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ABSTRACT

Role of vacanciea and varying amount of
cadmiun addition on the pro-precipitation siage of
agelag in eluniniun’-~ zin alloy was studied with
the help of resistivity measurements, Activation
energies associated with farmat;cn and migration
of vacancies in three ternary alloys weré avalua-
,teﬁ; Ine binding energy betwegn cadmiun atom and
vacancy has also baeen eatiﬁated. The values are

eompafed with those reported in literature.

It has baen found that resistivity
increases with ageing time and starts increasing

almost 1nstanﬁaneously.

It has also been observed that addition
of cadmium to the aluminium « zine alloy lowers
the rate of pre-precipitation and highér the’éad«

mium content, slo&er is the ageing process,
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CEAPTER - I

LITERATURE REVIEW

1,1 INTRODUCTION

| To meet the evergroving demand of high-strength
alumtnium-baae alloys, many of uhich are age-hardenable, in
ihe fi0ld of defence, aviation, automobile and other rela-
ted industries it has become necessary to study the pheno-

menon of age hardening,

The phenomenon of age hardening, as is understood
in its present form, is #nown to 1nv01ve a precipitation
reaetianileaéing to the formation of a fully or partially
aeoherent phase frox a supet gaturated s0lid solution and
thus resulting in net increase in hardness. This technique
has acquired a'aonspicuous position as one of the modern
strengthening techniques because of the obvious advantage'
of possidility of heatetreating after the alloy has'been
ﬁorked to its final shape. ‘Most important age harﬁqnablé'
alloys inelude Al-Zn, Al-Cu, Al-Mg and Cu-Be. The stren-
gth of these all@ys can be incroased by ageing to as much

‘as five times,
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As AleZn alloys form the base for an important
series of commercial age-hardenabie alioys, a thorough under
standing of ageing behaviour of these alloys will be of cone
giderable valué in the development of high?atrength alunis

n;um'allaya.

1,2 HISTORICAL SURVEY

Alfred #1ln™ 2, a Germen Scientist, in the years

1903-1911, discovered that Duralumin (an aluminiﬁm»allay)‘i
when quaneheé from high temperature below its melting point
to low temperature and was then allowed to stand at room
temperature the hardness inereased witﬁ tines, It was later
on found that the change in hardness could occur even at
other hamperaturés bhut the course of hardeniﬁg diffefed
at different temperatures. This process haé come to be
knﬁwn as " Ageing " and the change in hardness as ige

Hardening,

Subsequently, some alloys other than duralumin
were found to exhibit ageing and hence tho phenomanon atte
racted the attention of many workers due primarily to the

fact that super high strength light alloys heeded for meny
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indnstrialvqpplicatiana could be daveloped. éinue ageing
is undoubtedly followed by'péécipitation of a‘sgcond‘phase
fromthe parent matrix of gupersaturated & ;Ait,camg ta.be |

known as " Precipitation Hardening * also,

Age ngdening consists of 3 | B

1, Homogenisation; 1.9;,'heating the alloy to a
temperature whers ﬁamagenoua solid solution

_1s.obtaineda

2, quenching the alloy from solutionizing tempe-
rature to lower températurss so that SUpET=

saturated‘éoli&'aclutian 4s obtained, and

3. agéing; holding the gﬁencneﬁ_apecimen at a
ééfiﬂite'temperature_rar_vaéiaus lengths of

 timo,

Pré-requiéita of age hatﬁening-s |

Folluwing are the prerequisite for an glloy system

to be precigitation hardenable

1. The solubility of the solute must decrease

with aecreasing temperature in the so0lid solue
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tion or, in other'words, the phase diagram of

the alloy system should have a sloping solvus,

2¢ on quenching from solutionising temperature a

super saturated solid solution must form, and

3, on heating, this super saturated solid solu~
tion must decompose into a noneequilibrium or
intermetallic phasc which &s fully or partially

echerent with the matrix.

1,3 STRUCTURAL CHANGES DURING AGBING :
Complex structure eﬁangeé ogcur in age hardening

alloys during the prosess of age1ng; A typloeal sequence of

structural changes can be represented as

S0lid solution (at homogenisation temperaturs)
Quench : supergaturated solid solution

Exeess Vacancies — . Loops, Helles, Stacking faults—

L .
Solute atoms — LClusters ——- Zones

Intermediate precipitate <«

Bquilibrium precipitate
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1.3,1 Role of Defect Structure ¢

At the homogenisation temperature, solute atoms
and vacancies are randomly distributed in the substitutiénal
solid solution. On quenching, the alloy'becomes supersatu-
rated with vacancies and solute atoms, These excess vacane
etes give rise to various structural defects which act as

potential siteg for nucloation of metastable precipitate.

|+

The defect strueture introduced by quonching has
been étudied in Al and Al-alloys by various autharsa“s._ In
aluninium, the mierostruc£ure consists of prismatic dislo.
cation loops about 520 z in éiametar which @re'formed by
the collapse and shear of disecs of vacancles in the manner
predicted by Kuhlmanuw&lsdorfg. Ih dilute aluminium alloys
excesé vécanciea are generally preeipitatedjas prismatic
dislocation loops while 1n~c6ncentrated.a1ioys they férm

helical dislocations,

According to Knhlman~w1lsdort6; the excess re£a1ued
vacancles first form clustors or dises, Prishatic disloca-
tion loops are then formed by collapse and shear of these
facahcy clusters or discs. fhe mechanism of formation of

helieal d;slocacions hag been snggested by c@ttnall7 which
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is based on the Absurption of vacaneles on a scerev disloca=
tion. Thomas and Whelan® have investigated the mode br for-
mation of helical dislocations in quenched alloys and have
suggested a mechanism to explain the lerge number of helical
dislocations found in theso alloys. According to them, a
prismatic disloé&tion loop may elongate along its glide
eylinder to produce tvo long sorev dislocations. These screvw
dislocations then transform to helical ones by ﬁha_machanism

suggested by Cattrell7a

9 goncluded that the defect

Kelly and Nicholson
structure of a quenched dilute supersaturated alloy is genc-
rally similar to that of pure metals although the number of |
excéss vacancies is higher due to the binding energy between
a solute atom and a vacancy. In concentrated supersaturated
alloys, formation of defects is.ﬂiffiGUlt, and no defects
other than helical dislocations and a few isolated disloca-

tion lines and prismatic loops have yet been observed,

Rajen and Saxena ¥ studied the effect of cold wori
ing on precipitation hardening. They concluded that the

offeet of cold worsing on precipitation hardening is a
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complex phenomenon involving interasction between vaeane
cies, dis)ocations, solute atoms, zones, intermediate

phases and the equilibrium precipitate.

1.342 Pre-precipitation :

Duriﬁg the early stage of ageing, solute atoms
segregate on certain profeorontial erystallographic planes
thus leading to the formation of gsolute rich clusters,
Those elusters are mobils and grow at the expense of cach
éther forming G.Ps 20nes. The clusters are completely homo-
genous with the matrix and so also the zones and do not
possess struetures of their own, Zones, however, have a |
dofinite shape depending upon the degreo of miématch bate
waen the atonic diameters 0f 501ute and solvent, Strictly
speaking , 1P zones are loft to itself, they have their
lattico paramotor different from that 6? the parent mot«
rix,. But since z0nes are homogenous ory in othor worés,
have on¢e toono eorrespondeacé with the matrix, the overall

20ne 1s eithor campressed or expanded to mateh its lattice

parameter vith that of the parent matrix, Elastic streins
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arc thus aat\ up and thore 12 on claotic interaction of tho
field due to dislosations and elnaue‘ otrain set up due to
the fm&tion of zones. ﬁiia offers resistance to tho move.
mont of dislocatidns and honco tho har-én,ess ineroases. Tho
chango in hardness evontunlly deponds upun the difforenco
in atomic dlamotor of solute and solvent. Thore is no nuee
toation barrioy for c¢lustoring and sone formation. Gnmiar
tormed this phenomenon as prwpweipitaum. to d4ctinguish

it from the true prooipitution,
EineLias of péaaprecip;tation t

Jagodinsii end Laves*! ﬁmt pointed out that
Gﬁinier‘a mﬂalw of G.P, zonos in Al«0u alloys rogquired o
vory high diffuston soofficient, ot lcast 107 times groater
than normal d1ffusion ecofficient obtained by cxtrapolation
of high tem;aémtﬂm Mawramsm to room temm!'atui‘a. 'rm
attcapts have beon mado to éxplﬁm this anomalously high
solute diffusion -eee‘fﬁaieat in quenched auéys-

' ¥ho first explonation proposed by Turnbull assumod

tho diffusion of solute atoms to tako pluce via dislocations.
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A large numbor of dislocations may aet aa-;hannols for casy
aiffusion, dut this theory failod to explain ﬁhy the 41ff-
usion coefrtelekt.uas so gensitive to quenching rate,
‘homogenisation tempe#atnra otd.

Another plausidleo explanation probosed by
Zenerx4 and later doveloyed by Faderigh&ls and éa Sorbo - )
et;al?? attridutos this anaéaly to guenched-in vacancies,
The theory, qame to Rn&an as 'Exce&s Vncénoy Thoory's
13 widely accépﬁed and assumes that bigh rate of diffu-
-Qimﬁ‘ia’ﬁue to high oonecontration af’qﬁanehﬁﬁ»iéfvacaé

nelos,.

The diffusion eaaftiaienn of Cu in Al at an

agoing tomperature T, is givon by 3

L
DOy = A omp [* %‘%‘ ens  (141)

A
vhove Bp and Ey are tho activation snergies for the fore
mation and migraticn of vacancios respectively, and A is
a constant, At 20°C, assuming Eg + By = 144 oV, Déu uﬁs
caleulatod to ba 10°2% cn®/sec. But Do Sorbo'eg a118

caleulated DCu 10“16 cmZIdaa by assuming that Cu atoms
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move throe or four atonm diameters during clustering.
Thus there is a_diserepancy of  10% botween oxporie
nental and theoretical values, The oxcess vacanay  °
theory attridbutes this diserepancy to the fact that
aiffusion is governed Eywn concentration of vacancios
which would bo in equilibriun at ;‘;he homogenisation
tomperature ’.EH rather than at egeing Comperature 2&‘

Thus s C ,
: 2 o
DCa = A oxp -~ E-%K exp |~ "% "7&. ve (142)

Assuming Ep # 0476 eV, £y = 0,68 oV, Ty = 560°C and

?, = 20° C, tho valuo of DCu was caleulated to bo

5 lx 10716 omalaéc, shich 1s in good agroement with the
-value aat:imgted from exporimental Gato. If ﬁh@ quon=

| t;hing is slov some vaecancles have time to migrgte to
sinks during quenching itself and thus the retained
vacaney concentration will not be associated with Ty
but with some lower temperature 'L'ﬂ!i s The oquation

(1.2) ean thus bs modified as s

DCu = A exp {. —%—;— oenp {- %}u(lca)
, "H
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where TH‘ i3 the effective homagehisation temperaturc,

The excess vacancy theory is confirmed by the
follamg experimental observations empléylng rosisti-

vity measupenent

1, ¥Hith inerease in ‘fn‘ the initial resistie
vity and glso the initial rise in resise

tivity increases.

2, Ageing tomperaturc romaining constant, time

taken to reach peak is lesser for higher E‘H‘

\
1.3,3 Procipitation : Intermediate and_Squilibriun s

On continued agoing the G.P. zbna; are grodu-
ally replaced dy a metactable phase having definite cry-
stal structure and lattice parameter, This phase termed
as intormediate precipitate 1s partially or fully cohee

ront vith the matrix.

. - A the intermodiate precipitate grows, th'a
strain fields enlargo till they overlap. UNow on‘ further .

grovth of procipitate, the strains b_ecéme too great to be
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accommodated morely by bending the lattice planes, At
-this stage coherensy bresks down and the étrains at tho
{nterface are naw’aeaommadatea by the formation of struce
tural dislocations, This is the stage vhore intermediate
»réeipitato transforms to equilibriun precipltat§ and
sinee 15 is . folloved by disappearance of the coherency
at;aig.Asofténing resuits. Hence ve get a peék after
the hardness maxima in the hax&ness vse ageing time

14 AleZn BYSTEM

Zn has an exﬁanﬁive solid Qolubility in Al
which renges from 16 at. pet. Zn at)ﬂ?ﬁ“ ¢ to 1.5 at.
pets at 100° ¢, Thus, Al-Zn alloys are very iaﬁaurable
for the study of precipitation renction over a wide
range of compositions. The AleZn alioy system has atte
raoted cansiﬂerable atﬁention_in recent yearatas preci-'
piﬁation éeiuanea'has been found to be more complicated

. than thought of earlier. Existence of spinodal transe

formation has also boen peported in some alioysz7'2°,
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' The AleZn phase diagram is shown in Figure' 1,1 A short
ascount of the ageing eharaa@aristieé of AleZn alloys is

being given in the following sections,

1.4.1 Soggence_af”praéiptgat;on ¢
Ti11 reaanti& the procipitation sequence 4n

Al=Zn alloys was accepted to dbe quite simplo

T41l recontly the prescipitaiion sequonce in

Al=Zn alloys was accepted to be quite simplo 3

Supersaturated solid selution . spherical

GoPs Zones — ~ equiltbriun precipitate,

Garvood et al,%! for tho first time dotocted
& face~gentrod-cublc transition preaipitaﬁg in an Al.12,5
at per cent Zn alloy aged at 200° C, Since then, inves.
tigations by varlous wnrkerslﬂ@‘gz“gﬁ‘hava-estahiishé&
the cxistence of anothor phase (called R phase) in thé

ﬁreeipisation sequence df &luznvaliays.

Tho offect of solute concentration and ageing

temporature on the aéquenee of precipitation is, however,
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not still clearly known, Reviewing various experimental
déta, Krishna Rao ot a1,2® have aummariéad the modo of
preéipitation in AleZn alloys as indieated in Fig, 12.

According to them,

(1) Zones fbrm-by normal saiute clustoring or
by spinodal deaampositioni These gones are homoéeneonsly
distributed. Zono composition is controlled by metae

stable miscibility gap in two phaso region, but its sige
“and thus volume increases which introduces a large amount
~of sﬁzaln, vhich leads to the fornation of Rephase and

ﬁpen followingvsaquenee takes plsce:
Rephase —» «<—>Zn (eontinuous),

(2) hetorogénous formation of o  takes
~ place in eriall amounts. It probadly ocours within the
grains at disloeations, normally present or arising due

to vacancy hgg?egataa,‘

(3) continuous Zn preeipitation by hoterce
geneous nucleation on structural defects is not very

significant as it will raqmire a great deal of solute
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to be localised and again surmounting of a large free

energy barricr for nucleation,

(4) discontinuous precipitation of 2a is the
aaﬁman mechanism for high Zn alloys. It becomes more
prominent with decreasing ageing temperaturo and increas-

ing solute concentration,

1,4,2 Effoet of ternary addition ¢

S8ince binﬁing energy bétﬁeen a In atom and vacae
~ ney 4s small, AleZn system happens to be most suitable one
for studying effeet of trace additions of a third

aleman$26? 27&

 As bas already been pointed out in this section,
vthé‘ﬁlua%éring ra%a_ln,alwzﬁ ﬁys%am is very fast, This
clustering rate, novever, ean bs hampered approciably by
. trace additions of a'thirévelement. _Noting th&s\aéeu
reased cl&atering rate, the binding energy of the third |

element with vacapcies{qan'be evaluated.

S41c0ck™ and Kinurs and Hasigutd have made

an alternativo oxplanation for this decressed clustering

/
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rate that tho tr,aéé element atoms might got palired off
with the excess vaeahuies ﬁn;ﬂ thoroby reduce the rate of
| clnstér&ng and gone tomat;iém This explanation geema to
- be quantitativoely plausibie .sime the §ofncentrati¢n§ of
vacancies and traece elémeut atons are similar Kimura and
Baaigut&zg ccmﬁnatgd resistivity measuroments on Al.1,7
pet, Cu = 0,008 pat. Sn all‘oylanﬁ found that binding en-
ergy of a 8n aton is 0.2 oV greater than botwaen a Cu
aton and a vacanoy, Honce majority of vacancies are
bound to'Sn atoms and the rate of diffusion of Cu atoms’

to form G.P. zonos 15 rather slow,

1,5 SCOPE OF THE PRESENT INVRSTIGATION s

The present work was undertaken to study the
offoot 6f Cd additions on tho metica of p:efgweipiﬁn
tion of Al«Zn binary alloy and thareby calsulate the
aner'giaa\ of formation and migration kawaen' a Zn aton and
a vacancy and that between ¢4 atom and a éa&ancy. It wvas
therofors decided to add Cd4 in AleZn alloy in throe varye
ing thumes: Valuos of B, ond EH' wore calenlated for

tornary alloys using electrical rosistivity measurements,
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Efféfﬁa have been made to explain the change in

kinetics of preprecipitation brought about by the addi-
ttons of Cd, in terms of positive binding onergy between

C4 atom and g vacancy,



CHAPTER « II

BXPERIMENTAL PART

2,1 ALLOY PREPARATION 3

The tornary alloys were propared from high
phrlty aluminium (93,99 per ecoent purity), Zine of 99,9 )

per cent purity and Cadmium(99,9 per cont pure).

Thrée ﬁetnary alioyakgaxe made by remelting
the sarap‘ox‘ﬁinary alloys of rogquired Zn amount and
adding to that the roquired quantity of pure Cadmium.
The alloys were made in a olean graphi to oruoible in
" a muffle furnéeea To aceount for the loss of cadmium
during melting, 10 gei‘eent excess cadmium was taken
in ench case, The mslt aaa thoroughly stirred to en-
sure completo homogenisation of the melt and hexaehloQ
roothane was used as degasant before paurigg the molt
into cylindricnl m&iﬁ steel moulds and ellowed to eaalf
The alloy ingots were then hot forged at 460° ¢ iﬁ

braak up the cast structura.



Rl \19 t I8
Ternary alloys were.analysed polographically
for 7n and Cd content. Alumiﬁium caﬁtant of the alloys

was detornined by difference

The table 2,1 givés the final composition of

the various alloys.

TABLE 2,1 3 Gamgasatlena of tné varluusrtérnagg

. a;loya'
T e e O
A 4,18 .04 ' Rest
B 4,18 " #072 | .cmﬁ
¢ 4,20 o126 wem

2.2 SAMPLE RﬂEPﬁR&?IDﬂ»I

The alloy ingots wero drawn into wire samples
of +75 mm diameter, The net specimen length was taken t§
be 50 ams. 1in each ¢ase. The overall length of specimen

in each case was takon as 60 oms.
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2,3 HEAT TREATHMENT i

Inttial h@ﬁﬂgenisatim ireatment vas given to
all the samples so as to giva‘ a single' phase supersatie
rated st rooa temperature on quenching fx*bm tho homoe
genisation tempemtmg Yire samples wore homogonised
roé 12 hours at 4@9" € in é. mufﬂ;a furnnee and 'quaﬁahe&
down to room tem;;emtm and wore onsured to he hanc;geu

nous as revealed by optlcal mieroscopy.

"\

24 RESIBTIVITY MEASUREMENT & ‘

Resis ts.viw of wire samples was maa;ure& vith
the holp of portable potontiometsr with a least count of
0,01 mV, BSpecimens were honogeniged in a mxfﬁé furnace,
the temperamrg of which was hm@mﬂaﬂ vithin # 2% ¢,
Quenching operations were earried out by manual extrace
tion of samglasi from the furnoone and by rapid irmersion
in the quen&hhig medm' (toe water at 0° C)y then samples

vere immoifately transforred to the ageing bath,

Rosistivity measurements for Ternary A, B and
ternary € alloys wore made in two ways

/M\N@\

iy IZ 4{" NS V 17/7”&'?35/’7}/ 0} ,v’(‘cf}f N

I
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1. Varying T, from 280° C to 600° € in stops

of 20 degrees and keeping T, constant(20°C),

2, Vorying %, from 0° ¢ to 66° ¢ in steps of

6 dogreos and keeping Ty econstant(405°C),
Tho variations in pes 1stivity wore computod by
tho prelation,

Af = A R mﬁ-s

]

there AR = Re no' ie the variation in resistanco of
the sample, with reference to Ro, wvhon 1t has mehed-‘-bp;
ageing - tho value R, A 18 tho area of aross-soction of
the wire Smpl,e and L. 4p tho longth of the samplo ompe
Loyod. |

!

2,6 CALCULATIOR OF By ARD By, 4

Arrhonius equation governing the rate of 4iffu.

Mozi of Zn atoms 4n Al 4a pgiven by 3

‘ B |
DZn = Do exp Lﬁé]aw'[a &&%;:i ses  (2:1)

vhore, DZn is the diffusion coefficient of in, Do is a
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.or log -Ea' = m‘%‘&‘" [ié“ - ‘E"Hi'""}qsv (2.7)

Thus, slope of the line plotted botween log t and -%;
and equating 1t to §:§§§ﬁ§, the value of Ep can be

uvaluatbd.

Similarly, at constant T,, values of Ey can be
evaluated by equating the slope of the line drawn bete

By

wee log t and /T, to 3303k .

In the present investigation, values of EF\and
£y have bean calculated Sbr\temnary alloys by means of

various Arrhenius plots.



CHAPTER - III

RESULTS AND DISCUSSION

3,1 RBSULTS 14 |
The varistion in resiotivity as a function of
‘agetng time for throe difforent ternary alloys at diffe
~orent homogénization and ageing temperaturos ises Ty pnd
T, have been shown tram'iigure 3.1 to 3,18, Figs, 3.1
to 3,9 indicate Tesistivity change with agetng time for
‘the Ternary - 1, Ternary = 2 and Ternary ~ 3 clloys with
varying Tﬁ‘whlle those from figure 3,10 to 8,18 for the

correspanding alloys with T, varying.

on the‘baais of theso grapha, Arxheéiys ﬁluts
asshoga.in'figé» 3.19 to 3,24 have been drawn and values
of Ey and B for threo alloys heve been caloulated. Also .
tho value of binding anaigy betuéena Zn atom and o vaea-
noy ond that botween C4 aton and a vacaney have been estie

matod, All these results are discussod bolow,
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842 n:scinssm‘:z 3
0n tho Basis of the results obtatned in tho

present invosti.g&,tim, it is paﬁai‘b&e 'pa prosent a general
pieture of prosproeipitation and role of vaeancios, The
discussion 1o basod on the basis of cloeetrical rosistivity
| moasuroment which has a speclal ﬁpplimum on -the early
stage of precipitotion hawening $e04 diizr!mg the pre-proe

eipitation stage when olustering takes place.

| 3,2,1 Reoistivity Homsurcment

Gonoral ?h;tm'a H

- The curves showing tho ’variatim in resistivity .

with ageing 'time are shown 1{1 f1gs. 3.1 to 3,18, Valuc of

. has boon plotted tn H O G, (M N oM = 10770 cve),
It 4s seon that rosistivity storts | incrensing wit!} tine m
reaches a constant vaiuag the posistance 414 not attain a
maxdmunm value in a reasonable length of time, which 45 in
aceordance with the work of Perryman and Bladéad and
Panserd and Feﬂerigmm‘.. Tho absence of incudbation
poriod ic in good ngmemani vith the oearlier work of

Panseri and FaﬁcrlghiM, Since tho rosistance attain o
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constant valuo for an appreciable length of time, 1t is
tormed as 'olov roaction', In the present work this may

ba due to throo ronsons i

(1) rapid decay of oxcess vacanoles in less

/

concontratod alloys,

(11) depletion of thawmatriﬁ of soluto atoms

afteor a cortain degroe of olustering,

(111) C4 atoms are trapped in vacancies and
. forms atr&hg‘bandxng resulting in low
mobility and loss number of mono vagans

cien.

3.2.2 Effoct of Homogonisatlon Temperature
Higher the Ty, higher vwill be tho amount of
foRe quenche@ in vacancies, quickor tho formation and
growth of zones and lasser the timo roquired $o reach the
rosistivity maximum or a constant volue ag obgerved in

prasent invastigation,

3.2,3 Effoot of Ageing Temporaturo

Concerning the influenco of ageing cémgeraturo,
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it has boon found that tho amount of ineresso in resisti-
vity decrenses greatly by inereasing the'agéing temperae
turc. This is due to less number of zones formed. Hiéher
ageing temperature reaﬁlta in éarl& migration of vacancios

to tho sink, ’

34244 Bffoct of Varying Codmium Porcentage &

By comparing the isothermal agoing curves for the
binary Al-Zn alloys and the corresponding AleZneCd alloys,
it is vory much evident that the rate of clustering is dece
reased appreclably by Ca aﬂdition@ Tnis 15 in acéurdanca
with the carlier publishod work of Porry and Entuﬁstléag on
othop tornary alloys. The agetng iz furt@ar'dalayad by
highor amount of €4 aﬁ@iﬁiong - The 4elay 4in the apgeing sa=
quence Qan boe interpreted due to g high positive dinding
onergy haiueen‘cd atom and a vacancy Cd atgﬁs'geﬁ ﬁaireda
off with oxcess vagancies thus vaeaney migration becomes
sluggish looding to decreased olustering rate, This is ene‘
of the roasons which has resulted  'slow reaction' in the

prosent work,
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3.3 ROLE OF VACANCIES IN THR PRESRNT ALLOYS .

3.3,1 Pornation Energy of Vacancles (Ep) ¢

Pigse 3,22, 3.23 and 3,24 ghov the plots between
logarithn of initial rate of change in resistivity (AS’/A'(L)' |
ang roeiprocal of hémogemzati‘m wpemtum ( ‘.;,é'_) for

all the throe alloys.

Summarising the table 3.1, it is ovident 'that
'BF ‘vﬁlnes for ternary alloys lie in the range 0,25 to
0428 oV which 45 lov as compared with binary AleZn an@y'
(0,65 6¥), Tho lover value of Ep for tornary alloys
suggests o positive binding enorgy botween C4 stom and a

vaeancy.

3.,3,2 MWigration enargy of Vacanoles (‘EM)

From the slope of logarithmie plot detween
initial rato of chango 4n resistivity ( Af/st ) and reet.
procal oé ageing tomperature (‘1/%) N activation’ energy of
migration of vwgney/salute‘atm (By) can be evaluated,
Figo, 3.19, 3,20 ond 3;21 show a set of such plots for all

tho threo alloys.



€9 C
L . 558
T - —_—
- —— - m .M
i..l.?l:.a
2

ﬁ V\»Oquq . \w -
\\ e
Yy ~0

Amv ACTTY 2
a3 "
\w\ P

(¢) A0 O

~8°0
—~6 0

AC 4

57



ap
N }"

LOG(~

P —— - -

5
b

G

Ly

0.8 -
0.7 —
06 -
75w
C o~
om__.

0.2+

QO - A m - - &m . v - e - - AO

O ALcoy (A
@ accey(8)

D atLov (<)

—— . Ao oo C S e oo - -

o1 32

1200 [T, 1 [

B

1

_



P
a4
9

=

23

P - - o= = l.ll'vr.ql +

4 la
Gy
“
)
i
e

14 -

*Wr‘

f3r \\\\

0 6%

AN
0.5 O \arrO«\AL\

Ok ® Accov(8) ‘

O ALLoy(c)

| e —— — e e e e m e

O fbt—xv—- --- U U, i — . ssr— e e PR

32 3.3

Soo\_ﬁu\\ox

FiIG. 2.20C



\
/

A(_'
at

LOG (

2 9+
2.8 i~
0.7 ~
0.6 r

285~

o4 v -

\\

o\
\
\

1

200 \.. Ta, !

[ e

i

!

K

-

-0

—

e e e

L

-

\\ \\ \@
\

ALL0Y (A)
accoy (8]

arcov (&)

o v



JS2U .. 300 ) ) A .nm..o .
v — L

1-5 ~

7.3 - \O\\\ B f
L - o | \ u
1.4 = .\\\\\\\‘, _
10 - T |

c 9~

o8-

\t\w@\ O \.t.».ﬂ%hhu
— . . 8 ALLoY(8)

\6\. 3 D aLrov(c)



G4 & #
M =g N— — — - ~ - e — - - — - ’lq‘rlll R - - ————r_ e " p— - - v!wvlv =
) AGTTIY @ _— »
o
(83 40777 & \ .
(v)A07v O \\ e
\\\mw \\
- \.\\.\
\ P \..\\\O
\\\
g o
\\O\
o
1 [ (R ek e e e [
09¢ o8y cov ocet

4
—— 20

Hoi-0
lwow.a
~gp-C
-05-0
~09°0
-c¢ 0

—08-0



o

P4

A O

Amvxoqu G

(g) 40717 @

(v)A0717v O

AL

c¢

e e e e —— - - P R e lllfr‘\vbltfleA.Q.o

=40

Y
I( dp)eov



“«y 29 e

The Ej values obtained arc listed in table 3.2,

The table reveals that Ey values for tem:ai'y alloys 1lie in

the range 37 to ‘.41 oVs An increase in the Em values

for the ternary alloys prodicts that migration of vacane

clos is shoved down-by Cd additions The increased value

of E, maoy be attributed to pairing of Cd atoms with vacan- -

clos,
IABLE 3,1 Ep by resistivity measurement
Homogonisation  Alloy & Alioy B Alloy G
2809 - 340°%¢ 29 oV 28 eV 27 oV
- as0% - 420% .28 eV +27 oV .27 oV

440%C - 500°C

+27 oV 126 eV . 526 eV

Ey by resistivity measurement

TABLE 3,2
. Mloy b Mloy B Alloy C
% - 18% .38 ov o33 oV 40 oV
20%¢ « 36% 37 oV 38 eV J3BeV
40° ¢ »55%C 40 oV W40 eV il oV
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86363 Binﬁing Enargy t

Having known tho vnlues of Ep for tho binary
and tornary olloys, t.ha binding energies belwocn a Zn atom
and a vacanoy B, VeZ, and that botwcen Cd atom and a vacane

ey Bb V-G8 con bo deduced,

Panseri and ?aaerighim' have used the following
oquation to caleulato tho binding energy betwoen a 2n

atod and o vaeaney

By = Bp - Bp |
Agsuning EFAI s 0,78 eV and tamg 0,60 &V as o mean
Veln

valuo of EFAI"Z", the value of B, eomos out to be

0,16 au¥ oV,

A simtlar expression to calculate Ebv"m hng been
employed by Panseri & Fodoright> end using this, tho
value of B, turns out to be in the range of 0,27 to

0+ 30 eV,



CONCLUSION AND SUGGESTIONS FOR FURTHER WORK
4,1 CONCLUSION s

In 11ight of the rasulés discussed in tho pre-

ceeding chapter, the following conclusions may be drawni

1. There is a marked influence of Cd on the
pre~pracipttation‘stage of agéing, Ageing
is delayed to a great extent by addition of
cd.

2, Role of defect structure, mainly vacancy
congentration, i3 very important. Depen-
dence of rate of preeprecipitation on homow
genisation and ageing‘tamparatures ¢an be
ezplalnéd in tarms of quenchédein vacancy

concentration and their mobility respeotively,

3. Resistometric study during presprecipitation
stage of quenched aluminium-ginc-cadmium

alloys offers a method of estimating the
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activation energies assoelated with.forma.
. tion and migratién éf'vaeancies. The v&lu;s'
of aétivatiun energies so estimated are

comparable with reported values,

"

4,2 SUGGESTIONS FOR FURTHER WORK '3

On the pasis of the:experiméntal results already

. obtained it 15 evident that the scope qf'preoipitgtion harm
,‘qenmg of Al base ternary alloys 1s ver& extenaiva; How-

‘ever, a ﬁnmher af'pa?améters.are still ﬁeeassaryvfo under«

stand the ploture campletaly‘and élveva clearlcut'bgsa.

In fpis ragard the foilawing‘tyﬁes of work may -be further

extended,

1. Bow angle Xeray seattering may be used to

'study the characteristies of zones.

2+ Role of defect structure i.e, dislocations,
vacancies and stacking faults can well
- understood with the help of Electron Mics

- TOSCAPE.
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Some more additions of Cd may be chosen

. and efforts be made to correlate the Cde

vacangy binding energy with the amount of

- Cd,

Other ternary additions, forming strong
bonds with vacancies 1ike In, Sn or those

forming weak bonds 1ike Ag, may be tried.
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