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A B SR A C T 

Role of vacancies and varying amount of 

cadmium addition on the preiprecipttatiOfl stage of 

ageing In alp nium`• zinc alloy was studied with 

the help of resistivity measurements. Activation 

energies associated with formation and migration 

of vacancies In three ternary alloys were ovalUa-

ted. The binding energy between cadmiumatom and. 

vacancy has also been estimated. The values are 

compared with those reported in literature# 

It has been found that resistivity 

increases with ageing time and starts Increasing 

almost instantaneously. 

It has also been observed that addition 

of cadmium to the aluminium •. zinc alloy lowers 

the rate of pre-precipitatIOn and higher the cad-

mium content, slower is the ageing process. 
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CEAPTER • X 

L I'T1WA TU-,RE 	R9 V IE W 

,1 INTRODUCTION 

To meet the evergrouing demand of high-strength  

aiuminium.baae aUoya, many' of which are age-hardenable, in 

the field of d6tenco, aviation, automobile and other rota - 
Led Industries It has become necessary to study the pheno-

monon of age hardening, 

The phenomenon of age hardening1  as is understood 

In its present form, is known to involve a precipitation 

react on leading to the formation of a fully or partially 

coherent phase from a super saturated solid solution and 

thus resulting in net increase in hardness, This technique 

has acquired a conspicuous position as one of the modern 

strengthening techniques because of the obvious advantage 

of possibility of heat treating after the alloy has been 

ork.ed to its final shape. Most important age hardonable 

a loys include Al.Zn9  A'l.-Cu, A144g and Cu-Eo. The stren-

gth of these alloys can be Increased by ageing to as much 

as fIVe times. . 	, 
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As A14n alloys form the base for an important 

series of commercial agei'hardenable alloys, a thorough undnz 

standing of ageing behaviour of these alloys will be of con. 

siderable value in the development of h »gbbstrength alumi. 

nium alloys. 

tot  HISTORICAL SURVEY 

Alfred iilm1' 2, a German Scientist, in the years 

1903-1911,, discovered that Duralumin (an aiwninium alloy) 

when quenched from high temperature below Its melting point 

to low temperature and was then allowed to stand at room  

temperature the hardness increased with tt: e. It was later 

on found that the change in hardness could occur even at 

other temperatures but the course of .hardening differed 

at different temperatures* This process has Come to be 

own as It Ageing 1?  and the change in hardness as Age 

Hardening. 

Subsequently, some alloys other than d alumin 

wore found to exhibit ageing and hence the phenomenon att. 

ratted the attention of many workers dtie,. primarily to the 

fact that super high strength light alloys 'ceded for many 
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Industrial applications could be developed.  Since ageing 

is undoubtedly followed by prec pitation of a ,second phase 

fromthe parent matrix of supersaturated OC 	it, came to be 

known as ".precipitationHardening" also* 

Ago Hardening consists of 

1. Honiogentsatton; t » e heating the alloy to a 

temperature :where homogenous solid solution 

is obtained. 

2* quenching the alloy from solutlonizing tempe. 

rature to lower tomporaturos so that super. 

saturated solid solution is ob 	ed, and 

ogeing; holding' the quenched specimen at a 

definite temperature for various lengths of 

tim% 

Pre.requ sits of age hardening i 
— - 	--- -- 	– ' -rw -irwrn'nw4nrrryunNirrMrM~ +~i 

Following are the prerequis is for an alloy system 

to be precipitation hardenable 1 

1, The solubility of the solute must decrease 

• with decreasing temperature in the solid solo. 



ttarz or In other words, the p sa diagram of 

the alloy system should have a sloping sole , 

2, on quenching from solutionising temperature a 

super saturated solid solution must form, and 

3. on heating this super saturated solid solo. 

tion must decompose into a non-equilibriUm or 

intermetallic phase which is fully or pantie s 

adherent with the matrix* 

1,3  STRUCTtTRAL CANGL3 DUfiINc AGWG  s 

Complex structure changes occur In age hardening 

alloy's during the process of ageing. A typical sequence of 

structural changes can be represented as o 

Solid solution (at homogenisation temperature) 

Quench : supersaturated solid solution 

1 _ 

Szeoss Vacancies  --r  Loops, ie1Io, Stacking faults 

solute atoms 	.--- Clusters 	Zones 

Intermediate precipitate 

Equilibrium precipitate 



1.3.1 Role of Defect Structure s 

At the homogenisation temperature, solute atoms 

and rnoaneies are randomly distributed in the substitutional 

solid solution. On quenching, the alloy becomes supersatu- 

rated with vacancies and solute atoms. These oacoss~- vacdn-. 

etas give rise to various structural defects which act as 

potential site for nucleation of meta table precipitate. 

The detect structure introduced by quenching has 

been studied in Al and Al-alloys by various authors3 5 In 

alumini n, the microstructure consists of prism tic dislo- 
0 

cation loops about 	A in diameter which Are formed by 

the collapse and shear of discs of vacancies in the manner 

predicted by Kuhlman-Wilsdorf6, In dilute alumtnin alloys 

excess vacancies are generally precipitated as prismatic 

dislocation loops while in, concentrated alloys they form 

helical dislocations, 

According to Kuhlrian...'Wi1sdorf6, the excess retained 

vvcanoles first form clusters or discs* PiIsmatic disloca-

tion loops are then formed by collapse and shear of these 

vacancy clusters or discs. The mechanism of formation Of 

helical dislocations has been suggested by Cottrell? which 
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is based on the absorption of vacancies on a screw disloca-

tion,. Thomas and Whelan8  have investigated the mode of for. 

mation of helical dislocations in quenched alloys and have 

suggested a mechanism, to explain the large number of helical 

dislocations found in these alloys. ccording to them$  a 

prismatic dislocation loop may elongate along its glide 

cylinder to produce two long screw dislocations. These screw 

dislocations then transform to helical ones by the. mechanism 

suggested by Cottrell. 

ly and Ntchotson9  concluded that the defect 

structure of a quenched dilute supersaturated alloy is gone-

rally similar to that of pure metals although the number of 

excdss vacancies is higher due to the binding energy between 

a solute atom and a vacancy. ta concentrated supersaturated 

alloys $ formation of defects Is difficult, and no defects 

other than helical dislocations and a. few isolated disloca-

tion lines and prismatic loops have yet been observed, 

R jan and Saxena1°  studied the effect of Bold wor 

tug on precipitation hardening. They concluded that the 

effect of cold wor4ng on precipitation hardening is a 
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complex phenomenon involving interaction between vaCan. 

cieo, dislocations, solute atoms$  zones , intermediate  

phases and the equilibrtwn preeip Cato. 

1.3.2 Pre.pree gtt ton x 

During the earls stage of age n , solute atoms 

segregate on -certain preferential crystallographic pianos 

thus leading to the formation of solute rich clusters*. 

Those clusters are mobile and grow at the expense of each 

other forming G.P. zones. The clusters are eapleteiy hoa o 

gonous with the matrix and 30 also the zoies and do not 

possess structures of their ova.. Zone t however,  have a 

definite shape depending Upon the degree of Mismatch bets -
Won the atomic diameters of solute and solvent, Strictly 

speaking , if zones are loft to itsoifq  they have their 

lattice ' parameter different from that of the parent mat- 

rix.. But since zones are homogenous or, in other words, 	G 

have one teono correspondence with the ;matrix, the overall 

zone In either compressed or expanded to match its lattice 

parameter with that of the parent matrix* Elastic strains 
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ao thus set up aM thorn Is nn elastic interaction of the 

field due_ to diisl000ttOns aM elastic otr n set up due to 

the for atop of zones# Thin offers resistance to the move. 

*rent of disioocit ► s and hence the hardness incroceen The 

age In haxdnon9 evonturifly depends upon the, difference  

in atomic diameter of solute and solvent. 'hare is no nue 

batten barrier for clustering n. zone fc a tt . Outor 

termed this pitenonenon as pro.proetpittton, to din ttngutsh 

it fran the true precipitation$ 

:notes of prep c pi. tte s 

:cgodtneltt and Lavos11  first Pointedout that 

Guinior's mod& 	of G.P, onoc In Al.Cu all*ya required a 

very high diffusion coefficient, at least 'id? times greater 

than normal diffusion eooffictent obtained bi extrapolation 

of high temperature none uromonts to room toziporaturo. 	iO 

attcpta hsvo been ando to o pla this anomnbousty high 

solute diffusion coeffIcient in quenched alloys* 

The first explanation proposed by Turnbulll acewod  

the diffusion of solute rtes to take place vta d aloaatirs 
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A large number of dislocations may eat an obAmmoi9 for easy 

diffusion, but this theory tailed to explain why the dift. 

usion eoefftetet was so sensitive to quenching rate, 

boogenisation tenp0raturG etc. 

Anathor p1iiusib10 explanation proposed by 

Zenot 4 and  later doveloped by 'edertgbt and Do Sorbo 

a ,aa1*"? attributes this anomaly to quonched..th vacAncies,  

The theory, camo to icnaun as ' zcees Vasa gy T ory ,  

In widely accepted and assumes that high rate of diftu. 

elan to due to high conontrtion of quonched4n vaoau 

netes. 

The diffusion coefficient of Cu in Al at an 

ago lug temperate T is given by I 

D~ ft A 	 ** * (101) 
A 

ire . and 	are the activation nergtea for the fore 

matton and mtgratton of vacancies respectively,, and A In 

a constant, At 2O0C , assuming L+ s ► = 1,4 +V,, DCu was 

calculated to be 10 " ca2/500. But Do Sorbo a 	16 

calculated Dcu '^ 1046 ,cm2 `at o by assuming that Cu atoms 

i 
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move three or tour atom diameters during clustering 

Thus there is a discrepancy of 108  between expert. 

mental and theoretical values* The excess vacancy 

theory attributes this discrepancy to the fact that 

diffusion is governed b ► a concentration of vacancies 

which would be in equilibriumat the bomogoniaaUon 

temperature Ta  rather than at agoing to nperature TA   

D #= Aozp  
{.- 	

. (1.2) 

Assuming 2p  0.% o , N  = 0.58 eV, 'H  0 5500C and 

T = 20P  C.9  thovaluoofDCuwascalculatedtobe 

6 2 1046 2/aec. which Is in good agreement with the 

value estimated from experimental data* If the queen.. 

ing to slow some vacancies have time to migrate to 

stnlw during quenching Itself and thus the retained 

vacancy concentrationwill not be associated with ' 1, 

but with some e lower temperature ' 	. The equation 

(1,2) can thus be modified as I 

DCu=Ao 	_ 	 pax 	 *.( 3) 
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there THO is the effective homogenisation teeperaturo. 

The excess vacancy theory is eontirmod by the 

followingfollotsiflg experimental  observations employes reaisti. 

vity measurement z 

1, With increase inTH' the initial res is tiu. 

vity and also the initial rise In resale 

tIvtty increases* 

99 Ageing tomperaturo remaining constants time 

taken to reach peak is lesser for higher T~. 

1,3.3 Pacnei Patton s ;te ed e,te and 	.1 .brt $ 

+fin continued &going the G P, zones are grace-

a y replaced by a metes table phase having definite cry. 

etei structure nd lattice parameter,, This phase termed 

as Intermediate precipitate is partially or fully coho. 

rout istth the matrix. 

As the intermediate precipitate Brous, the 

strain fields enlarge till they overlap*. No on Wither 

growth of precipitate, the strains begone too great to be 
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accommodated merely by bending the lattice planes, At 

this stage coherency breaks down and the strains at tho 

interface are now accommodated by the formation of stru. 

Moral dislocations# This is the stage where intermediate 

procipitato transforms to oqufltbrtuni precipitate and 

since it is . foflotrod by disappearance of the coherency 

strain, softening results. Hence tie get a peak after 

the hardness maxima in the hardness vs. a et time 

cue. 

1.4 Al- 	SYSTEM 

Zn has an ext naive solid olubility in Al 

which rages from 16 at. pest. Zn at 2750  C to 1.5 at. 

pat* at 1000  C. Thuss  Al Zn alloys are very favourable 

for the study of precipitation  re ction over a ride 

range of compositions • The A1. alloy system . has att# 

raced considerable attention in recent 	o• as preeif
,  

pitatton sequence h been found to be more càmpltoated 

than thought of earlier, Existence of opinodal trans.- 

formation has also been reported in some ailoys20,  
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'The £1..Zn phase diagram is hon in Pike' 144 A .abort' 

aecount of the ageing characteriettos of A11 alloys to 

being given in the fotto i ng seett s. 

1.4.1 Soqncijitton 

Till recently the practp tat on sequenco in 

A1.Zn alloys *ms accepted to be quite slmplo $ 

Till recently the procipita ton sequence 1.  

Al- Zn alloys ias accepted to be quits simple : 

Supersaturated solid s glut —,.spherical 

G, P, Zones 	equilibrium preotpttate, 

Garwood et al.21  for the first time dotoctod 

a faceeontrod.cubjc transition precipitate in an Al.12 5 

at per cent Zn alloy aged at 2000  C. Since tbaa f  inves- 

tigations by various workers' 2 	have establishod  

the existence of another phase (called R phase) in he 

precipitation sequence of Alo.Zfl alloys 

The effect of solute concentration and agoing  

temperature on the sequence of precipitation too  hor,  vor, 
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not still clearly known,' Reviewing various experimental 

data# Krishna Rao of al 26 have szu.arLeed the gods of 

precipitation in Al 	alloys 	 indicated  In Fig, i2o 

According to them1  

(1) Zones form by normal solute clustering or 

by spinodal deco position These zones are homogeneously 

distributed. Zone compoitionia controlled by meta.. 

stable miscibility gap in two phase regions  but its size 

and thus volume increases which introduces a large amount 

of strain, which leads to the formation of U.phase and 

then following sequence takes place:  

fl- phase -- a'— Zn (continuous), 

(2) ' 	tcrogenous formation of c<' takes 

place in mail .amount$. It probably ' occurs within the 

grains at dislocat ons 1  normally present or arising due 

to vacancy aggregates, 

(3) continuous Zn Precipitation by hotero.  

gonocus nucleation on structural defeats is not very 

significant as it will require a. great deal of solute 
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to be localised and again surouxitLng of a large free 

energy barrier for nuo eati , 

( 4 ) discontinuous  precipitation of Zn is the 

conmon mechanism for high Zn aUoye * It becomes more 

promirzent with decreasing ageing temperature and increas 

ing solute concentration. 	 S 

14,2  Effect of to a.ryr additiaan  t 

Since binding  energy between a Zn atom and vaca«. 

ncq is small, ?1siZn ey`St+ happens to be most auita1e one 

for studying effect of grace additions of a third 

element 

has already been pointed out in this section$ 
 

the clustering ram i :Al,* a 57z3  tam is very fast, This 

clustering rate to ver, can be hampered appreciably by 

'trace additions of a third element# . Noting this dec 

reased clusters rate, the binding energy of the `fir. 

element with vacanctes can be evaluated.  

Si3 cock and Kim= a ! Hac iguti have made  

an alternative explanation for thindecreased clustering 
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rate that the traee element atoms mtgi t got paired oft 

Frith the excess vacancies and Chore )'tae the rate of 

clustering and zone formation. This explanation seems to 

be quantitattvoly plausible since the concentrations of 

'vacancies and trace element atoms are similar aura and 

s Ua iguti conducted resistivitymeasurements on A , ,? 

Pat# Cu 0#006 pot, Sn alloy and found that bInding en-

orgy of a Bn atom is 0.2 oV greaten than bot neon a Cu 

atom and a vacancy. Hance majority of vacancies are, 

bound ' Sn atoms and the rate of ditfiion of Cu atoms 

to form 0.P. •boa is rather avow, 

1,5 3 8PP OF TflE PH8SEZ3T NY IGATZGN 

The present t ork as undertaken to study the 

offset of Cd add3tions on 'the kinetics of pre-prooIpita.. 

Lion of 4l Zn berry alloy and thereby' calculate the 

energies of formation andmigrationbotwoe a Zn atom and 

a vacancy and that teen Cd atom and a vaóancy, it was 

therefore decidgd to add Cd In Aloft alloy to three vary. 

ing quanti ties. Values, of 1, andF "we calculated for 

Cary alloys using electrical reiatiity measurements, 



Etforto have been made to explain the chango in 

kinetics of preprecipttatton brought about by the addi-

tion of Cd o  In terms of positive binding energy between 

Cd atCn end a vacancy, 	. 

M 
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2,1 	P!1 1OO  *r 

The terry alloys mom prepared from high 

purity al 	(9.99 per cent purity), zinc of 99.9 

percent purity and dml €(99.9 per cen pure)* 

Three ferny ailoya ,ire made by remelting  

the scrap of berry a11oye, of required Zn amount and 

adding to that .the roqzYod quantity  of pure Cadmium* 

The alloys iere made in a glean grapht to crucible in 	N  

a muffle  turnaee To account for the loss of cadmium 

dating melting, 10 per cent excess  i 	t 	a taken 

in each ease# The melt was thoroughly stirred to en 

sure compteto homogenteation of the melt and he chic. 

roothnne van used as degas ant before pouring the molt 

into cylindricel mildsteel moulds and allured to cool 

Tho alloy Ingots were then hot forged at 4600  C to 

break up the east structure. 
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Ternary alloys were .analysed polographtoal r 

for Zn and Cd cont ata Aluminium content of the alloys 

i,ne determined by difference 

The table 2.1 gtvbo the final composition of  

the various ' alloys 

TABLE 291 : Coi2pOsitiOne of the various ternary 
alloys 

Alloy 	Za at per cent Alat 
- a _.t 	A 	Mat_ 

A 	438 	 .04 	Rest  

B 	448 	 , 0' 	.» 

0 	4 	 ,►. 

9,2 S P PA l 

The alloy ingots were d 	into vLre samples. 

of ,75 mm diameters. The net spec.. eu length was t&cen to 

be 	erns. In each ease* The overall length of specimen 

in each case was takcn as 60 ams o 
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9#3 RUT TR ENT r . 

Initial bomogonisatton treatment was given to 

all the samples so as to give a single phase aUpe sa uo 

rated 	at room temperature on  quo te from the hts 

genteation temperature, 	ro samples wore homogenised 

for 12 hours , at 4000  C 	 a muffle furnace and' quenched 

down to room temperature and wore onourod to be h. o o-

nos ao revealed by optical microscopy# 

2,4 ags T vn! STI  MOT s - 

Resistivity of wire samples was measured with 

the help of portable potentiometer with a least count of 

0.01 mV, species wore homogeninod in a muffle furnace, 

the temperature of which was controlled, within 	C. 

Quenching  operations were carried out by Dual extra*- 
, 	 - 

tion of samples from the furnace and by rapid baers ton 

in the quenching media' (tee water at 00  C) , then s play . 

more 1. odietely transferred to the ageing bath*. 

Resistivity measurements for Ternary At  B and 

ternary C alloys . made in two ways 

rc 714 
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Varying Ta  fr= O°  + o ° 	stops 

of 20 degrees andoping T 	 C 

2. varying 2`A from  O° Cto&0 CintopsOf  

6 degrees and keeping T" eons nt (O '*C) 

Thear attons in resistivity ra ecaputod by 

the relation, 

hero A R a R. RO  to the variation . resistance of 

the samples  vlth reference to , a#  ran it baa roehedb7 

ageing - the value R1  A is the area of cross-soction of 

the utro sample and L is the length of the sample orp. 

loyod. 

.6 CALCMATIOf OF Sip  ANDB 4 

Arrbenius equation governing . the rate of diftu. 

sign of Zn atoms In Al is given by 

DZnDo o[. 	].e[* 	
.. 

ore D  BZn La the dttfueion coefficient of Zv  Do is a 
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,+ r log 	
J,.. 

(M. ) 

• 

~y tlNlw~~F 

Thus$ slope of the line plotted between log t and ~. 
11 

and equating tt o 	6 the value Of SP cam► be 

valuated. 

• Sjmi Fa °t , . 'at constant 'flit Values of Sm can be 

evaluated b7 sQuating the slope of the line, drawn bet.. 

Weep log t and i/l to 
 

in the present 	 stigation# values of lip and 

,M have been calculated for ternary alloys by means of 

various Arrhenius plots 

5 
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E&ULTS AND Discussion 
_I W* 

34L t 

The variation in resistivity as a function of 

cgoirg time for three dtfforent ternary alloys at dift 

orent homogenization and ageing, tenporaturos i.e. T0  nd 

TA have been sbom from figure 3#1 to 3.18. Pigs*  34 

to 3,9 indicate resistivity Oh=o with ageing time for 

the iox'nary.. t, Ternary - 2 and Ternary • 3 alloys with 

varying T while those from figure 340 to 348 for the 

corresponding alloys with TE 

On too basis of th000 graphs, Arrhertivs plot* 

as aboin in tigs, 3*19 to 3,24 have been &an and values 

of E and Sp for three alloys have been calculate 	Also. 

the valuo of binding energy between a Zn atom and a vaca-

nay and that between Cd atom and a Vacancy have been estL. 

natad, All these results are diacussod bolor, 

LI 



3.2 DISCUSSIOU I 

On the basis of the results obtained in the 

present investigation, it is possible to present a general 

ptcW of pro.proelpttation and role of vacanctos. The 

discussion . based on the basis of electrical rosisttvity 

aoasurc: eat tYhich has a special application on the earls 

stage of precipitation hardening i.e. during the propre 

etpttatton stags vhen clustering takes place* 

3.24 Resistivity Moasurcuent 
NU4W 

Gonerol Nature * 

The curves Showing the variation in iostattvity 

with ageing time are shown In figs. 34 to 3.18, Value of 

has been plotted In N ft CIO(tU fl- CM V,  10"9Ofl- OHS). 

It is soon that rosiativity starts increasing with tine and 

reaches a constant value, the resistance did not attain a 

nadmun value in a reasonable length of time, ehidh is in 

acoordanco with the work of Perraan and Btado3  and 

Pic and der ghi 1, The abeuco of incubatton 

ported to in good agroen out 'with the earlier work of 

Panserl and Poderiewi.9  Since the rosLetanno attain a 
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coutant value for an appreciable length of time,, it in 

formed as ' clou road ' . In tau present work this may 

be due to throo reasons i 

(1) rapid decay of cows vaeaneto-9 .rk less 

oefloorttr'a tad a' Uoyre, 

(ii) depletion of the, matrix of solace amt n 

after a certain degree of clustering, 

(lit) 

 

Cd as oms are trapped in vacancies and 

forms strOng . bonding retn*lttng in lo t  

obilit7 and loss number of mono vacan 

oleo# 

n 

3.2,2 ffoct of Ut onisüt&ou onparature 

nigher the 'q*~ . higher ttiU ha the amount of 

go.Re quenched In vacanetea, q ickor the formation and 

grovth of zones and lesser the time rointred to reach the 

re i fluffy maximum or a constant value as observed in 

present investigation. 

3,2,,3 Effect of Aged Temperature 

Concerning the influence off` agong temperature, 
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it has boon found that the amount of increase In ros sti-

vity decreases greatly by Increasing the aged tempera.' 

turo. This is due to loss number of zones formed. Higher 

ageing ' mperature results in early migration of vacancies 

to the sink, 

3,2.4 Effect r ` 'varying Cadmium Pc r+ ones e 

By comparing the isothermal agoing curves for the 

binary A14 i alloys and the corresponding At' .Cd alloys, 

it is very much evident tbt the t. of clustering is doe" 

reared appreciably by Cd. addition This is In accordance 

with the earlier published work of Perry and &ituistjo32  on 

other ternary alloys. " he ageing ii further delayed by 

higher amount of Cd a Ott on. The delay L the ageing so., 

quonce can be interpreted due to a high positive binding  

energy between Cd atom and a vacancy Cd atoms get paired. 

Off with excess vacancies thus vacancy ,Migration becomes 

sluggish lending to decreased clustering rate This is one 

of the rcason8 vbteh has resulted 	'snow reaction' in the 

present 
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3.3 ROLE OF YAcAIOIES ZN T1E PPMENT ALLOYS 

.3.1`omtIon norgy of Vacancies (&) s 

Plus* 322 , 3#23 and 3.24 chow the pots between 

logarithmof Initial rate of change  In resistivity ( A /At ) 

cnd roc procal of hoogonization temperature (L) for 

all the throe aUo 

Saris lug the tabic 3.l it is evident that 

I,P  values for ternary alloys Ito in the range 0,25 to 

0.29 off' which is low as compared idth binary Al Zn alloy, 

0,65 eV), The lotter value of BF  for ternary alloys  

mzgo8ta t positive binding energy between Cd atom and a 

vavangre 

3.3.2 Migrationenergy of Vacanctee 'N) 

Fran the slope of ioarithmie.pilot between 

initial rate of oho in res. t ty (L'/At) and. real 

procal of agoing ' 

migration, of vacancy/solute , atom + SM  can  ) Oafl be ovauatod,  

go,r  3.1 99  3,23 and 3.21 show a sot of such plots for all 

the three alloys 
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The EM values obtained are listed in table 3.2.  

The table reveals that EM values for ternary alloys lie in 

the range .37 to .41 eV An increase in the 	values 

for the ternary alloys prod jets that migration of vaean' 

otoo is showed dounbr Cd addition. The Increased value  

of E may be attributed to pairing of Cd atoms with vaoan- 

TABLE 34 Ep by resistivity measurement 

Siogon satlon Alloy A k.1 107 a Alloy C 

00C 	34000 .29 eV x,28 s ` .27 oV 

36000 ► 4200C 	oV 	27 eV 	&i 

440°0. 53000 	.2? eV 	.26 07 	#26 eV 

L2 .E by. resistivity measurement 

Agaias 	Alloy A 	Alloy B 	Alloy C em orat~tra 

00C 1800 038 eV ,39 oV .40 eV 

2000 .. W 	'C .37 eV .38eV .38 eV 

0 C 155°C .40 oV .40 sit .41 eV 
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3.3.3 Binding 8nerg I 

Having tinon: the vatueB of av  for tho berry 

td, tornary alloy, the binding energies 'bottom a Z r atan 

and a vacancy 	` ►and that - botioen Cdatom an a vaean. 

070 % V-  0  can be deduced 

Pisri and odorighi3" have used the fofloving  

equation to calculate the binding energy bet en a Zn 

atom and a vacancy $ 

V ZU  in 	 P A1  

Assume 	a 0.16 eV and tang 0,60 eV as ' 4 mean 

value of 	the value of b4 	come out to be 

046 ad OTO 

A similar expression to catculizte V.  bas been 

employed by nier& & 'edorighi33  cud using this # the. 

Value Of Lb  .` turns out to be the raw of 0#27 to 

0.30 o° , 



CHAPTER «. I' 

CONCLUSION AND SUGGESTIONS FOR FURT.TISR WORK 

4.1 CONCLUSION 

In light of the results discussed in the pro-

coeding chapter9  the following conclusions may be d•r€ * 

1. There is a maricod influence of Cd on the 

pre-precipitation stage of ageing. Ageing 

is delayed to a great extent by addition of 

9F 

2. Role of defect structure9  mainly vacancy 

concentration, is very import t1 Deport.. 

donee of rate of pre.•precipitation on homo» 

genisation and ageing temperatures can be 

explained in terms of quonohod«in vacancy 

concentration and their moblitty respectively*  

3. Resistometrie study during pre-precipitation 

stage of quenched alum , -z ac ►cadmium 	, 

alloys offers a method of estimating the 
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activation energies associated with form. 

tton and migration of vacancies;* The values 

of activation energies SO estimated are 

comparable with reported values 

4,2  SUOQEST ©NS FOR FLIRT R WORD  .t 

On the basis of the ` experimental results already 

obtained It is evident that the scope of precipitation har. 

Bening of Al base ternary alloys is very extensive, iow. 

ever, a number of parameter , are still necessary to under« 

stand the picture completer and give a clear cut "base. 

I this regard the following types of work may be further 

extended, 

. tow angle -ray scattering may be used to 

` 	 study the characteristics of zones. 

• 2. Role of defect structure I.e. dislocations,. 

Vacancies and stacking faults can well 

understood with the help of Electron M1c4 

roscope. 
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3. Some more additions of Cd may be chosen 

and efforts be made: to correlate the Cd«. 

vacancy binding energ7 with the amount of 

Other ternary additions $  forming strong 

bonds with vacancies like In, Sn or those 

forming weak bonds lie Ag, may be tried, 
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