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Fig.1 XRD patterns of CusoZnyo precursors sintered at different

temperatures

F 1 CuzZny BIRAEZHER

Table 1 Content of two phases in Cu3¢Zn) precursors

Phase content, /%

Sintering temperature/'C

CusZng CuZns
400 83.1 16.9
450 84.1 159
500 89.9 10.1

B2 NG T R4 CusoZng, W YRAA ) SEM [ A
Fig.2 SEM images of CusoZn7o precursors sintered at different temperatures: (a) 400 C, (b) 450 °C, and (c) 500 C

R 2 CusZng BIRKRERFLILE

Table 2 Micro pore size in CuzpZns, precursors

Sintering temperature/C 400 450 500

Micro pore size/pm 1.35 2.16 1.73

WP ARRE S . il EdE—P H 450 CH&EZE 500 C
I, AR b I ISP YR AR e &5, 1 i ) T v U e &5
R S AR AR Y, ROKRALILAR R 450 Chesh
BT T Mo FLAR B il 3 73 A A el R 350 5w A
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Bl 3 g AR BE R BE 45 T 1S CusoZngg BT IKARZE 0.1
mol/L 2 i & 42 5 1) XRD Kl . ml LU $) & 3% b
Wy Cu g, HAAKIRAELEA D CusZng FIFTHTUE . 3
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Fig.3 XRD patterns of Cuj¢Zn7o precursors sintered at different

temperatures dealloyed in 0.1 mol/L HCI

F 3 CuzZny BIRALZ 0.1 mol/L HEEBREERFRERE
Table 3 Content of two phases in Cu3¢Zny, precursors
dealloyed in 0.1 mol/L HCI

Phase content, w/%

Sintering temperature/'C

Cu CusZng
400 83.6 16.4
450 89.8 10.2
500 91.2 8.8

X500

WD 7.9mm

Bl 4 AL R BREG ) CusoZngg HT YRR ZE 0.1 mol/L MR & <) (K] SEM JE
Fig.4 SEM images of CusoZn7o precursors sintered at different temperatures dealloyed in 0.1 mol/L HCl:
(a, a’) 400°C, (b, b') 450 C, and (c, ¢’) 500 C
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Table 4 Micro and nano pore size in Cu3zyZn; dealloyed in
0.1mol/L HCI1

Sintering temperature/‘C 400 450 500
Micro pore size/pm 2.54 3.04 3.61
Nano pore size/nm 79.9 79.6 50.1

50%~100%, 49KFLFLIEA 50~80 nm. i 500 CTHE
S5 HT R B 5 ORFLFLAR I IR B K, 25 A
3 A ENIE Oy AR A Sl R i Zn 2.

Kl 5 ok CuzoZngg BT YRR ZE 0.5 mol/L $h IR & 4 )5
) XRD B 3%, n[LLFE ], CuspZng AT IRIA A 41E 0.5
mol/L ) E: 1R REfS 52 4K Zn JUE 25, AT IR T
G 2 R4 & A& W) CuZns KT CusZng 75 i & 45 )5 1
CHk, BT TH—1 Cutl,

Bl 6 o AR N B4 TS CusgZngg BT IR 44
£ 0.5 mol/L FhIR I &4 J5 1) SEM M v . 8] 6a~6¢c K
AR, B 6a'~6¢" I KB UK G i fis R A
R A R mh m] U 852 B FICK AL AL AR AT 9K A4 B S5 38 K,
TR T, IX 548 0.1 mol/L £ R I 7+ 42 5 Mtk
PR, KA S AR R 5 Pros. Hip
450 F1 500 “CHE 45 [ KA AR A Rl B Eh e vh i & 4
Ja, HBOKRALALR LT %A 2 ez Z{E 2 0.01
pum (450 °C) A1 0.08 um (500 ‘C)), fj 400 °C L4

20.0kV 10um WD 15.1mm LEI

X500

200kV  X5,000

S
LT

PR T SR A B gy A 8 ol v W5 4 0 TICK AL K
KRB ST IR THOW S5 7 G . 450 AT 500 Chedh
I, #8453 Zn SEAGIE ORI, e 45 o 78 1T 9K AR
O IOKR Ay, A 4 SRR B S it 2 0.1
mol/L i& 72 0.5 mol/L, #EE 2L AWK Em
Jg ik, WO S A OK AL RN LB T 400
CREEEEIT Zn FERIEIL, Zn A1 Cu BIH A BURE 45 J5
PR AR AR 1, R4S 5 T8 O i LI, R R
SO B o 46 0.1 mol/L £5 1R rh it & 4 InF, £EFIE

v v Cu
: A I
} 400 'C
E I__A A |
= [450 C
Jl. .JL J\_._
500 C
30 40 50 60 70 80
260/(°)

K5 RRRELEE R B 45 CuseZngo T BKAK 4 0.5 mol/L
R 2 J5 ) XRD B i
Fig.5 XRD patterns of CuszoZny, precursors sintered at different

temperatures dealloyed in 0.5 mol/L HCI
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200kV  X1,000 10pum WD 15.1mm

:
3 3
o #a

1um WD 15.1mm

K6 ANREEE R B4 CusoZnge BTIKAAZE 0.5 mol/L Eh MR & 45 )5 ) SEM I H

Fig.6

SEM images of CusoZn7o precursors sintered at different temperatures dealloyed in 0.5 mol/L HCI:

(a,2") 400 °C, (b, b") 450 °C, and (c, ¢') 500 ‘C
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Table 5 Micro and nano pore size in Cu3zZn; dealloyed
in 0.5 mol/L HCI1

Sintering temperature/C 400 450 500
Micro pore size/pm 3.34 3.09 3.68
Nano pore size/nm 162.6 172.1 157.7

FHTT AR TE gl K LI RV, T8 5 J65 et iy 0K 4 o 2R
WO R T ORI o 17 JE3 Bl A FE 39 28 0.5 mol/L i,
Bt A 4 AEAE ORI T B R o, 3 — 2k LR O
HRANK % FLEH, MIMTEE 0.1 mol/L 38 fli & 42 5 1B
FRCK LA T 33— 3K, B KIS 21 T 214%.

R FLALAR B A = B R RS, AT IRAATE AN AR
JE P JEE T A 4 B AR S B (RN R . A 0.1
mol/L #hFRIUEAT WA 4 nF, JE a2 2~3 d, B
Zn FFARFEAM L, AL M T IR IR ERAL, ik
2~3 d JaEA AT B B AR . T AE A 0.5 mol/L £
FRIEAT IS 4, o Zn SE4 i 2 Ae 9% 7 K a),
JEE BT (] 24 7~10 do A5 4 I 1) 8 K 25 08 i oK 2 £
SERRAL, IXOE M T AR g R T CUnid R g
B, LRI Gk i WA, HAURSLALAE R
i 1 B
2.2 CuseZns IR FHIESEREETH

7 AN JE R Be 4 TS CusoZnsg HIT IR A4 1)
XRD il R Zn i Cu [REERLE N 1:1,
CusoZnso B IEAAH R A #.—1) CuZn AH.

Bl 8y AN [R5 45 CusoZnso HT JK 44 () SEM
o HABMIEINE CusoZngg ATIRAEAL, 400 ChHeds
(TSR A o HELGCK BIA1, I AE 450 A1 500 Cheds
(R RT IR A e LS BB RO . R 6 ST
CusoZnso BT SRR FLFLAR, HAR AL #A 5 CuseZngg
HEORAR 2, 390k BER R T i S R N . S5

. e
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R AT LLE W, RRg RN T 2 Bl o e Ag HiT 3K
AR T S0 1D 5% Mo A 2 — B0 o

1 9 24 CusoZnso B SRAATLE 0.1 mol/L 2518 v i &5 4
Jf XRD K. 5 CuzeZngg &< )5 AR,
CusoZnso i & < Ja 2L XRD K3l 3084758 CuZn 41, H
JEALE S0°F1 74° 40 HILIRA ) Cu V.l ] S0 7 i &
SRR Zn B PRI BEARAC, REAN 1 Zn ST EA
PL CuZn I TE A AFLE .

Kl 10 ik CusoZnsy T JRAAZE 0.1 mol/L #: R it
G&)5 SEM . Bl 10a~10c MR,
10a’~10¢ 4 Sk W) 45 TBOK G m fi o AR By 8o
TR LR T R A b A P 35 R HL A WY S R ok
RW)as, AL SR RO 2 Y CusoZngg i SKAR
B & JE MO TE S 22 58K CusoZnse ISR i &5 4
Ja o JEOR B G oK) AL B = A R S K 2 AL
ghik, FURTERCK IR R B BN 56 4% 6 Tl ) el
oo 454 XRD 5 0I5, CusoZnso HIMEA 4 R A AE

- a CuZn
=
8
z . F
S[0T l ”
= - A
450 °C
A »
507C ] ] )
30 40 50 60 70 80

20/°)
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Fig.7 XRD patterns of CusoZnso precursors sintered at different

temperatures

LEl  200kV X500  10um WD 148mm

Bl 8 R[N FHE45 K CusoZnso BT R4 K] SEM T
Fig.8 SEM images of CusoZns precursors sintered at different temperatures: (a) 400 C, (b) 450°C, and (c) 500 C
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Table 6 Micro pore size in CusoZns precursors

Sintering temperature/C 400 450 500
Micro pore size/pum 1.94 2.19 1.99
a CuZn
v Cu
3 N
§ R 4 A Y e fl,
= [400°C
=
2 L_A__.A__A_A
=
— 450 C
Il e J\
500 C . . . .
30 40 50 60 70 80
20/(°)

Ko AR FEEEE K CusoZnso AT IKAEZE 0.1 mol/L £k R i
G4 1 XRD K%
Fig.9 XRD patterns of CusoZnso precursors sintered at different

temperatures dealloyed in 0.1 mol/L HCI

PRI (21T, I FLB phadb AT IR AR DAL AAX
AR TROK LI SLARAT B I A, JFR £ LW (1 Zn T
HERANK 2 AL R X I 22 5 ROk BT AL A

¥
NONE SEI 10.0kV  X20,000 um WD 7.9mm NONE SEI

100KV X500  10um

[ 11 3 o P S5 AT 4 2 5 6 7 DR CusoZinso M B 42 JE 1k
KALFLAR, 500 “C il A h GOK FLIS R 55K, 20 76%

B 11 4 CusgZnso 3 0.5 mol/L #5124 42 ) ik
FEM XRD K. B Cu ) 3 MO &4, %F CuZn
IS L . B & 4, PR A&
CuZn #H, Zn O824 FH—1) Cu AH.

12 Itz 2k CusoZns I RAKZE 0.5 mol/L #: 1R i
G4 )5 0 SEM IR, R 8 B H T HOK AL 5 Aok FLALAE .
A E B HRHCK LS 9K AL O 5 1939 5 CuseZngg I
GraJE AL, ChRiEZE Z{H N 0.05 um (450 C)H 1 0.01
um (500 ‘C)H), 400 CHELMIATIKAL 0.5 mol/L R
JEE EEE 0.1 mol/L #1881l B TR AL A i 1
Ko ORI BT BB R gk 2 L5 .

2.3 Cu-Zn BIIF{KEMITA

2.1 F 2.2 SIS R, AR HMGKRIE (0.1

mol/L) #HMRF WML A 41, 2 Pl 43 i Bb 1) 7 9K A4

(CuzpZnqo~ CuspZnsg) MG E4REZRE R, Lt
JE3 T I PR A A AL P 2 K R T B, 0 S 7t
BRI SR AN 2= E . R A 9 R H A 2 T
VRS 23K 2 w947 It A 0o R o AR AL 22 AT O

B 13 4y 2 FPATIRAALE 0.1 mol/L i+ (A Ak th
SRz, HERTI, CuseZngg B SKAR R JE 1l A
REHRART—0.6 V, T CusoZnso Fif 50 44 (9 JE5 ot i A ) vy

WD 7.9mm SEI 10.0kV X5

< le I}
10.0kV  X20,000 1um WD 7.9mm NONE SEI 100kV  X20,000 1um

Bl 10 AL R BR G CusoZnso HT YK A28 0.1 mol/L & MR & <) (¥) SEM [
Fig.10 SEM images of CusoZnso precursors sintered at different temperatures dealloyed in 0.1 mol/L HCI:

(a, ') 400 °C, (b, b') 450 °C, and (c, ¢’) 500 C
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Fig.11  XRD patterns of CusoZnso precursors sintered at different

temperatures dealloyed in 0.5 mol/L HCI

X500  10um WD 15.1mm 1]

200KV X5000  1gm  WD15.1mm LEI
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Table 7 Micro pore size in CusoZns dealloyed in 0.1 mol/L

HCI1
Sintering temperature/C 400 450 500
Micro pore size/um 2.49 2.97 3.50

103V, BAKEWIE R T . S R AL
BT CusoZnso i 9K B0 M\ J ik 308 3 00 2 A o 86 1 40
Hor AT, AT LA B A OK AR ) JE kR R A R, TR e
A A, 3k 9 Pror. CuseZngg Hif WA
JE§ I s 76 KT CuseZnso BUIRAR, PR AHZE 1 AN
HRLL L. 45 XRD S8R5, 102 1 T AN A i 9K
PRAE R B <52 0 B B T 8 it AR AN IR T 3 CusoZng
HEOKAA T CuZns RSEHE T, CusoZnso BT 9K 44 T i 1k
B2y CuZn #l. Zn Al Cu fUHBCK AR AL 22 T B0% Zn
AN [ ) ) A 2 TA) A7 A6 5 8 ol e oy R 8 b ) 2 e

200kv X500 . LI 20.0kV X5

X5000  1gm  WD15.1mm 200KV X5000  1um WD 15.1mm

12 RFEEE FEELE I CusoZnso BT IKAZE 0.5 mol/L #5182 i & 4 )5 () SEM [

Fig.12 SEM images of Cus¢Znso precursors sintered at different temperatures dealloyed in 0.5 mol/L HCI:

(a, 2') 400 “C, (b, b') 450°C, and (c, ¢’) 500 C

&8 CusiZns 2 0.5 mol/L BB EERMAKRILSNKRAILE
Table 8 Micro and nano pore size in CusoZns, dealloyed in
0.5 mol/L HC1

Sintering temperature/C 400 450 500
Micro pore size/pm 3.10 3.02 3.47
Nano pore size/nm 182.9 160.1 157.0

CuZns ) Zn MWL 35T CuZn, MR RAERE
P, Hesa% 1 5K 13b 0l &I, 1E CuseZng AT 9K
W, CuZns B &8s, JCRE DAL B, R s
ST o 10 CusoZnsg BT 9KAA L E F—4H CuZn, JLJH
Tt FL A S8 38 5 T CuZns M1 CusZnge PRIGIE R T 2 FlRT
IR AASTE ARG TR P55 5 Tl B 45 42 )i 5 I Zn PR 2 SR RO
UL IR Ay A < S AR S K R A TR
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& o LAY
Fig.13  Polarization curves (a) and corrosion potentials (b) of

Cu-Zn precursors in 0.1 mol/L HCI

[t

%9 Cu-Zn BIIR{K7E 0.1 mol/L EESA R TR MBEREE
5@iEE
Table 9 Corrosion current density and corrosion rate of
Cu-Zn precursors in 0.1mol/L HCI

Sintering Corrosion current Corrosion rate/
temperature/ density/A-cm™ mm-a’
C CuzpZnyg  CusoZnsg CuszpZnyg  CusoZnsg
400 1.71x107  4.30x10° 35.44 0.82
450 1.31x107%  5.72x10°° 29.51 1.11
500 1.52x107  5.96x10° 32.89 1.12
3 &
1) T8k K 4 T2 ] H % H A 2 OK L I i

ARG 4. /E Cu-Zn SR, AWK EC A
1Rledl G A 4 A W B A AL L. CusoZngg BT
IRAR B CusZng 5 CuZns PIAH, 1M CusogZnsg HiT 9K
AN CuZn Ao FRESEE T EUR T Zn I 20, S50
TRRE R AE AN [R5 25 AL 1 I 38 15 9 A R 0 AH 5 5 STl
MIEH ™ 2 5 o

2) WEe)E, WA IRHORALIE R, ORI
WML, HEIA Ik 2 ALas K, BRI
MARE G LI RIKEN 0.1 mol/L I}, CuZns

AT CusZng B0k, 1 CuZn JEHUEFHIE, Zn
TEULR B FARESE 2 i 25, CuseZngy B & 4 4K
Z fLEE R AR T CuseZnses THMR K 0.5 mol/L I,
Zn SE M2, TOKRALEIAT BB OB R I 4K 2 AL 25
), WOKRSLALARZ 3 um, 9KALFLAE N 157~183 nm.

3) Wit i R, AN PR AR AE A J vl b B b
M ZE 7 o CusgZngg AT IKAAH 1) CuZns AH LE T CusZng 5
D ALSE R, 1 CuseZnse BT IR A ) CuZn AHIEE
M, IR T CuseZngg 5 CusgZnso i 9K 44K LL
T WA G o JE el LA ARG L S T R T
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Dealloying Behaviors of Sintered Porous Cu-Zn Alloys

Ma Yan', Yang Qing'*, Sun Shaodong'?, Liang Shuhua'*
(1. Xi’an University of Technology, Xi’an 710048, China)
(2. Shaanxi Province Key Laboratory of Electrical Materials and Infiltration Technology, Xi’an 710048, China)

Abstract: Microporous Cu-Zn were prepared by powder metallurgy, which were then employed as precursors to prepare
micro-/nano-porous coppers by dealloying. Firstly, the effect of sintering temperature on the microstructures of Cu-Zn precursors was
investigated. Then, the phase constitution and microstructures of Cu-Zn alloys after dealloying in HCI solutions with different
concentration were compared. Finally, the electrochemical behavior of Cu-Zn precursors during dealloying process was analyzed. The
results show that micro-/nano-porous coppers can be prepared by powder metallurgy and dealloying. Different sintering temperatures
contribute to the variation of phase content and porous structure of Cu-Zn precursors, which then causes significant differences during
dealloying process. CuszoZnso precursors consist of CusZng and CuZns, and CuZns is corroded preferentially during dealloying process.
While CusoZnso precursors consisting of single phase CuZn show a much slower corrosion rate. Both precursors are dealloyed
incompletely in 0.1 mol/L HCI solution. When the concentration of HCI solution increases to 0.5 mol/L, Zn is completely dealloyed from
both precursors and nanoporous structures form in micro-scale ligaments. The diameters of micro pores and nano pores are 3.02~3.68 um
and 157~183 nm, respectively.

Key words: micro-/nano-porous copper; powder metallurgy; dealloying; microstructure; corrosion behavior
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