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Agemg charaocteristios of AL 7075 alloy were studied by
ham‘leas measnremen'&s and tensile tdsting at ageing temyemtms s
of 105°¢, 320% and 155%. Tt 43 fomnd that peak hardnoss on.
ageing at 105°C and 120°C 45 samo but the bime to resoh peak
hemdness hao drastically refuced from 58 ¢o 20 hours. So optmm
ageing temperature is 120°C. = E

Effect of mtiple ageing was studied by havdness Ipasure.
ments. Multiple ageing 1o found to decrease the time £o reach
peak hardnens with little dvop in pesk haxdnoss value,

Combined effest of multiple ageing end plastic deformos
tion wae alao studied. The oyole consisis of pre ageing and
plastic deforustion and re ageings The variatles uged were percens
tege pre ageing, preageing tmmﬁm; peroentage plastic defore
mation and ye ageing tempem!‘&m. Ham bardness has bean
obtained by reageing 30 pot. deformed specimens at $20°0 anﬁ 20 pet
deformed speoimens at 135%C, i:mesrmma of pre ageing temperature
and pmeﬁtaga pre aemé
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¥. INERODUCTION:

The A1 mn@mmmwtmmm@mmfw
, Juren dopend upon Zn + Mg
confiont and to Mg ratto, ﬁ?xe strength con do dnoraased by
- Sxioveaeing 2n + Mg congent or deoreasing Zn/Mg watio, These allo; ’
2114 wide epplication in sir craft and speco indusbries due to
1ta high ctrength to welght ratio suoh s wind zmtanga ond
londing gear componentsT

The alloy 7075 a.emmmmwmmm
mﬁ’ fucl stage and wing strings, anglo fyittings ebe, in alr
exaft industeyl In the 16 emmm the mechanieal propertics M this
allioys g:m bem '

VLS, - 56 Zgo/m® y5 = 5t Kgo/m?
Hongation e 11 Yok, Fatiguo ctrangth « 16 Xg/m®

The main prodlem with these alloys ave their sucoeptabis
14ty to stress corrosfon ceacking, This 1o theught to bo asceclated
with the typo of distribution of amm aboms and mnpmzaw of
the precipitates in tho nedghbour hood of grain Youndary: Several
mothode wors ouggosted to improve otress eomnim » e
and othor mechantosl propeyties, Thay can be sumaorised oo foXlovss

fe  Additgon of trace clements to modify atrusture W
preoipitato, In A = Zn « Mg alloy addition of asaa‘
- tyace slevent is highly mmesaﬂ




2, Multiple ageirg. This fmpyroves resistance to stress
' sorrosion with emall deercases in stremgth.

3, Chenging the quenching rave from solutionising tempefis

. &, Plastio: deformation prioy te ageing,

. Stress corrosdon resistgnoe of- Al 7075 alloy can be -
' improved by glving T.75 heat.treatment atthe cost of 15 pot.
loss in t‘eusiia strength relative to the m!rventionél heat treat~
" ment ? 6% - - -

The object of this work isto see the influemce of miltim
ple sgeing and 'theméméch_amcal tréatment on time to reach peak
heydness and peak hardness vulue, S |



2, LITERATURE SURVEY:

2.4¢  Agoing Charactorichios of AL « Zn = Mg Alloys

The AL « 2 = Hz alloye are cusceptadle tu strose
wmm orapling. Phis phenomm s mioubtodly rolatéd to
© sbwuctural changes in the slloy ang intemal sbresses dusing
ageing, The essential alloying elements awo Zn, Mg, Ou, Mn oto,
ageing beaviour s quite complex. Soveral workoro have
fed the weﬁag ammemzm ot Bema ¥z am:ym

&1 Mg Yarge mtmmre solubility for M which
deoycancs %o abouwk 2 pe:m at room tempeyatuye. This sugmesto the
.}. treatuent of courmo tho xbent of haxdening fo emall. The mochante
. ain 15 thought to bo that of decomposition of super saturatod
eolid solution in two s‘&ageu. Yhe ﬁrst stage is the formghion of
ephoviogl OF sonos Trenemission a!ss&bm nicrographs 6f AL = 9.4 at
mmuyemmu spherdcal G P zones aftar agefng abort times

ature and et 100°0, Aftor furthey ageing at 100°0
 cnald pmpxwa mm mauax to (111) planes can be deteotod
with ascovkatod mem ﬁeldm, The stwucture of intermediate pmok
pmw iz clastically distorbod 3.@.@. with & lattice parametor
398 1. ¥ray reoulto indisate that thoms presipitate losce: eama-
noy with 4ho mﬁﬁauﬁﬂaﬁmm quite amall dn olee, then equi=
A8byiumn pres 'piteka formg, The equﬁibrim phne fornd by bobh
mmma am diawmimow pmipismm.




Polmeny® yubliched many ogel ng cux
62 tomary A1 = 3n = Mg alloys ot tomporatures fyom .« 20° to
+ 240°%, Hio results show Shat the emil addition of Mg havo |
provowmee affeot on agoing vospones of Al » In al oys. The pyroo "
‘pitation prooess in AL « Zn ~ Mg alloys has baen ctudiod bty Servay
tapdness moasnrements 2,6,79. The agoing sequetes 1o ag 201lown:

Supor soturated 20lid solution —eSphepteal G P gomes —>
Intermodiate plato 1ike 7’ yphase —
Intormetiate plate P phass —»

ag  Stable gronular T phase

Gem).& an&hiaeummm.%
" 67 oones by an X ray mll engle M‘Beﬁng oshnd
~ ordered spheriesl 6 P sones 4n Mg rich tamwz.}ﬂg) aﬁbym&
side tand strusture in o pocy Mg (about § vt./g) alloy, Tn 41 =
45 m gn = § pob Mg alloy the etrusture of ordered G P wones -
hanges slightly so that &t containe antiphaso boumdaries like
& Cu 14, In the Sowsdary plancs thore are exoos 2n atims oo bha
| “gwor a1 oo ',"',‘;.mnecmwﬂgaﬁz; mamwmxgmmm
110y contatning equal amounts of 2n and ¥gs The atons of 2n and
¥g aro arranged oo that miafit duo to tho Mg atens u 14 pot) and
‘the n gtons t—z pct) is a»mmm oqual an opposttos

| Shoms ana Tuphing® stutied the poecipitation of AL =
3.2 pot o« 2,5 pot. Mge I Sexrnary slloy the diamater of G P
vones &5 oo 508 aftor short agelng tines ab 160%C and the denasty
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of G P gones is oo iﬁwﬂfﬁ‘ This suggests that most of solute
atoms remain in the solution at this stage or ave present as emall
clustere. Asamo and Hirano® have shown thet G P mones could be
forued 4n AL = 5 pot Zn = 1 pot Mg on ageing considerably at high
temperature. Thd stabdility of Zones dopends upon Zn to Mg ratio
and ageing temperature. Mond 84 fo 3 etal observed streaks alomg
111> direction in their Y-ray studies. This suggesto G P Zones
forme on {111) planesy | -

| The 7' phase has h. . . structure: This preoipitates on
(141) plancs. The lattice paraneters® of '2' are a = 4,96 3 and
¢ w 8,68 . The precipitate forms with orientation relationship.

{'m&}»zi ’--Htm}g i e&iﬁé},?a H G105

The micfit in C difection 8 co 7 pot. There must be ddse
Jocations at the interface since the styucture of the mateix and
precipitate 8 d1fferents So the precipitate tan nover bte completely
cohexent’d The structure at pak hardness is g mixzture of G.P, Zones
+ 7’ phase and latter phase predominatest During further ageing
tho G.P, Zanes dissolves as Y precipitate coarsens. |

4% pesk havdness the size of 7' precipiiate plates ave
74 50  thtek, & 150 R 4n atemeter and density of precipitate e
T2 -w"ﬁ/cmi.'- The ‘z'phase usually precipitatos at temporstures
lower than 20006, -

Ag the 7' precipitatc becomes coarser and their structus
re raverts to the equilidrium low temperature phase 7 (Mg an).



The v phasd has also e Cs Do &mﬁm oty phao ie stable
an&aeﬁfemamwe imﬁma;tnamg dening of AL = mw

. Tho? phaso has composttion ( AY 2n),, My, 7 and has
cubis steueture, This phase precipitotos only ot high temperatures,

2.2, Refost OF fyqes Elomemtoy

Wﬁ QIMB can have two dlotinet offfeots on preoipitae
t10n®, Pirotly thetr prosence tan alter kenotiss of zome Sormation
0 that appazant ste of solute Aigfusion i greatly weduced.
Setondly they ean asgish the musleation of intermedfato presipitate,

he fe ‘5'{mwmmm3anemmﬁgaxhw; |

Adgttion of Or to tk&a alley decrdam
~ rugenous pmipimtim and pmten xmifom atif b u
graine? 16 also inhibits the veoryotallisation ot solution treatment
temperature pretetly bty tho sotion of mmum mm:m at the
gratn Yowdertes Foly’ atnaia& the effost of Or adfition m agatng
&Wewwisas o6f Al » In Eg mov”" The Op mntaming allny
ﬂ:&iﬁms low hadordng x:mw dupdng agoing ot slevated tempopa~
‘&'umsq Cr favours tho formtion stadle sud gmin strm*bm'e fuwing
rmealing. The low hurdentny vosponce of Cr contatning alloy 1o dws
0. mhs}amon of quenohed in mneiea at the snb gmm boundard e

ngen mamm of hotow
 within the

| amwzaammmm tamﬂar&tmmaaf
m&p&t&hw am! provent solute aemgatlm at mm mmaarlea on
aly quanchingy 04 awmmmmamma vigatmsﬁ



' MMwéﬁewmaMcwmmwu mwﬁg
alloy mma of 1t low colubilieytls

The aﬁ’m of Po and St on the precipitate s%mﬁnmm y
stuised Thakery and Thomo'?; Thay found that both Fo and 51 ratdce’
G.?, Zone solves Semperatupe, Thy ymme of Fo or 51 roduods %he
M&lﬁtyafth&alww o | \

\
Polmear’ bad ém tbat ﬁma&wztm of sgorluto

m.n m mgaz:.oy increases tnapwk hardnoss of the alloy. 4g

. Ing uem:e the socond ptage of m&mﬁa&» Ag atimadoten the mucleas
tion of 7' . Oritiecsd emownd of 2g (0.1 0 0.3 pote) is roguired
%0 enhonce the iroperbieds A4dltiom of Ag boyond 0.3 pebi hes Ao
further affeot on ageing. Stross corvosion resfotancs of AL - fn ~
Hg sXloy can be tmproved by the addisian of Ag 7485 14 Ten Wl
resulta voportedy by polnear, sugpont the effeet of ag on tensils
properties 48 greater with refuced Hg content thon in high styength
alloys, frace addition of Ag domot influence the §iffusion of Mg
in 1 - Za ~ Hg alloy'® for the temperature ange 200 « 500°0,

Ou sddttion o2foots carly Stages of azeing of AL = % =
¥z alloyes Tho Lmpoptent effect i the mpsd nandening as soon 8s
the alloys ware aged in the renge 100 = 235%C, Thio agfect inovesses
with dncreasing Ou afAstion upto 1te colubllity lintt. The ewly
hasdoning wae Hooh marked in AL = 4 pot. I« 3 pot. Hg 1.0 pet. Cu
alloys Since this glloy ties clese to { oC+ o) phase #i¢ld, This
eally papsd davdeuing 4s prodably associated with the formation
of 5 phase) 433484om of Ou ¢0 AL = 8 poty @ = 5 pot. Mg 812 not




ohange the form of szeing ctyves oBOVS %”ﬁ. &ﬂy haydend:
ammea above 18 not obgaywed 55&9 Shese allogs would yrohamy
Iia in {0 + 2) phase fiold 4t lwtemp sraturet

»

Cu aoea noh eﬁm $he m!eaﬁoa dt Sntemealam pmiw
p&tate. Once the early rmpid hardening 18 over the quabernary alloy
tnxdna in the mwwmﬁmamydm addition of Cu has |
© 1ttls effoot on 4G to reach peok hardness or the tamporsture
ot vhifh the ohatge Srom high to lov Jeval peak bardness values
coouys. The effecy of Cu can be varted vith aifferent M and Hg conter
This 30 thought to bo due to wodifications in the ageing process.
Bita’® ustng eleotyicsl rentotivity meamuronsate, found thet
0:23 petiz Ca addibion to A1 = 6 pots mm 1.8 pot. M increased
the maxime shange 4n mmmx m £hin alloy aged at 9050 B8
conoluded that the mumber a:t G.P. 2omes dn th3s alley vas mm
by Ou addstion,

 Smithama orant!? namm that the additien of Cu b0
e m - Mg alley inareaaaa the rete of homogeneous pxeaipimﬁim
in these nlloys at lower bemperatures by Wing the nunbey of
8.7, Zones nuelentod Honoe mme&mtee Jow temperagture nuo Iaatiun
and growth of 6,0, Zmem mim nf Cu %o Al = I = g alloy .
strengbhens sing Jlerates tho fordation and mm‘gr-m,ﬁ ;
mwamwtmemtm. S e e

M&iﬂm of Agto M sﬁm@h u . m- Hg w cu pma
tform presipitation during ogeing am! s gtain mm PM&M%
Pree pone is greatly mﬁnee&, mmm alsb auggeﬂteit ﬁhat ﬁa* em*wn
ning Al = « fg « Ou may b aged o% tmpmmmva %hamm




used 135°C vithout sacriftefng tansile pwpmm Ekington'
ghowed that mmﬂommmmunum ~ Hg = Ot alloyo
_ ‘MWWWM%%@H&MM an&mdmmgquamh
amsitivity. By thess methods stress corrosion resistanco san be
4mproved at the expmino of tensils strangbh. Dut with the adastion
of Ag and by ageing at appioprinte temperature atyess corrosion
resigtance geto improved without loso of strength valucs.

2.;5@

orears and Giavda'® fovests cmmmﬂmwfm
'agmgaw%anage:ngaew%aaxam mmwmm
‘ d sesistivity mmem They Lownd

, 2 0f 0uP; Zoness The size of G.P. fomos
2inal M aepdts m the pre ageing tive: Si__aa 62 0.2, Zomes
iroraanes with Sncreaning yrv ugoing tine,

| n AL = 21 = Bg alloye pre agotng ot tvon tempasatue
aftior solutfon treatmont leads to fomation finar prooipiiate struo-
ture durdng artifioln) ageing 9, 20. :

Tortner and Fiollom obulied the influice quaaching 8
balow G.F. Jone so¥ves temporature und houm at that Samportin
of £inal egedng of AL « M - agaa%zxgh% omotuded that lcng
Pro agoling Mea glves o very fine and norrow PiFele dupring finel
ageing. The pate of vofinement and marrowing of PFZ 1o muoh less
at lovor ageing tomperatures. No effoot has been observed by pre

agoing at or balow so"c.
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 Asone.enl Bﬁm&m ptudi ot the infivence of pso againg

on AL = 5 pote 2 § Pty Fg by calorinetrlo nethod, Thoy expdained
of2ety of pro c&alng dntorms of mumber of 6,7, Zones ab pre and
2inal ageing by oppiying Beckrens muelestion thoory. Thoy observed
censddomable inorease o quantity of 8.7 Zonep Guring £inal agoing
02 pre aged alloy. Fo inflwmos of pro agoing on Intemcdiste pro=
etpstate tmo Boca obmezvod, M conbeast So Tomtmer anll Nichloca's™®
pboervations, Ammo’ of ol eay had pefinencut of G.P. Zoncs by
pie ageing o feoponsiblo for the ioproved proportics of AL « 21«
Mg aldoy. They azguea that G2, Zomeo aro ophosieal &n shaps whoro
as $he shapa of 7 presipitaten ave pleﬁe me. So it will bo
geomotpiently mfmmhla mm %&; 3@?5 o act a8 nuﬁim 62 =

501y stmated tho ta?inencs ¢ gelng ot moon Sememe
ture 0f A% = 5.3 vot, I =~ 1,8 poi, Hg ~ %@9 ?cfa@ {p tn axtificinl
ageing bty husdness ncactrcnento, M this olloy e ageing halps da
the formation of %' pycsipitate oven &n the prosauae of stolle
 cub gmin Youadastons Tho coouit of ' presdpitoto Pormcd duplng
a&%mwammm%emagﬁngmmm . o

Shzese eopsoction sealetanco of A 7079 mﬁammaa’@
ty elving endtable mitiplo gelng amtmta” ! he resulbing
esppifice dn stoemgbh can bo kept g low wlne mmwmm
£inal agatng temerature or accelorating quenching rato. Vaxations
$n qoench sobe enfl priveyy ageidg temp. hapa effect on width of P02
and procipdtato distsidution.
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2.4, %m mmm *ifmmcn% .

 Toe af mﬁmm havo mag%eﬁ ﬁha Wm;ﬁee of prioy plagtie

%o To obialn infornation on tmsic noohanisin wiore %y mex*
satm%& e‘:alm mm daesmys am

g, s Mﬁigam m&iﬁwa Mah am m m&mmﬁ.
o gmmm. A | ; -

oo Wmﬂ& rzmnam vhich 45 baving propertin

 %ho infinence of plastie dofomabion o AgOSOE ean de
comsdforsd (0 1fforont oituations, Plastie deforemtion pyiow to
againg aftor solutdon sheatment or plavtic deformation aftew colvm
Sion droatnond ad preliminery agodng peior to Rival ageing. Mlastie
Fornin priow to aming delaye the zune foveablon due to Gespease in
weozsiny cencentyetiony In the s quenched condition $he vaganoy
concembsution da of ovior 10 (hoxens plantde aaﬁbmim produees
& vasapey conootszation 38 6€0r«.10"Cs Melosotions psoducos due to
desornnbion ma an m foy quenched n vacaredes; So $ho xemoved
of Tgancien W plastie dageruation dolas b0 Gone mmw‘?

: wmg ageling ﬁz me%r mﬁmm esldd %mm«p mbem@
G8atD procihitata forme Yy vmm@m i z:mﬁnusxg ma
- Zoaco of Zone padrix fntexdoco, The tremoforeidun of Zemro Yo
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fatomodlato presipitaton 46 asseatabed vASh ehongs in wius.
Since dialocations provide sites which vill aecmaa% volumo -
changes She stablo guwolous oige at s mmm ig lowor Shom %
Zomg « mabrin iudorfneo. 8o rapid auelcatien ond growen of Angene
nediate precipitato cmt takos place od dislovadton Bquilibpdun
mzmm fomem ea.eo involves voloma alaaﬂga oy fom pros

| Zopcatiadly 6% Gradn mmur&e&. Buog Mmﬂm ave m a8 ﬁaw

| nmwewm%meaﬁm. o

~

Ta olloy vhioh 46 hapdaned by Zone forostion and softencd
by the fozuaddom of dntomwfiate eg AL~ U0, cold work pricy to
agoinig WALl eaves rapid cogtenitg. O St aliey siish 1s bardned
Ty ﬁm proecdpitation of f4re. mmm of ind emﬁiaﬁe piaos oy
A% - Covll shov sapid inovesce In hawdening vhe Goforacd
‘botfore agilng, |

Meioxr pﬁaaﬁiu defmzation’ befone agemg in AJ. 7 a:.ioy
sauges ¢ Gotresse in mammy ma&m Soell angie g m studbn
Hagteybad Sued the defoxtabion detvessee tho Solute consctirebion
in the gonee and Mcressss She solwbo mmtmﬁm 1 She mbpix

ard yefuoos mubey of mnaa?".. ’

Shagmn and mba Rsamaa‘ﬁ m&m the influence of
piﬂ:..r simm on a.gas.n@ of &1 w 2= Bg 5ll0¥e miw to agciﬁg thay
818 ot cheerve eonatdorude Lpsovenent in Stho Strengthy cmmaﬁ
ot ol found that $be cosbinetfon pre}intrasy tuo ctop sgelng sk
Zou temposatuys oml plastie dcformadion and Cinak amifioiel agedng
ab highew Gomparatuzes cagcl by (mq Ay ma) trpeetot $ho ohyeugth

of A1 « n - My IS mmmmmthnmoﬁ'ﬁpﬁzmsﬁmmm
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A1 = g = g with lov lig contomt,, cbrongth valuco ea be moached
ﬁoenelmlnfhﬁ@s%w@huum«ugm

woln oundany msnnmammﬁmmam. a:z, mp
e aﬂoya aye tofy uith Fospaet to rabrds whdch amm:r affm %ha o
fetiguo posdstanes ovd obwess coxveaion orasking, Delorraties ygm |
ho ogedng ke o onall deneflolal offest on fabiguo wsaﬁ.s%sma s
mdor bozediclal adfeet o3 soedotence %o otreos corOnien pen—

Ju di-in-7%, twg effort of ctld wosk after @mﬁiﬁg ox apeing tv efthop
naghlgitle oy negativos Tho gtxsﬁ:& ﬂefwmﬁm after gumshing fron
hindors the artiflelol againg of 920%. 2o finad temoite proportiss
o% the vorked tntayis) axy not mush diffopent froa those of redopinl
ALroetly oged oftey gueviohiny®, Fhe lack of 1o cant. aotiem of the
2010 Yok g deon axplained by the fack thet bardening iv cuscus
$4al1y ﬁm %a fh?a Zonen mmm §n ﬂm pordnd tmm@u

1 1o well Inovn ‘*ﬁi@ increzye in ﬁ?‘mgm 48 adways ,
aedCapanicd ?::;y' deoroass :m m&zx ‘ity ovd this ip more apppacent doo

mzmrmm ol wmeeenod & 5 snpletioatos T2 cyle to nodisy 13139&. «
¥ defomabion snd prectpitation phanmns 4o G iiprovimenty in
stxength uitiont dwetie Toos of dwtiifiy. ¥ was fomnd % the
Inibiting offest that Rslronbionn ewors ot ageing Feoation cal
by gubtanticlly dooraascd by initial ageing od Jov Sermarnture,
for' o glven ploohle Geforexion and final agoing tepofatusy
< 2amp(R o Solntion Syeatmant dw ageing H » Plactio defommabion).
| %ho troatoomt (2A8) davoiving colubioaistng, quimchings ageing,
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wogking and agetng an AL « 7 = Mg (Cu) aliasa maa:kealy 2B
the UDS and yma a&mmi of ﬂmee iloys '
ral m@mﬁ while mintafning adoquate aummm

| tho v trgatam msswm preagetng ot 100° for 1 boue
after solution treatment and h ok smgiog ot 120°¢ for 16 houre
markedly tnoreassd the fotisve strengbh of 7075 alloy, The
miform and stable dislacation » prooipitate stbbture forned by
THP ip veopunodils for the :m:mmm of fatigue proparties 29.
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3. EXPERIMENPAL PROCEDURES

‘3.4, Alloy Preparations

‘The alloy was prepaze& from Ecdo grade aluninion
{Mindmum 99.7 poty pure), zine (99.9 pm. pure), magnesium
(99,9 pma. pure), elaewo:lytin soppoy (99«9 pot7 pure) and

Aluniniun wae molted in gyaphite orucidle in o muffle
furnace, Weighed quantity of ou was added, the melt was stirved
with graphite xod to prepare master alloys o

Aluninium and magter alloy was melted in graphite
 gyucidle in a pit fuynace, Velghed quantityo? zine, magnesium
and chyomium woye added $o the melt and stirred the melt propere
1y with grephite rod. The alloy was cast in mild steel mould,

20 Kgs. of slloy was made. |

© The casting was deilled at eight places on the poxdphexy
,whiah axe st egqual distance and diametioally o;:pom;e t0 gob
sample for the analmia. ;

The alloy vas ammx analysed for fn, Mg, Cu and
Owy 51 and Po by volumstrde method. Zn vag analysed by dissolving
the sample in acid mixture (Hol and Woa)‘.- Cu 45 removed from the
solution by pase!.ng st. Zn oontent was estimated rrom 200 by
feniting Ins a*b 84006. ’

Mg is preoipitated as magenesium quinotate from alkaline
tartate solution, Mg content was determined fyom the weisht of
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mpgnosium guinolate,

Cu wae analysed by &issolving the sample in qoqua
rogta . The copper eulphide 19 preoipitatod by paseing HyS
in the snlutian. The pmip}.tata wag ignited to oxi&e a-& 600-
'mo"u and Ou eonfsem vas estimatad fmm ua axide, .

Or 4s dobernined by dissolving the alloy in gquia regia,
The dishromate 48 titrated with forrous ammonivm sulphate and
poﬁaalum pamanganate solution, The Op coﬂtent L detémmed
fram ﬁhe amuim 61“ fervous anmonium used,

- TS detem&ned by using NaOH soiutlon. The precipitate,
swz, ignite& arxd valatatieea as silicon tebra rluaride. The loos
of mighﬁ is meam m!,' swgg Foxr the wmamm of Po the
allw :&a Mawivaa in mlxed aeiae. Ne pmcipita'ca haa been Inrmed.
The aompasl’ﬁzm of *bha alloy 45 as follows

m = BQS wh PQ’Q&’%; Hg ” 2:3 whe pe‘k. Qﬁ w 1,53 wt, pcﬂ.
03;! " 0‘23 W pa’e. 5% w 0.22 whe DG‘E: Alu‘halanoe. |

For ﬁnai casw!g in ‘hatohes uf 2 Kga. of alloy wag.
melﬁed mphﬂﬂe mi‘bles in mufﬂ.e mmaée; Gmlyte vas used
as ﬂux to minimise oxidation, Jusﬁ before casting the ally was
Gognsed by using hexaonawethane. 'l.‘hee alloy was cagted 'in mild
sfzeel moulds fenxdomx 16 on. Oasfsing tempemtm wag ﬂxe&
740 £ 10"0. | ' :

§
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-  Speoimem Preparationt

* Gastings vere homogintsed for 8 hours at 460°0 end hot
261103 to 20 ms x 20 mm ot 460°C and machined to 18 mm = 16 mm,
fardnésn spoeinans and baes for temsile testing of sige 18 mm X
18 mn x 25 i and 48 mm % 18 mm % 250 m were eud: from bavel The
hardness specinens ground and polished. Hardness pleces and bars
for tensile tosbing were homoginised for 43 houe at 460°C 3 10°0
The micxostructure of 'hardneaa‘ speaimens revealed m:m boundaw |
xios vith single phasé struoturdy The ae quenched hardness was
found to be 7@@3. The avampge gram axéa meapuyed was 0,1584 mm,

3,5,  Heat Trdstments .

~ The selutionising treatment was given at 460°0 3 10%
for 1 houy and then quenchod in water at room temperature,
Solution heated specimens were immediately subjested to furthex
treatment. AlL heat treaiment were carried out in silicon oil’
bath fupnade, Mechaniosl ¢ reatment was fiven by cold rolling,
Table 1 and 2 show the acheme of exporinemts carried oub, After
heat treatment the temsile specinans woye iumed fmn 18 m x
18 mm x 250 mn baw, The dimeusim of tenoile spaaimen confdrming
IS 1 1816 « 1961 i ahown in ﬂg. 1

_3.4; Haxdnoss Meamanmtst

V&&keze diamond pyramid hapdness teater was uged to take
the hapdness values; A1l hardness teots wers made ab a losd of
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- Table! 1 Sohene of Emrxmmts (Hardness)

E@”mm* | Bro agelng “Peroantage | Perowmtage | Ageing
' tom. 0, | preageing | Deformuvion) Reap. 0,

to Ei'feot Gﬂ e e R * e 1@5{,
TW- O o _
SR .*' n R T e ‘ - 120

2, %5;"??,&@ 105’ o 25 L B - | - .; 129‘.;. .
' | L B0 T e 420
6 = 0

- A S A
N 135

A N -

A S I

- T R

B - 195

- 23 B -n - | 105:'

S e
s e 105
A% 8 =5 .
50w 05 S
- T O

‘B = g0

120
120

- 120
120 .
.
120

t’

50
ﬁff«” o« o 75
5, Pat, Defore 495 . T
mation, e B
1.
75

3

5883
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153
-

5 Kg, Por caoch rending duplicate speoimens wepe used and the
_mmlﬁ yeported is an average of 6 in fentations.

L 18 18 Tensile Tasbings

Universal tensile testing machine was used, All specie
mons were tested at a load of 10 tomes, |



- Table! 1 Soheme of Experiments (Hardness)
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Experiment

| Pre ageing

temps. 0,

“Percentoge |

“Peroentage

Ageing
| megplfgoo

: ﬁe‘fcm‘b ion

1. Bffeot o

Tewp.

| preageing .

. * N
:‘“v‘ K L
o

R
120

s

2, Bffeot ef
Pot.pre age

. . 50 o

 fireokd of

%, Pot, Defor~
mation,

105 |

120

65
25

50
65

(¢

(R

T
5
5

L}

Y

8883

420
1%
135 |

155

135

135
105
405

105

05

108
120
420

S0

120
120
120
120



20

mpemm Pro Ageing 'Pe&gentage - Peroontago | Age
Temp Gy Pre ageing | Deformation mam;:gov

3 . s 0 . 120

883
588

105 0 495

888 9%
3

120 75 0 135

Tablos 2 soheme 02 Experimonfu (Tebeflo Tosting)

Pre agoing temp. | . Poreontags Pezoerbage | Agoing tomp.
- im0, . " cfpreagcsng cfages,ng in 0,

- - 80 1’20“0
%0 . 10

00 120

e

1200 420

105 5 00 420
955 | 73 00 . 120

© 990 pob. and 120 pot, agoing correcponde o 40 pot. snd 20 pot.
over ogodng roopestivoly.
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4 HESUIZS AND DISENSSION

4.1, ﬁﬂﬁ‘ﬂlﬁﬁ’

Basdo hapdness eurves have been plotted at ageing
temps yatures (24) s 105°0, 120°¢ and 135°¢ as shown in £ig. 2.
Table 3 shows effect of agoing temporatures on peak hardness and
$ime t0 veach peak hardness; Tables 4 to 9 (£igs, $ to 8) show
the effeot of pexcentage of percentage of pre ageing at one
temperature on f£inal ageing at some othor tempopature on corres-
ponding peals hardness.

Pigures 9 and 10 (bables 10 and 11) show the effest of
percentage plastic deformation of samples preaged 50 pot. st 105°C
on #inal agedng ot 120°C and 135%C respestively, Plgs, 11 and 12
| (taﬁxé:’s 2 and 13) show the effoot of pementage plastic deforma=
 tion of samples preaged 75 at 135°C and 120°0 on final ageing ot
120°0 and 135°0 rempectively,

. Table 13 shows the tensile propertiss of specimens aged
at 120%0, preaged 80 pov. ab 105°0 and final aged at 120°C and
‘proaged 75 pot. at 135°C and final aged 120°C, |
4.2,  Disoussion | |
Table 3 chows the increment in hardness of various ageing
emperatuyes obtained from fig, 2. It can be seen that incroment
in hapdness is almost constant at ageing temperatures 105_"0 and
120°0, Bub the time required to veach peak hariness roduces
Adrastioally from 58 hours o 20 hours. Ageing at 120%0 reduoes
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time atout 66 pot, when compaved to ageing at 105°C. There is
considexable drop of 10 VPN in peak hardnsss on agoeing at 135°0
whéi compared to ageing at 105°C or 120°C and time o reach peak
hardness reduced to 13 houray Ageing at 155°C redueed about

%5 pot, tine to yesch pesk havdness with the percentage &mp

in inorement in haydness is adout 11 pct.

- Agetng curve at 105"6 shows two atageu of hardenmg
where as ageing curyes for 120°0 and 135°C show only one stage
of hardening, This suggests that hardening at 105°0 4s dus $o
pones end intermedinte preoipitate and at other temperatures the

hardening is predominently due to intermodiate preoipitates The
. volume fractlon of preoipitate deoveascs as the ageing temperse
" ture increases, The hardening by gone formetion 1s Gue to elastio
straing where as coherency strains ave responsidle for hardening
by intermediate precipitates The hapdening sffeot due to coherancy
strain s higher than that of due to elastio strain,

The peak havdness for ageing at 105°0 and 1éo°’a i8 samo,
This suggests that loss in hapdening effeot due to deorcase in |
wtal volume fraction of preoipitate and ooéraening of precipitate
alging, Ageing ab 120°C o sompaneated by dnereasa volume frastion
of inteymeddate precipitate.

It u concluded :rom this tbat optimtm age:ng couaition
m thia am:v i agemg at 1ao°c tor 20 hours,

- Table 4 shows the .effeot of percentage of pre ageing at
120°0 on final ageing at 105°0 obtained from £ige 3. 1t &8
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observed that percentage pre ageing does not have considemble
effeot on peal hardnose 'éalueé'unv agedng at 1050, The paak
hqzdﬁass values are marginally reduced due to pre ageing, .
Reductdon of pealk hardnoss 48 about 4 pot: from 161 to 153 VEN,
Time to reaoh peak havdness is redueed from 58 to 55 hours which
&9 alsu maxgmal.. Reduotion in time is avout 5 pét,

mg. 4 eimws the effect u: pezceneage pre ageing ab
135°C on final ageing a¥ 105°C, In contrast %o pro ageing ab
120°0, the effeot of pre agetng at 135°C has decreased the pesk
hagdness value by 10 pots (Mable 5) from 161 to 143 VPN, 25 pot.
pre sgeing ab 135°0 has hardly any effect on time 40 reach peak
haydnoss where as 50 pot. and 75 pot. pre ageing reduced time
from 58 40 45 hours. Reduotion in time is obout 22 pot. The peak
haxdness values of 50 yoti and 75 pet. pre aged eamples are almost
same on £inal ageings So from hardness point of view 50 peti pre
ageing is economical.pre agetng at 135°C forus comparqtively
coarsey ‘pmiimate‘ Pre ageing at 120% produges comparatively
finey prooipitato, When the pre aged aamples ave aged at 105%
the existing precipitated partioles act as nuclie during fuypthey
preaipitation, Gmaqnencly the distrivution of precipitates
produced by doutle ageing trestment at 120°¢ followed by 105°0 is
finer ag Acaimpiazéd with a doudle ageing t;-eatmm ol 15§°€!' and
105°0¢ This explains the lower peak hardness value of 135% « 105%
combination as compared with 120° = 105°0 combinatson,

The proportion of intermediate precipitate in samples
preaged at 135°C 18 moxe as compaved with samples pre aged af
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120°¢ H!.gher the amount of intormediate precipitate lmr will
bs the tine require& to complete preca.p&tauon on zeagamg
bosause of better stability. Mle explains the greater reﬁuouon
athieved in ti1¢ o reash peak hardness in 135° = 105% aombma-
tion in conbrast ¢o sao"o - 105% cogbination,

Pigures 5 and 6 show the effect of pre ageing at 105°¢
and  135° on final sgeing at 120%,

. For 75 Poti preageing at 105°C yequires 20 hours whioh
is tine requived to reach peak haviness at 120%. S0 in this case |
the samples weye pre aged 0 65 pot, R

Iy can be seen from the tabtles 6 and 7 obtained Lrom
figures 5 end 6 that mmenqua of pre ageing eithor at 105°0 or
135°0 has 1ittle effest on pesk hardness value during £inal agmg.
Table 6 shows the t,o_ta.l time to reach peak hardness has deoreased
from 20 hours to 13 hours ( redustion of timo 35 pot, ) duping
#1nal ageing of 50 poty pre aged samples at 105°C, Similardy 75 pov.
pre ageing a*b 1 3’5"& has aeereaéea tine to reach peak hardness
{Table 7)‘ mhe mp n paak hardness 16 about 3 pot. from 160UPN
6, Ve B o~

Pipuves 7 and 8 show' ﬁne eztect of parcmage pre ageing |
at 105°0 ana 120%0 respectively on final ageing &t i55°0. Pre ageing
st either temperature has Little effost onpeak haranaa_s value
(tables & and 9). The dyop in pesk hapdness value is about 2 pot.
and pmmﬁage deckeape in time im adout 30 pot, in samples praagad
50 pet? at 105%0, Wheye es redugtion in time is about 24 pot, in
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samplos preaged T5 pot. at 120°0,

I gan be aeum £yom the f&gurea 3 to 8 that pm mmg
of 25 pct. and 50 pot, remlt m czontinmua increaaa in baranesa
on £ina1 egeing axolpt 50 wt. pre ageing at 105%¢ Zollowed by
agoing at 120°C, In this case neither incvesse nor drop has bean
obgerved in the initia) gtages of fingl sgeing £4g. 5, Whers as
pre ageing 65 poty (or 75 pes, as the case may be) result in an
initial axop in harﬂneas Yetore turbher hardenins takes place on
£ingl agems.

The following points can be conclujed from the yepults:

(1 Pre ageing at 120°C has little effect on peak hardness
value on ageing at 105°C where as pre ageingat 135°¢
haa negaﬂw effect on peak hardness value, Where as in
other cases pre ageing has mp considerable effeot on peak
hardness. '

(2) Prs age:mg'“‘ in 21l the danau. deemea time x'aquized %o
g@b peal hardnesa. |

(%) Maximum time oan be saved by pre agefng 50 pot, at 105°0
or 75 poty' pre ageing either at 120%¢ ox 135°C on finad
Table 10 and 41 ahow the affect of percentage plastic

detomtion of preage«l samples 50 pet, at 105%C and 7% pet, at

135% respeoti.vely on ageing at 120“0 dexived Zyom figures 9 amd‘ 10.

Jo§36
(RIAL L123ARY UNIVERSTTY OF ROORYFE.
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Rean be seen from table 10 that pereentage plastie
deformation has 15ttle effeot on tire t0 reach peak hardness
upto 30 pet, (reduction of time from 13 to 11 hours) Total time
to rcach peck hardness is same upto 30 pot, Thers is drastic
detrease in time to reach peak hardness on reageing 40 pet.
deformed samples.

Morginal deorease in time has been odbserved upto 20 pot,
(thble 11) from 43 to 12 hours,y Time to reach pdak hardness is
almopt same on reageing 10 pet. and 20 pot. deformed samples,
Maximum decreass in time has been observed on reageing of 40 pet,
deformed samples (13 to 7 hours).

Tt can be peen from the tables 10 and 11 that the peak
haydness value inereases with inorcase of deformation wto 30 pet,
But further deformation deereases ghe pesk hardness slightly,

The maximum peak hardness has Yeen ﬁﬁfsemaf on réageing
30 pet, deformed samples.
Tadbles 12 and 15 show theteﬁ'egt- of percontage Plastic
' at 1052 , |
doformation of presged samples %Apct.a and 75 pot. at 120°C
A
respoetively on ageing at 135°C. (Fograndsz)

It can be soen from the tables that theve is mo roduction
in time to reach pesk harfness wpto 20 pot, Beyond this the time
de€reases with inerease of eformation, -

The peak hardness inoreases with inarease of deformation -
upto 20 pot. when the deformation is increased, little drop in
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peak hax:ﬂnesa #alue has been ohsa:md. The amamﬁ of inereasa m _
peak hax'&ncaa S.B however margmal heeatme *nhe in %h.ta the m'ao:lp&-
twta hy itaew is ﬁnaly amﬁm&. |

* Tnoreased vesk im&ness is due to dislecations intyodue
ced by cold work which oot as potential sites and results in
fineyr distribution of precipitate particles.

‘The fact that tire £0 reach péak dardmess is same on ago~"
ing of deformed samples upto 20 pet (0Y30 pot. as the case may be)
¢an be explained as follows, Dislocations produsad by plastic |
Seformation act as nucleation pites for the intermedinte prooipie
tates Thoy also ach ag sinks for vacancles, The presence of dige |
locations Memaaes nuoleabion mte for Mamed&a% procipitate
and aac:eeaﬂas tha growth mte ox gone foymation, If one compensa=

tes the othor then there will mot be any reduotion in $ine by |
inorence ﬂf plweia ammsm,

':mm she &afamﬁim is mamaeﬁ, bha mﬁe&m becomes
haavm cold wcrkaa and result polygonisation of didlooations and
hﬁncamak hardnens is reduced on yeageing. This sxplains a drop
in poak herdn 88 Of ageing of 40 pet. {or 30 pot. aa the case may

This effoct Lo maxizunm in case of raagaiag at 155"& whm
compaged to reageing at 420%, o

The following points can be conoluded from the reémltss
t. ¥aximum pesk hordness is obsefved in 30 pet. deformed

samples on reageing at 120°¢ and in 20 pot. deformed

¢
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samples on reageing at 135°C,

2, T4me to regoh pesk hardness i same for the a’amxﬁes
deformed upto 20 pet, {or 30 ;wt. as the ease may be)
on rwgemg at any tempemtm. o '

. Maxsmmﬁmm%amveﬁmmgeingmm. aefomed
gamples; )

Tables 14

lAgeing Temp, "Pementng'a UePuBen ?ementag& Peroentage
0 @ apgeing . Kgs/mo 2 _Flongation = Reduction

120 - 80(4 hours) 27,5 25 - ST.5
120 90(13wuwrs) 385 0 14 21

120 1o0(20nowrs) S0 . 12 10
420 110(30 howrs) 445 . 10 3.4
420 . 120(40 hours) 43.5 9.2 4.9

Table 14 shows effect pereentage of ageing at 120”(2 on
tensilc propertles, It can be seen that. maximum strength has been
oboerved on ageing at 120 for 20 houre:’ By increasing the percentage
of over ageing the strength and duetility both decreases. over
o agelnip resuits coavser pmiyi%ats rarticles and precipitate %:ecamas
in coherent, Beeause of coarse precipitate the strength of the alloy
decréanes, éne%iuty aécreasés due to incoherent precipitate,
Several wﬂ:ew euggeat'eav over agelng followed by plastic defommes
tion and reageing gives optimum properties at room temperature. .
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Tadlet 3 v

Effeot of ageing temperature on peak hardness, |

Agofng Temp  “.uol $4me © . Peak haydness Paroent
Ou to Reach 7] increase.

" Pegl hardness SRR

\ . (moumrs)

o w e
120 20 180 1%
1% . 3 R L 157

T

Tables §

Effeot of pere age preagéing at 120°0 on time to
reach peak haydness and peak hardnoss on final ageing st 105,

Pot¥pro sge  ©  Motal time to yeash  Peak value
peak (HOURS) | Haydness VPN

<

58 BT
5 85 153
s 55 155
I -
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Tables § '

. Effeot of pémentage pre age at 155°0 on time to s:eaah
poalt haz'&nesa and pea!c hareneaa on Zinel ageing ab §05°¢, ”

Peb.pro ogo | Total time to Peak hardness
Fot.pro o8 reach peak u VER
hapdnoss CHouks) | :
0 58 | 164
23 57 543
50 45 R
ki) 45  $46
Tebles 6 |
Pot.pre age mstal ma %6 Peak hapdncss
%va VBN at 5 Egus
_ T+OURS: me‘) e _
0 0 160
- 20 157
50 13 o 155
65 9 156

Bgfest of porountage preageing st 105°0 en tims to yeach
pesk uamm and poek hardnoss on agelng st 120°C,
# Doy 75 pot. pxo agoing a-b 105‘*’6 ma‘elf requives 20h which
i time yoquired to roach peak hardnoss ab 120"0; 8o 65 pot. pro
ageing has given st $05°0,

CRITRAL L1Z3ARY UHIVERSEY OF ROORKEE
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Tadle: 1 ]

Pot’] Defoyrae | Total bize b0 | Peak hardness
tion Yoeash ?Qak YEN
T (Hmms)

0 0 19
10 0. 155
20 0 | 157
» 196
o 156

| mm ut pnt. datamat&m of 75 ptm pre agea at
120° on tine to mh peak haxdnesp and peak hardness on
ageing at 155°
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S COBCLUSIONS

The nptimnm ageing treatnent ﬁ'or thie ailby is

ageing at *200 forzﬁhaurs

o ptapge agehxg rednces the mrall time for full
hardening with 1ittle drop 4n pesk haxdness value,

A slignt ineresse in peak hardness has been observed

' on reageing of preaged and deformed samples,

Effect 0f percentags dsfoxmation is found to o
inorease with amotmt of cold work. Effeot is o’baemeﬁ
tofhemmat wyct; and 20 pet. co0ld work on
reageing at 120°C and 135°C respestively.
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SUGGESTION FOR FUTURE VORK:

It 45 evident from the studies of polmear thet Ag addition
has distinet effeot on AL » 2n - r-!g and ﬂu alloys. 5o the
mwﬁ:c&bemen&eﬂtoﬁ zn gg el Ag.

Progent wozk can be extended to see the ﬁm'manoa of
HnIﬁple agémg on Manieai pmpartzes.

- To present mﬂ: ogn ‘he exf.anaed to Bee the anflnma of

thamomeahmﬁaal £ reatment of ta,tigua and ohhex-
?Wi63¢

@zanamiasim electyon microscopie s!m&:es mey ba aarriaﬂ.
out to Juige the effect of multiple ageing and thermos

‘mechanical treatmemt..

Stoidey 4es developed naw alloy x 70 50 which has highest
strength and better corrosion yesistance than 47075,
Effect of multiple ageing and thérmomechanical trestment
can be stulied for the alloy 70%0.
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