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1. XUZRODUCTION

Tho Mph otronsth alreraft ond nodivy stronghh
gonerol purpose alloyd of Ale=Znellg cnd Ale3n<lig(Cu) ayoteno
hove 70 olloy @roagntions. Tho highhot oo tcoporoature
oetrongtho attoinod 4n wrourbt ocluniniua 0lloy products
oxo &cmoza'poa by Al=an-ligtCu) alioyo, In carly 19G0vgo
oovorml nov voldablo Al-inelig olloys vero introducod. Thosoo
nov govies (7¥XX) alleoy wore difforont £roa olddr alloys
7075, 7079y 7178, ir::gm haotenffoetod gonng (MA2) vore nol
embriétlo-a by fusicn volding., 7039 alloy 40 one of cuch

noy olloyo,.

Alloy 7039 40 o rolaotivoly nov hipgh otrongth
ﬂin.?.mng natorial. This 0lloy wao éovelepad to meot tho
noed Lor vildablo, hoot-trootod Alebnon nllsy. Thy olloy
contolings roducod coounts of dine ond lognocium, tith oonll
additiono of llonoonocs, Ghrondun ote. Coppor Lo ponoraldly
olirninitod or lMnitcd <o vory louv cacunto., This contiol
of coopomition 10 Foflrctod 1in cemplinto oidd onlution of
tho codubla olcoonto ot pueh lovor hoot- troutdng tompoaroturos
in constraol Co tho hiph-otronsth olrorcft olloyo. Tho optde
o gurcunth 1hvolo aro creurod oven agftor roduldvoly olov
cooling mtog. Tho lov quonch — conpdtivity fovoura thio
olipy for poogdvao forpdnn or 44 pormito clower quoncidng
of thimmor parto, Simo roducing adstortien ond romdual

olrencen,



Tho oclley can bo strongthonad by solution
¢troatoont and artificial agoing,. Horcovoer this alloy
oibito opprecinblo procipitation hardening offect
at roca-teop raturo during notural apgoinge.

Tho alloy oo good lov-temporaturo taucl;nmas
and pod vifatilily ubs.ob. aro Pequirogd for prasouro vogeal
congiruction. The naterial poossoases mufficiont duetility
to forn qylindrical commonto, Thoe olloy can olso o hot
foxiod anda cabooguontly hoatetreatod to %61 or Toh
tcapors . Ly 00 Feyuirod for pross forming parts such ao
olliipticnl i*x:m&o ond ocanll dlrmotoer ophore segpontg, Tho
alley g oviginnlly doveloepod Loy 'm:_uat.m pilatog and is
curpontly boing usod in oxnour vohiclog., Thoe tourimoss ond
ﬁmtiiiﬁv it givo 7039 olloy ito coqd olldotie inpact-
soalotones, alsp nalto 4¢ © pood tlloy for prooouro vopcol
conotructiono. | |

Tho olloy‘!ma baen succoasfully uccd in both x»ond
and pofl  Cronoport applicationo (1e3) sfor Iipght vwoipht
nilslary bxﬂ.dgoo“' 2) » othor gtructurnl purpoo2o, ond for
nmm-plaﬁfvo{” . I¢ bao ozeclliont lou-tcoporatura proportias
(1pto = $96°C) ond oppooro ©o bo  2@7ally cuitod for oryogdorde
uppﬂ&uat&ano“*"” « In U,Culia pacenotol ore uwoldings oo
cuzeooofudly ucad o produco £irgt 7039 nlloy pProsouxd
vou:::l(g) Tulit uncrp ¢ho poguirchnont of AT Doiloy wnd
PEoanUR0 voocod cofo Lo ﬂ363.l toldinpg of tho Of¢. €licrotop

ddouid onyeon gphoro tao aleny carxiod out vithout oraciiing
aigfioultion,



Tho aim of tho prosont work 1s to investigate
tho effect of apeinpg temporature cnd multiplo ageing on time
to reach peak-hardness an@ to detemine the nechamtcal
propertins at tho rospsctive poak<hnrdnoss valuzs on '7039

8lloy.



CHAPITR « XX

LITD ATUOR: RIVIGU

2,1 DIVEIOR'EIT OF A3~ BASD 7039 ALLOY

Incronood usy of aluadnivo boo boom codneidont
vith th> davelopa-nt of olleyo timt pro pontad inorcamingly
W ghor ocowoldod otrongtho, AC thr ¢ico of Odcond Uorld
tiaxyy high ovrenpgth alloyo vore ldmitod to tho nonfucion
12ldablo alloyg, vhich 1220 Joinnd postly by riviting.
Even afior Second Uorld Uor and the inozcasing uss of
pop -ghiolded are wolding prosaoces, thy application of oge
v2ldrd oluniniun wro 2pitod by cecparativoly lov strongth
alloys containing 1.07 ln, 10to 2,07 04 ¢+ lig or 2 o 3 tg-
Tho strangth of ¢thasy alloyo in tho voldod form rongdd
oround 210 D/Aa® . In tho nid 1950'o , olloys 5086, 5083
cnd 5%56 wore introQuecd. Thoge alloys contain b opr § 0 lig ond
ore  roadily fuclon woldod by oo -ohRoldod OPC PIrocCO0sl0,
civins ammnldod jeinto otyongtho of 270 to 300 I-m.ﬁ:a.

Chy  ompemtod ucy of voldod alwminiwn rado pooaiblo
by €ho Iotor S5ZERE  oordno nlloys, ochea to cnll for o novoy
clloyo with ovan Igoor cowoldod stronptho, T cnrly 1600
cou tho AnCroduation of cworcld wldabls Ade.hillp auoy(é) .
k202 mov oorlon (7130) clloy vore difforont £rea oldorp
alloys 7075, 7079 7173, in thot the bout affoctod sones (Hal)



COPo niot oobrittlsd by fuaion voldinpg. Ths now clley 7039
spociolly dsvolopad to mecet tho nood for an olloy with o0«
voldhrd proportios suparior to thoes SKXX gerics Ll.lp slloya,
os vwll oo othor 7X8X eorios alloys in prossnt ucy, Tho

t¥pical mochanicnl pmpém.es ot rooo-tenporaturc ond

oub-sore tomporaturca aro given in tha Teblo -1{5)

ana Toble 2?) bolou for comparicon. when voldod wth 5039 alloy

] ?f.\BLn )
Roon temporature liechanicnl Proportios of AXley 7039 alloy

reper Yiold-otroos, | Ultixi:aﬁg Hlon N
(i m?) | gﬁ”%;;ﬁﬁaﬁf‘m‘ tioni%) DEH
761 30 %40 i 123
N ' 390 L60 i3 133
0 106 230 a2 61
LBLE T 2

Techondcol Proportd-g of 7039 olloy at lov tonporaturos

Tle | Toopor |Tost.Toopd Yi"m;“emsﬂ Uiticeto | Mlongo-
(cn) c) (1111/a<) Gtronpth
n Cma)
LL0 1
18.75 | 261 0 W - 3
f -196 | ko 580 1,5
& 0 byo | %60 % ;
.50 6 -196 | 500 600 17 J;
' -252 . beD 690 16 J




£13ior 4t ivoo crock £roo woldnonts vith o mindmm tongdlo
otrongth of 30 1AM  vhon notwrolly oged Lor atleast 15 daya(gi

Thls rdvos o ¢ocirablo c@ﬁnﬂue:aj‘/tonm.la stronagth, yicld
gtrongth and olongl tlon v-0luog conparad to typicol voldmont )
proportios of othor 41e nlloyd. Zho Britich olloy Hidunindu: 48
ip giriior Co Amcricon olloy 7039. DBut tho formor contain

{d, Cr and 27 wvhopono e iattor IIn and Cr cnly . b

othor gifforones 4s that ¢hoy Modminiwm %3 48 vdlded with
£1e50 11g, vhdlo 7039 40 by olloy 5039 £fillor to obtuin

8 Doot conblimiion of mochanical proportios of tho v2léoonto.

2.2 AGEING CHANACTERISTICS OF AleInallp ALLOY

| Alvmindua hoo losge high-temporaturo colubdility Sor
Zn  vhieh deorcngeo to cbout 2 ot $ ot roun-tomporaturc.
Thioc cuggeots that the binary Al-2n olloyo may mve nmarked
ragpones to aposhnpdoning trontnent, bovsvor Lho oxtent of
Impdeiing £5 conll, Tho noclkanica 49 thourhbt to bo that of
docapocdtion of cupor-pguuratod colid colulion in Cwon otopoon,
Tho Liprat singo 40 tho formution of gphorieal G,P. soncs, On
Loriloy apeing oo0ld procipitote platoo pomllold to (111D
pAcnlo can bo @otretod uvith cocociatod otmaldn ficlds. Thea
o Angekommt oLuillibriwm piceipitato formo by bhoth
confimuousc and ¢igcontimuous proeipitation.

Tho ppoina Lobnviour of tornury Al-In-lig clloy i
it cxpdox, Covorod vorlkers hnvo gtnddcd tho cpoing
abmrootoriogtico of thio nlloy oyotong. 4 briof roviow of
vhdch 19 given belov.



Iblt:m:sr“m otudlod tho opeing characteristios
of a tido ranso of tornory AleZnellp clloys by dotomining
the horenoosfasoing - tdne curve ot rogular teoporaturo
1ntorcaln Botuson «20°C to 220°C. It vas found thot anoll
addition of !'g havo o prornounced offoct azi apeinn -0 oponso
of 4leln alloys,

Tho prcipitotion, procoso in 431.Z2a - lig alloyo
bao bocn otudind by Beroy mnthoda{g) s mcctmmicmmagy“» ’
Gpacdfice-hoot ncacwmcnts(‘a ond ﬂar&nssa-mcamm%%&m »2%)
Tho ronorel oeedinng cogquences oo obsarved throush Yooy otnggo'g)
are pivon bolaws

]

[eupor Spearical| [Ordsroa| [Intomcalate —
Enturotra -3G.p, 3le.p.  MiPIato dano Ploto 2dko
Soldid Sodution Zonogs sdencn ,n" phoos ’ ﬂ-phnc:} B

[ Gtobao
Cromador
Ceplneo

Theoeo end Kutﬁing(13’ otudicd procipitation in
tho Cormary L3320 in « 2.9 O g cnd  tho othor nore complex
coonrednl ontordnds beord on thin olloy. Thoy found an apoing

gagueens

Cuphe Caturatod - Ophorieni "
colid cointion 0.0, Zotoo a9 (g 20,

Thoy cenciuged that M 4o formed ot lovor ageing tomporcturo
{upto 200°0), viile T-phoso io foro~d only ot Wighor ogoing



teaporatuses { 300°C ang abovo) .

Int-ho tornary alleoy the dicmotor of the G.P. zones
16 ~50 8  after short ngoing timo at 160°C and tho donmity
1o only N1015 noncgp / 3 « THis sunpgooto that poost of the
Bolutc ateno rcosin incolution ot this stape or ore progent ab
s2ald clugtors, Tho 0ddition of Cu to tho 0lioy decroaurn slipe
bhily ¢bo deagity and 4ncrcasdpo thoe oclso of GP,conon.
Ths mnobor of G,P. Conos grodually incercdgstg Aurdp apoing
ovon @uring ¢ho procipitotion of N-phoso ond  tho otructuro
ot tho peolk-bnrdnsss 30 @ ninture of tho tuo although W nphaco
is prefemincnt , Oubcoquontly the G.P. Sonco diocelve og
the preoipitnato «» coopsono, Tho ﬂ’—phasa precipitoto Lormio
on {i11} planos ond the olootron diffrpetdon pattorn shov
that thay hnve hec.p. structurc, Tho lattico parcrotoro
of I are o= H,9% X ongd ¢ = B.68 3 (9 ond tho procipi-
taton form with the oriontotion rolotilonchip @

ooony || (1an),, [4120] a I (1] a1

i‘ondolifo ot al‘.g) doloetad gtyoake in (111> directions

in shislh Chode .X-my aigfraction pattorns wvixich thoy tontoe
tivoly intorprottod na cn indicotlon of 0.P, zonod on {111}
plnnog,

he ﬂ'—ph:xm precipditatson grovw ropiddy in ¢ho
tormary 0lloy. Tho nlercousucture ot poohk-hordnooos chown
o
ghe pladds with 50 X thiecl: ond ~ 150 A  in dicnmotow,



having o doenolty of procipitotion cround 2 = 1016 / cz::3,
whon tho tornary olloy is ovompod ﬁrec:l.pit.ntes boeonon
coarsor and thotr structure rovorts to oquilibriun lou-

tmparature phhco 7 (Mg 332).

L3088 tions of Cuy lin, llgy and Cr otc.lng Xittlo
offoct on tho norpholony of W' precipitation.dut they
influence tho hinotics, o,g. G d2loys the ruto of
procipitatiocn of i butl In cnd tig have tho oppooito ofiocct
so that tha hardénoss curve of complox aolloy ig cdmilour o
that of amlae toraary alloys. Thooos cnd Hutting concluded that
Cuy !in Bnd 1ig must discolve in W uvithout chonpging ite
structure, inothor offoct of incrosging ollioying additions
19 to inercaos the cnount of procipitation on dislocations.
Tharo are probably tun reasons for thig.-

{1) The couplox allayaveantain large particlen of
intorpotnlliic phoaeos vhidch ore ingsoluble at tho
golution Crootnont  Comporature, Thoso Avo rigo
2o dislocnotions on quonching due to difforenco in
thosral orpansicne.

(2 Cecondly Cotn'¥®)  hao shown tint the sotio of
hotpogoncous o heTomoncous percipitation will
Anercoeo wACh lnsrooolng cuporsaturatlon, 2.0. .
incpcoging olloying additionn. Howover cadit on of

Cr <o L ecnrpinz alley 03020 to decreany Ghe coount oﬁ’
Lotsoooneosus Drecipliotion cnd prcoote o uniform
structuso vitidn ko proins, It oleo inhdbito
reeryotalliization at tho solution Sroatmont tcaprro-
ture, probably by tho opetion of incolubi~ porticlos
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ot th> grain dboundarico,

ZTho lock of ductility of thio clloy is noxmolly
asgocictod vith ooft ropions near thy groin boundory.

Procipitation 4n clloyo WOs04 on Al-Znelip 46
ceaploz and thhy roouldts of Thorng cnd Untting.noy only be
truo for alloyo of cortoin Zns I'n rotlion. ZTho offoct of
troceo cdditiong are Qualitotivoly unésrotood but thoir
nod2 of cetion 1o not cotobliohod.

2.3 STUCGIUAS O PAVCI PIGLQION

tiondolfe ot c1¢? cog 6ra' 118 oo anvostipe
fteod tho structure of tho intom2diate proglpitate St 4n
Al-un=llg 0lloys.  Thoy found L2t Lt 40 foimod aftor opoing
&t lov tcoparaturco, 1.0. bolou 200°C ond hos o horaponald otrue
eturc with o z ».96 8 , o = g.63 2 corpar~d vAth the lcottico
mmmatara of tho oqmnbmam 1 (Lip «.-na)«-ph:xc::r videch oxro
o= 5,15 A s Cm B.%-S A ., Tho chungo 4n inttico paromotor
~f W onabloo Thy phaco Co romcdn portially coboront wuith
tho notriz ot cooldl glbog. T«pingd prooipitatos only ot
bigh -tooporaturo 1.0. 300°C. 9hdo phaoo Bao o be.c.c. structuro
with o = %,16 3 cnd 161 atono por undt colil,

2% ITTOCE OF TV.CR LIS

[Ziny binary or tornory o-lloys contoain eithor Ly
ceceldont or @rodica o guoll quontity, 0.2. 0.5 o 1.0 por cont
of onothor clcmont. Thio oclemont nay bo prooipitotod oo coorod
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particlos of an iatornotallic coopound ingolublo at tho
kozopondcotion Soapormaturd and thoraofore having 1ittle offact
on the preciplitotion proporticc of the wlloy. Altornatoly,
the olcoont nay chonps tho procipitation soquonce by nitore
ing tho colubtdlity of the principal olloying clorents op

by procoting tho formation of tooo procipitato portioculap

o Cho ormary or qEArtoraary alloy. -

Enrdy ond cowuvorizors (194 20) Inve onxtonsivoly
otudicd tho coffoot of Cracy additions o Al-nlloys, Hordy
concludod thot tho coecallod ool precipitation cequongo
in on alloy ooy ba vitally dopondont on tho prosones of
cono  Uroeo olochonto videbh 40 o otandard dnpasmity in the
alloy. |

Irae? odlchonts con hnve tup digtinet offects
on procipitotion -
{n) Wirotly thody preconco con olitor tho kine(ios of Zono
- formation sot-hnt the opporont rote of colute Giffue
olen 10 creatly reducoGy
(b} Coeccndly ¢hoy con aosict tho nuclcotlon of
cn Anvozmodings proolpditnto.

Copdy alco concludod that A% 10 poosodible o
TPOCAeh nim%ﬁnr or ot an ciloy viAll moopond Lo vieo
0aaitionn. 4 OU0iind Gloguosion of tho ofLoet of Anaividunl
olcoonto en tho anolnn Coduenel ond Podctod Propostics oro

riven Loloute
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(2) Dffoct of CF andlin

ho proconeo of ehsgaluvn or mongswmoess in thopd
olloyo simifleontly chonges thoe effect of quonching
mito on tholy proportico ofter aptdficial arping. For
Dony yoors, 4t 1o thought that thig 10 rogultod from
cccolonctad prociplitation of 8ing, lopaooivis ond Goppord
ghiouiutod throush nucloostion providod by finco pravioudiy
proeipitatod pardicelop of CGhromiun « containing or Monpanoso
containing particlos. Thoor sosve oo nuclol. for oithor
zono formation oF procipitation. Both sonoo and oubsde
quently formod precipitatos appooy Andopongunt of thopo
partieles ond with n rondoen Glotributlion in tho notyix.
Zone grouth 1o ocealeratod by chromiun g this offoet is
currontly bolicveod o bo sasoeictod vith thy chromiwa otomo
that remain in colid rcolution ond pregswachly inereasdc rotone
tdon of voconcion dusming quanceling « Poloosar end Co wazizéf"ﬂ
tnvo eencluded that Cr cnhancos tho proforonticl preciple
tation vithin tho proing pothor thum 4n thy groin boundnidoo.
Thio givoo ries o oi Anproved DLF0 aoscofrodlon proportiop
of Cr boarin~ potoxials, vhoroag Hin cuproncon  tho prociplie
ntden vildch woula Dve boon oampectnd 4n tho I'm $roo nlloyo.
Othor bonoflelal offoct of Or oéditien 1o thot 44 podifiosn
tho zoeryoalidontion he}wﬂanr‘ ) ge tmo 0lloy.

(44) TLLoet of Cllvop
Puzmcaz*(ﬁ"a) hao oghowm hot Ces additiono of
Ap o an Al«Inelig olloy 1oould in oR AREroono in poackte
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poclz ~hordnops of the olloy particulorly at high apgeing
tepporotures. Tho MY procipitote may bo macleated on sono
Lypo of vacanoy clustors vhwnass distribation, pariticulnrly
near grain dboundorica, io affootasd dy tha prosonce of 4g
ma{‘?a) EBloctron-micpopgraphe shov thot tho finor Gliopers
glon of precipitnton occur with tho nddition of Apg. Thiin
Gisporoion 4o atoble o o relntively dpeh tconporotura,
wAth ths reonlt that ovorngeing 4s rotarted1V . gne
prooipitote froo zono ot tho grain boundary ales dicappoears
with congoguont chango in tho norpholony of tho procipitato
in tho proin bousdoyy rorion, and o possible ineronacod
regliotancy o otroso-corsoricon-cracking,

4 :m:evcy‘ 23) of the influwnce af‘ Ag on 23-
ternayy Als-in-lig alloys Imo nov provod that Ag moy
onhaneoe tho ago-hardening of all thooo olloys in vhich i¢
hago adoquate Colid colubdlity., Tho rpognitudo of thoes
roopongo is o function of tho soturation of tho olloy
ang colubility of 4g. Drpordpontol recults oupnoot that
thy aldiity of 4g to otiominto mucdentliono-£ phica W in
cony dle-inelip alloyo originaitos in on intormetion Lotueon
silivor olcag, nagnoclium avens cnd vacancles. The peoconcao
of Ap pEoaoto hich Rordeoning in alloyo vith rPeduecd 2n
onrd Ulg contontog. Tner may hoavo pgavoral practical dnplicle
Sionacy notobly that 4C oupregoto nevw opproachon o tho
probis of oftroos-corvocion erclkiing cad lov duetililty
in ¢h> Mph-otyongoh clioys, ond o mothod of improving
otrength of tho range of woldnbdic nlioyn.
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€314) Efoet of Coppay

Coppor nddition hng gimatost effoct in the firot
gtago of agodng in Al-Zn-tlg alloy'2V) ., Tho smportant
offoct 4o the mpid hardoning aa,\@.sggiz ag the alloy aro aged
in the temperature rango of 100° « 235%c. This cgfoat
dncronco0 wWth incerocsing Cu aoddition upto 1t tolubdlity
3inmit. Thig i conoidorod to b ngococioted with ¢th
- fornation of Sephnoo [Aithmgj 12). Th> carly Inrdoning
15 nost morikzod An Ale B3 Zn - 37 g - 4,05 Cu uvhich
1300 closo to { @ + 0) - phaco fiold. 4ddition of Cu %o
Ade 851 Zne3 g dovs not chango tho form of apoing
curve nobove 30°C . Forly bhardening dosepibod abovo 13
not oboorvod oinco thood alloys vould probably lie in
(e ¢+ T) - phag> £40ld at lov-tomporatures,

Cu 0pog not offect the nuecldeation of intrmzodionto
procipdtatc. Oneco ¢ko caxly rapid nrdondng 4o ovor Cho
quatoreacy oiloy Lhamdono &n Che oo wvay as Cho Lommnry
olloy. Tk oddition of Cu han 1itClo agffoct on tico o
poech prok-inydno oo or the Conparaturo ot uvideh tho chongo
foen s to lov lovol pack-hapréncoo valuce ocour,

coaeh cna ot ™) concluded ¢t tho nacitien
0f Cu Co sl=Unellp cdloy dncroncag ths mato of hooogeneouo
poecAriitation ot iotr  Saapomaturd Ly inercooing €20 moboy
of C.P. Zomes, Zhoso Gu cddition ceediorctoo Che forle
Tilon and goouth of C.P. conos ot lovor tcopormtumo.
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Aadition of Ag to MMpgh otrongth Al«Zn-lig-Cu clioy
preootog widform preceipitation duping apeing ond gealn
Youndary procipitoto freo Done is groatly roduead. Folyncawr
aloo ougnootsd tho Ag containing dl-Zn«igiCu) alloy moy
By ared ot tenpormtuwras cbovo the normally ucad 135°%¢
uithout gsorificing 448 tenmile proportlos, Ellington
ot aﬁ.‘aﬁ) ohawved thot ostrescscorrosion romiotoneo of
Al-ZnalintCu) clioyo con dbo inproved by rfeduelngz Sn o lip
mtlo ond econooguant soduelion dn quonch conolQivity., Shia
con inprovo £hs ostroan-corrosion rosisitoned ot £ho (a}302 wivTa el
of 48o tonmile otyongth . But vith tho addition of Ap ond
by smixxa ot oppropriats tonporoturos oLroso=aorroion o0l ow
tanes goto dinprovod without Joos of otrongth lovelso.

(4v) Effect of Othsr Flenonts

(o) Golg ¥ Gold hne no oboirvable offoct on agcount of
Ato menlicidle oolidd colubllity an this oysoston.

{b) Tatoniv ¢ A opinuto caedidtion of T4 o fmmﬁ( 25) Lo

rotaxd Chko ato of precipitoliewn and provont Colulda oton
coggregation ot Lohufardon a2 cir-quenciing. T4 olovn
dotmr Glfgioion of Zn ond !lipg otonn ond kAo no effted

on oroling echartetorlcilics of Al=Zn-llp clloy booouce of
4to 2ow colutaracyl V2.

{e) Zzen cnd Silddcen ¢ Tho offoet of Fo cad C1 om tho
PoREnIALEto OPueturo N0 sttdlod by Tholkory cnd Themagt )
Zhoy found Cnt Bolth 0 cnd G raicoo 0.P. Comm colvasn
Lonpomtuso ¢ I}u‘s pFoooned of FPo aad 04 roduces Uho duotility

of ¢ho auoyi’”
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m:te}.( Ea) otulded S dnflucnco of Fo g 8
¢ fougimess ond fSroetuno ohnroeltoriotiuo of AZ-Zo=-Mg
032070 « 20 von fouwad Lot ¢ho patehetounimoos ond
Crap-resdotiae? of nmatumdly arped conld artificiolly ol
L2 el Ay UIED DRILoAly poduzed vACH Anereacdnn
CUMESLo of Fe ond Cl. Cowdveonp thny poluatian of ﬁsﬁg:*z:gﬁs
G0 to C1 wp neot niicd.

NS UTECRILS ST

MEACAnds uralng o (oulin agellnnp 40 a paoedsD
vhioE0 S oncodcom 4o SUrctly proce? ot some Lemporatuse
followad by £Anal agedlns o om0 otler temperaturd.

Coponrn cad CAcrén (319 dnvootdntad Sho
Anfinsnes ef proscrinp of 0% on agoinn ot BOPS of A3
100 . 20 olloy Uy Leroy o3 romiofivaty ooocnne/onto,.
Shoy Soumd Chnt Dreapning effCetso 0100 of Cul’e Comin.
T oo of Cut's o0 ou fAnol onoing @apodo uzon tho
proacsing GArn, U4ACD of CePe conoo dpraoy viACh dnaronmin:
prrocsing A O

In L2-Z0-g clloys prooroing ot poso -tooporeto
CE£L2p £odntidcn Lent-Crout~nl Arcdo € 0 forrntden of
An0P pETelsdcaie otoo tuard ardng artdfielod arpoling (29 220 .
Eecoimae od :E.c%&.m( 32 mumoa o b g atc el
of C1raallnn o Dolou CeaPe ~on™o ool us trosoature cnd
EDAZing of thog tcopornture of fA80R ©50INg of Lleaslin clioy.
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Thoy concludnd that long preacoing time vy o vory

fince prereipitotes and horrov procipitote £rao zone (PFZ)
during £innl apoinpe. The rato of refinomont cnd narTowving
of I3 40 ouch 1700 ot lowdr ageing toaporaturos, Howover,
no effoet has boonm oboorved by preagesing ot or bolov =-509C.

o Agang and B;u-ano( 33 absorved in ﬁho olloy of 41~
53 Zn=-15 1lg o conaldarabls incroaos in quantity of G.P.
‘mones durdnp £innl agoing of pro-fged alley but no influonco
of praapoing on fntermedinte procipitatog was obs-or-od.
Thoy conecluged that tho rofinenent of G.P. Sonos by proe
ng&ing it rogpongidle for improvod proporties of 4120w
Mg 0lloye.

ﬁaz.l‘ 2%} udiod tho influcnce of pro-agoing ot
fo0n -temperoture of Ale5.3T Zne1.85 Lig ~0.093 CF on artifi-
cial ;»:v.@afs.ng by bkardnessg mcraoremtats. In thic alloy it
10 obgarved that precceing hhlps in ths foirntion m‘f e
progipitato gvon in tho proosnes of gtable groin-boundnzriogs,
Tho cooutnt of Tt procipitotn formnd during trtificial
poAng depondin unon tho p:’f?-ég:}ing timo,

Tho offoct of nultictop=agelng on 8 Al=ST “ne 2 to
b7 1ip clloy Imve shova thOt prantoot otrongth 4o obtetnca
wvirn ths tcopormturo of apoins otepo oro kont belou 120°C
and tho nicrogtructure shown o ninimm precipitote £freo

cone near tho proin bouwndnry.
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ry‘ 35) studlcd tho offoct of multiplo
agoing on Ale bors 7075 alloy (LleZnelp«Cu) und showed
that the tvo stago-apgoing roduesd the overall tine
for full hordeonming with o 1itile drop in pock-bardness

valuen.

Otrocss-corrocion rexdotance of Al-7079 alloy
can bo  improved by dviang cultcble multiplo—agsmg
treatments €36 e <ho rooulting socrifico in otrongth
can L2 kept 08 Yoy voluds cithor Ly poialng £inol
Loning  toaprrturo or Ceealerating quoaching rato.
Vapratiens in guench rGto and prioory apoing tenporatuaro
bave offoct on vadth of IS ang procipitste @istribution.

a!~6 mw W)\iﬁcﬁ:{, i’,?’:::rﬁ: o e e

Thormemechonical tredtwont 1o dofined' 3 ag
® Tho usy of doforzation prior ﬁo or Guying an ollotropic
chango oo O0p to obtein ou idnprovenmont in nochaniceal
propoertion®,. Racontly thiy tr2otmont ks boon cucedsafully
ppli~d to nonferrous 0©lloyo in vhich suitabls tronsfornc-
tien is oboorved éuring dofomation,-

N T o Loon clourly roroe pooulor with
oteeln tnd compozutdvoly 1ittlo attontion Lo boon mid
to thn applicition of this ioportunt techniguo to Todify
ti moGo of QecompoAtion of Al-bupo t-:sil.le;r»?za\q -Bomo Antorcating
doveloprmonts of thas» typ2 hog boon reported, uvhilch appoor
to improve tho roon -tenpornturo fotipus rocistance of
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7075 Al-salloys{%’?’g). Tho omigting Al torature on tho
affoect of dlslocntion on tonoilo proportios is contmvorugzg{
It i3 not very clear vhothoy THT con bo ussd ao e basdo

for rodueing heot trontment tins in cormoreinl prectico

ond or obiaining foproved proporticd.

Harondro-Noth ot 02'"® studica the bohasiour
of an Alel .5 I Zn « 2.00 l1g plloy wvidar thy Anfluonco
of plagtic doformation. Thoy Imve made an effort to
eptablish the conditiono in vidch tho dinlocnticna
introduczd by plastic dofomntion intornet most fovourndbly
with the gpe hardoning procoocag to produce allpoyo that
have 1mpro§e§.pmapareies c&mpafa& &p conventionnlly
aged clloyo,

Thay mmve uged tun T oyelos no notod bolows

TUT 1 ¢ Solution trootmont for 30 pANULOS at %50 C
-3 plagtic doformation by 559 ot roo-tonporpturo
and £innlly oceing above tho G.P. sones coluan-
tcmporaturo Igp.

AT 2 ¢ Sclution trentmont -——P pioap2d delov Tap
-3 Plsstic @>formntion by 50 ond £innl apoling cbovo Ty

Thoy conicludnd it the disiozntions act ago
Dotontinl oitoo Loxr preciplitato of socongd phnce from tho
paront-ontrin. Thuo inewroacy in Glolocaotion donaily
producesd by plaotic dxfomntion ohould inorempa tho
mmbor of nuclontion wtlteo snd thus nccelomto i‘:hﬁ proceoss
o procipitation. Thoro 4o 14ttlo evicoaco of tho
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dinlocations to influcnce tha formntion of Doncs: This
18 @uo to tho fact ¢thnt tho diolocation producod

by plostic doformotien prior Lo ngeding acts co sinke
for quonch2d-in vooancios. 7Thuo renoevol of vacancdos
by ploptic daformation dolaysn tho zono f’omtaonu’ﬁ ) -
In thio .tnvabtigation wvith tho tvo trontmonts mg above,
there 13 no changso 4n time o roach pook-hhrdncoss but
thoro 1g vory donificant dneronss in prooiz-bardneos
valudg og @mmd to thot for convontionally agoed
natoerinls. It 4o obsorved th~t [WIT oloo dncroasos tho
valuo of UTS by 100 MD/m® with 11¢tlo loss influctility.

Rirlior DX Ruoos ot a1’ gotormined tho
metollurgicol proportics of Al-Zne«tip ond AleZiwligleCu)
alloys products procosnsdd by nowvly davelopod "Final
Thomoneeh~nical tsoatoonto of T-AHA type, " vhich 10
1llustratod 4n tho blsck alagrem bolov.

- Apoedn 7 at Daformntion 5 to
33%3&32@ eggc glcvat;ed 2030 ot R.7. or
() ? TC‘E’E;’ rature  =3r vom-tossing |

TPig. 1 "I of TARA TP, FOR AleZn=lig Alloyo.

Tho contdn2d offocts of plostic doformction ond
proeipitntion proc2ocao pive now strongthestructurc
wolntionchilp, ovon though Al-2lioys do not oxhiibit
polycorphic tronoformation as in tho cacy of stool.
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X Runm(elﬁ"g. obtainod varicus combinations of
strongth and guatility by controlling the colddificntion
conditiong, chonical cotipositions ond hovoremisation
eolution {;mamamhs and apgzing cyeiou. Fleninao ot nl(l’B)'
o’bta:;.md ainilar rooulis vith ¢ olloys vhich cre oolidi-
fied wmdor controllod - condiltlono, couplotoly homoponised
end thon cold uprkod nficr normnl eolution trootmont (%)
and apeing treatnomts (A). Tho @lgforont ceoabinmtions
of agpoing ond verk hnrdoning, vao Lostod Ly llorcior onad
o coltmmcrgm") using psoctss of plastic drxfomntion
aftor T6 « follouad by partinl recovory,

~ Poolov studiocd tho offoct of colution teoatmont
(T) wra-vorking (B,) followed by srtifiedel ogoing (A),
It van obsarved t.ha%'si:mng%b Ancronsep with oo loss in _
Suctility ., Tho T« Al eyciog havo no oignificont rolntlong,

3y :
uidle in T-HA cyclos roducoo roopongs to artificlsl aﬂéﬁg‘*ﬁi

But proportios of cotorinls vward not subgtontinlly difforent
fron Theotatol1et7=48)

Zho ddtind o poing ot lovor Lonpornturo boforo
plnotic doformation ond £innl npoing (L.0. T=-AHA eyclon)
roducop tho intdbvating offocts of diolocations on agoing
ronctiono, Tio tsonfnicnt 40 martiedly inerconcy 4o URD |
cnd ¥.0, voluog coopnrod o conventionsd 4omporo,

vhilo paintrining odoQquots ducﬁ&litxrﬂ”’ .

In thoir cmorinonts wvith nlloyo 7039 eond 2075
DI Buooy ot ((&1.) found thnt {48) 412 drformmntion ig appliod



ot rooo -tonpomturs baforo nrtificinl apding (T-0A cycl~o),
Tho ponl: otronatho o lover, othasr conditions baing
¥Yoqunl, than thooo obtainced with TeAlA cyclogs., Thus tho
intomedinte doformntion incroagon the opoing imte daring
tho fimml artificdal opring. Thoy olop found thot this
Qofommtion should not bo hirhor than 3057 for shoots,

207} f£or platos and 107 for oxtrusions. Sinces highor
‘dopreen of Gofosmmtisns couso only o olipht imcreaso

in o.tronpth cecoapoanicd by o Iarypgy dooroose in clongatien
valuno, Thoy cleoe studdod Cho offcoet of 1am-vorking

in botvaon tho trvo opaing oltopo apd found that in 720.39
.alloy vith azformotion (H) 4n tho toopornture mnno of
130° to 470°C, th~ otrongthoming achddaved by laot agefng
atop Ao .mc;fmr in tho caeos of éam—wﬂdng than for ¢ho
cyclon vith @iforpation (0) ot room - tompornturo, Uith
olloy 7073 4¢ wap found thot tho deforuntlon i tho
toopormture macs of 170% ¢o 22000. ﬁ.rwmaéaa tho
plnsticity vitha bwotter strength - proporties timn

that oblrined vith rowo -toopornture deformation, Thuo 4t
10 found that o pood otrongth proporty 18 obtainod
uvlthont chay opprocinbls losd in Suctility by “"FIilfe

T«/MIA Typo @ tyontmont., It Bno booen propoosd that tho
inoresco in otrongth 1o Cud to suporposition of ntx’*an?fhorﬂ.ng
cffeeto £ron dlaoleoention nnd procipitation. Thoro wore
ctout 0070 Ancronoa An ¥.0. 0na UZD with bLotior ouctilaty,
noteh ond fracturo -toughnons valuos with this troatment
thon Chnt of convontionnlly trected nlloyc. Bubl thore 45
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no gigdicant incicans in stpogoecoarrogion resigtonee
thourh 2 clight desroaod in fotiguo-rosistnoce uao notod.
In an ﬁ.naapéndenﬁ vorh onrlios MowEvily o% 01{’@-9) havo
concludod thnt thorpomochonical preocosoing  on Al«Znellg
o3oy g moll bomofiolod offoct on Mtiguo reciotene,
;Aﬁe styogg-cormaion cmcliing.

Thomeon®®®  gtuaica tho offcot of thormomcobantcal
trentnont en nevly @velopod mlleys 7495 and 7175 (Al.“nelig-Cu
pyoten). Thog: nidlory hove bottor fraeturo -toushnons ¢han
7075 tlloy ot tho gonoe otrongth lovelo, By 6 sultoblo opodng
troptmonts 0 pood rooistance Lo sptivss-corronion ond
exfladtation -corrogion cnn nlss bo obtained with thoss
matorialao, Dut thomm uns ne obsorvabls ioprovencnt in
fatipuo - roxistones, It vao Cound that tho effoet of
undor-tgaeing follovrd by cold-worl: prioy o aroing inoranglgo
tho strength RBovoly tho hardnoos voluoo boing oro, The
Cougimaing of tho inditinl owrenrod meierials fo clinys
found to ozocod thy toushnood of UM tdnlly undoragod
matorial ot on oguilvaleont yiold otrenath lovel,

2.7 QIANABLLIAGY

iIn o ocont roviovy on voldnble Al-Zn«llg 0lloyo
Izoat‘m’ ghowod thot  ©voldablo nlloyo contodn 3«50 2n
ond 1.2 0 2.87 1ig 4.0« total Znw Mg 45 5 o 757 vith
Iiny Cry 3r ond ¥4 a0 ninor cdditions. Theeo contain no
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coppor ao it bne advopsy effocts tovards waldability.

Ualdénble olloys ponegoss tho advanta~s that during
volding, tho BA% (Heont Affoctod Zone) o cloco totho
vold undargoss colution troatment in usurl wmyo, bud
ravorolon ocours in thy  romaindor of tho HAZ accompanicd
by insigmificont overagpgoing,

Noxinua stronpgth in this systom 18 obtained
vhen ZINMIG 43 3n botwoon 219 to L34, Higher tho Zmlp
contont groaotos 40 the strongth but lover 1s the strospe
aorrocion rooiotonco. Thy alloyo with lover big contont
can b2 eacily oxtrudoed undor lovor prossurce and hdpghor
spmdsw‘?’53). Thapo oo olce lov quonch-gonoitive, Bit
thoes baving greator hot ornclhiing tendoncies ond must ‘be
weldod by £illor rods with Mighar lip e&ntent‘sl" }.

Additiono of lin, Cr ond Tp 010 nodo to thooo
a1loyo ¢o 4nhibit roeryotnllisntion and to obtein good
mechnnle:l propartieo, 2% hao additlional bonoafits ovoer
C2 rmld iy since 1t 4o nlop cnpnblo of refining the
groiang oico of vwwldod pool ©nd o reducas tho hot-
craghing i:cndmcioo( 55456437) e IT 29 aleo claincd
LINeG  Zr cddition increases Cho flow of tho molton
o] metnd (57 .

Cid-dn t I ordnr of 0.01 to 0.0% my bo addoa
to rofino tho cast atructuze. It dooo not #oduce tho
hot - crocizing tondonoy, but roduces the coreral eorrosion
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-Foglistonce in tﬁo HAZ ,

Cu s omitted 0o it incronsago the hot-ocrmoking
tondencies and increaso HAZ oobrittlcoont, Both thaeo tondon-
clos moy bo roduced if 23 is oddod . Although stroes-
corrogion rociotones of hiph otrungth alloy is ioproved

by Cu naditiona.

_ (7
Wypicenl voldable uvlloys ore British Hidumintum b8

nnd Amoricon 2039 cxlloy{m. Tho alf{forones 1g Lthint tho
formor containo' IiIn 5 Cry ond Zy oo tinor alloying
additiono vhero tho lJatter ia + Cr oniy. lieroovor
Hiduainiu 48 40 wvolded with Ale57 g, uldio 7039 with
5039 ndloy fillor rodo. (1ZIG - wvalding 40 usza for sacotion
thicknoss of 6 tm and ai:ovo oend Loy thichknooa below

6 rm TIG or PIC wolding technique is used. Uslding
structurcs in this higher strongth alloys ore ponernlly
deft to ape at anmbdont tcopomturco. bDBut i bichor otrongth
arv  rogqulrcd  thoge ooy o aped nyrtificiolly ot cosoo
suitablo thghor temporoaturo. Alloy 7039 vhon w2ldad vith
5039 alloy £4illop, rivago Fice to o ’mimtm voléaont
otxongth of obout 340 I in nnturnlly opod wold

conaitiongs.

lo9207
CEITRAL LIBRARY UNIVERSHY OF ROORKEE
ROORKEE
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CHAPTER TII

IXPEAIITTIZAL PROCFDURE

3.1 ALIOY PRINPARATION

Thy cooponont notorialo uord for proporing tho
odioy wore D.C. grodo alumdniwa (99.77 pure), Zinc(99.95%
pum) y tlognociun (99.95 pure), Chrooiun (9.9 pure) ond
clectsolytic nanganocsy (99.975 puro).

20 kgs of aluminiunm vore molted in o grophits-
crucible Heliphed quantity of othor rlley ocddlitiond woro
nede ¢o thia as por caloulentions Lo proparxe tho spocific: alloy.
Firot ponpanese and chroemivo wvore addsd. The nolt wao otirmod
wih o graphito md., Lov-moldting Zims ond tlagnnsduz of
vdekad quealdtics voro wroppad in Alefoil and &lppod
volid Incldo tho policn Dotnd (111 completo Qlocolution.
Thio v dom to tvold oxidntion rnd vopsuritation losooo.
T rldoy Chon cltlilicod capt 4n o thin valled cylindrienl
0802k pould of Boipbt 100 mm. and 350 mm. dicmotor, |

A quantitativo on~lyols of the easting vvaoc uwngoye
talzon o confiim the coopooitien of Cho 0lloy uidcoh 4o
clvon 4n Teblo 98,
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TABLE
CHEMICAL COMPOSIZION

Tlenonts | Uominl Couponition gg:aggamog

{uvt. D I ¢gte S5
- .

61 0.39 I'ax. - 0,13 ‘

ro 0.0 a2 | - 0.38

T8 0.10 I'ox. -

Hn 0,10 to 0,40 027

Cx 0.15 to 0,25 0.26

Hg 2.30 to 3.30 | 2.71%

ain | 3.5 to &.5 th.o’&

AL Balanes |  Bolnneo

The cylindyical cngting uvas {bon cut ints piccoo and
fAmd cooting uvao n2do by noiting tho olloy in
grophito-crucdibloo in nufflo fucnnes ot 740 +10%C.
Cryolito vao ugdd np flux to ninioizo omdation ond
th2 ©olt 1o dogansod wiLh hexsobloroothnne just boforo
11 sa] mm:ﬂ.ng. The 0oy voo £inally cootrd in nild-otool
ﬁculdoofl:Ox:m = %0 o = 160 ¢ sico,

3.2 OPpICINTI PRFRWRATION

Caotinno wore horogordcod for 16 hours at
350 £5°C ond bot rollod to 20 m square ot B60% 5°C
ond cochined o 18 mm agquaro, From thy rollod-ctock



28

haranoos apocimong of 18 tmm T 18 mt x 25@m  vord cub
and gmtzﬁd and polishxd, Bavrs of 18 i % 18 mm = 250mnm
vore alco cut for tonsilo gpocinons., Hnrdnoos mple&
and thq bars for tonolls opocineon varo hotogonicod for

56 hours ot %60°C pluc 9% hours at %80°C; The wnicroostrue
eturo of hardnaao spocinons obowod aingle -pkag? otructure
aftor the above hamoronisation ¢rontmcnt and avorage
gioin oiso an pooowred s found to Bo equal to 0.14G5 .

3.3 HEAT TRUATH T

Iardnoos spocinmeno wvoro splution trootod 1 hour
at ¥80° ¢ 5°C in o mufflo furnnco and then quonched in
vator ot rooo tomporeture. Solutioninmed conplos voro
lomedintoly subjecicd to furthsr apelng trcotmont, AL
olovotod tomparature ogoing Srontmonts wore cnrricd out
in oilicono oil bhth furnnco vith o tenporoturo neourey
of + 2°C. Tho tensilo gpreimens wore madd from hemopeninod
vars oo por IS _op=ceifications 1816-1961 no chowam &n TFig.2.
Famd shod gpocinong vore thon givon the requicito heot
trontnontg 4n tho oll tnth bofore the fincld {:odting.

3. Eardnoos i‘éntﬂ.nn

V/ﬁar&msn toeting wvard ndo with Vichars Pyrcomidal
Dirzend Inéontor vith § kgo of lond, The bBaranooo volueg
of ho olloyo oo quenchad vora dotnminad by avornging
£ivo ropdingo on ench of throo sp::eﬂmand, Avorapo velus of
a5 guonch mrdnogs vme found <o bo oguel to 50 VP‘E:_

-
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For ageing trocthonts, dgupliento gpoecirons vere usad
for hardnoos nensurenento. Tb_e reoulta roportod ore avoernpe
of gix 4dnd>ntations. i

3.5 TODILD OIYING

Teamle tooting vore errrité out, in o Universal
Topolle Zcoting "cehinz ot o lotd ronpgo of 0-10 potric-Lonnos.
Tvo speeimens waro t26tod for coch of tho boat-treatoeont

cycles ond thd reports’d roosults are average of then.
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3.6 COTITIn OF THDIAT. 1.8

LDLT - b

Nea TSI Xl o A= in CTLAVESD BY YIS AROTUN ITAGTORIT ITIRG -

rEnoricent Proogein - Porcento~e | FPinnl Apoing

Tempornturo | prongoling Teopornturo
(°c) f (°0)

1. 'fect of - - 105
Temprreotuare of - - 120
Apoiag - - 135

- - 120

| 44, CLo¢t of

mulitinle- 105 25 120
ogaing 50 120
650, 120

135 25 120

50 120

75 120

t
t

(9
i

@ Por 25, prongein- ot 105°C  t-kos 30 hours vhich 4o
grorior ¢hm tho tiro for 00, cphinn nt 170
nmoly 23 hauts, Co 65 {2 pro~ren~ kg boon
giv~n ~t 105%:.

CENTRAL LIBRARY UNIVERSHY OF ROORKEF
ROORKEE
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Proppoeing Porcontape |Finnl aprcing
Nmporinont o Tooparature] PF OGN tonpoioture
(o) (°c)
| G
- de TE2 0t of Tonpor- - - 105 ]
aturoc of eo2ing - - ' 120 l
- - 5 135 :
- - 150 i
N i
. ?
105 50 ' 120
11i. "ffoat of .
- . -~ " .
Cultdpls o-o-ling 135 | 50 i 120
: 75 ; 120

*> Yenosilln toastins vro errriod out

nrdsaoaa talutsg nlone.

A

ceorrogn~ndlun to porlkc-
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ChOAPY "= XV
REILTS L) DILCINSION

ol

Engle apoing curvoo verm plotted by mersurlng
nranocs # agoing tno arta ~t ageing tooporntares (%,)
of 105%, 120%, 135°, cra 1950°C . Tho curvos ore stowm
in Pirc 3 end b, TaLle 6 ghous tha ~ffect of npoinn
tooporture on poak-hnrdnassc and the tirs to rooeh tho
oo, Zoblo 7 shous tho $onollo -proportios ot pa-le
ardnoss at thooo agoing tonnpornatarod.

Tho offact of maltipleo-ceaing Iro nlso boen

otudind by rocording hydénooa/ Qpolinag tiro dota ange 4o
chovna 40 Firge. S5 rnd 6 . In ©rblos 8 rnd 9 oo gshowm
thy offoct of pronpolinn ~t 1OS°G and 13500 rognactivoly
on tin fire to roneh prol-bPNrdnags ot ¢y fAml npeoing
toopar~tien of 120°%C.  Lzotn TTblo 10 ana 11 the offout
of proarsin~ ot 1052 *na 135° ¢ on tonaolin propa-tico
~gnoet~t~. vith p2rl-lor nogo veisoo ot finl oanines

tonor-Larny of 120°a"u he notod.

Lot EXUSH TION

nblo 6 ckoug tho porlk-bardnass v-iuod nnd ¢ho
2.3 to momch ¢Uo oo ot GAfforont npRillg tomudaturas
no obt-lard froo virs, 3 rnd bk . It 215 fome thne potlz-

rrdanas vnlung Ceercenge widh Anercooo 4n torartaros
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of asoling clong wvith the tino to attain the poalk-hardnoosce

valusz. 7Thy d@acronsa in pocli-hardnons with ineronso of

aroing tonmpamturo 40 duae to ¢

(1) Coorgor mature of procipitato(s) cosoeistod vith
pock-inrdnoss at highsr tempomtaros of apcing.

(14) Lovar voluno frootion of proclipitnts formad ad
Mighor croing tonperntures as glven by the potalde
t2blo phigo boundlIxrion.

Arping ot 105°C for 56 hours pivos tha Mghoot
ponl-Inrdnass volue of 135 VP, Apaing at 120°C  roeucos
tho poalk vnluo by only aboat 773, Ghon thrt ot 105°C. But
tho tirs to roach poak hardnoss roducos drasticrlly fron
56 hours to 23 houro 1.0.¢ vith aboad G603 roduction of
tino.

Apain-s ot 135°C for 16 hourg glves a poali-hordnoss
valuz of 110 VPO, THAs ic about 20, loss than ¢hat of
ponk-vnlungpg at 105°u. Ihoy roductlion in o to reach
ths ponkevaluns 43 obout 700 vith rospect tint ot 105°¢.
Ageinn nt 150°C dvoo tho louvoot peali - wvaluo in tho
ohortoot poosiblo tira. Tho poalk vnluo of 80 VPU is ctteined
by apoing for 12 hours with only obout GO incranss 4n
p-al-hardangs voluo vath roaneet to 4t greonchad hnednooso.
‘\cadno 0t 120% Evon oo to o 2o0d potk barancog of
125 VDI dghin o roooconnbln +irn of 23 hmarp. Zo o
soaing treatnont n{r;mnrs o Do th~ epticm oeding

tooporiture for ¢tho nbovo olloy.
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Tha of<ocs of npaing Coopoamture ol pnochnnienld
proportion ot fully Inrdonad condition 4o gilven 4in 10bla 7.
Valuog of U.T.C. docroacos vith Anomonc) 4n apoling toopde
foturc. lomioun U368 of 402 MU/® 1o obtninod with
opgoling at 105°C for 56 hours and o nintmm of 27% MmS
at 150°C gcor 12 hours. DBut tho A&ues‘;ils.w as meagarod
by gamoﬁmcc cloncation valuap ineroasag vidth ineronco
off tomporaturo fron 105° 0 135%c, Dowaovor 0.2 proof.
o088 volues aro found Lo L nlirost cama for cll 4n tho
abovo caonn. , ,

Tadlos 8 ond 9 ohovu ei:c offoct of porcontago prow
agcing’ ‘at 1052 ana 435% mopactivoly on tho timo to oach
| peak-maramass ot famihgetng tcoporoture of 1209C. In all
the abovo ¢reatmonts total ¢iro %o Foaob ponk-bardnose 40
founa o daeronoo vith oo aacwasavﬁ.n poalk- ypdans oo
valuo., Froo 'poﬁ.nﬁ of viou of cconoay of ogoing Ao followving
cyclos aro found 0 bBo Coot bomdiicinlg
(1) 507 pzoagoing ot 905° follovod by £immld agoing ot

130”0, and .
(321) 507 or 757 proagoing ot 138°C followod by fimi
cpoing ot 120%. .
in tko {0 otopo opoling of 509  pro~godng ot 105°C  piuo
fAmML agoing ot 120°C ,tho ¢ico o reach poak-mrdnsos &0
roducod £rem 23 €0 19 houro 1.0. about 203 with o Asop
in Mranosg valuo of 57. Uikdlo 507 ana 753 preagoina od
135°C goiioraa by £4ml apoing od 120°C rodueoso ¢ Moo
- ¢o 13 bourg(obout 53 soduction) and 10 houro {L.o. about 6070
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Foduetion)ocpoctivoly vieh oboud 200 @rop 10 poalk-baréncos
valu~p 4n both thy troatnonts vith mogpoct to thnt ot 120°6.

Tabios 10 ond 11 ohov tho offect of rmltiplo
aooling oa Soncildo psoportdon. Tablo 10 ghows tha offoct
of 50 proagoinz a¢ 105°C follownd by fiml npoing ot
120%Cc. I¢ gaveo UT3 of 200 Ii/n® ot poalemrdied condde
tioa (roduction of aboud 107 vith roopset o minple agoing
ot $20°C). Toblo 19 ochous. tho offoet of prongoint at 135°C
follovod by fimal apgoing ot 120°¢ . Doth 5073 ana 750
proagnolngs at 135°c gAvo oo o maarly oo giroagth
lavolo, Ulth ¢he lottor €treatone o otsongth lovel
of 296 N/ 240 obtained 6¢ ponk-npdnoso vith 9057 of
olonpgation, This valuo of U.T.G. 1108 in Botuoon tho
valuos £hn¢ obtofnod vith 1007 npoing at 120° ona 135°C.
Thao Loy about ogqual strongth lovalog o conbdnntion of
7553 pronpoing ot 13396  followad by fimmi opoing ot 950°%C
io o Bo choooon €O ocongnigo ¢ha Gico £OP Opeing cycelcog 4n
thio alloy.
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UrCE OO AGRIDG TTIECRATILE O HWIB TIUC $0 RDACT

c BoAX-TATIRTE O

Tiro to Poali-hardnoos | Porcontago
Agadng eneh valuo dncrongy in
Teoporaturo poali-bnrannos (VPI) vpil
{Cc ) {Dour o)

105 56 135 170

120 23 125 450

135 16 110 120

150 12 80 GO

TADLE « 7

E7FCCSR OF AGTING AINITRATIRS OD NECEAIXCAL PROPERTICS

Agcd to

gaé"ﬂ proog- I&ﬁiﬂagﬂ% Porcone=| Forconte
Bolul Poani- oo ) 4| tano cpo in
'i’s%:gaggt msdnaon stronnth | Clonsa-| roducte
Comoratard| . A D orca
(og) (/=) (Liifn=)
Lgo°c 105 160 102 12.5 22.0%
for 1 L.
" 120 15% 320 12.5 21. 30
w 139 - 287 15.9 %4.03
a 150 150 zZ7 10.00 11452
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EPSCOT OF PRRCOLTAGE PREACEING AT 105°¢ o0 OT DYDAL AGRALG

AT 120%
Percentage| Tinal Totnl tine | Poak-hapde] Jorcentage
Preageiny ppranpeing | agoing %o geghgba noss valus| {norease
tonperae 7 peditinrds in VPH
turgc Temperature| - (Kven) |
(°c) (%) (Houra)
{ 105 0 120 23 125 150
| 25 120 20 115 10
50 t 120 19 117 136
69 I 120 g1.5 110 120
] !
TABLE 9
B C0 O DDJCEIRACY PRVAGEING AT 135°C  ON FIINL ACT:iG
A 120°%
Proageing Percentape| Minod Totnl timo|Ponk-hard= | Porcentapge
temperae {prasging | ageing to rooch  [negs value | Ancrecse
o Yeopere | ponlehard | (VEL) in VPN
“c) aturs noss
("c) (I IR3)
135 0 120 a3 125 150
b2 120 23 105 106
50 120 13 99 96
75 120 10 100 100
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avadintlo v catarinlds,

Ty onUoc Bedoming (no ovtainid «ith ¢4 c alloy
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porcontars cloenntion of 12.5.
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4 same glronth 41023 no Cotninsd tAth ottop

SoMUAIMCA0n of agelng gyclng,
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