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Mechanical alloying of copper-zinc powders
at cryogenic conditions

ZUO Kesheng, XI Sheng-qi, ZHOU Jing-en, LIU Guo-yuan, ZHU Rurhua
(State Key Laboratory for M echanical Behavior of M aterials,
School of Materials Science and Engineering, Xi an Jiaotong University, Xi an 710049, Shaanxi)

Abstract: Copperzinc powders were milled at — 30 C, — 20 C and room temperature for 10 h, respectively.
TEM, X-ray diffractometer were used to study the micro-morphology and crystal structure of the powders. Cryo-
milling at — 30 C without PCA( process control agent) can go smoothly because the plasticity of the powders is ap~
parently reduced. The flat surfaces of the particles indicate the brittle fracture process. But milling under the other
two conditions can t go smoothly without PCA. XRD patterns show powders prepared at — 30 C and room tempera-

ture consist of a phase and Y phase, but powders prepared at — 20 C consist of a phase, Y phase and ZnO. When

milled for 24 h at — 20 C, powders consist of a phase, ZnO and an unknown phase.

Key words: copperzinc alloy; cryogenic; mechanical alloying( M A); high-energy-balFmilling

P& &0 02 20 tHEAE 60 AFARIE R 1 —Fids Kl
MTAH R ER, HIRHERR SR AR E T M e Bk
PEHUREREE, MR AT B a7 4 R B
FEAZ Wi R, HFRAEE R T BEIE
WHI—FHEOR . B E B Z BN BRI, KER
WHRR e R IR A &A™, FEAMREN A &
WITERT 20 A0 80 AR, EWAEX—J5 it H
AR HUBA <A T EAAS 32 A & B B 161 1 4% s h

KEhr M EE R KRR aw ™ .
TR AR FIITEBOR, EHR T R REER A AR
VEFIBR, BREEMARER REBERZ, WA
REFETIF, BREE LR W vk 4k 83t AT . IR 2 511
FERREE IS RE P B TR R BRI, FH BB ABr i 2%
T E BB A, 7 A7 1 55 W A I8 Bl 51
i, MR mEHUE SR E" o 5E IR,
BIARAEARIR A TR R, TR THRERER K

© H&TH: Wi TR B BT H (GG04057) ; &5 =R 4 35 4 % B I H (20040698053); #H H A # WL E S %I H

(105109)
Weks B3 2005 = 04 = 22; 51T H#: 2005 =07 =07
VEZ TN ZEATRE(1976 ), 5, WiH@Fsed

WIRAEE: ZEnT Bk, il 029 ~ 82675069; E-mail: zuokesheng@ stu. xjtu. edu. cn



+ 1578 o E 4R

2005 4 10 H

A, NI ER R i 2 15 B P2 e . (R R T AR
I B AR, AR TR & SRR
frde . HEIRHUR S S AL, (RN &
AN BRI R R R, AT s> TR R s 4 .
ASCAEE ] BAT TR R RERR B AL, JEHCRAECK
[ 9 P R B~ 1 R AR R BEAT T I RE BRI, A
FI X SR EATIM G S B 5 b RIEATIT L

1 5

1.1 SERITE

B4l N 99. 5% Cu « 95% Zn 1% 5 250 %1 60%
Cu40% Zn 1R AR BRI IE 4324 3 4, A Eife
BREEHL, 27— 30 C .- 20 CUAK i T AT &
REEKEE, SLIGSHA TR 1. BREE( K 1) A AN,
PEFEAT IR Crl15 Hizk M, R BEAN 6 mm 1
GCr35 BliRINERVE N WTBEBR, BRBHREEE N 11 1,
H3H R 300 1/ min . BREE I FRAE Ar SRS AT,
DAV RS A A 8, 3Bt DLSB ~ 5120 KR4 HI1E
IRV HNBREEE, 3 5 FFSE 00 R KV 2R 0 . R
FH 0 E A A 0 B B G P VL

L1 3B AR LS
Table 1 Some experimental parameters

of three sample powders

Sample Temperature/  Milling Cooling vessel

PCA
No. C time/ h method ¢
Ethanol
1 - 30 10 thano
cooling

Ethanol 1% Stearic

cooling acid
3 17 10 Wat.er 1% St'earic
cooling acid

1.2 ik

KHH X5 2 AT SO AN TR R BE T BREE R K 1
HRGE AT T 4081, U284 Rigaku D/ max ~ 3C
BIRTHAL, R H Ko 5E4F, & 40 kV, & 40
mA . 148 Voigt FiEHEH RN, HopEk
7 0.154 06 nm . FH JEM ~ 200CX 5437 5t 51
XTI TS0 S AR LG A AT T 40 #7

2 HiR5iTR

2.1 FHALEA TR
Bl 2(a) BT NARFIEAE T 4 F Cu-Zn By K EK

Crygenic
SENSOrs Argon

Ethanol
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Fig. 1 Sketch of attritor mill vessel
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Fig.2 XRD patterns of copper-zinc powders
(a) —Powders milled for 10 h under different
conditions clarified in Table 1;

(b) —Sample 2 milled for different time
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BE 10 h BRI X it . i mr W, 78 3 AR
A 44 FEREE 10 h 5, Zn FREWM TS, £8] Zn
CLAFET Cu W . Cu VERISRSE W E D, H HATS
W TEALIN G B 52, AT S W I B8 A2 Bl T ok 4 40 N
P A TEE R A . 15 L3 SRR adiFID &
B YARAL R, T2 SR (e Y AH L ZnO AR

AR AT 4, R 60% Cu-40% Zn —. G
RYPHTAE B oM K v AR . AR IR LS T 45 45
REME Y E . Pabi 550 R AT 2 X BR B HLAT
CuZn ¥y RHAT R REEREE, MATAh, BT Cu fE
Zn PP BARBGE KT Zn £F Cu T HLREL,
60% Cu-40% Zn —JL RN A g, B
BUE B & Y, AR5 Cu ME Zn MY HL, TEECE 1
A, Bl: & y-B+ a—a+ ZnO"Y

BREESFEH, Zn AWIEW T Cu ¥, B3 Cu
B AR B B OR, TSR 20 [a) /N A FE WA . ASHIT
03 MEOLT a0 B AT S K A BE WS, a. v
P RIE Ty ES, MHE T . DL afHEE = akigh
B, Bl 2(a) % 1~ 4 53 a1 20 53710473, 847 .
71.76° . 72.36° . 71.78°, R 1.3 SAFEH Zn £
Cu FHEBE ST 2 5 . ERIXFZE R IR
K2 2 Sl A, Zn BREET Cu B afll 5 Cu
R T AL & CusZns 4b, B 8B 7 # AL 1k
Zn0 .
WRYE Voigt 7VE " THE 1~ 3 SRR SRR
PRI 19.1 0241 F121. 4 nm, SRR AS R )
0.121.0.096 A1 0. 108 . A WLk K ~F 5 Zn 1)

] v 2 2 AUAH DG, T AR A AR K /NE S Zn 1)
[E 2 IEAHSK . Pabi VY [T FLR W, BREES] 6
h I, R RSS2l /D, MBI Cu o Zn 1B 7 &
K, BEEEREE MG SHEAT, Zn B TE R ZnO,
AR ST R HTAR K . 3K A IR ST TR 45 AR AT .

A 3 HRFE, #HEILT a. vAH, HIHFR
A BMMIHIL, X5 Pabi IS AH—2L, H ALK
AR AR WL b 75 ik — AT

K 2(b) b 2 S FEEREE 10,15 .24 h 19 X 4
LRATHTIE . T, RS EREE R ZE K, ZnO
FHLRSE 0, BREE 15 h B, v AHIG SRS 00, 7E 20
h 40.26° Kb HIRL T AR AN . B 24 h B, v AHTH R,
ZnO FHARSZIE I, HZ=Y)h a « ZnO FIAR AN
.

2.2 HLJEHFFIE

Kl 3~ 5 fianar 3l - 30 C.— 20 CRIH R %
PEFEREE B K16 TEM 18 K B F AT 5 o% . B T
W, — 30 CE&MT, ok SRR S BR, SRR Bk
KRATLE 60 nm 7245, RATorAiAs), BRBb B
A 40nm A4, KESMEEET, KHFTE
240 nm . FRAE AT L RECPRE, BHEARE 5%
FEEEAN I

WIREREM K5 - 30 CL&AF T EREE R A AH
8, RAFAE, H30~ 100 nm %5, {HEE- 30
CHAFTERE R R4, HBR TR EARNK S
REFRDR, BT ERmBEREB IS, BRES

K2 RS ERAR(220) L Voigt B HGRR M
Table 2 Data of peak (220) of copper-zinc alloy powders for

voigt function calculation

Step M easuring and calculating items U nit Sample 1 Sample 2 Sample 3
1 B mm 1.56 1.26 1.40
2 2w mm 1.516 1. 200 1. 380
3 20/ B 0.971 795 0.952 381 0.985714
4 K 0 0 0
5 Bg/B 1 1 1
6= 1x5 bg, Bg mm 1.56 1.26 1.40
7 be= Kx sqrt(T) x bg( B Bg) mm 0 0 0
8 Bg= sqrt(Bg x Bg-bg x bg) mm 1.532 161 1.225 364 1.368 911
Be= Be- be mm 1.532 161 1.225 364 1.368 911
’ 0 1. 264 666 1. 266 062 1. 264 666
10 L= ¥ (Bccosh) nm 19. 112 84 24.004 22 21.392 15
11 & Bg/ 4tan 0 0. 121 066 0. 096 354 0. 108 167
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B3 - 30 CEREE 10 h BRI TEM 8 JOEX i 7 A7 5T %
Fig.3 TEM micrograph (a) of Cu-Zn powders milled
at — 30 C for 10 h and corresponding SED pattern (b)

Bl 4 - 20 CEREE 10 h BiARHI TEM R & IX i 7 A7 511
Fig.4 TEM micrograph (a) of CuZn powders milled
at — 20 C for 10 h and corresponding SED pattern (b)

BI5 Wi TEREE 10 h KPR TEM 18 JOE X oL 7 A7 5T %
Fig.5 TEM micrograph (a) of CuZn powders milled
at room temperature for 10 h and corresponding SED pattern(b)

ReRk R HAbHE  HrE R SR . R 3 5l
£ 10 h BREEJ5, Wi 5 1R1E I R IE 3P4 .
5 1.3 5 ML, - 20 CRIR BR B ok ]
PR, K21k 30~ 40 nm, kL S FERCR, {HR
HIL 1 SRR R, R B AR A EIRIE .
BAR- 30 CARIR AN I 72 2 1l 77 3k B Jh

RARECK, o Anva A, (HAR R WIRIR oT 4 2
A AR L S Bk, S04 2 B s SR B AN R 2%
N, AEER I REAG DURAIEEAT; - 20 CIRMRAS i
R T 71 b B0 10 0GR Tk B o o A A o I R 42 1
FIEREE AR TR, HZ, - 20 CIRIEA
VAN DI TR 22 T 70 o e R D) 2 R 4 AR A P i e L sk
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T AT ISR, 3 R4 T SR BRI 8 &
SRR faRL BN O SL TS5 . #E Cu v Zn TG
RGH, R o HD A, B, X SEATH
TEITAFH 4 AN F N akfE .

2.3 it

X SPERATHT A5 R, 15 3 FPAS[R 1) S5 41
T, 1~ 3 SiAFELE 10 h KR AEERE S Zn B E
WA Cuh, B3 afif v4H, 2 SRFEPHIT
ZnO 8 . 76 X AT ks e A, 1.3 58
FEFFAR KRB ZnO HZERL, 1 53RFEd v AIRT SHIg
SRR 2 55 3 AT . Zn0 AR ATRER =07
R A BREEEET, BRI IENKEGE,
JEERICI i Jy Zn WIAEALIRAIE T O; MIRE T35
WAL . T 3 A SR PR R BR IR FEAME TR, BRI
Zn0 WA BRI RTHEE B VKR . TEM
SFTEREY, 2 5 R B, ARt R
.

AHE IR T 60% Cu-40% Zn H(o+ ¥) M4
B . a AR Zn 75 Cu W IE AR, hTHOE5H; vAH
N CusZns, AMDEH  ARIRIREEE S o, v HH
HAF, TIEAREI B . X5 Pabi K& B A —
3, BREE AR A EARAR AR N v T — 20 B SE e
RAFH .

BREE AR rh, A0 B Bk 4 o A R R e EAE
T, BMRERREZY KRS, WHARKRRHTT
MHEZZBRERIRALR, FRAOAE . SEH AR
MR RAR, GRENER, IR MR T HOH
I FTRRAR, R0 A 5 Py Sk () 87 THD 80N o T
REFEFE IR E L PR TR AR R, FHIb
Ky A B R T B ek, AT DL 78 3 v AR AR Y
FITr= A2 RS BRORG BEAE . B 5 BR S 1L R 1) 4k 22 3t
1T, MARIIIBYERTE AR B r= A AW R, Bl KA
Wigd . IR S IR AL BT, SO R A Bk R
TR AN /1N . OB () e 2 RSB T A IR S WL
SPAET, — 20 CARIMRS ek R 42 i 77 b 5 4l 1) IR 3k
P B RN T R 2 ) ) BR B B A R TR AR Y 4
1. Wl A SRR — SN Bud i, B
BRIV S BEEET, BRI RSk, B RE
Y aR NI RN 5 S A N T T R N i
FER AR EIN T KEIBEE, B AR 1 & Vg
REX N . MyEfL R B — AN, Zn 5 O &
AR AR RS ZnO o H T A 30 S5 R B S R LN,
IR X S BRAIE R o 2 (1 I (D YR T S M AN K, 1 o) 4

P AR g AR R R VS AL RER T i, DRI, R
EREE AR X S EATHE IR I ZnO .

3 e

1) - 30 CAKM AT W 2 FFAIK Cu-Zn & 88 K1)
I, AN sk FE g 500, BROES o A AT A 3t
1T, WORCRIN-FHE, SHEtER R . - 30 CIGIR
BREE 10 h F=# 0 (o V) #H .

2) - 20 CIRIRAEE I ZE K CuZn &M K
M, AT R SRR, A RE R TR, BREE
HREARREAIHEAT . B R HIR G, Bk
A BEAT, BRI SF B/l o — 20 CEREE 10h =404
affl - YAHFN ZnO . GRERERBE IR A TE A a M - ZnO K
REIH

3) fE- 30 C~ HWiRJuHE A, (R . R 6
7 ARG BR B I R R VA R SON A B T RIE A,
XF eiRLFE (AR AL SE AN K
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