique. 

Use of bromine atmosphere for chromium alloy was 

suggested by Galmiche (probably oxybromide Is formed) . 

The literature on catalysis report s(12)  that 

formic and acetic acid vapours decompose catalytically via 

chemisorbed formate or acetate intermediates on the surfaces 

of copper powder*  leading to the formation of microcrystals 

of copper formate and acetate, respectively, after prolonged 
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exposure to the vapours. It is also known that these 

newly formed phases can be removed by heating at low temps 

ratures. 

1 	( 63) According to Korovesky 	activation technique 

during sintering is same as infiltration. Despite the 

improved properties Industrially it is not used due to 

dangerously halogen attack. Chemical reactions by diffusion 

is Inside the compact e d this has good possibility similar 

to surface treatment of fused material. 

By alloying the powder surface characteristics 

can be changed and accelerated sintering can be achieved* 

In the case of few ferromagnetic materials 

sintering under magnetic field has been done and accelerated 

rate has been reported, 

The effect, of ultrasonic vibrations on the 

sintering efficiency have also been studied and some improves 

properties have been reported. 

An attempt was made by G.V. Samsonov to explain 

the activating phenomenon on the basis of ' stable Electron 
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Configuration Model' « He suggested that during the formation 

of condensed solid state, valency electrons can be divided 

Into localized *nd non«olaea feed parts* 

r 

His model in based on the results obtained by 

Morsunskii & Jenkin about the dl. stributl.on of valency oleo-

Irons by -X-ray studies in the following transition metals* 

Metal. Electronic 	No# of valency Localized Nan-localised structure In 	electrons d, 
Free atom. 	 part/ 	p+ 

Zr 	4d2 52 	4 	 2.6 	1.4 

Nb 	4d 6s' 	5 	3.8-3,9 1.2.1.1 

Cr 	5  451 	6 	3.8 	2,6 

MO 	4d6 53 	6 	4.3. - 4*2 1.9 oo 1,8 

According to Samso v the localized traction of 

these electrons (valency electrons) forms a fairly broad 

specter of configurations. These configurations differ in 

their energetic stability i.e.  in their stack of free energy, 

so that along with the very stable configurations there appear 

some which are less stable or oven unstable. In view of the 

fact that the statistical weight of most energetically stable 
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electronic configurations are considerabl7 greater than 

the statistical weight of the unstable ones, each atom 

can be assigned state of a limited number of stable cant.- 

gurations. Between the stable configurations as the 

n onboalfsed fraction of the valency electrons t there occur 

ex*ages, which are responsible for the bonds between the 

pair of stable configurations. Stable electronic configura. 

tione, accordin to the degree of descending energ r 

stability are d * 	41+ 	do0 

The statistical weight of atoms having stable 

electron configuration (SWASC) in the metallic crystals 

can be obtained with the help of following expressions. 

SWASC 	d' 	~' Z 

d , T, 	°., .gip % 

If o < ci { 5 

whore, q = No, of localized electrons. 

and SWASC 	 3t~ 	100 ► S 

dto  X 100% 

if 8q 	2D  



0. V. Samsonov and V. I. Zakovlev studied the 

aetivAting effect of iron group metals (Fe,, Co & Ni) and. 

platinum group metals (Ru, Rho Pd & 09) on the sintering 

of tungsten. They observed that the activating effect 

increases from Fe --9~ Co-Ni direction and also optimum 

quantity deeroases In the forward direction. In the other 

case they found that activating effect rose from Os - -- Ru --Rh 

-'.-Pd direction. They explained these results on the basis of 

stable electron configuration model as follows s 

Tungsten atoms are showing very little donar 

characteristics, since with increase in 8WA8C (shown In 

TABLE XI) the donar capacity of various transition metal 

atoms decreases„ The attalhment of dio configuration is 

easily achieved in the ease of Ni, Pd, & Rh additives# because 

they are having higher SWASC d. It is difficult to 

achieve in the case of elements vhieh have lower SW,AsC d1. 

This is the reason why in the series Ni -~--Co-'-- Fe and 

Pd --'- Rh -- Ru -+- Q s, the optimum quantity of additive 

Increases. 
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TABiE. i'1 	!c~ a 3tre~ctur$ Solubilities and 

(SWASC d5. 98) 

Additive 
element 

Electronic  
structure 

in 
tree atom 

Solubility 
in 

Tungsten 

Oiubility 
of Tungsten 
in additive 

sw,ASC 
O' 	46d1 

`fir 3d6 4~2 0.8 	wt. 32.5 	wt. % 0 44 56 

CO d7 42 0*3 45.0 0 28 72 

'~. 3d8 4s 0.3 	" 42*0 	' 0 1f 

03 Sd6 6 s2 i Atomic % 48 Atomic % 0 84 16 

Ru 4d7 5g1 iB 	" 48 	" 0 &) 20 

Rh 4d8 Seal Negligible 12 	' 0 60 40 

Pd 4dio 680 — 0.3 Atomic $ 10 	'' 0 is 82 

The various results on activated sintering of 

metals and alloys as reported in various literatures are 

being summarized in Table III. 
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11.3 SCOPES OF THE PREBENT. WORK 

Zn view of the wide applicability of aluminium 

bronze and the difficulties encountered during its casting-$, 

it is worthwhile to develop powder metallurgical techniques 

for the fabrication of such alloys. This will definitely 

have much saving in the waste scraps. 

Some work ha .s already been conducted' 26' on the 

study of activating effect of Boron on. the sintering of 

tin bronze. A similar study was planned in the present 

investigation for Aluminium bronze. The progress of 

slntering was followed by studying parameters such as 

volume ehan~e, hardness - maro as well as micro,, porosity 

and degree of homogenisation. A comparative study was 

made on the sintering behaviour ©f aluminium bronze with 

or without Huron. addition. 



CRAPT ER -• III 

EXPERIMENTAL DETAILS 

III.].  METAL POWDER SPECIFICATIONS 

Riedel copper powder of 99.99 % purity was used 

in the present investigation. The size of the copper powder 

was • 200 mesh. 

Aluminium powder of 99.9% purity (laboratory 

chemical) manufactured under arrangement with B Merck AG. 

Darmstadt (Germany) by SARABHAI M* CHEMICALS LIMITED, BARODA 

(Batch number OE 00493) was used. The size of this powder was 

100 mesh. 

Boron crystalline powder manufactured by Koch-Light 

Laboratories Ltd., Coinbrook, Bucks,, England was used. The 

size of the Boron powder was approximately - 65 mesh. 

I11.2 PREPARATION OF GREEN COMPACTS 

A composition of 7% Aluminium bronze (rest 93% 

copper by weight) was selected in the present investigation. 



Boron powder was chosen to study the effect of its addition 

(0.05% by weight) on the sintering characteristics and 

mechanical properties of the Aluminium-bronze alloy. 

111.2.1 Mixing of Powders 

The first lot ©f powder mixture (i.e. 7% Aluminium 

bronze in which Boron was not added) was mixed by passing 

throug.i 100 mesh screen about 5 times and then 25 times 

through 65 mesh screen. 

The second lot of powder mixture in which Boron 

has been added, was first mixed in batches (about 23 gms. 

of powder mixture in each batch) with the help of pestle and 

mortar with a view to reducing thesize of boron powder and 

avoiding the segregation of the Boron particles in the 

powder mixture and then finally the same procedure was adop-

ted as in the first lot of powder mixture. 

TII.2.2 Making of green compacts 

Universal Testing Machine and high speed steel die 

and punch were used for making cylindrical green compacts of 

powder mixture of approxim tely 1.0 cm. diameter and 1.5 to 

2.0 gms weight. 
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Three compacting pressures I.e., 3.82, 5.09 and 

6.36 tonne/s4.ems. were selected for making these compacts. 

Desired compacting pressures were obtained slowly 

(in about 1k to 2 minutes) and then were. kept constant for 2 

minutes In each case. Pressures were also released with the 

same rate as these were applied initially. 

111.3 SINTERING 

Before each sintering operation, entrapped gases 

in the green compacts were removed by heating these samples 

at 250°C under vacuum for 1, hr. 

Sinters.ng of the green compacts was performed 

under vacuum of the order ©f 0 microns at temperatures of 

F&t3°G and 700°C respectively. These temperatures were 

selected with a view to making Comparative study of solid 

phase sintering (et 650°C) and liquid phase sintering (at 

?70000) , of the alloy Under Investigation, 

Liquid phase sintering was done for five different 

periods i.e., 1/29, Is  3*9, 2 and 2 hrs. In the case of solid 

phase sintering comparatively longer periods were chosen 

viz. 1/2, 10 5 and 10 hr s. 
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Inn'•a4  VOLUMEHANGS MSASUREMENTS 

The dimensional, changes of the samples after 

sintering were measured with the help of micrometer screw 

gauge (least count # 0.001 cros) . 

Difficulty was encountered in the case of Boron 

added samples that the liquid phase exuded In the form of 

droplets and solid .fled on the outer surface of the specimen. 

Thus before any measurement to be taken, this oozed out 

material was removed by gentle rubbing and polishing. 

About 5 to 7 readings were taken for diameter 

measurements, whereas 10 to 15 readings were taken for height 

measurement in order to got an average picture. 

111.6 4HDN8S 1 ASt REMEI►T S IN V.P.N. 

Sintered specimens were properly polished upto 

3-zero emery paper and then the hardness was measured along 

the diameter at about 8 to 7 points by the Vickers Diamond 

Pyramid hardness tester using a load of 5 Kg. The median 

of these readings was taken as the hardness value of the 

specimen concerned, 



Sintered samples corresponding to only 6*36 

tone/sq.cm. pressure were selected to analyse the pattern 

of aicrohardness variation. 
a 

crohardness Tester Model 1) 32 attached with 

large incidentLight Camera Microscope "NEOPHOT 2" was used 

for measuring micro hardness. 

Sintered Specimens were properly polished 

(mecha cally) and than etched with ferric chloride solution'. 

Three different loads viz. .0.78, 21.96 and 46 gms. 

were applied for making indentation in the selected area of 

the microstructure. But the results of microhardness were 

reported in this work for intermediate load. 

After measuring the length of diagonal of 

indentation, calculations ware made as follows 

Urn * 864 4 P (Z g/td) 
d. 

where*  Urn a general miarobardness in kg/`mm2  

P 	Test load in gas i.e. 21.96. gms 
(obtd ed with the help of Calibration. Curve) 
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ThO micrometer reading and the scale interval 

yield the indentation diagonal as, 

d a. r Si 

where, 	m m Reading of indentation size#  expressed 

in drum division. 

S = Scale interval (varies with mag fi-- 

cation used) 

d = Length of diagonal of impression in ZL 

(microns) 

Zfl.7 I R d!SrTRUCTUf4L STUDIE 3 

. Metallographia studies were conducted on the 

Large Incident-Light Camera "NEOPHOT 2". The micro structures

were examined at different magnifications and micropboto- 

graphs of selected specimens corresponding to 6.36 Tonne/ 

sq.Cr. pressure were also taken, 

111.8 	rah 8TVDIES 

Required 'quantities of powder samples for X-ray 

Studies were obtained by filing the sintered specimens and 

then passing through 150 mesh screen. 
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X-ray diffraction p tterns of powder samples of 

some of the sintered specimens were tak on the X-ray unit 

model No. X DA-2 with the help of two camera's of diameters 

90 mm. and 114.6 mm respectively, for the sake of estimating 

the extent of solid solution formation of the component 

powder mixture. 

The time of exposure was tried from 8 to 25 hrs. 

and the rating was varied from 20 M.A. , 35 I( V. to 25 t:. A • $ 

40 K.V. 
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1V.I VOLUME C NOR 

In this nnulticompone t system volume expansion 

was observed instead of contraction in the solid phase as 

well as in the liquid phase sintering. Thus the density 

of the sintered product decreases in this alloy. 

The results of volume expansion (as percentage) 

of simple and boron added aluminium bronzes are given in 

Table 1V and V respectively. 

TABLE IV - piariation In % volume change of simple and. 
B« ctivated Ai"B ronzsecimensitered in 
solid state at 6600C 

cotnp acting 
in Tonne/sq.cm. 

3.32 
o.67 

0,66 •4 «66 0967 044 	0.42 1.51 1.41 

0.68 0.69 0.71 0,68 0.42 0.61 1.55 1.65 

6.36 	Q.80 0,,69 0.69 0.78 0,, 0,65 1.65 2.32 



* 48 ii. 

TABLE V*- 	ion in P volume 	 B 

v,(ted Al-Bronzy 	W 
,ce of iinuid nh 

simple it'.Bronze 	B activated .A►l+,B+L onto 
Sintering 

time in 
bra. 

esuro 
compact- 
in 
ie/ sq. Cm. 

1.0 *1.6 	2.0 12.5 1 0.6 * 1r 0 110 6 12,00 1 2.6 
46 	ra 	*i 	nJ 	rU1 I I I I 

3082 	3,26 3.04 3.14 3.96 3,31 6,67 5.66 5.33 5.49 6,22 

5.09 	3.41 3.21 3921 3,05 2946 6*,25 8,11 6.37 6,32 642 

6.36 	4.6 4.39 4,89 6.42 8.27 27 6, 58 6.61 6.50 6.62 6,43 

IVO1.1 Volume change during solid state sintering 

Volume expansion results of simploaluminium bronze 

sintered at 5500C for various periods are shovm In Fig*, I. 

Hope tho initial volume onpCansiof to comparatively very largo 

In each sample. Tho 6.36 tonne/sq.cm. prousure compacted 

semp to s shoe a typ ioa' .y more expansi oninit ially but at 1 

hour of ointoring all thoso saw ios show almostt equal expansion 

irrospootivo of compacting proasure. In tho later stages 

of sintorin only otgtit ox ansion was noted in 6.36. tonno/sgocz 
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prossuro compacted samples and no expansion was detected In 

3,82 and 5.09 toñno/sq.om,, pressure compacted samples. 

Voluizo expansion results of boron added aluminium 

bro.uzo sintorod at 5500C for various periods are shorn In 

,Fig* 3s In this case volume expansion occurs almost oonti-

r~uously (with a slight deflection In samples compacted at 

3,82 tonoo/sgoom8 pressure between 05 & 1,. hr« duration) at 

the constant rat* upto 6 hour of sintering in all the samples. 

Beyond this periods a slight contraction has been observed 

in samples compacted at 3.82 tonne/sq.om. pressure, but 

Sher expansion has boon noted in the case of samples 

compacted at 5.49 and 6.36 tonne/ sq, cm. pressures. The rate 

of % volume expansion for 6.36 tonne/sq.om. pressure compacted 

Complex Is fairly high than the expansion rate of 5.09 tonne' 

oq,oxn, pressure compactod samples in the later stages of 

Dint oring,4 

XV.l.2 Voluio Change during liquid phase sintroring 

Volume expansion results of simple aluminiumbronzo 

sintorod ut 700°C for various periods are shown in Fla., 3. 
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In this ease also Initial volume expansion is comparatively 

large in each sample. But the expansion behaviour off' 6.36 

tonne/sq.cm. pressure compacted samples is quite different 

from samples compacted at 3.82 and 5.09 tonne/sq.cm. 

pressures* Initial expansion itself In 5.36 tonne/sq.cm. 

pressure compacted samples 3.s comparatively more and remains 

constant upto 1 hours  but beyond this expansion occurs conti-

nuously at constant rate upto the end of sintering time. 

However, volume expansion i s almost constant with sintering 

period in samples compacted at 8«82 and 5,09 tonne/sq.cm. 

pressures. In the later stages of sintering a slight contraC-

Lion has been noted in samples compacted at 5,d9 tonne/sq.cm. 

pressure. 

Volume expansion values of boron added aluminium, 

bronze. sintered at ?0000 for various periods are shorn in 

Fig. 4. Here also it is very large in the initial stages of 

sintering itself and remains almost constant with sintering 

time in each lase irrespective of compacting pressure. It is 

comparatively more with higher compacting pressures. In this 



6.36 TONNE /SQ. CM. P~$ESSUR E 

ri

-.- 

TONNE/SQPR E S U R E 

C 

4 
	 3.82 TONNE/S(OIL-CM.  P RE $ SU E 

L.J 

uJ 

C 4 

11/ 
w 

4 

z 

U 

0 

I.e) 	1.5 	.3 	2.5 	3.0 

'!TtERJ 	TIME, -1RS 

FIG 4. . VOLUME EXPANSIOM OF -ADDED A'iBIoNZE 
DUFHNC ....IT J1Q PHASE SINTE11NG AT 700 °C 



FIG. 5. VIEW OF THE B-ADDED ALUMINIUM 
BRONZE SPECIMEN SHOWING THE 
PRESENCE OF EXUDED MATERIAL 
DURING LIQUID PHASE SINTERING. 
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*ago one peculiar phenomenon has been observed almost in 

all the sinter©d compacts*  Liquid phase exudes in the form 

of droplets and solidifies at the surface of the samples. 

One photograph of such sample with its oozed out - liquid phase 

has boon taken and shoes in .g. So  

Thus in general we find that volume expansion 

is comparatively very law in solid phase sintering than in 

!Liquid phase sintering. Initial volume expansion of boron 

added aluminium bronze In solid phase sintering is compara.- 

Lively slightly less, but beyond I hour It is quite higher 

than that of. simple aluminium bronze. 

Initial as well as overall volume oxoansion is 

comparatively more in case of baron added aluminium bronce. 

than simple aluminium bronzo LtlhCfl liquid phase sintering Is 

done. 

IV, 2 HARMS$ 

Hardness values (uodian of v rioue readings) in 

V#P„N. of sinterod specimens of simple aluminium bronzo and 

boron added aluminium bronze are given in Tables V2 & VIZ 

reopocti volt'`. 
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1V 9. , Hardness of solid phase sintered specimens 

Hardness values (in V.P. ) of simple aluminium 

bronze sintered at 	°C for various periods a're shown in 

i1g* 6. A slight decrease in hardness occurs in the initial 

stage in case of samples compacted at 5.09 and 6.36 tonne/sq. 

cm. pressures and then it remains Constant almost upto 5 hrs. 

of sintering. Further a slight decrease in hardness teas been 

noted in the last stage of sintering. The hardness values 

of samples compacted at 3.82 tonne/star cm. pressure remain 

almost constant at 55 V.P.N. throughout the sintering period 

of 10 hrs. Hardness level in general is high in case of 

samples compacted at higher pressures. 

Hardness values (in V.P.j,) of boron added aluminiI 

bronze sintered at 	°C for various periods are. shown in 

Fig. 7+ Here a slight Increase in hardness in initial stage 

of sintering was noted in all the, three types of samples, but 

hardness goes down beyond 1 hr of sintering. Samples 

compacted at 6.36 tonno/sq. cm. pressure show a further drop 

in hardnessbeyond 5 hours of sinterI . Whereas In samples 

com.nacted at 3,82 and 5»09 tonne/sq.em. pressure, a slight 

Increase In hardness beyond 6 hour of sintering was observed 
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' 	IV.2,2 Lirdneso of liquid phase sintored specimens 

Hardness values (in 'V.p„N„) of simple aluminium 

bronze st. ezed at 7Op'*C for various periods are ahoim 

in Figs, 8. Here in the initial stages of sintering the 

hardness values were found to be very high in all the three 

types of . samples, but the hardness drops rapidly as 

sintering proceeds further. After I to,  31j hour of sintering 

an increasing trend in hardness values has been found An 

all the samples, In. general, we observe that the hardness 

curves are of T shape In all the three cases. 

Hardness values (in V.P J.) of boron added 

a1uinniui bronze sintered at ?000C r various periods are 

shount it Fig, 9. The nature of harneas curves shave. in 

P1g. 9 Is similar to that of Fig„ 8, Thus we find that the 

hardness level of liquid phase sintored simple aluminium 

bronzo is highost in comparison to others. In genera.]. 

Boron eddod aluiinIum bronze to showing loner hardness. 

values as compared to the simple alu4nium bronze if sintorod 

under similar conditions. 
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Though the nature of the hardness curves for 

compacts sintered at 7000C is almost similar for simple as 

sell as for boron added alur .njum bronze, but the level o 

hardness is low in the boron added bronze. 

The nature of • the hardness curves for specimens 

sintered at 55000 is not simli,ar for 4rple and boron added 

alamiritra bronze. In the case of simple aiund.nium bronze the 

hardness goes down ice. laily whercs it itcreases in boron. 

added aluminium bronze. The hardness level in both cases Is 

not much different from the other. 

'V.3 TOROR~ . E 

Nlcrobardness results of some selected sintered 

compacts of ' simple aluminium bronze and boron added aluminium 

bronze are given in .'ables Vii & ZX respectively. 

IV,3.1. Mierobardness rat of solid phase sintered 
sintered specimens 

iL.crobardness results of solid phase sintered 

specimens, corresponding to 6.36 tonne/sq.cm„ pressure of 

simple aiwniniurn bronze are shoes in ftg. 10. The level of 

microhardness values of copper Pith region is quite higher 
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than that of al nium rich region, The microhardness 

of copper rich region in Initial stages of sintering decreases 

from 105 kg/sm2  to 94 kg/ 2  and thou remains almost constant. 

The mierohardnees of a1 ,nium rich region9  which Is quite 

io (39 krAO) inttial1r, continuous . continuouslr increases first with 

slowerr rate and In the later stages with faster rate and 

finally reaches a lovel of 68 /mm2, rhos a large 

difference o " about 	kg/mm2  in siicrohardness values, which 

existed initi&lly of ieen the to regions9  has reduced to 

only 97 kg./mrn2. in the last at ge of sintering. 

I4icrohardness results of boron added aluminium 

bronco compacts corresponding to 6.36 toaae/sq, cm. pressures, 

sintered at 80C foz' various durations are sm in 1 .g. . 

Although in the initial stage ot sintering the microhardnoss 

values of copper rich region are higher (about 17 lt 	2) than 

the aluminiumn rich region, in tie intermediate stage the 

itcrohar1noss of alur,inium rich region goes Upto 93 kg/mn2  

and that of copper rich region goes down to 70 kg/cm2. At 

a later stage of sintering the hardness of copper rich region 
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increases dlo4 y and that of aluminium rich 'region 

decratses rapidly and consequently in the end of sintering 

l. a. after 10 hours, the micro hardness of both the regions 

are almost the same* 

111.3.2 icrohardnesi ar liquid phase 
tsinterod specimens. 

Microhardness results of simple aluminium bronse 

compacts, corresponding to 6.36 tonne/sq,cm. pressure:  

sintered at 7000C for various durations are shown in Rig. 12 

Hers the microhardness level of copper rich region is about 

60 to 70 kg/'fmm2  lower than the Ilundnium rich regio#. The 

r.icrobardness of both copper and aluminiumm rich regions 

increases with sintering time although with different 

rates. 

Micro re tress Values of the outer surface and of 

the Interior of the specimens (boron added aluminium 

bronze) obtei neck by sectioning are shown in Fig* 13 and 14 

Tel ►7ectively. 

in both the cases the level of hardness of copper 

rich r.glon is much lover than, that of aluminium rich region 
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which . increased with sinto 'ing time. 

g, 13 shows that the hardnece of both the 

rogions increases continuously upto the end of sintering,, 

but at a faster rate in the case of aluminium rich region, 

whereas very slowly in case of coppor rich rogton. 

Pig. 14 shows that the microhardnoss of both 

regions first increases and then decreases dth sintering 

time,* Here also the rate of hardness increase of aluminium 

rich region is faster than the other region* The rate of 

fall of biarohardness observed during the lator stage of 

sintering- is almost equal for both the curios. 

YV.4 1 .c ` CUM 

riicrophetographs of simple and boron added 

altnr!iniup bronze re acts, corresondirng to 6.36 tonne/sq. 

cm. presnure, sintered at 5500C for various periods are 

shown side by side In Fig„ 15 (a, b and c). 

It is evident from Fig, 15 (left) that there 

Is no detectable change in nhicEtructure with sintoring 

time. Only In the later stages of sintering soma smaller 
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which increasot with h siato tng time. 

ig 13 shows that' the hardness of both the 

regions increases continuously upto the end of sintoringt 

but at a faster rate In tho case of ali®iaium rich rogion~, 

whereas very slowly in case of copper rich region. 

Pig. 14 shows that the microhardcoss of both 

regions first Increases and then decreases with sintering 

time. Here also the rate of hardness increase of aluminium 

rich region is faster than the other region. The rate of 

fall of fticroha .ydness observed during the later stage of 

sintering 1s almost equal for both the cur ? s. 

IV. 4 I C!L'829 M URF  

r4icrophotographs of simple and boron added 

altt!iniui bronze compacts$ corres!)ondi.rg to 6,36 tonfl 1sq. 

cm. pressure, sintered at 550°C for vaz i ous periods are 

showfl side by side in Pig. 15 tall b and c) . 

It Is evident from Fig. 15 (loft) that there 

Is no detectable change in nilerestructure with sintoring 

time. Only In the later stages of sintori tag g some smaller 
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aluminium particles are shoring a change in their etching 

bohaviotur. 

he xnicrophotographs on the right of l .g. IS 

(as b and c) reveal that in the initial l stages of sintering 

only very fine a1i inium particles are prone to aUoing, 

which is manifested by distinction in the etching behaviour. 

Tho alloying tendency Is naturally more In case of compact s 

sintered for longer torws From Fig. $(b, a) (right) It Is 

ovident that there i a sort oi rim formation around the 

aluminiurit particles$ suggesting the solid solution formation. 

But In case of fine aluminium particles this tendency is so 

great that it is difficult to identify the same from the 

copper matrix, At the same time it Is observed that around 

all boron particles a dark region is present. 

tiicrophotograpbc of dmple jboron added aluminium 

bronze compacts corresponding to 6.36 tonne/sq. cm. pressure, 

sintered at ?0300 for various periods are shotm side by side 

In FIg. 16 (a 'b, a). 

It is obvious that the alminium particles have 

lost their Individual Identity. Fla 16(a) (left) Shoes. time  
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distinct rogions 40 one darker and the other lighter in 

shade. The darker region is around the site of aluminium 

particlos in the grew. Omppact and the ligbber one is 

copper rich region. 

in the case of boron added aluminium bronze 

(Fie,  ].Ci(a, b, c) ( 	)] we find one marked difference that  

the pero ity} Is much more as compared to simple aluminium 

bronze [Fig. 16(c, hg c) (left)] sintered under the same 

condit ions* 

in general homogenisation is more in the case of 

boron added aluminium bronze* 

Microphotographz of the interior of the,  liquid 

phase sintered compacts of simple and boron added al inium 

bronze are sbotrfl in ,g. l7(a, bo  o)• The comparative 

study of those microphotographs shower the following, 

features s- 
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of sintered 8,1ooti* n, indicatjn g that the 1 .thee Was he V117 

deformed as a re,uit of re3lduaj eompaattrig stroees and per. 

hape due to the Inter dit `. slon ,f coppor 4nd o1unLnium in 

each 3t: OY. 
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0? c.1o7n3 c.5 a anait 09 nn rtttatt j c oca of bo . tt hco 

bce no io p o y obaomed that m pn000 robably 0+ .c3 

oo at n In p go t :) otio-t1.' t tt a all the civoint ni pt .- 

et c's 	tho bran cc i ictct% csptoi o ti o o for tray and 10 

i oF  tihoroc on 	Ctt tbto xi' ytn ao boon otteod In tho 

OQOO Of O it3I,t O 0t3i41ttt browo o&ipi o boa CLItOXOd for 7-0 1UC 



	

41 	; 

uo too o pr i o for in soli c to tntoH.nr cair tho 

binary Dvotam romtt tat 

(1) tho er'•t&*s Of 	poctty u o to +fit azoneoc 

tnc fftctcuto of the tit otpcnoton, t o 

(it) the Creation o ` MIe or city 6to i s ma a.,, 

1I tO Of Vn+C£ t 0o in  II the rojto!t Of tit C 	GAO21t `k #ot3t3 6tff 

utone'4 of lclont to 'Wl ryar ttvo cIor3i' 

' o porinity in goon a . QftOc O advors ' the tQbO# 

nicc1 pr3 0VU0s of the pD•tet. Teo tount0 a .v o, ciao and 

tzttn for of pc'nttto effooc the z as o no o l an 1cro-

a a of ro .to* It the o e ci 2 e.:~o eft of poems .t , o avo 

tcirro t1 t i s will h3V0tc ?O O0 Offeot o  

uooü to ? 'C0 4 00 of mtc op, ,n ,' y ttii iavO co ar ttv'o .7 

► edvw rio taftuoao an mi 	a acco 'mss u to 

Of hreno (i * r'. ) in the Initial 

oto,! e 0 ' oi a to to o tO!lA13 for o ttp1 o 't • 'o►i co 0r pl 

(2t, c) e3tcd at t i cr p e u o (1404 •&.3 on3 0#31 e 

Upiken ~ I to no :►. c cSt iy duo to t to 3atton otr.o po 3ottp 

outti a1tt pe101 'c4Q7Cd by do w%oiaca c ^~rEion Of 

A l um and eat r )o p3 tC1QO 	OVOL# t z iovovtn; of h azdnoo 
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to tho tntGr 	pj 	? gi: c t 	+ 	'"" 	A 	tt ► 

bri cttrtbtitod to t c vo11av n -it wozR: hrthritn(t ot'oet, riot 

i 	m 	c':in to arvoi ; rn : off` t3iar ,* r7s t 	in  tho of zetuo r o 

n 

 

rtttt f Oifforo2ttcg rrtoc of iftzo.ie , ► cov on a l • 

ttr4ui ftc D. 

Tho a aos wiioo (in V, *.fl.) of i oit+ per otntor 

b3r3n added f . 	bi'on c øpoc1Drw3 (Pt: , 7) Caro oyot attoa .Uy 

lOox' t n thorn of Ci to ni tr%tw hzorto ('t. 0). 4Tto to 

qq ann due to tho c ttot of i .zao ctG nt Of ioropOr torn 4D 

Lb ?Rat of jianrU ,Vmo 4 o- vt oincio~i in Y! r' tio" w tint o+J►~.ipo. 

ncnt tihf n.:o dLffuiton Paz ' 'i. font to oouparcttvoLy or (to ne to 

ca pon rtoh ?oto tiPtei to ►rø nt to i1t *mount) 

Tho vaa toao zt h&000 totr Vero p€ rtG cd fro 

llo vigils 

(i) to corro a e tho v*i.,ano o n ion and ittgdnoo 

nut gong zttonti, a 

(it) to ottd7 tho bano i3 .. e ` `oc o (U' n ) off` *r*A 

dt1itton in tzo f von tton o of o7 from tho ' tttt' 'o of tho t zo 

)pG► c to Vt3, copper f!t' OlUnI im, 

, a nlr rdnoaa vvjt* o of ua .ie t t to otntoro ntcpio 
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O totI Cis brm td6o caluriblt b n o (P11-. t) nth " . roajoo 

tot) 3i1 nt t v t Vi ^9.t `'` for of I V)PP in a1 tntz in 

Porto' than V1 r 	$ £ " O r dgnt 1 , n 1400 	ntcroz. 

rz,ono v'v1uoo ttth ointoriwjt o to o men otct i  in tho Q1 	to 

torn onb atd at tho nitio ttr in Cent it a ottc at doe" 

rocmc n t ierGGardEEoo VAtUO! of coppOZ rich GjLGI%! IVO bock 

a , rot's t of Mft'tendU t7 o of oT o rt 1 	A° 

ri 	oftr tvon tr000 O. .o to :4jro theta propar.  

tt mato nlreaso Of ea1p+C~i to is I ita is t.t o uttio a por rtc1 

r-1iou niffaia ton f o or diittornt "o of otrcaoc 1uo t eon ,gal 

kt o o v 1 ftetoS In the form o Mier* * - t7& Thu n tho r ter 

of 	iiW Vi3t1 OftOfl, hO'Zt 	o to ly t OT ttt th 

;'roo=t t plate 	tiro anC r*v o por r eb rriio it ;ho-Ad bo 

wouor vM, #ijoct to tntoita, tin,- 

.t Mh th t In 1tovitttro aro twoiloblo tot' tho 

ao i atl on c rj v or i for itttwio ot o,,o'i► r 	s 	,' ' 

za - h io 	to dot Q s Qvaths3io tot' aittdniti into vopor. 

" f ' ouot ci `+ ottoo o 	 to bo 3 E 041 Oboo `c+ 

PCOults Q1.V. -i cvot# O thO b3CiO Ot øttb10 O c e 	+a t ni i.rCU ' 

va ioa r66o1 I : 10 o ri8cn that oo11pOr at = ttU nto a to d e 
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to oncito thoir vnlono olctoo to s biica tip opa oo*ft-0 

at1,oa of .utatut3 c.toio Mkt i + l t occur at tho 

v 	tt tc pct* wo r .n o,, bowo 7or,, tb10 p ooc0 ti.? Etot **our 

c t 0 V fli ichor of or 	' Cz:7 tUvo* 

lla:4ea t QOZaEO in iCAo va1tio in tho oappo 

ici rogtono of boron t4c 1uttnt a bozo (leo 11) as c~rci 

tootr pio alt 	um b ozo (Fig0 1) co tz o the iq o  

t3IOrOpO,ity dototoo probably + as to hnz co rto  

C 

 

b7 tho oct .vz tto of om. Tho O!XtCAt of n l c opo r rite 

on tb ttfor co to intMnis di.f'ucson s a►oifi icnY_Y. 

+ vIo si7 ►t her the difflormoot coo tIIUU bo the c teporoolty, 

Thin a*nfirm that horo he dt tfu to i p o oz in tor, hot and 

r 	;t 	olio thx secure Pi , 1) th ot.i et to titntazin 

O baron r &2o r tt 1nt b; 3xo. 

Largo vo1.wno o uwious In 1t't i , basso oinfio c1 o oot~• 

V'r an 

 

(9t3 0 rtu ) to ; oirc to1' d aO to largo 	 In 

coca` ` meet (no) of t io al e a3a9son of Uqtzi phhoo (c3t1y 

ctcn .. b u) an con 	i oo (co? r rich 03 U$). 
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Zito 1tcjuId 1000 gore of ?? C p*ctoo tho ooltt 

(c pior VI&) pa ioco ttioyto now cUoo. moo 4an taeoc 

pa g .cK, c1 it 'otizi to t io op atA . OOu whoa to 

nvo nøo1 i Sane3flOO(tOflt17 ` tO hoa o fl POC31tt 

t largo or it o r. n .cas The o.b vo ffi ,r .* a gonto t ao 

proS,c .10 of laces"nc t1 I1t7 itt tho oC mz10 thorc orir~i 1.1y 

r 1.tL!iifliUt 	rtc1 H 	rc prcont, hi in ee ' ,rriod From 

I't 	10 zru1 'I?* 

'orc11 a notott 1a obriztci7 biJor In eco  

t o0 ooto of c ptLrttVoi7 1tctor pronrtto bee u off' Lott' 

tavo1' 1 Wo 1Gun o " a1O Od po 	end OVOcLfl Icon p3 ntt r 

mi1csbla to zeaatio&to tho o p n1t ihoo (t i' oa 1trut 

of nur.2ntur cothntnfodoamt't y **p '0i )4 

t' ,io c lumiitc brGnco c33ioo amctc  

19/oQ, v ri OCU ,1c 7o 3h 3 m Qn Lut" C. oinj t' or off" " lumo 

ozcurton crciaftor ones hour or Oi ortnj j,0Gd of ' 009 0 

x1c le cittvibu4 . ma ,n' g t-5 r.-iro .1nt LVo tI1O7L. 3 c fr t. 

.l ovens tho voxu ro Lnn ciimoct c not nt ttth, ropcetr to  

Qitotnr tiro In tho c;ccco of 	,G9 	Zc ro 

tbo tbroo too of compoc o rf bor rod tnLnt bouoC°~ ; 



all the a vo cc ti act o' poMj it 	ioto1i 

mros a ch prot. b17 aoo33 to tho valtz0 + nfC Of oO a 

3ult oI a1toyin- t-tV tazz3o in of . o 	two, 

cc". Q tjvo1.7 cDro V ILWO eQUt1iGn in O ;W On30 of 

bon nd,00ri iciu bo ii (PI *4) th4 tlmt o1 itrpioa',- 

in t€W brtco (ac. 3) t, 	ttzibzed to the c ro v)i = 

Or i1c,L1i4 t)hr oo `or r r,8 a q t or eettvftton of Loot of 

It in quite ► bab , o that it car acti o the torn-nt iori Of c o 

torrtr alloy (battcrt Cop CD* 1u tAi.u and boo) itch ci 

rotiu :t in .o t :in o ' ho itq td  etuo or the .. ►u , a11oi 

f r cc d# Thus tho ct1,,orootinC of t o I Uid phc,o (to ,cnrj 

611oy) In the baron cMMoi bronco 1a bo o 	ratIvIly store tb'u 

the liquid he o Wnnry) fo ca In cir plo 	io thug tr turn 

ron 31ttuC in 	czattvo7 oro rGinu f 1id6 xhto 

peezi tInG r3 c47 a co c tt so ' bbo h bor' ►to ott # j1 tl *, of 

o0' r in tho itaiC1 L o.lnoat ' itch any j►o Nor the 4an' it r an 

of t c t t Et of tho Cot mpoTdu ; 1tgat 1QO, 

Iio gyp+-C .Ucz puc onon of oinj out of 11Q .Q. phhoco 

oboowoc onc 3t to p tab17 C~. o to c ag a In r o tt ac3 o I:'o 

torttttoD of the otea Pico (1t= rich) ,! h = 	p_± 
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Zz ail tho r n o oo tuo aemt of t 	tv ti obvottiV 

g ioh otxb7 co 3& tco the t?olt o o ►nnoto, on o 

wutt or Lt1OPin- fit"! iievea o tA et Otflr tiDo. 

oz a  tt o1 ► Coro ?gutx, OO in tLO ozo Of 

t* 	tided eiitu bronzo (Pik , 4) thanthat or s pie a1, . 

iitniwo bronco (`i. 3) tr c 	tribttci to to c r VG1to 

of iiquiU ph o 	c&1 rc a re,ut of aottzr tton of£o t of v 

It Is quito probable that it vay ac ix tO tho 13r tion of cants 

tornar lloy (bottcn ooppor, e1urtniin and boron) ftitcb 

o~sult in.a rt ; a, hø ltqutdo ctzzvo of to ttqt. Ud 

fowl-d ~ 

 

?ha a the v 0 oetinC of the iti48 phaoo (tor ' ar, 

d1loy) in the boron ct o1 br m so nay b caparativ~Ay r0DQ tI.0 

tho It id *ha o (binary) foic in ttug .o ' voi i o0 'ht r in 

c it C in **m avati o1 ' situ voiu3 it` ? e 	2hto 

prICt2Dc r3c47 a co Cc&co tbo Mbcr icto o 	ojut.e 	f 

O3' Z in tho Itoui 2 p:ina;o i is . maymi t10 danni r an 

"oi 

 

cc amuat of the cor o n to 1 t~ 

212O 9cmalc : pUcnan= ► of oor in out of Iic ? W gteoo 

obcorve+ ptonontiy to pzob biy Flo to cthcro in o ttn a r:oaw 

to'tatioo of tho violton pha o (ciulii'r 'ie) vct z = 	• .... 



«»$  

roue 

 

to 0*x 16 phi O (co 'te5l 0'11 7) by the. cttton of 

trod► ho C OZte3 . Ct.pO )' oro 	St tt 027 =1 

t rom of contcct of ttcro 6r'* 1otn o ' he o. t ' " r r` 00, czi. 

Turn aQt to liquid pbcso 1Ca covo ! cis A *W 	ntu o  

when in ositcct t lt1 the c 'i,id p QO ( p o rich ' 1o). 

Ws Chia to d Z,jo or v'o'lt" bttttf , i1 3t. v)ll_;CO CQt7 

o 3I1t d L'ri io r o1i4 o ►'tr ace.. i tUo rA ttd n M. ottLr. ; 

liquid Z' 4Q00 00 al t OtOr " X3 la oanicetc O UO Qom fl O q 

on ttz o "fat oijij to tt tflcrOeCtrtC oomproo3tVO D 'Ocmi O It 

t10 r0ro ~d t1 zgh thr ,tic a rie1n n8 Yin x ho a ro' t c, 1tcnai4 

eot ouch an Op o ZAtt It c a 	to goo ont to the 

otu'faaO Of thO D OC 	 V*iU 	i2ter 'In LD thO 'o 

of sphorldrAl a pDv 

rotit1o3rtto or 	tc ttons 1n o n ,1 ► * 	,0A that 

in biromaluminium bz z o c pioiz boo too f 	in out 

3f the ti ttVi i,ltteo, zi largo QZ2OUat of Ho ch Oz tOtL ft ' the 

ontc' enr c cn (Vie. 3) in a pzicon to too 1 itorior of to 

tptettn.ri (Pie. 17). ' to Is obvtoun boo:.. ioo of .nail c ifltOi. 

connoCt;11 Ut 'Oait7 Ott]► the  i`rhool the CO .toi c11Oy fE to 

Interiordodo not oono exit and tic suoh it le Iorce4 o pe-ot t 
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$A r t* 1oe1 tntoram oet po ottp ar, a 	IIIt of 

Th oGtr1 of t i "t .d phase will IO ObVGtUZ zio i in 

this tho ouoa'c5U co oattio of the  

nCa tho Ot1Or narfaco o  tho n ►ec o.a )po 'n to bo o 	- 

z3ttvoiy eo poi' z tth that t!4-nt of tan S to or Of t1zo Cczi.m 

rns n.. 

ThL* the 1n. o a i ioa in liquid peso ntnt n 

or wimp a az boson •a8dc alutiniu bronco m tnl # culto I 

era tior of Margo aDotxnt Of aro,oroDLty duo to tbo C.tfo• 

moo tn coo 'rio 	at tborai oq,oto 	Tho 'p ro iit in 

conor l a fceta vo eio 1orcei7 tho iaeiob Hoot goamus 

w fi har raon 7oriQtion ttth cpoct t otrtorirkg yr .ibtt 9  

In geio a -, 	i twt. :t' on the 'o .1 to ''tcL m; 

(*) Dtotrjbutlon, r *mot 4 tt (ot po eD 

nice) of r,oroz,ttici irOc t Ln tho a: + atrori. 

(ti) 	non of dtft+ rc  ooun p oe in the 
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' *ui zc h 1ar7n' VtiQOO of I&iczn, In thq l iq .G p ci o 

ainterod 

 

ocjnrnt than th000 otntorcd in co1id to (t i , 8 a nO 

0) ,o -dtuo t tho proscnen or 1xirrco amount Of pOZ031t7 no d1n-

lvtoC tic .s'llor. Thin to ovt+~ont fror tbo itc tr taral ezt. 

s^:tiam (`'' 4 10 nr 3 17). 

The natt2ro o 	 no c o*~+'M V tin roel n qui t t1 7- cc O1E tO 

CDOOt ^et (t tc. 8 n 0) Gan bo E alnl$, zt batel to the nUUO7tf•I 

O iOC uliiati in tum f opond 04 so 

C .) the to of phrco or phuon qic ont intho 

(it) + t tr tm tto t ri now%t o' vnrtow ottiá  

P CC O and 

(iii) tho tc t of n 'ootng or o 	ll 	o3cntctton 

Tho oto!1tot jlO7tfl1 n eonoov ont1 hoori1tton  

t r' U.V I rea o; uith t 'Morro of cit!itorin ,nr1od.t,hiei 

n—lt in rice *9't - notri vmj.~Q s * :'Icr cttuct r aI o a .cant . rr 

Asa uonfl=n Vito 't v ninon t o 	it of ioroity dooc fl ►' 

In-Manse b t tho 	of n1lo n -m6 Iom3C .toQt!o!. at the 

C 2O timec LtnO dO:'thitO17 1aiQ ,1O6 (150 I kind t'?). 



n& °it10 , th a 	oc tc1toi of boron a&&od 

a' c aatu bmto art, e t ?O1 1. o r and chow to tr ti1t r 

► ' o nib ola ► t r " ono. It ay b attA OW 

tcx to 

Cl) caro orpanctoA In tho co -o ' brn n?tc.d thou 

i2ip?~.G clU"n tt brat ro tibloh rcnzttv In orco porn tt '. 

(ii) tho o,, ng o tt at tho lick aid phasc :cttrt,, in 

may isDcJov lr c5u .arty dictributod moltio, it tho omtcz# 

ho rc'genoo or  itcpaUl ph o ntttuolt cnncoo the 

into if £u jot of both e p nont uMb ul inc tot' r ; ui o in 

Cora btd rolutton t'oanition in tho 'llq ai phaoo th tho S AMA 

nth tom 44ator sp i orD. Thin in ovidont Tr tho mars truo. 

turab OtTilt -1,1 (Pt,. IG one 16) 0 fL har r tot o ' is rcaDc at 

n jt Vatuez o? a por rich and cinninlu rich ro tcmm 

o'" 11qtt,A 'no otnt rod SpOoL o (Lt, L nn 13) 1tc ouoot  

tt!'t t o tot) 0 di u tort i ` bath coinor and aii tw hinvo 

tiofit&i offoct or boron tGdi 4on in ovt&& tfra tho 

t`c st that Tho rr to at" tnc cc o of ha dnono or Alwrl r i I Wall  
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an that of Ci.vteb rotio in  tho outor an  a tiofl m) in tha 

, .' r ► o 	►o br3n atoa b o cr iv a , aaUU,voly Motu tn 

o ip1a b ica 	o ttton 

night'! hiC11Dr itac + ` 12Or000f3o of viieiatlnos^ 
and 

X 1 0 of OJo th /'t zit z'o'nn In tho into?tor tb4 n tho outoz 

DlWtaeo of Loran ad2cd br3r a Io tttt ibnt t, 

() bo pi ofleo of mGrO 1XIU 7hmno In tho Into"ior 

Winn tho ontorlo? of tho boron addad broio o 44o vi jch on 

i1rneos tho Iti olon phoz moth 

t ,) the pr000 ca o tiro utnotntzt in tho intortor 

th to tho ox h .or to at tho tfl'oeo eo o rnoltm zotn1 ZQ QO 

out t oeh cthto t øtn, 
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C O U C t U, I O r3') t 0 G o S 2 x o n 

C1) Co1i Otto DL oziwy of tho pr4soroiuro 

c 	3otc a? 7i ti c 305 ee po boo nt ioit2o6 voy ccozc. 

cLnc oci tc Ciro for an tho he oonictLo of tho ot'uoto Io 

t oacoinc 1, 

(2) tio .tq a2 ha00 GintorL1a La aoro o44tcblo 

fez t10 pe.nt of grim of 0110714aLeo.. haoContcttion but 

t o g,4to in 	Of t for t inxmooa Within tho ii.' 

D MCd po tod of gj bz o, o ►torte in tho pnoc ont a ao. 

(3) The effoat of oron hao 2ofintto1y inoro nc tho 

3to off' aIiornr3 in the p n 	t ritc o atotin of "' 41 cuu 
3 aap port  bi cn hcieiG tho r to of LntoOttfaoion La. ooiia 

otc to no troi.'. no n tho 1tgtL4 ph-noo o to tnn. tt the bio  

acts?ntCC otnox1 pv,Oaeto azo pO*ro in ovo f : hn noon than 

0"10 	4niuu brso• 11wovor, oa ooit OP boxeoll to 

o' h..:*uc4 c Lion, o olovolhzs&aooc of to p coc proocnt La 

b=oron ud1cd otrtc t1 ro uo of h&;]tor o oz' them o tl 10 loco. 
tithotit boron n&43o st tot iro. 



e }fir*i t1ina c1ovo1#oca a Dort co? non uotttnn' 

1c Qv'Qctcwlcttc in tIi. liquid Once (t~ .. ; ") t ith oDoot to 

oo ld poc (aoZ►,or riot c11 ),  vht h t in gonorct not bcuo4p 

f .oi^1 no fns on bottoo ointortria Ic oo cornc6,. 

fit n eno '. bottor ci orcbitttr to oirpoctod near 

tho 011tor curfnoo tllmn tho intortor of the OpOCttofle but t io 

offct of boson addition Tina y + idod apoito roøuito. 

r flotl, an 

 

for T hor ttorit 

In colcctin3 tho oompmontp or the poor cyotcm for 

& o1oi,i g tho iatLlio3blo ointorod producto fo1iot nC conr t.- 

doz a ttonG f27 be t ado, 

For bettor oirttorcibfltt7 and honco bettor h oao.► 

fltci tton, the liffuoIon rated of atop of ruriouo oo2 oaonto 

the tturo nIlouid bo approri otoly tbo cram at the D nto~ 

Ira teat por tu'o,, 

 ono :the Otto or all top orc chould be as 

coalU. no iocctbto, parttcu rl r of the eonononto thteh ero to 

bo cddcl In cc ei? or q .nnttttoc o.. g• a1 intum and boron In the 

prole t coo for tho ppcIIo of bettor sinto bii itr, 
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't 1O1 flVOotCttGTh of tido pr000nt 1ctoD 

'oUG iaa tcinto ti bo t iton intoconoidoLc ttof, 

() 	omt uwo a.' cntorin n sy b votoeto2 3uot 

cbovo tho tolt;tn *Inn or  ol in2.0 n ardor to r uoo tho 

ovo 11 V 1tr o ar. ^ ,o^am 

(11) Ajt flttm prior ' oi' then aDppo cup ba ot+ od 

(ate) Otto of thc boron runt bo rZzoo8 no fir cc 

r oca b .o a on1 oerconc f ettou ohGUid bo dc 1. P ofo b1.y 

tho pt.co rtco o io 1i bo of tho ov or of fo terono, 

(iv) Qwn ity of boron in jtt u d ph no ointoring ncay 

by icdiiea to O O1 ' by t,ot ht 	ardor to o zorvo tbo optta i° 

CC UG Of tho cottvctton proccrrs 
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