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Study of Structural Changes in Cu-Ni-Zn Mixture in
Producing of Nickel Silver Alloys by Mechanical Alloying

M. Karbasi, A. Saidi, and GH. Ariyanpour
Instructor, Professor, and Assistant Professor, respectively, Department of Materials Engineering, Isfahan University of Technology

Abstract: Production of nickel-silvers by mechanical alloying was investigated. Effects of parameters such as milling
duration, ball to powder weight ratio, and chemical composition on mechanical alloying process, and alloy’s color and
microstructure were studied. The milled powders were characterized, using XRD and SEM. Results showed that nickel-silvers
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could be produced by mechanical alloying in a wide range of compositions. Alloyed powder with a bright silvery contrast and less
than 15 nm grain size could be obtained by optimization of milling parameters. Zinc content of the powder mixture had a
significant effect on the minimum alloying time. Ball to powder ratio up to 25 also reduced minimum alloying time but it had no

significant effect above this value.

Keywords: Nickel-silver, Mechanical alloying (MA).

el Il iyl b S SO 3laSUT s (s
(S e Sglize b abai b jols Ol e 0T b oS ol
s A oS 5 s, LT USG5 e
S 3L 3 o sty 53058 51l (g S
S s Sl 5 S Sl 5 O3y sl Ll le
Lol ol e S o L O3 O3, B Cs
Al 53 b as adsl slpe dms e 55 @L3UT a3
e S8 58 S Bl sl Ysens SO (3L3U
syl ol 5 odiS fate LB M opl
s by 55 sle s e Olis Sldlas Lol S e ) K0S
5 63 iy LS 5 sl o ST 6 015
s S e A5 (Sl 3lUT G sl b3
sloml LSl (5316 obie 51 3UT A 55 s SIS (3L
sl U IS b« [N -8]cl Jbes S 56 slalsla
ale e gae gl 01y o SOl 3la3WT 2, 5l
5 g G5 el Gl sl oS e slge (b DS S
L D], s Gogel 5 Jb S 56 slge cpieas
oo b ke S5 la3UT S oy oM @ 4
S ol b Sl s SO L3WT o8l sl e 4
G ol 53 el 3 m s 5 ket b ST A 5 OIS
s S5 SHSe 3LUT oy 4 B SUT el
SS el B
Selasl o, Y

S el = sl SIS Gl s SO 5l U
5parS m ow 3V o Ll dhise S plnl

Ca-ﬂ‘ ‘JJJSJ__:.JY‘}_Q w—n—?‘)‘ ealeul J)j_ﬂ le_ﬁ‘\_s‘)g

\Y’A? )j‘ij‘@":’ L\ g)la...:r LY? JLM LdM‘

dndie —

S Xiea S5 5 JSE e Joli aSUT sk IS
jﬁbrj\p&bjsj,uﬁa}bﬁ):ufﬁ@}
pw)b}rmu\ Lo yshw K5 ails 55,8 oS
36l Ol o 8wl 5 a e, VL S
Slr sk S rl.', Slao ga cpl s a4 5 Lls sl s
DS s e sled 0,8 gl p S0l 5 ol Ol Ll
il 53T el (o Sliapey 53 sk IS5 sla3LIT 055 0l
Lol (ol - (Sl e (a3l o 5 L
Vlash ol plse 5 S S wls (il g5l
LV es ;S iy a5 58 e g0 Solpsl 5 SO
51000C YL sd sbes Jds an WD ol (s S
lasUl (s S lal 3 53)Y00 °C VL 5 (sles
S ASE s e s ol Sl s 28 e L3 S 5 sl
S Jmles s 4 dals el slaSUIT (6 S
Lel s Sy Sldes dLajls Sl WD ol VL
23 35y S e dle 4 el i saSUT 1 5 s
sles 5 s o Gl 3l 055,08 C bsy sl IS
Sl ol 3 plie ale 355 50 553 SUT e, (VL
23 ol dis [V=01o 5, 0 Clum @ ol Sl 055,48
o 3283 e 03 S Sl sy e IS (5 San
LS Sl i Odal sy g slesl b s O 0l sl
ot Eel g oas ] (o Kile e 3 S
Tor5 oen Ly o O 04 25 03, 51 5 s
Sl Ol 4 jamie Sl S slazil I b 3 56 glpl>
JSs S oa w llg 5 A e 4 0 028 5
[0]5 5 ankes



letolosl plol Byl 5 Ladi gad Slasedio 4B -V

o) b J 48
03 Skl 5 a S Sh G | iged US
) (g s U5 3l
°/0 v o 22N A0S
¥/0 v o NSV A2
v v o 11/0) A7
VO YV 0 VY/0A Al5
Yo v o VYo A30
Voo v 0 VA/YF A100
V0 YY/¥ ¥ o B10
AO YY/¥ 0 I B15
> YY/¥ 5 Yo B25
¥ YY/f 5 Yo B45
1/0 YY/¥ 5 Yo 1C15
Y/0 YY/¥ 0 Yo 1C3.5
oo YY/¥ ¥ YO 1C5.5
v/0 YV/f ¥ Yo 1C75
¥ Yv/f e YO “H17

S e ol 55— JS:S_ o 539 Ao VIIVIPA Ll pl pled LS 5 F
.CM«\6})_J§?}_u~,¢QJJM):‘\:YY:?‘\JQ;L;LAQJAJ@WQ)J

s adslae leslai ol L calies sladi ol 53 (1) Ldlis S

_ 09
tcosO

()

NG
4 ged ($3ldas (V) odr 3 ol b yme sladisad 5 osdle
GL3UWT e s 3 Jltln o) sy S b 5
S SUIT ) 5 oles ool 1 (695 o HU oy SOl
Slasiine i 4y B25 S HIT lads s alios Ll 2

Yor

ERAYIS Ot upj_u SRR e S JAL_M aJsl ol g
7878 51 i ekt LSO ¢ e e V00 3 (guails
S e LGas s e S Voo s g ls
Slaasin Ad eslaal ey S Yoo L5 cdualls 5744/4
B (1) Jsdr s eimlosl ol a2 5 Ly
Lledls
(XRD) oSGl andl 2o 581,05 ot slealSas
(CuKa, A = 0.154056 nm ) MPD- X°’PERT Jus .l

XL30 Jie ks (SEM) iosy 5,580 O sSay Soo

o311 eslizad ol xu3 g el SUT slad i oLl (80

\Y’A? )ﬁj‘@"; 1.\ g)la..:r 1.\‘9 JLM Ld%‘



G50 M3 U 5 oo Db Y LSl cw) sl ek g Sadi s (e Y o

(Cwsl H17 5 B25 sad god dSled Ladipad ol Ol gas Lo )

(h) s Stwl Ol

& gos uS

\

1B25

2B25

3B25

4B25

1H17

2H17

3H17

4H17

)zeuwéu&}gwﬁi\jﬁufu\ﬁ.él.a}ﬁ\jozﬁlrj
S il @S s s e 0LE 1y 05 Sl Cileses |1
S b gl adsl sl o byl S0
0351 nds 85 ol S5 4 oY 350 e edalie 4yl obs
OLey il sl Lol O S doys 51 236 555 sleSa
G Sy SSTAOS &sed 55 48 555 e sdalie 05 Skl
Ao Liledd Gl (S 5 e 3y S A e DDl s
SLeSy gLl A2S wSsad 53 05,5 Lol walsl L oS (5, 5b
Wlanl JUsl 2eS gblss a5 Llazdls il s 5 S
sdas Lis S Wl s Bl (5, LKy a5 Jb- 5o
Al L Gl A2S gl s IS0 5 e 52 S S
et el 0 1S LSy s 51 0 Skl b
VO 5l oy 45 Sosb 4 3505 0 05958 e LSy ol
sl Gl SlS IS LSy (AT5 4 505 )03 Stwl sl
S Pl aias DL S sl e Sl on 56 LS
)adMJﬁQMW(\)J@.W‘JMJJJ&
S R SN W E g ISt O W W R
ST OLas (al 53l L Sy 3550 s 3 85 (5550
VAYE U jog s dolS S5y Cand s cslu Voo U SO

Lo Sl Sk 5 by Sl 31 s (AL00 s 500)

\Y’A? )j‘ij‘@":’ 1.\ g)la...:r 1.\‘9 JLM LdM‘

NGV IS B AP ), P (Y) J)Ja- BE] L&A.:}A.: g)"‘

Cow g 6\.’0 -Y
ot S g byl LSl O ) VY
05 Sl o 555 5 JSS

sk S 3UT A5 i OISl Ga b i cnl
53 0 sloml Ok o S IS Glealls S
AISATA2S5A0.5 Joli A (5w sladyal 35 ksl
s il Lyl 5 s oS (1) s AT00 5 A30
355 Blodd ags 03 Skl Oley 5 535 4 8 S35 Cod
a5 L il 5l s ol 53 0,8 s I3 e s
il slgley abols s (hlesT 3550 535 5l (5l el gl
(BIP) 555 s S S35 s b3l Olas Siulpbl (as
i losT ol Al i€ 4S5 jboles .ol 4l Jil53l 50
0l B 5 S e JS sl s il
s iy 455 Cb L C (6 m sleialasl s L3l
Lol 0dE gy B/P

sl slse o bsloe Sl 5 Al oS () S
S b G S e S A3 A YY i RACS S L



40 5 £y

i) k(b o ]

:GJJ_L}Q_J""JJ‘}'\“’J"«:'Y:fﬂ %s;bdjéx.b}bub.bﬁfu&.‘jﬁu&‘ﬁduﬂ| =\ JS..Z
03 Sl Cilisen Joml o 35 05 Sl 51 i

EE T — — T8
| & sl gy
LR |
- 210
5 6ag “
;5' LA . 1 2
3 st : pd
-_ < apasd
L | =
i : s
= B8 P 1828 =
R E
- B g
a2 I
LHE ]
al ALLS ALLs AT

(&)

153 [ 956
) &
PRRSE f 25,5
155
95,4
I
1 152 : ;.3
3
] . 3
X - 95.E =
=
1 2ss asq B
: - * -
45
151
948
1E)S . . : ETH )
Al AL.S Az & B

(N

G11) Sy S (0 (222) Ky s (I (S8 53T i i b Sy oo 5 4K Sl )l Ol jeis - JSS

S (v)

e el sk ch e el a dsles )l o3l dlons
5 o 4GS il Ol sl Ol bl d 5 Sl
(oY) s e 05 Shewl Ol e (VYY) K sl
ot 4 el Il 5 55 e i Do el ol el> OLES

ol (Cu 3l 855 fad L) sy s = s w

3 g el edalie (6,505 D ki s

Ll gl sl Y/0 3 e 5 50 55 555 o
a0l e 1) e 3 IS5 048 o e 5 005
S Sk S sS sl o IS8 s e ey s
ol Sl 313 5 5 el WS bl e S L
ol Ciloen slgley 53 e 5 JS5 Sd il sl
(Y) dibes 51 eslinad L 03

\Y’/\? )f.ﬁ-*:' c\ ;)L«.«;v cY? JL-N cd%‘



%25

5 2

i

jml

A

3 5l , H =
10 15 75 a5

BiP
Sl L SUT a5 Ol Bl als iy, —F S

BEPARTRIPI LRI

el 235 I ie 5l 2eS Wslas ol Lo s
b ALS @ gal g ab> o 51 SO (s3La3UT 2,20 L
Yo 3l o 5 b e 2alS Jle S sladils o3l A30
Olay il sl L Ll dwy o el Ve 30> a0 Cela
Sl L3k Glaanl b 85 Liy Ws 4 03 Sk
Sosb am b o SRlilladls o5l Jies S e sl
Ay oo gl YO 35 4 05 Skl celi Voo 51 oS
ol odalin 5 Oliie 05 Slidosd il 3 § b5 ]

[V AT o

C)\.o)' J.Sl.»-ﬁ,:qu}lfg.,msjgt wjﬁ—\'—“
j(uﬁ_o ):anNi J._as IM=l) juiw
Jpazs ol 5
A 4 B/P Cilisee Gl b 4 gad e 00 5UT Ol
Lad 5ol Sy edalin L .(V Jsd> ;3 B45 G BI10 slad 503)
SUT LS 0oy s piome 05 Stwl Cilises glaoley alsls s
QLAJ'XRDJ_"J;J)d)\Jﬂu}‘.JLgW)JJw:«{
53 83 5 S el o e (el 0/0 C3s L) 58
SLIT sbl sl e3Y Obes Bla= ,B/P 50 s ek e
ASJ}JGQLAA Sl 0l 03l QL.:..: (Y)JQ)J)}L‘”JK‘.‘
e UYL 4 YO 5IB/P i jilssl 5505 e sdalie

SB35 oS (5o b a2 SUT A 0oy 2alS

\Y’A? )j‘ij‘@":’ 1.\ g)lA..:r 1.\‘9 JLM Ld%‘

[ e it 45 e300

1 - =

Aals A0 s
ALJ,&:‘_ la Lails o5l RS Xy —\"JS.:.

C}A;L’.«J Slhes

s sl 0 e 268 (bl 4 ab g e S 1 5 anily
B S il plad ) S0 = s 4 s iS5 2l
S sl 4 e (VYY) Ko anl 2als 0T s (Cu
(MY S als a8 das e OLES (G =Y) K 558 0 i
SalS ol ol sl als o8 Ll Jol sl s S
534S el S0 A eyl alssl sl b al;
e 330 53 4 5 sb0len el 0l o3l OLES (L -Y) S
G 0ad o S A el Jill ele s oLl 5
el 035 01 53 (UG 51 S5 o3l plat L)

Sl ol Csl Jla 5 slaadls o3lll Lals
Ol o b WSy sl Sleis (nlpb 358 0 XRD sl
By adly ol s e gl (5l Ol e 4
S b e Gl L el oSS e Y [W]es S
35 Rl SVl 5,8 sl 0l Sl (3L
Homs S Dlomio Jolsp (Sanls 2l 5 Jos S bl
Gl Sl EalSs 0 e O Jbs & 5 cilises bl s
3,03 355 55 XRD

Gleles oo Laasls o 5 o3Il 3 dsles 3l eslizal b
55 Ladls o310 ol ks Kigy el o 4 05 Shal Cilasts
dslee oS ol S5 w3V Lo sl asls 0L (1) S
e 0,855 o Ol S S s S gl sl 558
Dalas 53 Kaal K2Vl (258 50 Cdls a8 L 5 035

sl Cows 0 ladils o3Il 1 ol o 4 S L s, 3



BI5
I, R o N Ay

b
a EI1s
s . L S
E10
"‘w s P _’_,-\M__H__H__,_.-'M__,_ﬁ,_
|l|l|ll!I|l!ll|llll|lll!|l!ll|IlFI|llll|lllI|lIl!ll!ll|llll
40 ol 0 50 oy [AT1 1M

iz 5o g 4 AP Gl Lok A5 5T slajo g a4 by oS 5 B s K -0 K

M5 ST Sl 03 Skl Oloj 36 —¥-v
il o 53 03 Shal o 0315 ) Sl ey Sla L
¥ s by ye (XRD) oSSl andl 3 sl S0 SUT 5
ACLS slaas sod)eln VO 1/0 sdidlw] Oloj b & 5es
() IS 23 S )3 s 3,5(1CT5 51C5.5 AC3.5
s casge bl cela Y alob as ke opl gl
aged Wiy aar s LBP ol i (gl Al (55l a0 5e
Lol oS L S sl 51 (SOl e 8 3 0l andls
Y0 3 e JS0 Sy &S 35 e alade (B) S 4 4 g
el /0 51 e 5 0dd Chas Sl 03 SLul sl
Gl eSS sdias 0L &S el ol Gl LS 5k
S o A 1 e ol 58 ST S, L sl 0 o
o 3 e (YY) e Ol i (I -V) S s
B a5 bl o a3l OLES sk IS5 SWT A
G35 Sl S8 Ol e S 0e s sad 5 ST (sl ol
JUisl as ,owie 48 dnl e BT 3UT A5 adyl Jo1e s
ad o ol Sl ey 5 255 S SLlss e LSy
Ol i (0 =V) s s il e Gl S 5se bl
o313 OLis 03 Sl s slgile 3 e (YY) Sy sy
g 2alS Sl S sl atmsm Ll3l Ol 0l
el sl S ST W5 6 03 SUl 5 4ils o500

VY Ola) ¢ Jod d o 0 S > 0 2 3 B/P (ghn )3 00
Sl Js 3 cpl 5 b o el Ao 3 T e 5 Ao s
B/P s s Ao il bl L YOy an d S ol 5 &S
LS s Yo L SLIT A 5 Ol ¢ d oy
YO SIB/P s Sl L S Ul o S b il
Olbey Bl i B/P 36 (o plol sleialasl Jasl 15 53)
Sl > @815 53 () S 580 5l Sl SUT sl
S5 Laad S g s 35 oS o e w B/P L
3550 5l U 2l S 51l miey Ladl IS i
Y Ol i 5 osde hds BB o)lns 5 on 4 8
s b e A BP 25l b clite g3Le3UT (6l 0
oSN basl ol dal 5 (gl et 5158 sluasl ol
s Bl 5 s 5 Sl oo (Ol alaions 5 Ladl 4IS
g dal g ogline B/P 36 Lyl 2
SLa 505 3l €503 4w (XRD) S5l 55, 3l sla S
o303 QLA (0) JSb 53 oy 3550 Sleialasl s ol ags
Ladssad ol aan 3 553 o da>db a5 b olea  Llelss
S Cu a by e S L 5 el s elS (53U
oY OLa3 YO a Ve SIB/P Cod (Rl L cnl by 355 e
Sals cele 0w cell V10 51 (lesWT ol LS (¢l

Al

\Y’A? )ﬁj@"z 1.\ g)la..:r 1.\‘9 JLN Ld%‘



L
miw @M
= = 101G
L]
[ 1
. A . Jss
1 2 y ol
1S
™1 [ |
|= ,n =] .
U Fal
o - 1015
a : - gl
B 4 0 b w0 [xTl o

S35~ S — e ($39 o3 VY IPACS 5 L spo g bsbie 4 by oSl 5 B sl S - S
GUT W5 5l 03 90w) 03 S bl ilisue slgile; )

1.0
-0
0.8 et
f LT a = -
0.6 .
£ Pl
4# 0.4 L’
02w "
0-0 T T T T T T 1
15 25 35 45 55 6.5 75
(cr.l..u) O
(&)

Ti.E
. e
= i E
.
e Ti4 Y
=
AT
iz dss -’
—
i
14 1 bl [}
om0
(<)

03 Sl Olo) Sl b s (YY0) Ky oo Ol i (B -V 03
G JSS3UT M5 Slaj 03 905m0 53) 03 Sl Bl Sl 31 b e (YY0) Ky by Ol i (@

):jQTQM&EthMéL@Jh)’ Aol 55 (guls 5 dsal
ol 6l Gl e 5 el Gy w0 sl ¥ (HIT) & 505
Al es a0 XRD iolasl e (55 5 45185 Ol
OLas (A) S 53 ek pd ol 0 b e X (35 655!
Sydge et S8 ol 3 &S sboles Ll sl el
S el 0 (S Lewl Oles L B25 4503 XRD (5 Sl
Les ol cela ¥ g 8ul Olas L HIT 40 50 4
35 e sl Dl e  HIT w50 50 S sl
Sl S 0As Sy Cle 4 Ll e a5 sl B25 45l
el L ods 3LIT 0Ly zals s L HIT7 5L

\Y’A? )ﬁj‘@"; 1.\ g)la..:r 1.\‘9 JLN Ld%‘

05 e Sl S slaasils ol o s (V) Jgde o
S bl ol 0l o3ls OLES SUT W5 b 03 SLl

] J.:A‘)JL AR PRty als oj‘.,\.;‘ g—.’.f‘"‘s JJ.ZL;G odaline

Sy g Mg s s, 5 SO I 8L -
2o JS5 sl

P Pl gl S e S0 oy S L

3 m g So SO 3l ST i) 4 s 5 3L

S35 = S5 = e 35 ko3 VE VIS4 S 5 L (HIT)

slml G55 L s 15 B25 wsed L OLSS Ll 3 s



(5T yog ad g lo) 03 5dmee) 03 Slowsl lises slgile) 53 ool s 4 &ils 031051 — ¥ gt

|

(e $b) &ls o310 (cele) 03 Stwl Oboy | 4405 S
¥4 \/0 1C1.5
V¥ /0 1C3.5
V¥ oo 1C5.5
V) N 1C7.5
]
. _.-_.-' x _l-__l]_?

| ~ B2s
.,__Ff'l I"L_,_,,_p-'"l*l"-.,___,_ﬁ___,._-.__"_.ﬁ.._-" o ___,_.__.M

40 bt} ]

40 Ta [l Jun

(sl s 2 b g2 0 Ky 40) s pleand oS 5 L 3UT slaso g & by o 31 a1 -A 2

2B25 3 4 das e 0lis (05,5 Lwl cslu 53 5l e
S LaaV 2H17 s Ll ol a3 S IS slaY ksl
g_.:)jg_w);-:ﬁﬁjw.Mszs dﬁéuqyj'\]:s;l&
3548 s e 0Lis (03,5 Ll sl a3l ao) 3H17
DL 3H17 DL dgb DL Joledd R G Wy “ LAA_,‘Y 3B25
S5 L ol 5 ey 51 LB LY leds
;Pdsj\ssﬁjl_m_ﬂ‘_éi}‘_@)sﬁ&w
)Jﬁ@bb@&—w}\fﬁfﬁ\&)}&w)}{?&f‘jw
(03,5 l.g_..ui el ¥ J"‘) 4H17 34B25 slada gl
j.\_ﬂa.\_& =0 Ol Lhd.;y 4B25 B ASJ)MLSA odalie
S5 Ll s Wl 3l L Y Sl et
4HIT s Lal 5,5 545 LaasY g_a.b-&u):uf.@.adihw

sl )y L;jl_zﬂjsﬁjué)&ﬁj\)blsd| oY el

Yoq

lis 3 6oy oS sl e cpl o Llg e SUWT 5 Zn lie
Al s ol lay s eSSty ) LS s e
F A sl 1 = 35 Glemt 53 SSIKe (LU
S Olye ) S S 5 SUT S p 8l 558 e el
Sesti ol L OF o (=S 5 e Jslis 53 5,5 03l
B S O e 2050 58 s SN S S
T Ol s S S S islas (1) S
S s o OLE 5 THIT 5 1B25 (sla s0i 53 D53 s
Ao g 038 Ll ol 51 g 5 OLSG Lyl 2 5
s 4 5pn 5kt 1B25 3 555 s edalin &S sbolen
J=B LS s i 5o 1S5 D3 5 el ) gl
i ol ol S5 ) Y ksl THIT s Lol &l jaiets
e e s 5 SO slaaY jasis &S g5k

5 Ol Lol 5 53 ) 2HIT 52B25 (slaas sod 555 by

\Y’A? )ﬁj@"z 1.\ ;)Lo...:r 1.\‘9 JLN Ld%‘



=R

.bb;\:-wib,ﬂj\.e)b‘}géjdjjhﬂsﬂ“)é

esdle ST LSS (sl 3V 0l Blas 5 ol e
315 (o 6 Ll gl 2l w0 SUT oS 5

o o Lyl JS0 S 5 s s deaun Rl Bl Y

Sls o3Il o 2alS 5 03 S Ll Oley Blus 2als

O Olyme & adsl byloe 55 (655 (Al 25 o Sy S

Gl ¥ Olas s Eel G cpl ol 3 55 ds

\YAP )ﬁj@.j ) ;)L«.«i’ AVd JLA cd)ﬁ.&»\

Ll s oSl celu f 5l K5 0l 4 .ol
53B25 4 JLs s e 0LL w H17 (g5le3UT ) S

033 3UT W g s e Gl al> e gl

‘5;;4’.%:5 -¥
Sl 3w SLIT oy a0 sske S0 a3 5 -

¥io



S5 05 Sl 8 ps s LB Il S 4l

el 2 556 Vo s g

L;;‘:JJ&
QW|W°Q|;@AJE¢W@)@;|@)@J€
Sl 5 Sis sladss S ol Jlael wls bl o

Sy

—

microstructure.copper.org

2. Laing, J., and Rolfe, R. T., Non-Ferrous Casting
Practice, Chapman & Hall Ltd., London, 1940.

3. Habashi, F., Alloys: Preparation, Properties,
Application, 1% Edition,Weinhrim, Toronto: Wiley-
VCH, 1998.

4. Smith, F. W., Structure and Properties of

Engineering Alloys, McGrew-Hill Book Company,

U.S.A., 1981.

5 ol oSl "tk S s S, oSSl D
”%5}_(4_‘”5;:/‘ L;JJJ‘/[-‘:‘ JH/} Slas/" ‘z ‘d)l’? 4
MYV Olg Olpl o 5 (e oS5

7. Metals Handbooks, Vol. 15: Casting, 9™ Edition,
ASM Int., U.S.A., 1988.

8. Lu, L., and Lai, M. O., Mechanical Alloying, Kluwer
Academic Publisher, Boston, 1998.

9. Fecht, HJ., Hellstem, E., Fu, Z., and Johnson, W.L.,
“Nanocrystalline Metals Prepared by High Energy Ball
Milling,” Met. Trans. A, Vol. 21A, pp. 2333-2337,
1990.

10. Eckert, J., Holzer, J.C., Krill, C.E., and Johnson W.
L., “Structural and Thermodynamics Properties of
Nanocrystalline FCC Metals Prepared by Mechanical
Alloying ,” J. Mater. Res., Vol. 7, pp. 1751 — 1761,
1992.

11. Gaffet, E., and Malhouroux, N., ‘“Nanocrystalline
MoSi, Phase Formation Induced by Mechanically

AR

AL als ds s YO SUT s

Olej Lals Eel 3 s am ad 8 S5y s R T
53 S G ol il s 55 s e SUT TS
Sl Y 0Ly o S 6 Y0 Sl s 2 w0 8
FYIRE )UT&&J

(=58 A3 PAL Sl (6535 bslses 5,50 53 =

o3Il Blas (g5, Sos Ao 8 5 IS5 Sos des VY

&l
Activated Annealing ,” J. Alloys Comp., Vol. 205,
pp- 27-34, 1994.

12. Murty, B. S., and Ranganathan, S., “Novel Materials
Synthesis by Mechanical Alloying /Milling ,” Int.
Mater. Rev., Vol. 43, No. 3, pp. 101-141 , 1998.

13. Froes, F. H., Suryanarayana, S., Russell, K., and Li,
C. G., “Synthesis of Intermetallics by Mechanical
Alloying,” Mater. Sci. Eng. A, Vols. 192 — 193,
pp- 612 — 623, 1995.

14.Koch, C. C., “Review: Intermetallic Matrix
Composites Prepared by Mechanical Alloying,”
Mater. Sci. Eng. A, Vol. 224, pp. 39-48, 1998.

15.Nasu, T., Tokumitsu, K., Konno, T., and Suzuki
K.,”Reducting of Iron — Oxide by Ball Milling with
Hydrogen Gas Flow ,” Mater. Sci. Forum, Vols.
343 — 346, pp. 435 — 440, 2000.

16.Koch, C. C., “Mechanical Milling and Alloying ,”
Mater. Sci. Tech. A: Comprehansive Treatment,
VCH Publishers Inc., Vol . 15, pp. 193-245, 1991.

17.Dong, Y., Ma, X., Yang, Y., Liu, F., and Wang, G.,
“Mechanically Driven Alloying and Structural
Evolution of Nonocrystalline Fe ¢ Cuyy Powder ,” J.
Mater.Sci.Tech., Vol. 13, pp. 354- 358, 1997.

18.Pabi, S. K., Jordar, J. Manna, 1., and Murty, B. S.
“Nanocrystalline Phase in Cu-Zn, Cu-Ni and Ni-Al
Systems by Mechanical Alloying”, Nano Structured
materials, Vol. 9, pp. 149-152,1997.

19. Pabi, S. K. Jordar J., and Murty, B. S. “Formation of
Nanocrystalline Phases in the Cu-Zn System During
Mechnical Alloying,” J. Mater. Sci., Vol. 31,
pp- 3207-3210,1996.

\Y’A? )j‘ij‘@":’ L\ g)la...:r LY? JLM LdM‘



