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1. XtIMODUOTIOI3 

2ho tz.cb ctr nrth D.rccft rn6 n &ttc tron b 

onor1 AprCe c11oya of Ai n,t1C and t r '`1 C 3 rct n,o 
i vo ?IX alloy ccLgnzitiona. Tho bigzt oo s 	z'aturo  
otrontho atthjnad in wouibt c 3 init alloy product s 
c 	irnlod by . 	t *a 	ct1lo a, In Carly 1960* a 
oovaxl nor lcbblo J134ln.Ug clloyo taro intro&iood. Thocz 
nv co eo (7XZX) alloy tro difforent frøz3 old3r Q' yo 

7075, 70'19'  ' #  In . b3otafibotoa COflD (=) toro riot 
oinbrjttlod by fuon vlding.. 7039 o3oy l to one of cuob 
not alloyo*. 

Aug 70.E to a rolativoy n, bigh ntrongth 
,dl+zr »UIc ar to al.. hia alloy to 	oiopc to coot th3 

flood ibz in dblc, hoat-trotod hl-b ca any..  I3 alloy 

conta nn mc2ucod &øuflto of iao cn I toot, vith xaU 
Qdditiono or ncnoco Oh x4izi ate. toppor Is gonorc lly 
oiiintod or 12iito4 to vary lou cnounta. Thto control 
of o o tiou l o ro .^ctoa in ocpllto c i calu ion of 
tt colublo olomoz2t o at tiuchlour trt- tro.n tozpraturoa 
it ao1) t 3a to tt c b ri- otronth o rorct alloyci. 'ho optiii 
rata otz z n th llvolo aro c curoG oroU aftor xlutvoly olru 

c oo w rotor . TIn lou cjto ti - c ncltivtty ftvoura tIic 

nay fvz cca .vo SorCing or it Vomits a1 r ciuonch .n 
of thinor parta, ttiva s 1uoinj c1. odor and rodua3. 
utmaceo. 
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7h, alloy can b atnCtt13nc by solution 
tQttXrnt and artifioial a Wig,. Uoreovor this c oy► 

o bi.tO a 	ciablo pracipttation tardcning affect 
at =- tonp mturo d in natural agoin. 

7tI alloy has , ood lov-t tempopoxtura touChn3as 
and oo1 trilbility uhiob era roquirod for proocuro era a2. 
cono'; zuct on. The ziatorial poor saeo mafficiont 6uetilty 
to forts 03rUndrrcal c-jtPc t a. 7h alloy can also bo hot 
foa od an 	quontly b3at-treato to 761 or T 
'=po 	~, no tau3.rod fir pr000 toxin party ouch an 
dlliptical bcido and r te. c iar otor aphorono(pomto. The 
alloy tia ortinal3.y davo p4. 1or b ist o plcitho and is 
ou ntl Wine ucod In o ov vohic3oa. ¶Tho touchnoo and 
dtactil.tt r t t tvo 7039 alloy Ito good balUotto ia o - 

. cz Qnc ai riako It a good a l3.oy for pro oouro vo c :al 
COOOt C .o11O 

iii alloy hao boon ou000asfu3.ly ucod In both 'oad 
and . ..'l tn sport applications (1jr3) ,tor ling 	tit fat 
military ' r.t Co c (1, 2) # otbor a t *uotuml pur pa r o, an for 
OMO - p t' © 	it Lao o ociont loti-tCn.poratura propo mo 
(t om IVCPC) and ap ar to bo idocilly c tod for oryogonio 
aid act o-eta(1 *14 . in U. C.r. Gm t noel are V0 n tao 
c32-oc u . ucod to p.o u o 5irot 7039 alloy pr s ur 

t-..1t un thD o4ju.rcont of AC t . Doillr cd 

Proanu vD acDl codo ccca 1363. gold og of the 9 't. V_icofior 
lic, zI d o nn rrhoro cao also Oar ,od out without orao lag 

difLOultio a. 



Tb oix of th,3 pro cant work ii to iflvot1gate 
the effect of ageing tezi,porQturo end multip ageing on time 
to reach ak-hardnooa and to dotortino the V3eOaflioci1 
P'O Vt$.^G at trio roapotivo rnkharnoao 	on 7039 

3 
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XI 

LZTf Utt RL TXI U 

2.1 Dr7E2oEtT OP Ll B! ;f> ?039 ALLOX 

Inorr of uCD of altoln2 iz ICO bzxm coinciont 
uith tb dzv  p ^nt of cUoo Unt p cunt t tno 	f.n 
b1r.ihor a1cotot nCtbE. nt th,) tic3 or coona t.oDld 
tiara, !. i otrengtb a1ioro ro m tod to tb nonf u .on 
t 34abao aUoy,  , ui1ob t 	oiu' d rao gat r by rIvItIng . 
Even aft 83 ooni 11or Uc r rld t so .no aping fl B3 
3G - i.o3dea Oro 	: ng* p 'o øc c, t fr app3.imtion of aa- 

a d R . t1niuvzr liz,itod by eparat1va3.y iotr at,nth 
a lloyc oontainix3 1.0 a 1-1n, ' •oto 2,0 Ci + is ij or 2 to 3 I I I • 

Th Et?T1Cth of t10 t3 aUo toin th:) o34od fo rotcoa 
aid 210 Uf/ . in tho a4 1950' ri , aUoyc 5006. 5083 
and 545 ► 	ro introctuccc2. xboio all yo contain or 5 TIC and 
arc readily Awion t lciot b r c-atjo1doL arc prooccv, 

vIng ,a 	 )d 3ointo ctropl3tbo of 270 to 300 tIU'D2.  

21 o ^nPlosI uc of to24 d a1wnini x z n o p oc 
th-1 2itor 5It € ~ i c 011oyo, mcm to call for a note 

cl3 o ci2 tb ovin t i r uavoldod otron tbo, 	c r],j 9 9G0' o 
czcu t 	inttoU3tiOfl or CZJVOr31 u31h11a L,fll.i13 alloy 3 , 
2 co 

 
n, cz o zt (?I) dUor vor dLfforcrnt fr older 

a loy'o 7075,# 7079, 7173, in that tbo tmtt afrbetot aonO (Iii, } ) 



tt ro not b ..ttlo8 by fusion to16ing. Tb3 nc tt alloy 7039 
op cta. d-jva'.op d to x eot tho flood tori c n alloy uith a 
uQciDd prop3rtio3 ctgorio' to th0c3 5 	aorio3 LI-TIg anoy'o, 
a s ull a o otbr 7XXX c r2 o s tz1loyo In pro snt UC3. Tho 
typict 3. noohinica1 p poz'ti.o c st ° rom -tarzturio and 
cub-Xoro tiprzituro a c 	on In th Tobjo - ,. 
and Taber 2(5) lou for eo rioon. When vo .c2od tAt'h 5039 QUoy 

TAY3L!' 
floua tryp3r11DO t.ectnnicc 1 Propritio n of Liley 	,a LLc 

Voi 	ss . 
t Uj 

Ultlm ' o 
.~.on 	to 	~ f 	" 

t .ori nmi Otte-(;n 

T61 410 1 123 

390 460 13 133 

0 	106 Z30 22 61 

I70obn col. Projrtc aS ° 7039 ofloy at loci tang r turoo 

awes aotpr 'icld..CtzV so U1tir-ato 53 '3øn- 
n t1J 	 o t!Il/ 	 ' 1 	3 (CD) 	( C) 	 tt?II `'} 

1 	 z 	1 
18.75 r 2C1 	~~196 O 

a10 
3 J0 	 .196 	500 

~►~252 	60 

13 

GO 1' 	,. 
600 17 

0 16 



finor it c voo craat froo yi34onto vitb a iziinthurLl tont10 

otrQntth or 30 TtJ, k2  Y n natu fly api2 for atlocwt 15 dayoC  
0 

Tea vo o a 	zbo o 	nition, tonm1io Gtrofgtb, yield 

vt .w  u,¢th. and alone c - tton v- aluo o coDpa ro d to tipica1 ¶1Q3flt 

p p3z'tio a Of othor Li ii aUoyø.  ho Britiob alloy 	tl um 
i o &.ri ar to & zo ca alloy 7039. But theo P o o r contain 
t:b,, Cr oral Zr vhorzxo t113 1att::a' tln and Cr only , T h 
other M fc i n, i o t t t iLnGtininiizz kj is L--1dad tr.th 
.A1.51 tag, u .lo 7039 to by alloy 5039 fillor too lu 
a bzt coab1mUon of mQobZnicud. proportiofl of thc t-  1. flto. 

2.2  AG1flO CF F.iULCTL X!T1 	Or Al- ..1 112kL0 

A2nnitri h a iarg hib- pomtuz m nbility for 
,47M 

 
Ubicb 4,00=0620 to cbout 2 it. 0 at roc c - nP0vnturo. 

Thia augrjooto that th btnrr 	.ollayo may hva marl t d 
rpZ)1C3 to 	Zflifl43 t at!:cnt*  t2otvar tt otcnt of 

ioll3 to cam.. T i .zec i ai ci to tt ub 4 to bo that of 
dccpoctiofl of 	otWatoc1 oo1i colu: on In tw otaoo. 
Tho iot otarja io tho foixittou of opboriol C,P. onoo. On 
ftrth'r aoinr,  cU 	c it to plat^ o iXaUO . to (111) 
ik' o c in bo 1 of tod t..tb accociatod cr2rain fioldo. s t 
t o 2otvuit o ,u . b u pioeapitato forgo by bitb 
co ib 	o and C aao2tinuouo p aip Cation. 

T ho cgcinS boInv1our of tom: y 1121g a3.loy to 

cat o oo. Covox3. t zoro No otu lca tho c tnr 
ooto'atioa of thia c 11oy cyotox . £ b ofC vtovu of 

vb.ch I s a1von ',3.ov. 
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otuaiod th! ccOinZ chi 3scto .t lo3 
of a v c10 DaTC of toxncry A 1. Zn ! a ciloyc by 10 	nia;, 

th3 b 	4zCn nG - tiro curvo of oau1ar tzprituro  
to 	l.a 'teats n -+,2tf°C to 2.1O°C. It v.-jc found tit arc. 
addition of Va vo o pronounooa off of on agin," .zvponco  
of i 1 n cUoya. 

¶Fx ow-ci%thtlano, ocz' oo in A 	t,; j oi1Oya 
txo 'boc i at 01. by Z.zcy r3othoUjt ,!„c-atrar.. croo3 p rt' , 
Opocifio -k ^t a ca *~ tsoftO 1 cm 	rdnsss-mcn~ g82',0 ''} 
The :2m1 aVin cie: oa obc3r :cd tbrou 'b '-rn, otuS2 0) 
c►: 	.von bolous 

P̀i 	G.J . 	Pa 10 P1ct '. iso 
CoUdLo3atioJ ; a c  

Gt r 
*.~pftico 

M -ca end tutingt13 a uoloc4 p oipc tttton i 
t 1latorry t3 	n - 2.> ^ ter cn:1 tip oth,s core cp10y- 
cm%toricla taaarci on tb. o a11oy.• h^y roa n* an aroink 

o c '? 	~ 	Off, P. Zor-0 o "` 	' m-"i 	' ~; z 

Thy 

 

co1udo1 tbt 1 2c tora?c2 ct .ouDr agog t o tur 
(u 	200°C), tibia b -pho c i o foi^d. only at L.i►bor twine 



t cporaturoo (300°c and abovo) . 

In t-b tozviary alloy the motor of thc 0.P. zones 
lo ,x 54 2 after tort ragging titio at 160°C and tho deft .ty.  

Ic only -VI 15  aoc / 3  • ThIo augocto that moot Of t'So 

coluto a o rain inoolutiori at thiss otaio or are pre cent at 
cmU cluatora, 	bQa1 tion of Cu to tho alloy decrcau a elig. 
btly tho Ocater and inorco c p the al m of CP. cone a. 
The rnrber of G.P. coioc gra&zall3r ±forc3O--a +urifl aGpin3 
oven during the prooipa£atIon of 13-phn s end the atruoturo 
at the pc-k-b rdneca Ic a niituro of the t .'o although 1 " 73haw 
to predominant . Cub toqu tly the C«P. conac dtceolvo as 
the preoiitato.. ooz tcori a,. ba * phaoe  precipitato fora o 
on fill) plarc cnd tho oloot n difftcotion pattern aaou 
that they b vo h. o. p. atructuro. The lattice paztotoro 
of As ore a 	i 	d + = 8.63 A 	an tiro procipi.. 
tattoo fo 	vith the or.ontotin Olntioflc1.p a 

C oi) ' 11 (1l1) ,., 	[11103 , 	f3to Al 

r on rlfo cat CI ') dotoote crtronIo in (111> directions 
in 

	

	their t-ray diifr ot1on pattorno ^ hich they ficnte.. 
rely intOL'prettod no CU indication of 0.?. zonoc on {ill) 

par t. 

T! 	plate p2 eOipitatO o fJ V rapA+ 3,y in the 

	

to a' t alloy. 3 he t3 Q Otr ac t71 at p 	-E'". E' i7^ f *J C +wII 
Z $tad p m 	with ... ,,5o 	thioa and . 1,50 A 	d1tmotos, 
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hzivtnj n do aLty of p'ooipitotion around 2 2 9016 / CM3* 
WTsQf th 	tzar' alloy is uvorzoca pract tatoo bneoma 
a01 Z and tiioir atruotuxo rovorto 	oquil1 bitu lou - 
tpoturo p'n c3o i (!g n2) 

4&3ittono of Cu, tint UIg, and Cr o'er. trio l.ittlo 
of at on tbo uorpboloy of ' '' precipitatton .but thoy 
tnfenca tho 1notica, G„ g, :. do1Ays tha rctoref 

p stpitation of 'Q' but tin and t4 L ho vc tho op?aatto offoot 
sa that t1Z3 za bra sn ouz'vo of' eomjlcur alloy to 	.lQr 	to 
that of 'E . ttoz,nctzy alloy. h as c crd futon g conaluaod that 
Cu, tin and t: g must di ocolvo In 	uithout ob n~° Ito 
oti'uctu • inothor offoot of inerca aine aUoving additions 
in to ino a a to mount of pzaipItction on d i nlocation a . 
Thoro aro probably ttio reasons for the 0k- 

(i) 

	

	The ccnploa alloyo contain iarg, particle  of 
1ntoQtQ11iO p13000 tihtch aro Inoolublo at tbo  

1ution woatnr't tonporatwo. k:. 00 t•VO rioo 

to t Oloactio ! 3 on quonotling due to diff'o c nco In 

tbo al o span atcn. 

aE2? 	Ceond3.y Cab(15) tae atou ttzt ti, 	of 
't br ncouo to t2ZoZoU3ouD p '-,oipi tatlon will 

i *OX C0 Vitt) .n ao'.r aupossatumtiont 2..a. 
cello ink a ditiono. 1 ouovas cd t:an of 

Ct to thh c pi is alloy cam' o to dec o m the daunt of 

iotm co s~ p ~ 
 

eO ct oZi Ind p 'Ote a UnIfOrm 
of .utu~'o rjitb2n tho aln av,. It alco inhibits 

ror'7Qthlltcton rat the colution troathont tc p r -
tuz o probably by V'iz action or tncolubll partialo r 



to 

at th ratn un ux.a C. 

Tho rk of 2xzctility of thio alloy i c noat ally 
ascociutod ultb softrog,oiic near t gziifl ' oundar r. 

PZOOipitCtIfl In c1toyo a *1 on £ l fl.0 ( to 
cempL^n. and ttr inultc of ac. a an t!uttin.riy only be 
tr for aUoyo of co 1n zna tTr ictjoo. Th of of of 
tr co L'do ti'na cre cu itatl vo"ly unrotood b t th':oir 

ao2n of c ct cm .o not octcbtcticd. 

t;on olfo at 	inc3  
to d tho otructurc of tb'] '`'-. nt O :-3+ c o ": ' . pi Ito "i ' in 

.-• •g alLoyc. ' Thoy fow i Ul .t it to 9i x od aftor oo.ne 
at by tc s rcl turn O, 1.0, boo Ocpc cnd h3 a a iozczna3. ate 
oturo Vitt] a ; 4', i 	a o.o 	 u . uit ti  
parariotors of than o 	1 iur il (2 un) «P CO ut. o a 

0 
a 	.15 A , C 8,Q A•2110 ono In iattlao 	c:.tar 

V ofabbo ttWo pL cD to ro ain j ^,tiaUy co a. t t1$tb 
tho tri at clb 	ptx ppeoii*t .to c only ct 

- ~.rztuo t • a. 3000C. ' i' sa p1 a= r a a b. c • o. atruaturo 
b a 9, 9 4 and 161 ataio p unit ecU. 

2.' =:' or L>cT i-Lr-„E~23 

t” r bii ry or t r iz y loya ac tcaz either by 
acaic ^ :t or d 	a a ~alt. 	rtity, o., 0.5 to 1.0 ,par a^zt 
of cinothor olcont, TIzLo olc t may bor,-cipitatod 00 + onvan 
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.clog of an intO Otclltø CcPGUnd in c3lUblO at to 

c tion pO t and thoroforo t xv g little off of 
o8l th p?eci tstion proportioo of tho alloy} Alwi'nato r 
th olcont imy chcno to g ci t tJ.oncju me ct by olto  
in t ra c,lut .1ity of the princip3l o1oLng olor onto tai 

t y pLoO jj tho oEtion of co pr cipitato 	oulap 
o C#o 	' or qua s ox1z ► clloy.  

Eck tnt2 o tozcloro 	~ Iva [ non .Vo ' 
u o4 tho off of of tXbcc oddi afl o' JlillOyø Thu6y 

eofloludoG that tho cüoloa notio2 pec1pitcton cecuoo 

In c r 011o7 may 'tom vitally dopondont on t ho poonoo of 
c000 t ao O . Onta UIiOb io a OtandcZ 	1It7 In tho 

T s+ a olcionto can Nava t distinct offocto. 

a) Z7irot thoir pecnco can oltor tho t ineCiov or 03210 
fib' atton sat-hat tho appsront rate or colute diftu. 

cf .0 eat 	red coGt 
(b) Caen + r tt-oy can a as. ct tho nuoleot2on of 

CU i D3Odiato p ooi X . ta. 

Car olc conciwlod that It I a z,ao2ble to 
'0 3©  	or ot an wry t.0 r ccona to t co 

aQts 	 C t u loa G ooucm$Loi of tho ofc'oct or inCdvjc" al. 
O :7Il'a an tho cGpSn,, CO(auc-1O) ana ?'dl.taa propoz'tioa a 

[ ,vcn bolo-is- 



C .o Cf D ot of 9r d Un 

cUay3 	acn.t o nco o tbQ of of of ou .nI3 
ruto on ttu r proprtioø after a if ci 	oin. i 

many yOarQ, t iz c t,ubc that thia i.oultod om 
a000lorctod p otpitrton of Z1nc o t 4a 0 	and Oa c' r 
aWmul.. od tF ncb nnjatton provIdod by Lnc, p viouq 
pr3ciptatoa pzo3oa of Ghzoriva -P contcnthg or t4OC3 as 
oontc8ninCt rtio10 o. The co z3 ro an nucioi. for ottbor 
zono A,t.on o }z of . t n . potb flo 0 and c 
ucutl x fono pies 	to S oppor 2 n4ont of tbc   

and ij th a ronc ► d.ctbution In, tho riatrtz. 
Zen* grotrth l a aoco1ontod by obiucjtid o affect i. s 
ozrront3r btovott to bo a o ici to d Y,. tb t h obrozijc a a o 
that ran tn Cot$ o1ution and poriiab .naroaoorot n 
tiof of vaazrncioa dung + una' g • 2noar cd Co uotor 

mo c to3.uQod that Cr b=oo a tI po forontlal pz'eol p -
t.on Lt an tho arnin o a or than In th3 grain bo wia o. 

T o LvCS0 c to ct )ro oa OtD7 oom tarro ofl p7t )Or loc 
of C 	aatorialo. t roaa tin uroaco the prcci .- 
ta +en t 3.c b tom.+ £avo boon o- peottO .n tto t o fro a1oyo, 
Otbo+r 'xnoLcia1 offoct oS Cr addition io that It iodioo 

Cam) 	a 
►7mca +~ 11,12)  3 ate a'~t~c fi=t tzt; m&Utlon o of 

416 to 	 • 3n41 0Uo7 x salt in rot sco In moo► 

12 
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pccZ b3rdn000 of the o1 ry pattouLQriy at high arming 
npart~t c o. Tho 1P pz ipito to mayy be nuoieatec . cm Como 

typo of vaoeacy oiuotoro th000 diatribe n 	cniQrly  
ncc z' ain boundazic a,, Ia cffootod by tho p oonco of Ag 
GtoInc(!2)  	u that the f' .nrt w diop 

on or p +a z.p .ficteo ooau with th3 Gd8..t.?.On of £g. bts 
. POEa .of Is atcib.o toazoiativo3.y high tcporaturo, 

tAth tho eau1t that ovoxtgoinrj t4 otto8' 1i) ` iha 
p oip .fi to free ConO at tW jai. boundaryCleo c81 cap va 
'with conooquent chano In tho uoz'phoioy of the prooipitato 

In tho ;min bdor ro, .o!ri f cnd a poaeibic inareocod 
xo Lounce to otto oo -Coatorb.ox oking. 

A ourvoy 	of the Anfiu rnco of Ag on 23 - 
tore' A34n.41g c11oya hao now provo that Ag r ay 
onhanco tho ago- hardening of all t o eiloyn in titdch It 
ho + ouQto co lid co ublUty. Theattuc10 of t oci 
o onoo its 0 fiction of t o mtuantion of tho alloy 

c o co3.utzLltty of ,fig. tso ontal mats amoat £Fat 
t  	ty of LLrj to a3xxuto nucleation o-f pace %it in 
ceng 	f•.Utj a .oy on gincito o In on intomatlon bot . n 
M oi, otc;zkow, 	 ot. um ob i--fie cma vacn"Viocu. •Tho rwo cnco 

of Ag j pc oto high 1mr(oning In cio to 'with rct3a ^t . Zit 
c+ ',C eoonto. t)CD rey have ao''ore2. pooticel anplicz 
t2. e, notebly tt t At ugjoato ne a aprcachoa to the 
m+r 

 
b2z3 of O `ro00-00 'ado Eton QE'LGkiTQ cad IO' duocility 

in to 	-ta r n alioyos an8 a zt 	of np: owing 
at 'engtb ( f the rczp of t-oi blo a .oyc. 
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2.t)  fooo of pjX'r 

Coppoz addition he c ►ntoet effoot in th fiz' at 
ataco of agoing In 1t :n-41 [j ui3.or(2`i , T' Ixaport,nt 

oo'L otfoct to tb .aupid bLrdoning ao„Q13 cno the n3.1o7 aro c&god- 
in tb t prtuxo flg of TWO  235°C. Thio o oot 

croa+cvn u th Inc rooring Cu addition upto Ito ubility 
it. Thi o to oon c.d8'oa to bo accoetato*t t th th 

fort ation of S p .to [ A:3.2  g j 	i h3 oa i 	don g 
to noct oax o in Al ,S Zn 10 3 tic .. 't.O$ Cu t:b o' 
hoc Aso to ( a + 3) • ph c f1o34. 1 	on of Cu to 
t4J 8; 	3 Tie coo not obano t fo or agoing 
curve above 3000 •. Fray Ltrciontnrj doc'ibot1 abvo In 
not ob000d ain+ o the Via► aUoo . tsuld p b3b2y lie in 
a. + T) - p n fio2d at w -tol 	tur• o. 

oo not effect t' a n o afiion of n s otto 
cip tatc. Once tte cam rya rdsm n., l o ovor- the 
Lr c oy I e 1ozo t ho omo ray ca a the to ry 

may. The ttio or Cu Ott. ltt10 offoct on tit to  
roach 	z- a r e or the tm 	to at XIMOh th o rjo 
t tXI ! to lot x 3 	 Q valor d Occur. 

c! .tb ca Q 	cca ac1od. t t t tho adGtion 

0' Cu to 	•1g clow .ncoaceo the auto of k ogeneouo 
pcoSztin at loti r 	pos is '[ by tzc a ping the 	 boo 
of O.L. Zt :eo, Thce da a(Zs 	.an .eaelomtoo Gtr `o?".._.' 
'Lon cif: gout's of C.P. conca at 1ov r tC p '3t . 
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Aditio of A to .ah r nth A ..►2fl41gi.Cu Ciloy 
W 'c Ot 3 U 	fO;rm pr^C1 p tattoz au fl cgonr, cnciGm:L a 
boundarybotm&s p oi 	to tzeo ono Is ,a Fatly r- tc9d. 	~ 

u d cit tcp tu1'QG ibovo tbo floDii7 uCd 135°C 

	

.tint s .o 	.cS.ne .to ten .10 	p%,  E n&-on 
aie4 tt3t atzeso-oor a1on j. UtZrO of 

d1•. 1g( 	clloZa can be rrp vod by e cin Zn to Va 
and cOotz3nt +2iottoZt IS cu zrzeb maltiv1t r. t. Q 

con .t4 prOvO On of ao- coo cronzn.etauco cit tbo ozpa2no 
of Ito tntitto atzongth i nut u2tb the aaitLon of Ag cn3 

by c ` j at 	rop itG tcnpO tu c r tz ao ae z r .on 
tinco oto pvod. -ci.thout Iona of ota nrjth 3.ovoio. 

(IV 	at Oth3v £ioonto 

_____ it Goldtia no ob rvcibLo affect on cocount of 
to .1!e g2igtb1 oolts colul i y In tbtz aytat. 

(b) T LS s £ rriuto c&s tion of tkt tzo fa d~ 25) to 
retci t rato of 	p► . c4 cu t and p vont cOlttQ atom  

$gegatlon ct b3U22ar$4U 03 cii?-$uenet ig.- a'i oioua 
cb ti 	. ear .txn of' Zn and t• Ctaoo and to f► effect 
on rac2inr c acte ct oa of AlZa -30 alloy bcc auce of 
Ito 2ou 	.■avdls (42), 

	

o) Z e t.nia 	n izc og oe 09 U'o cad 0:. on tho  
ojz-czto o2two WO ctuMod by toy nc1 Zoo 3) 

2h3,Y'b"+xr"1 fi£Qt bottt] ;'3 C.~Zd 0: z t o 0.1?. 2 aU) c1vuo 
txpz 	Lut P' cue of Po ozia 01 duceo th dnctl1.ty 
oft 3GO! 
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a. -a 	atuaca tti n 1•croo of Vo cd rA 

toaT,!.-4eSS cu 	cuo o1rcctoz'$. ttu o2 A 

• Zt t-:c 	th 	tOt CZZ CQ C$:cl 
1 CL2 o' ratzzuvully oCad c 	cUy c!1 

C,2a7 tzzrz 	tocL7 	i3ec tith 	eac,2rj 

tzno o Fe na CXL0 tovor tt 	 o tozc 

co to Cl YO Et t!Z2C. 

2 	o '  C - 2o age2j a a 	co 
tt 	In MrctXv. pc c oe mpaie 

age'j c co ot::ez tenp*rat. 

Coaa ci C±c 	31 

or 	,r.-Dc 	cm OC'3  ct WOC ce A2,. 

Zri cUcr t7 L'c3y ct 	oty 	cuccnt 

D7 	tt VC3iG  efgtato oc *9 C.P. rcr'rj, 

tIn ccz of 	C!DC ml 132. ccC CLX!2 O UZX tO 
pnc 	o o' C.P. nnnoa 	Lcc eb 37x3r,fl3 

3CL3 	. O. 

zu 1..zn.ii :c c11o7o 	Qt Ofl -t?ttt'D 

to t!o otit o 

Ctt 	c2tfl3 la rMclaICA Q3QLtrj'
I  

tin c1 	32) eta:211oa tt) flis!O 
o? 1- 3:1c to x?iozJ (.P. cr rw t.:tu c 

Cc32.. cpa 0g 	 c11oi. 
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x ho ' oone1u d tbQt long prCoiflg t .raa Ci 1O O a vo 
ttno pr3oipitatoo and harrow procipitato fD o zono (PFZ) 
ding i n i La ing. Tha rata of rt1na3nt and narrav3.zI; 
of PL9 is much 3nco at lour aging tonprcturoc. Ta vcr, 
no of of hic b on ob=rvcad by pin, at or biou ,.,50'0C.. 

t ouo cni flirczno(33) o,rL in tti, ailoy of Al-
5$ n-" 1'C a con O.rzib1 inoroaco In qu3ntity of G.P. 
Cofl Q uxfl3 final Oc3nc of p -r-C d alloy but no intluc,nco  
of p . Inc on ntrcdiatc p c .pi.ta oa was abOor:od. 
' 

 
h! conc uao Lit tbo 	1ncont of G,. P. zono o by p - 

aginsi a s..~a.bo for inprovod proportieo of 

1-1 a ally. 

011( 2) tu4jod tho inf2onOo of pio a going g a 

z'o+ -trnpsrottrO of 1' 5.3 Zn.-1 .8 t>g .o .O91 Cr on arttfi 
eiaal agoing by h s nc ma C 	7nt0. In thic alloy It 
i s ob 	oa that prom Lnc; blp In tbi foratic n of o 
procipitata oven in tbo pvcamo of otablo grtflbounrioo. 
2bo Ot t of 'f• pacocipt' t' ftiod ring tart . c aal 
aCthc e+ p-f3O upon tho py ^M.cgoing tom, 

Tho of oct of ultl to .accinc .ten a ..-5i- "n-- a to 
4~ I3t? alloy Ivo of o ttiA Cz3tat atr~ngth la obttinoa )  
tAnn £,ir tepozc tur o of c .''.n atc p rs c r0 kept below 1200C 
an I tbn r icroxtxucture sown a i .ninun reaipitato frco 
rye near ttx, grain bot z. . 
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z ► 35) otudio to oet of multiple 

a 	s on Al-b3io 7 0 alloy (Al w: i 	) and s1o49d 
that t tto cta - a o1n3 rduo d t o overall tine 
for full brd3ntng uith a little drop in pa - b rc2n oo 
value 0. 

O ao-oorz'oaou re iatnc , of Rl.7O79 alloy 
provo6 by ivn cuitublo multiplo- age 

treatmento ( ) 0 Tier z'oault ig oacritico in otoan ti 
oa a 

 
tZ opt at lotz V31uYC etth3Z' by roio.ng fJcl 

atn 	 zp turo or C.eoleattnr, c, u r ne mto: 
Var ti.+ a in cuencb zto and pxZry fl ing traturo  
` ve o oot on vidth of 1 	and procipttztc 6iotributon. 

2f'.6 	,i4 #,:.I :.Y 
~ 4' 	~ ':'~`P~{/` 	f~=.-17- f"~'..~ «-'nf`-'i___ -. 	_ 	_ _ 	__ 	= 

T =CMeOa3fliCC1 trtrxont i o do nod( 3> c30 
* The ua of dot'oxat o prior to or G.tnifl3 an notrop.e 
01=90 00 30 to obtain an ZProVC33flt In o nica:L 

p DQruo ar.. i3cQntly thiu tr atinsnt ha a bon cuecD oaf . v 
rpp .-4 to nnorouo alloy© In rt "i.c , 	tabl' t afoz - 
tion is obcorved +urin oonation. 

2h Z " b o txcn o c► 'ay coz po:x i" ith 
oteelo cd e p 	v1y 1tttlo Qttont or t3a bon paid 
to tx a 9 c tioa of t L a iortcnt tec 3 z1cIu3 to r"of f7 

t 	ioC of deconpo .melon of A .-3 c:) alloyo., eto intorooting 
davelo x mt of Chi , typo taa bon roportct, tibib appoar 
to impG the x - tooporatu 	 otc&no of 
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7075 	(33. 39) 0  io off. sting 2ttoraturo to th 
offo t of dja3.octtiozz on tonoUa propt,z1ioo is oontovoroIai. 
it Irs not very clear uh,tbor 	<nn ho uo d so € biio 
for soc1u a 	ht tatnent tiJ In cotoroto1 protio 
ctnl o ob irIng p vot propoxtIoa. 

Haa an6xtNetb at s ) studcd the t ' .v ov 
or nn t .• .,5 I n . 2.03 Ile alloy mn r tho fanco 
of p1ctttc dofo rtton. Thoy hovo wnda on effort to 
oot b1Iob tb oncitton in uvh tho da3co ' .cn Q 
intzottuaod by p3eatio 	` mat on ifltoct most ftvau h 
ltb the aco inronIn.g pr000acoo  to produce 0134ya that 

hwo Improved p . 	loo o iod to convonticfloUy 
aged aUoy. 

T r vo used t 'Tfl cyalea as flotod holotri 

T1T I$  3o1ution tEtront fox' Z0 rnutco ct 50°C 
— p1 olio dOfofat&ofl by 5Sa at oaa -toDport.turo 

and 5i 11y n C-, n above tho G.P. zono o co2ua-
toporczturo Top. 

. ;a 2  a Solution to 	ont - pzon d be o r 
-..-+ p3aatjo dotoxtta.on by 5 aft f'inal a lnC abovo 

Tb3Y eonaluc bd Vain t tho d s1ocotton aact 00 
potontio1 o too or p ec .pLta to or coond prc from Fro 

nt-nnfirir., huo inoLoco In d.olOoQtian donalty 
pi'oduc, by pin.attc, dofoz tion obould Inor o tbzi 
zntbor of nucthzLtion alto and shun voce .ozto tho proco co 
t p ocip1'Gnt Lc i. ho 113 littlo eviCn co o' tho 
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diolocntionø to fluonca that f ii tin atcones. This 
i duo to tha fact hit tbo di Clocnti0n Pr ►c u*od 
by piriotic dcfor 	.on per to tgoiflg acts cic nka 
for quor1cJr3an ucacnojo o. d urn rtiovo]. or vp ncio c 
by Plo of a fo tton daiziyo tho r ono fox ti on. 
In thji nv,. j. tlon 	ttb tha tuo tinttonto as cibovo, 
tbar i 9 no ot~anco in t .mo to ranch po1z- birdnc so but 
tbcizc 3c vary 	.fi nt incrmc In per:- irdnocc 
VOIU-1 0 u s comprod to that for convontionciUy ogjoa 
mc' r1cla, It In obco od 'ht ZIT n o incrocicoa tho  
vcluo of UTci 	100 t- , ` trith littlo 'mac ir4ucti1ity. 

Fhz'Lior lit aucap at n .~'kl) dotorinod tho 
# .luricci1 proportia of A3 n ig and 	2 	u) 

rUoyc pDoduàto proco,d by uotr3 dij,d ' '„nil 
.ho curet nnIc€1 t'roctmanto of T oAH. t. # " u.tcb i. tt 

111ust to din tho block dicircin bo1o. 

volution 	4Gin g at 	 fowntlon 5 t► F ,nnl 
T r°eci ont 	octro L?lcvatad 	2?a cit  

t 	 Tcm, m turG 	wa woi .n c 	(A) 

Vie, I 1 	of T.AW1 i'£~. + FOR #f1•►''~n..?;g 1U1oyo. 

Thai co1uac ctf cto of p3 at1c d9fozs 	on rind 
P= !p .tvt1c' pr0000c3o givo now t xiioturc,  

1r tiono .p, ovon though / 1..n11oyo do not obit 
po3.yrorphic tr n.ago atlon no In tbo ca ca of stool. 
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C flUOàQ. obtu cad vii?ioUO cozbi.rrtiorw of 
ttrenth and du3 t. ty by otroUin th3ifition 
conitiozic, cbricnl copoD1tióna and 1ogmi.rtion 
coluttcrn tnttntc and n in , cyc3.o c. 	n a of 
ob .n,d ini3u z ou1ta iith tb nUoya vbicb oro e . co3.idi~+ 
fled W:dOZ cone 	- condittono, OUIV' .Ota r 3OtOZfliZOd 
and then cold -.z od oar no i i1utton t t cnt (T ) 
and aceinc fi nttxantg (A) . ibO c9 .S 'c rant Dsetiona 
of n Going end ua st3r 	,n ,, %n o tootod by rio rcio r nn 3 

oft or T 6 - fo13od by partiol recovc. . 

i'nolov studied tho of et of cotion its 	t 

(r) 3 - rMng (Be) foI1ov4 by irtiftoiI ogointj (A). 
It uo oba rood tit Dtronrjth incrott ne c iitb a loss In 
ductiUty * Th3 T- to cyo a c zi vo no cniLccnt rots ..ono, 

to In T 	ceps redu o. Z 	" g onc3 	na~.fi of L 	! 5 ~-  

But piportioo of t3to .o10 im not oubotontit11y dif'ocnt 
tZ0  

?he irat& l C Coing c:t louor toZp3rCtUZO ' `SOXO 
piz otic defo ation end ftnt1 r nV, (..o.. TiiAW cyoloo) 
aoc1ucoo tbo 3nhb1tifl13 offocto of diciootionD on Ci inaC 
rondo n s. bt c t czient i o rzc61y inoDrtc in U" C 
cnO Y.O. vniv--:)o ' to Mvo ow 1 	, 
vii10 	ntrjnjnr ndoc to duo ity(49) 

In th3ir oortionto ml tb nhloyo 7039 and 7075 
3 Il 	► at r 	f'a'rad th t U) if t rfoZt lon ii app f.od 
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at too -firompo itur boforo astifiotol naoing (T..iti oyci^o) , 
Tho orI of nstha am 1oioP, other conditions botng 
Voc tr 1, tbn thooo obtn ncd uit# T .ifs cyo10 o. us thos 
intortnottotc doftmaticn inor t ri o thi oioirrg 	a'tng 
tho izn1 ar fic4ni n (,inC. ¶ihoy also found t hn t this 
dofoziotion zhould not bc tihor th n 3OZ for shoots. 

O for p3ntoa and 10 for o su .on s., Ginc bihcr 
dacr€ev ol Qfo q na uao only n 3li ht cr(,uan 
In o t nfth cacoj njod by a 1aian door000, In aio a 'ion 

use. fit y too otwitod thh offoot of vny -vorlinC 
In bott)ofl t to n goifl; QtOPD avd found that In 70.39 
nay i th &) Vo a.i 	(1) In the ' pozntur om of 
13C ° to ' ! 00 , the of n hon ioht 4 	t of antnG 

stop to )rLhor In thoctc of mom:-' z ng tbn for tho  
cyo c %% th dtoratioxi (Ii) at room - t o'atuzo. c ith 
a . oy 7075 It a-n o found tI t th do `o 	on in tho 
e ornt~ 

 

of 170 to 2 °c, irc,o ttio 

plaCtiotty tith f botte z' of nth •. poopo r,e c than 
tbn t obt in o1 wL h ro - tct , ture de foma tion . x a it 
to found that ci C ►d otronth proport 	Is obt Ltnod 
tiitbiit n.flyr pprocttb1 1003 In ductility by "re—LI'd a. 
- ^iL'tTypo 0 	atszt. Xt hn a boon propo©~*d Un- t the 

inara oo in o'rn tb t o Cuo to r anpoz`po ton of ttx' tt3ninC 
of cto froj ia1oaation nnO p.ocipitotiofl. Th ro uozv 
r-bout };l tnov::aaa 2.n s.C. r n U3 tm? th bott dot! ltty, 

c1G l C : - uCnO0 vluoo tritb tb . a tcatmnt 
t o that of c ntiol1y Crated nlloyo. But ti 	to 
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no 01 cniticrnt tnovcaoo in atz o is r .corro c ofl a ca ttno 
though a cUebt doOz303 In ;tomCup, -r01otrn1oG c a not . 
In Qfl S.ndipondcrnt v o t on .or t1c f .ly at o2.~ ' 	vo 
ooncluclaci tb t tho xnocbttntc3Z. proco J .ng on A1-'-'' ng 

o3: oy 	z r o11 bcofoiti effort on fttiguo re a c ncc , 
bit a •)a~oJ 1p2zy4c. al afre eI n~sesfo^c2 
to ot.o oo-ooL' rooion oz o1 .tng. 

T~~(503 otudiod tbo o1 of or o oba cal 

tQ0 Oflt on flo33y dovo1opo. a:oym 7b and 717I t ..1%n.TIC-Ct 
oyvt ) • Thom oUo z Iinvo bottor Vziotro -touhooc than 
7075 013.oy at t!IQ 8flo rnx tb : vo3.o. By n mithbio asoin1 
t a ftoflt a good 	ci stoza eo to of i o - 0Oz'ZO2tofl end 
ems- t.t n -corro01on can alsobt obtaLnod trLth t10 
nritotai. Dut thorn ate no obco vob1c Lrpzovticnt ir 
; t$ o - rao .at?fco, . It V €3 fountl that thoo Gffoet of 

ufldo .nctnc tbltyez,d by c .d -:o p .or to 	.n a : flOrO00o0 
tho trnngth+ovoi, th tornooa v€ l oo ' in co. ) 
toubn000 of tbo initial. ovar-zugot3 tiotor1a1a 10 clunyo 
fornd to cock th t Iin000 of 1n1t1nUy ur r 
i n obi at an o4 val t io14 at n h. 'loyal.. 

2.7 	JX5 

In 0 zcont rovatr c c-ol 	bla 1a&-%n-Ce olloyc 
Tron,Z(5) otouod 	tb t voi ib1a ulloyo cones 35, Zn 
Ls(. 1.2 to 0.BN Aii i.a. tot l Zflw- Me Is 5 to ? t.tb 
tin, Cz, 7:r rrncl `,'.i aD nifloE cs2aitiono« Thoco QOn in no 
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+ ► " a o It bno citvorc effocto 	u 'dO 3 	Uty. 

Uoi&b10 cfloya pot3c o the rdvnnteo that c2i ng 
x: 41n s  thm flA? (U t Affactod ',ono) te c1oc tctho 
v D1d Ul tto O^J 'colUt$of trantme'nt th UOU1 uuyo, but 
ovora .on occurs in tb nuin&r of the WZ eccpuniod 

by int .tjnftont ovez oine. 

r:uxn stronath in thin syotcn I s obtninott 
hon Z11st21 is in b rtua n 2t1 to 14.21 	'}1i(j' r the .n tic 

content Cttoxb to the otron b but lot or in the strpse 
cox'rooiou a atoWnco. In a3iyo with Sour t-;g content 
oun b3 ecitiy o3tt ff d under iovor pi seuio and higher 

	

arc oleo 	t 	-cjcnojtivo. Bttt  
tc bwing rcato hot arc c2 .ng tendoncia,a and mu ct be 
we ,o4 by fi .or ratio t titb ihr t1 o content 

!46i tionc of tin, Cz an ": r arc nude to tho;Q 
nUoyat inb.bit rccrya 	zton and to obtn 	c 
meat ? 1 

	

	3 proportiec. Zr hie tddttion.]i be mf`itA ovor 
C ma i::n, since It to sIoo onp blo o ' rfrinrj the 

of t1dOd pool and so rcctnw t hot - 
o Q2 	 55,G57)  
tLX-It Z' t-d it n increase o th flow of tho molten 
tcld metc 

¶t-2n  t IT o' .)E! of 0,01 tol.04& any be adaod 
to ro ino Lho oact u .ruotu It 2eea not r4ueo the 
Iu Z, - c. ; % nu tendency, but x ?teao the ce3orci. cor stop 
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-rooistanco in tbo UM,. 
Cu ie cmitt3d nr it incDnC3Q t' r hot-ookint .  

tordonole a and increaia HA Z obritticont. Both th3 cn tndon.. 
cio o miyr b, 	If Z z' l a ndd^d . Jlltbough stro os - 
corE'oz1on m ai ntinc of III.gh otronetb 3oy l a iopxvad 
by Cu 1i tiafl3«  

-A, czi t1&ib3o L11 7o are British Uhzinjum 
	7) 

nn4 .A zic n 7039 a1.Ioy 5)  . Ix 8foronc i. a th-tt tho  
fouior oonfinia 1,14 • Cr,mid Zra a minor no7i1C 
Qd4itlono vhe tho 	t' r ila + Cr o)1y. I oroovoz 
Uidtzinitz 4e to u ldod vri .h 1l1, 	r 9 g*, 'i1.1 7039  tb 

5039 any .11or mss. tuG - il3in is uc3d for cootton 
thickn os of 6 czi and abovo and for t£ .iono cn below' 
6 -z I0 or .FIG iL6ina technique is use h tao12tng 
of tueturo n In this bi bor ctron h alloys are oneraUy 
.loft to az nt ambient Apo. ntuz e a. But If bihr otronctb 
fro r3 ui od those my b a d nr-t fioiany at raO 
cuithbLo b.etior temp rtuze. boy 7439 tion oldodtic 	with 
5039 alloy fillor, CivoO .too to a riinimu uolc cant 
otrontb or about 3O t11!/ 	in ntural1y veld cold 
con c2itiona. 

/O 1 o7 
CEUTfL LIBRARY UNIVERSITY OF NORM 

ROOT 1(EE 
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CflA  111 

MPMVIr 4tL I OCrDUAY3 

3.1 ALIOZ P PJUV IOF3 

't23 coponont natortala uc for p 	ring tho  

°wry U1' r.C. c,s dO n3,t ini (99.? pure),# Zinc(99.95  
i,ux), t:a toc1 s (99.9, pure) s Chromium(99..9 pure) and 
ale ct3yo t~r o t (99.  9 pure). 

kgo of aluain wn vr z oit d In a rptito- 
czo,Wd 	my of otbcr rLiør addit .ono rote 

o to thio as po cn3.ou1otioria to prepare tho ai cif o, any. 
mat Ib3!fl0O rand cbronturi m- 	cdc2t2. Tb nalt tr o stir d 
t ttb o czpbito rod. Lo'Y-E Qlt3.n Zi and Va,POMI 	of 
uo L ? d 	nfi .00 v 	zzoppod in Jai-foil and + ppod 
1ia:.n Wo tho rial c r ,tr l tIn coplcto 2 oCO2Utj n. 
st'st t"' S i to n o 1 o 	.4 t'Zid VnpOU tit on locaoo. 

â lr 	tt n et .UoG c z at in zl thin vn2lad cry , . lei e3 
ct cO2 or iCbK 1C O rM• and 350 tnz. Bator. 

1 urtntitativo Qn^lyco of th c st1n3 to ul 3$* 
tizon to cantjxt tho 'cea oitiao Of t alloy toI jo 



TALE 4 *3 

3ICAL OOOXflO 1 

0tion torte 	U4n3. c z a .tip cis iam~c 
Cut. ?  ( , 5) 

G1 0. 3 	afl. 0.13 
oor 

TI 0.10 tn z. 
n 0.10 to 0,40 0.27 

C 0.1.5 to 0.25 0.26  

2.30 to 3.3 2.71 
yn 3J to t.5 4,} 
Al 1 	3n 	co BQ 	neQ 

Esc oyUn ..cal ca otifl ,: o t o cut Into Macao trod 
n 	CZCt1nC 	n 1W by tO .ttfa tb city In 

a` 
 

phito -cromlb1.aci in ou=o r ►. nt 70 i6 C.. 
CryoLtto x=o uo~A r.o 	to r , i o od&ition and 
th) co .t wo do a^od uitb # e atoxotPrno juot bifra 
t: Lt 3 . Thci alloy t~tQ f 	rr~ci ~d in tii]4-otool 
t1oulc1DQf 43r T 0r1 z I 60 ti a.co. 

3.2 	It 73 1 - Mlil, !21Of 

Ccitina 1j33 noCordzod for 16 bourn at 
t.4 0 	(fd tot r01 1J(1 tO 20 Ii O Z.'fZ'3  

,-nd rnnLhinod to la i 3 oq . Front 'fib i Uo4-ct000 

27 
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boa ocizionn of 18 cm : Is t z 5m vow* cut 
and g and and poltob& Bova of IS Wit. U 18 t a 2O a 
era rids► out for tors .lo cpooiaonc. TJun000 aafploo 
and thz bars for ton 111 opociiicn , uoro hoofoniGod for 
.56 bourn at 'o°a plus 	lira tit-  O°C,: Th 	ic of 
otuzv of b rdncao apcoirono o1 oin .e -pt c atruoturo 
nftor t o cbovo bocoflLzction tz nt c t and ovoPot0 

in oi GO n o 003 0ur34. ct o found to bo ogut3. to 4.I C tea. 

3.3 	TIIT1F3T 

I i+n000t apocin a 	solution trQotod I hour 
e.t 80P  50C 	a muffle furnoco and theft quoncbb4 in 
uoto r r t pct tea, 	Lure. 8olutioni1c3d cnpi a 
iediateiy zbiectcd to tether n ixi trees io it. All 
oiovotcd io prturo Ligoirig trmtoonto " 	o*?z'riod out 
in cilicono oil betb f x ce uit r tcperturo nccu1cy 
of 	C. The #gin silo aeeii2eno eez 	c o from  frot hociir,oc 

i ro no per ZG apsootficttions 181&.1961 n a cbst in  Fia. 2. 
Pi2 ateci apootheuo uaro then CLvOf th:: 2'e3u .cite he t 
t ntmonta In the oil beth bo1'or the fncil to at1ni. 

3. 	rdne are oatif 

` unrfto a t- cttf,3 vero r 	with 'riot era Pyrc--ndl 
'D2snc1 In63ntor uitb 5 Icja of load.. 	trcneaa vnluea 

of the iu o ro no ucicheci vex trrijned by ev 	n 
.vo 	ino c . enob of these npea aono.. Avoram valuo of 

a a auenoh berdnot3a ea found to 	 oqw 1. to 50 VF. 
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'or r ing tr .-,tnonts, p] c^~fi opccari ns uor, usod 
for tr3nooi r oo urozi onyx. The r o aulto opotcu1 are twos go 
of ai i Ind nations. 

3.5. rflJiLr MTI170 

T sm z i Lo t t1n3 u oro cr rri out, In c tUnivor 1. 
ona to TcDtlnC rflcI3 m tt n1od rongo of 0-10 notr1c-onnos. 

Tv* CP'CiC OnO taro tt3toi fo ouch oS' tbb Innt-trotnont 
ayo3LS and tho roport c2 roculto oro CvO ec of them. 
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  ~: x 	o; Pn f.C (a .[VE 	Xis'.Ifl:L4 	 :- 

tutu pzvr coins ouporn tutu 

.. t Q to of - 105 
rr 	of 

10 

. T'ic,ct or 
r..p.e - 	 1Q5 25 t 20 

120 
120 

25 120 135 
50 12b 
75 120 

0 

* 	►a 	.., 	 n 	t ' rt 105°C t^Ira € 30 1ou:.o trb.Cb rL o 
g ^to,' tim,n U—n tz_ far 100 r 'in;; nt 9''C}°.~ 

r~ 	J 23 hnu: . Co G5 Pi  1.n 	a t ►~n 
., x-n n t 105°J. 

FIffUL FIBRA~ty [JNIVERSM OF ROORKEF 
ROOAKEE 



Px!3nCo1ng 
czw iturc 
(00~ 

rorconttCo rinn . tCc nC 
tpo: turo  

(°c) 

1. 	t of ^o:.po  105 
ntuz"o of 120 

150 

F 	 !'1 1©. 	~~3 	120 

r Q1 ip1 	

1 	 50 	 t~'J 

75 	i 	120 

*•? s fl3.t1 tc nt;.n -' to C"'- i ^d out CCw' `t3;?-nC ;- to p1: - 

£?rC: ~'' "33 ! 3.0 € t'1ofO. 

31 
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I 

r-n ale tx Ccin; Cu 'vo c x rn plottedd by r. o- air:? ne 
1 moon / x go .fl to d ta At opinC i s 	tame ('L' ) 
of 1050, ' 200, 13 °, ^na 15000 . sdo crux is P.r s£:o-.-n 
In V1c 3 r nd 4. T&n 1o 6 obotrn th3 ^ffect ofn goin- 
spa *#tea on ,oaf:- 1t no o3 and tea t2.ro to ro^ct) tho 

b10 7 3h u tho tono.lo -proportlao at p L.. 
€nano o n t t oo rrjoing- err taro o. 

?b offoct of m 1tipo-C :,.nu tc t'ico bDen 

I3' ..I di'." d by 	CO 	.nC,a 	. ') c'3I 	 tLrf] Irth *, n(' o 

of oun in M$ -i . 1 r.nd 6 + In a rb o 8 t'! n€1 9 Pro olx,vn 
thz afoot of pz. onr t 105°C ctnl 9 3500 	cttvo1y  

	

on tL V-x-n to zr^oh 	 €l t t! z '2.n3. +C:n .fc 
t 	' ,^t of 120O. 	¶10 10 ^nth 11 tt o L o it 
of prcn '•? n-; r t 105° " i" 1350 C on n al to p po o a 

	

~}Mtrl ! 	
SY Yi! 	r 	 i- Y .nf.3 ~c v1~' o C r  t tn] nn- ~4 

	 of 1'30ce^u ha notod. 

b10 6 ova-*o t p l:- n 	oo v^'-?uoo nnc ti 

	

to 	-e t-.:z c°:o ^t ffo:c 	 ~.-' -usa 
o ob ^'..t ~c? from s jr . 3 rnd 	It Lo fo. in;l tIn t p,:- 

. ~ v^~t*^o (cercr'oo ~ .th ! nor^.c i.n  

32 
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of .Going ulonC vitP the tiro toat in the pnk-haranoc; s 
YLf+~4A..7 s h decaonao in ph-h xdnoe 	 tb 1ncr se of 

:3CeInc, ter po turo to duo to I 

U) 	Cor r mtira cf prociptth (w) 	oct t d vdtb 
zypel:-1rdnoo r t tom.aher t 3rya.te1roo of oo±nc, 

(ii) 	Lcn z vollmo frotLon of prcip1tr- to bvxi at 

higher oin toptaos as c.V^ z by the ota  

fi, blo phco bo,w i:- .r to o. 

11 	r; ct 105°C for 96 heuz o ivoe the Mahal t 
perb hrc2nece v iuo of 135 VP T. 1gin j rtt I 200 reduces 
the p^ is v3azo by only nbe zt . ! n ttrt at 105°C. rat 
t1in tire to ranch poai r(Twas rodacos Omaticl3y from 

56 houro to 23 bra ...o., tit'h n" it G0 roauotton of 

A C3il3 it 135°C for 16 tours ?. vo e a aalz- bardm es 
vn lu ;: of 110 VI1. t o i.o about ZO/) 10 ae thon tlzi t of 
peel-v-1uec nt 1O5v o The r3(Iact lon In t±ze to rcecb 
the p .-•velinen Is c'but 7O uith zoot thet at 105°C. 
ICo2n tit 15000 ivoo the Looct ,peek - veluo in the 
ohorto of po sib10 taco. The peoJ v^ lue of 00 VP to attaInod 
by ° .C3 fox 12 i13s ultb only cbout 60 tnos -i co In 
P-n1 -b--r ioc:3 V 1u3 Uittt) oE) t to its gr'3Li eta I:!i noc,J. 

ice t: rt 1200C .s'eo co to a .;nod p:'1 t coo of 
125 TTJ volt Ln a vc coirb1r tire of '?3 b ro. o t a 

Oifl treatz)3nt r!gx O ?0 to be th- npt 	riein, 
topor- turQ for the rbovo c Uoy. 
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Q offoot of ac1in(3 t3=~ 1 O CO cootr .OZ1 

j partioo at fti 1i7 tdnd conch.o la given inTaro 7. 
Va .uoo og U.T.C. 6aoaicz,e vvtb inoroc in aBaia tom .. 
zatt . r:oa U - of 02 ?2U 2 Ia ono c .th 
aping at 105°C far 6 b r o an a ,3i n mm of 2 -It?, 2 
at 1560 tar 12 ho ra* But tho duc1it as ~t a .trail 
by po o3.ontion val i o inoiozco vitb inoroac 
of t 2par tuo foi I05° to t c, LIotavoV o• z mot. 
otroos valuao a ra found to b arot cir for a3-1 in t 
iibovo c E 1, o. 

Tablas 0 and 9 ou + bo offott of poreontao pro. 
ogoin nt 1050 and I: 	D rattvo r on tho tiiao to 'oaeb 

nh - b1,r 3 acr at U.goiI1g 	p0s x'O or 1 C. in all 
the above teatmQflto totri3. 	z) tO C IOI po -b 	iooc la 
~s d to Looaoo vitb cxx dez000 in p. tt- trm3os 
vo o» Praz point of viau of aeoy of a 1nC two foUot,in 
oye1,s arc fc d to bo coot 'b mfi l% 
(1) 5o3 p 	, na at 105° i.o a by fini aCo1xC at 

12300, and 

.. 	50 o 75jrl px'cnrjoing at I C 2oUot ad by fi l 
t 	g 

 
at 1200C 

In tin t atopo aping of 50t progoin at 1O 0C pluo 
3M3. aeol zj at 9 2°C , tbo tics to rcob p=h-1Ftito sac i o 

r0dticd Ssci 23 to 19 touro 1.0. cut 203 t th a drop 
In t-i rno art va I io of 5. Ubilo .5O: aua ?% prjoina at 
135°C 9O .Mrid by 1ir.i1 aCo .ng t3 . 12000 odaooc thD ' .D 	 O 

to 13 b jvo(about h5$ tbiot ion) ama 10 boo (2..a • about 6~ 
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vOc UC .r ) ro 	cfi$a3Y tth about 200drop in perGnrrn 
V3 1u O in both tb3i ento vt th o aj,Ct to ti t at 920°4i 

Taboo 10 and 11 ohsv the affect of nuitiplo  

mCo=3 on toncilo powtioo. ab1 10 rqua th3 offoot 
of 5or} p ,Coif at 1O 00 &3.1otroa by fin 1n- ina at 
12000. Yt , lv4a I 	or emo II~2 at  
do C o&iction of about 10"') ir tI zo o ct to r p].o a coins 
at ¶ 2O0C. rab10 11 ohotio. tb offoet of p'ca in ; nt 115°C 
fo11otsd by fin a goinc at 1200C. to i 503 and S3 
POciCoiflf- at 13 00 .vo .ao to na1y rzno ot!vzrjth 
ovo3 t.t ULth the ttoz' tozi font a otaath level 

of 296 Ifl7 2 is obtcino4 at 	 z -'Eno nv vith 10 of 
olonCation. This vn UO of il.T.G. Uoo In b3tioon bo 
valuon that obteinod vttb 1O0 acoin y at 12Z)0 and i C. 

as for *ibout oul otzontb to bo n nxLrzicn of 
75;S prnoina at 13 ° follovoG by 	 l citoinC at ' D0C 
S.o to bo ohooaon to ocoiic2.co do M 	ainc co loo in 
th t o alloy. 
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ALL D/MENS/ONS /N /WJ r . 

FIQ. 2. JOE iJ SIL. f SPEC//'iE N 



} Co 

r 

f 

U I 4 G 90 	R0 .O 50 

ill 

A09/MC T /MM, !!OURS 
/C.3 /I tL /N CURVES /?T i05°/W/ 920 °C TOR 7O3S ALLOY. 



w 

70 

UENC`/'D HARDI E ~3 

6 G 90 	?o :v0 50 

AGE//VQ YWiL, HOUI 
//C".f AC•EIN CURVES AT T'5O MNa 955°C POR 70S ALLOY. 



120°C 

50`/° 

°/° 

65% 

1f 

S 

1 	2 	4 	6 	10 	20 	40 
50 

60 

"/G 

AGE /NG TIME, HOURS 
f/G. 5 EFFECT OF PERCENTAGE PPE-AGEING AT 105 °C ON FINAL AGE/MC AT 72 ( 



IN 

0 

90 
0 

70 

120°C 

25% 

7 0 

OLFNCkED HARDNESS 

 

60 10 	20 	40 

,L/IV  T/l'IL, HOURS  
6 EFFECT OF PF'l?CENTAQQ PPE-AGEINQ AT 135°C ON FINAL AQE/NG AT %?0 L'C.`. 

h 
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TI1E LT . G 

• C^ 	AGtCG TZfl3JLB 0€I a'flT TYrt '.'0 R^rcii 

Wm to Pair- 	oao 	POrCO:3tO 
nC3 	u ^0n3 v3iuo 	ino 	*.o in 

3I3t1I i:- 	.o (vPa) 	VL ZI 

105 56 135 	170 
120 23 125 	150 
135 110 	120 
150 12 00 	GO 

T Lt 
F 	OP 	it! 	:1 	1: 	r t: i'tiX'AL ?fl0PL d t3 

A 	a to 0 	p 	f- U1 	a+~ ,~,,, Pb 	on— 	orccn -  tifjz 	in 
~a a bi 	iatss st 	a 	b Toncnn- ro&lct 

a :Lon 	io 	In 

105 IGO 40 2 12. 	22.+ 

20 154 12.5 	21.0 
" 13 287 15.9 	1.03  

° 150 150 27 10.00 	11.52 



TADLn - - 
w - ',CT or P1GE 	0IX AT 105°c on ►m, rXUAL i G lCG 

AT I20CC 

Percentage 
I 
+ i" nri1 Total to 83ak-bard► roentige 

OflgOifl. ra go2.ng l Ggc3ifg to ror-oh zoas 	Sax' .ncrea3 
t por . I m pex~tu 1 'k 	ard. (VP J) art t7 

(OC) (C (EQU- zi) 

105 0 120 23 125 150 

25 120 22 115 13) 

50 12D 19 11? 136 

65 120 l 	21.5 110 12D 

^ALE_—'9 
0:11, 1 L.,4 	ML, T-1 GE1 t!0 A 135°C OU L I IILL ACt1 is 

Prcagc3in Percentn go ] tr t1 Total time Pock-bares Percentago 
3?G.!. p 	igina € eein, to roQch roa3 vr?ue increase tare 

(°C) 
er par- 

Matra 
panic,-tord (M) tad 'VEN 
nra83 

135 0 120 23 125 150 
25 120 23 105 106 
50 120 13 99 96 
75 13) 10 100 100 
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►na c u. th aoo co .n c c3: a  
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c t 1O 0C for 56tc t tt a t& otro2fl o Q2 Mto 
. D o,= 	too b.* "ltz+ v. xo ., c .  	c 

t vo 
 

tto upc o 131 0 0 
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