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BXFR]T4L M MO 

The altoyvan prepared from E.C. 9%40 
(tai 99.1 pct purc) øine (99 9 pot. pure), agbeoLin 
(99.9 pet.. pure) # electrolytic copper (99.9 pot per) and 
ontiam (99 ",pct pure)' 

Aimtthzmwmelted; grapbStee cbo In a rnufle 
uaoo. Weighed quantity  of cu was added, the melt was stirred. 
with grphite rod to prepare master alloy. 

4umlnium and master alloy was melted 1* graphite 
crucible In a pit ftVie. • weighed uantLtyot sire, maeeum  
and OhrDm : 	r e.re added to the melt and stud the Melt proper,  
ly with g phi  rods The boy was cast In mUd steel moral,. 
20 ga. of alloy was made. 

The 	I was 44usd at eight place on the periphery 
whicht eq a3. distance and dametCsIly oppoette to go` 
Flo for the analt4e 

The alloy was chemically 	yaod o . Zn, Mgr, 	and 
St and Fe by olurnatrio method. Zn was ana2iced by disec1iflg  

the: np . i jfl  id lure (001 +4 O3)'.. Cu is re*D Od from the 
solution by passing %S. Zn eont t was estimated from ZnO by  

o 
tiftIng ZnS at 

Mg is preótpttated as inagenesium uirotate from alkaline 
tartans solution-& Mg content was dote mined from the weight of 
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Ci was na2yed by diso1,in the sample in gaqua 
The Copper mil hid As preotptatod by passing S 

the solution" The precipitate waø gnited to,  oxide at, 60011- 
1000 and Cu content was estimated zm Lt oxide:

.  

or .s d .Led by diaeoiW.ng the aUcy qqua regiar , 

The djehroniate is titrated wiff ferrous ainnionium aulphatc and 
potasiurn ponangante solution, The Cr ornItont is doternined 
from 0 amoit of ferrousThrroun anmoniin wed. 

Si is. d e 	cd by USing NOR solution.: The precipitate, 
S O * 1, to . 4 VOla UBOd as cilioon terra fluor do The loss 
of seigb'b is nisasure of SiO2  or the determination  
alloy is dissolved in mixed accts, 96 precipitate 	 a . 
The compost1.o3 ,  of the L3oy is as follows  

t pot Mg *2.3 ite pet. Cu • 1.33 vt. pct. 
«; A# pet. Si 0.22 vt. pot. SEX*b 	a. 

• rfinal easllJflg 	tcbol of 2.K? of. by y was 
melted. graphite bible in muffle Suffice, Or3$l,te was used A, 

,oX4stion1 Just before caste the 
de wed by using bechlovethàne. The alloy was casted )jfl  mild 
steel moul 4 cm z 4 cm z 16 cm. Casting temperature 	 'ixed 
7401600, 
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5.2. 	Seoi 

Casts wore 'iomog1n1ad for 8 ham at 46000 and hot 
xtUeo2Omm0at46O0øandnaeMedto18z1$rnm. 

nose èpoOiiiene and bus tor tens±lo testing of aizo 18 mm x 
18 mgt 1 25 a 4 18mm z i8 .mm 2 250 mm were cut from bra'. The 

ass specione groid and Apo ehe& amass 	oe aM 'tea 
for tensile to 	were homogin. sad for 48 how at 4000 1O O 
The me 	cure of mesa aieeono reealed graft boundaa. 
ties with snge pase st$y..urep The ae uenobed hardness waa 
to d to to iO 12E The average grain size metered was 0*1584 mm. 

3.3. Beat* 	 t 

'The.king l 	tom` ient Waa gtvon at 4600 100 
for I hour and then quenohed in water at room tomj.emture, 
Solution beato epoolmona were iu.mediately subjected. to further 
treatment. Alteat traauent Were carried out 	 13O ► oil '  

bath. furnae. M hax c ► t reatniont was 	 b3r cold roIlg. 
Table I and 2 . show the e&temo of orir+r . pied out. der 

the $ a lo .apecimana were turned .frcrn Is 

950 in bar. The dimensions Of tensile spooimefl cOn$zmg  

1$ $1816«-161 is Sho. 	t f& 1 

Vice Vicera did prainid batd. ass tester was wed to take 
the ' ~.eeo due i All hardness tests were made at a load of 
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!►b tQ * , , SoborneoS 	►er erit (Hardness) 
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or oaob: ro4ing auiiaate r ealmO - were U*e and the 

resuLt sported is 3rt average of 6 In dentatlone.  

tensile ThetIngr 

I vo r 	tonej3 a teetiflg rnichine iae Uood. AU spear 
mona were to e+ at a : 	of 10 tonnes. 
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blo I I Scheme of orimft ( 	terse) 

xperiinent IPro agoing Pereentge fo=go 
tamp* 0 	g 	. Defoza 	Pam. O 

. 	tfeot o - ., 105 

1.20 

2. 	a 105 .120.... 
50  120' 

1 	. 

5 135 
50' .135 

120 5, . 

50 135 

75 135 

25 V 105 
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79 t 
135, ~ 	, 

VVVVVV 50 

15., 10 

25 V t 

120 
. 75. 

,120 

 ' e o 135 . is 10 	. 120 . MUM, 
1 

• 0 120 

75 0 
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periraei 'Pine Aged 1 Pooentagc, P 	+nga o 
omotion 

Aged 
e 	6 P 	age, Tomp0 0~ 

1o. 10  120 

50 20 

50 50 

50 40 

#05 10  135 

50. 20 
50 30 
50 . 

190 	7.5 10
.. 	

155. 

20 

40 

Tam 	Sao of erlmc c (ebc1i10 T o 	) 

be Agog ter, orcge T# 	age I Igeing t+ 	 , 
00 of pro 	* oageingn00 

80 
9 0 120 

100 120 

110* 

I J20  

105 90 100 120..  

79 100 920 

0 X10 Pot* and '920 po o tgoing.00rzer,pona to 10 pot* eM 20 pot. 
over a 	L ay'. 



21 

IMSMS MD DXSSSXON* 

4.1.   

Oiø h&rft#so OUMO havo been plotted at ageing 
tmjexatuz'en (PA). S 105°C* MOO and 1350 as. ahOWTI In fig. 2 

Pablo 3 ebowc afoot of aping temporatizree on peak hardness and 
time to *each peak hsrdneØA.7 Tables 4 to 9 (figa, 3 to a) show 
the effect Of percentage of poroontage of pro aping at one 
temperature on fiftl ageing at acme other temperature on corresa. 
pondlilg peak. hz'dnena. 

Plgurea 9 and 10 (tablos 10 and 11) show the effeet of 
peroertgo piAot* defOitiøn of SQmpOs proagod 50 pot, at 105°C 
on final ageing at 1200 and 13500 respeotiv03., Pigs, 11 and j 
Ctablo8 12 and 13) show the effeot of percentage p3aetio 
Lion of ales preaged 75 at 135°0 and 120P0 on tinal ageing at 
i2OC ,d 135°C. respeOtiTely. 

Pablo 13 above the tensile properties of speoime aged 
at i2000 paged io pot. at 10560 =4 anal aged at 
preasod 15 pot.. at 1350C and final aged 1200. 

4.2. 	D100USSIong  

Table 3 above the inorient in hardness of various ageing 
ternpernture obtained tom fig. 2.. It can be neon that Increment 
JA bardneaà is almost øonstant at aping temperatures 10500  and 
120,' Thlt the time required to soh peak hardneao reduoee 
dMatioally from 58 -h*UZS  to  4  20 hours. Ageing at 1200C reduces 
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time about 66 pet, when compared to ageing at 1050. There jig,  
coridembie drop of 10 VW in peak huftess: on egeing at 135°C 
When compared to ageing at 1050 Of 120CC GM time to reach peak 
harnea reduced to 1$ ho 	Ageing at 1350a reduced abut 
35 pet. time to rob peak hardness with the percentage drop 
JA inorement in haxieaa Is about 11 pet. 

Agelflg curve at 105CC shows two eta$es of hardening 
where as egeng ouryos for 12000  and 13500. show only one stage 
of b dO'*g, This suggests that hardening at 10500 is due to 
zOnes and inte,ue6iate precipitate end at other temperatures the 
hang is prodomInently be to lAtemedide preotpLtate. The 
vouo fC*Qn of precipitate deoreasos an the ageing tempera' 
turo .jncreaóe, The hardening by zone tóxtion is due to  elastic 
strains,  where as coherency strains are reepcnile for hardening 
by intermediate preoipitate The hLng s*Thót due to coherency 
strain is higher than that of due to elastic strain. 

The peak hardreee for age 1,ng at 10500  fl4 	is same. 
This eu gests that lose in hardsnirg effeot due to decrease in 
total ioLne *action Of pr ipitate and iocarofting of  preelpitate d$1. Ageing at 1200 to conipansated by increase volume fraction 
of intermediate preoipitte 

Zt is concluded from this that optimum ageing condition 
for this s3.lCy is ageing at 120°C  for 20 hours, 

Table 4 Shows the effect of percentage of pro ageing at 
120O on final ageing at,  '1050 obtained from fig. 3. it a 
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observed that percentage pre ageing does not hare ceno*derab3o 
effect on peak hiss va]uoein aged at 10500.  T p 
hardness v1Uès r irnaUt duaed date to pre aged.. 
Rduotion of peak harfleae is about 4 * from 161 to 153 VPN. 
Tias to rethb peak 	 oa $8 to :.55 hots which 

also 	thal. Reduction i fl tin* t o about 5 pot. 

Pig. 4 chowe the effoot of percentage pre agog at . 
1350 on flna aping at: ios°c, 	oontmgt to pro ageing at  
t200, the effect of pro wing at 1 5 0 hac decreasedthe p 
hardneas due b 10 peg': (Table 5) from 161 to 143 VPs'. 23 pot.. 
pro agog at 130 US hardly any effect on time to reaób peak  
homes. whore ao 50 pot, and 75 pet. pro agoing reduced time 

frcm5$58 to 45 hours. Roduotion in thie is about 22 pat. The peak  
arareca values of 50 pct`: aM 75 pot. pro aged maples are almost  

same on f nal. agelngw So trcmhardnesspoint of view 50 pot`. pro 
agedLa eoonoin&oaL pro agoing at 1350 Soffit oopaztiely  
coarer pitate. Pro agon at 12000  produoes comparatively 
finer precipitate* Whej the pro aged aernple8 are aged at 105°C 
the extethg procLpitat pa ;wee sot as nuolia during Sher 
precipitation. Conaoquenoiy the dietributLon of precipitates  
produced V,  double agoi treatme at J 0 O followed by 10500  
finer oonparod sjth a double ageing treatment  of 135°C and 
105 0 'h e explains  the lower peak hardnessvalue of 1350  10500 
combination compared with 1200.  10 0 oombination 

The proportion of intermediate precipitate in a les 
preaed at 1350 is more ao Compared with "lea pro aged at 
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120'C gher the amount of Intermediate preopLtate lower will 
be the ties , qnjd to eonplete pro 1pitativn on reageing 
beeause of better Stability# Tide ezins the eater reduction 

in ° i-,e to reach peak hardness in i °0 105°C combina. 
Lion in oontz'ast to 12 00 1O 5O co*batjfl. 

Pies 5 and 6 show the atfeot of Pas jag at 105 
and 	i3 'C on Anal agein at 120O. 

Por 75 t L preagej,ng at 105°C requires 20 hours m ch 
is time required tO reach plc bar nee at 120CC, ao in this ease 
the samplee rr ez pre aged to 65 pot* 

Xt en be Soo from the tables6 and 7 obtained from  
figure 5 and 6 tbat roentge of pre a gem sitbea, at .105°C or 
155O has little &Heat on peak mess value during final ageing. 
'able 6 ewe the totn7. time to rsaob peak hardness has decreased 
from 20 ho' 	to 13 boure( redluotionottjmoy5 pot,) during  

ii ageing of 50 pc. pre 	 4 eaapiee at 105°CI.  8in41srly' 75 pat.  
pre ageing at 13:500 has decreased time to reach peak hardness 
(Table 7)'e The drop 	 peak hardneaa .Is :.about 3 pot. from 160vp N 
$56. VQN 

Pigures 7 aM B show the effect of percentage pair egeing  
at 1O50 and i200 respect&yely OIL final ageing at i Wc.. Pre agélng 
at eitbor temperdure has 'little effect bnpeak mess value,' 
(tables 0 and 9), Theme in peak hrnessrauo is about 9 pot,. 
and percentage de cree in trace to about 30 pet,: 'in in  aa1Tlee Preagea 
50 Fat at 10500, Where as reduction.in time io about 24 pat, in 
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e p1es pied  75 .got, at 12000, 

It can be seen from the fie 5 to 8  that pre agthg  
oZ 25 pot. and 50 pat, result in eontlnuous xicreaao in hardneso 
onf1*a1 aeing oapt 50 pot. pro aged it 1Q C followed by .. 

at a 	case e ithei inoreale r bop has been  
observed in the e.t.a.. stems of tom. gelng tig4 5, Ah+ 
pre wing 65 pct': (or 75 pot, as the + a t m► IM) rGo .t in. an 
Atka drop in hardness before f.. her haraen*rg takes place on 
final aged. 

The followingposte out be concluded from the romIte s 

(1) Pre ageing at 12600 has Uttle effect on r,eak har sea 

due on ageing at 10500 	as .Pro ageing at 135°0 
Irna ne.ti 	 neas value. Whore as in 
other oases pre agei.ng has no oonei4ireb2o effect on pk  

(2) Pre af 	in all the ft ept  decreases tinerequiredto 
got peak mess. 

..,fie can 	 r'r d by pre wing 50 pot at 10500 
or 75 pot pro .ageing either at i200 or 135°C on fiflal 

Table 10 and Ii ►'E w the effect of percentage p 	lc 
defonatjon of preaged samples 50 pot. at 10500 and 75 pct. at 
15500 rcepecttvoiy On ageing at 12.00 derived from figures 9 and 10. 

Jo839i 

CRTRAL U AFY UNMRST' Of  ROORY,% 
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eats U peen fm table 10 that percentage piaetie 
deformation has little effect on the to rob ,eak hardness 

to '30 pct. (reduction of also from 13 o 11:  how) Total time 
to reoh peak hardness is eae upto 30 pot. There is drastic 
decrease In. time o .reach p:k hardness on rage 	40 pot. 
deformed ,,files. 

Marginal decree In time has been observed + upto 20 pot.. 
(tAble 11) from $3 to 12 rs7 flxne to reach, pMk mess is 
a' 	part reageing 10 pot.. and 20pot.: deform samples. 
?xI: decrease in time 'aC been observed on roageing of 40 pet. 
deformed samples (13 to 7hours. 

It can be neon from the tables WW .ad 11 that the peak  
hardens value increases with grease of deformation  tO 30 pot. 

furtherBut 	 eforma ion d easer the peak hardness ghtly.' 

The maw p  Wiens has been observed on rye g 
pet. deformed eples.. 

Tabl 	2' 'and 13 show the ff 	f percentage Plastic 
at ios c 

doformation of preaged samples 0 pot. and *5 Pot. at '120°C 
A A 

It can be eecm from the tables that there Is no reduction. , 
Int 	to.. h peak ,Wiese upto 20 pet. 	this °qtr time 
4ereaees with Increase of defOrmation.. 

The peak madness-  increases with increase of def©rion 
Upto 20 pat.? when the .defbrrn. ion is increased, little mop 
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peak har&tesa *lue has been observed. The amo ; oZ Free in 
peak ' 	in owever marginal bemuse the in this the preeipS  
tate by itself is finely distributed.  

•rscdhardness in 4 to dislocations t 

cod .b7 Cold work biob aCt. as 'potontia. sites and results in 
finer d 	' it on of precjp&tate particles.. 

The fact that tie to xeach peak mess in same ago`' 
of 	rw Wiles tto Pei (ox pot,. 	"ha a y 

Cafl be explained. 	ow Dislocations proceed by patio 
defortiou act as nucleation altos for the intermediate  precipi.. 
tat ó. They also ct as sinks for noanciee. Tho presence of d 
locations ons 	ee nucleation  rate for i$enediAte precipitate 
and decreanaG the rotb rate of 	 e Ibnation.. It 'one cornpoxsa- 
testhecrttre4llntrediotjcnintime 

tieri the deformation La increased, the materi4 becomes 
heavily cold weed and result polgonieatLon. of 4ialocations and 

in.peak bless on age off, :'p , ` r '30 pt.aa Athecanc may 

Thin effeot` I 
eompaed to ageing at 20°C. 

ha follo4ng points can be oàto 	the rdsultst  
' .)zinum peek hsrdneoa is cbsekød. in. 0 pat,' de 

Oar , . c roageingat 1200 and in `20 pet. deformed:  



oamp1e on reagelng at 15CC. , 

2. 	otorhpeakarnecs 1aaaiiothesairpEs 
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.oa r going at, my t a 	t 

O 	 g 40pet. aeso mea  

'fable 1 14.  

l.. Ee 

00 
P rl,:c'~~  a 

going U. 18s2  
K / 

.. 	
'6t~ii+ entaff 

. Elongation 
Pare 	

. 

 Reduction 
120 60(4 	) 27J 2 !.5 
120 9003-. 5 1 2  

100(20 	u 	) 50. 10 
 l) +4.65. 	.. 10 	.... 4 

.120(40 	O 435 9'• 	' ' k' •.9 

° be 14 shows eflect ers'tage o :wing , 120 C on 

the pj 1teS. Xt can`be sees that naxinwa etrength has bec 

o ervd 	O at '120 for 20 ¼si . t thcz'easing the ate 0 

over ageing the 'strgtb ant 4uct1.ity° `'both dues over 

age d- co 	precipitate part 	e 	ipitat : domes, 

in coherent. Because of comae precipitate the 	 n b of the SUOI  

decraree, ductility decreases duo to incoherent pripitate,r, 

Sever voters suggested over ageing followed 'b 	forma 

ti on end reagetng 	 5O at room temperature, : 
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Tables 3 

Agoing 'Teinp „;;; 	time Peak h 	tee Pte' 0 to Reach es 
Pea1haxnos  

(1 	8) 

105 58 161 130 
120 20 160 130 
135 13 151 i15'7.  

abet 4  

'foot. of pe 	a proageing atL 120CC on tine to 
doh p ak h e+n-  and peak hflOOO On ,f 	aeng at 105,. 
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lc*t of porocntage pro age at 135CC on time to Mob 
p 	*e G and oak hanoaa on Ltnai 4P 9 ;t 10500, 

Pct, Pct,ro ag 	Total time to 	Pew harnoec 
eachpoa1c 	mat5.Zga 
-roc►s.r  

	

L 20 	 160 

	

0 	 157 
50 	 1►5 

	

06 	 19 	 156  

W Of poroezitage eagobg at0500 on Use to 	h 
peak 	+ s 

 
an pck b r 000 on aping at 12O0, 

]70r 15 pot. ; pro go&zig at 10500  i' e` roqu&reo 20b thiob 
time 	 to Mob pca; 	ooa at 120°0. So 65 pot, pro 

ageing has gLm at 105000 

if It L t.;%A Y UtIrrLa3fY OF ROORt(EE 



p 4  
04 

0 a 

Rl 
C 

00 
° IA 

V 

• • 

tft 

4, 



Q 

g 

I4 

0 

a 

L gm 

4, 

i 

'4 

I 
t 

9%0 t 
In 	t- 

0 

4, 
o 

p 

ft 

'F 
*4 

DO 

oi 

0 

~G1 

., 



0 

woo 
0 too. 

11 	OR 

qw 

0 



T&USS 13 

Pó;Detonaø. Total{ 	to Pa&c hakes 
tion Bch + 

4 10, 1, 
10. 10. 155 

10 157 

40 5 156. 

Eftoot O pct døtormaton of 15 get. pro aged at  
Iwo on tirne to mob peak mane and peak hardneea on 
agein at i,50. 
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0o € 11$ O.N$ 

The opts age. treataet. for this aflo is
at 12000 o 

Tio std agebg thaes the overall t1e .for 
henbtg dth l le' drop in eak &tCaa due. 

Blight .berme in peak hardness has been observed 
on r.going Cf p a an& ord sal ea. 

4. 	Effect of pe c to 	o ion ia f d to 
inorese with ncintt of eon 	., Effect in oboe. 
.ter 	t 	' and 3 	:. 3ld 

at  120O ana 135 '0 reapecttve1. 



sIOi FOR JIi V'.W 	lm t' 

' + 

 

It 	from 'gibe etudien of olmear tbat Ag addition 
as dtoteffreton Al *Zn. #* and Cu aUoya. So the 

1...wo 	n be tended to Al- 	 & 

2. 	Pant w. can be eztan6.edto see the. I uen e of 
Multiple ,ig on 	 .+ 	e . a. 

.: 	TO reeent VO* .an. be tamed to uee the in` umce of.  

theomechanical t reatment of fatigue and het 
pea.. 

• Trnnmteeton electronAroecopo !tUdtGBY be cazLd  
ot to t 

	

	 and 
tret 

. 	She j bas del+ n aUoyz 70.50 Bch h l4ghe 
atrongth and ?der Carrel redetance. tirnn 47075. 
'feot of .tiple .tip 	 ageing and thenorneehanIcal treatment  

can be ceded for the alloy 7O, 
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