Ee2d AW
2023 4F 1H

BARERMBSIRE
RARE METAL MATERIALS AND ENGINEERING

\Vol.52, No.1
January 2023

{25 FB L 51 ) R BT ) 46 2 T BRI RO 5

FRA, MERMY, KRV ENRE M, R, 3R]
(1. B LT RY RESRIELE%R, =/ RY 650093)
(2. EHEEREAWRAR, =/ KW 650106)

O PEWEREAE R RAR AT — RAE 30 pm BAE, FLTAS AR DR 43 B o 7 BN R AIC B o A R, TEE
A TR OISR B Rk AT TR A 2 v A 2 P R S R ] 6 P T B A A K, IR T A2 ORI (] L R T
FURIAR 73 S5 XA FORLE . TR 3 DA T S M S 5 S5 SRR B ML~ SO BT IN () SE 1K, KR 2 B 484 O, R BSCIR
B S B AL RS RN, SR KL RE B D, B BRI OB ROIR B R B L E AN S ROBEIN R4 1 miin,
WA E A 300 Am?, Al BIfR. TESLT 240 F ol 38 P REA 6.44 um, FAEE 0.828 g o™, ZMHE R 4
BORA A o Rt — PRI T L2 - Al 2 O ) S SEAL A B 4 s 2 TS 2B AR A%, AR 2 TR FE iz R IR 2R i

TE U BOAR A o

KEEIA: LAERHIRY, B BAED: MECR: A A B R AL

hE%ESES: TG146.1°1 XkFRIRES: A

X EHE: 1002-185X(2023)01-0300-08

RN A2 FR R AT 10°~10° m A4 K AN
TIOR Hb B PR, AP AR /N RUST R . R T 1 3L
B, BA RGP SRERELF . R LT,
RLAR/AN S T Toiik . RIEDGHE . WEPERE. H
IRAR R 1L, R ARB AT E E AR, E
MT SR SRR AR RG240 460
By 00 P i E BT B AR AR A K 4 T 0,

AR R £ I A 7 5 B BOR — HA S AT
K JEBIFARNST . 00 Bk, AT N LR e, AE
IR A S A, AR GBI B VA B R BEZE 7 10
pm BA (0 SR SURL A K o 768 200 4 K 1 1) % D7 3 K B0RT A
I NEE . B SEE A S, RIIARB T E
SEAT T DA 2 B A BOR 22 7 A o B A
RGBT, TR AR i Y HAL 22k
B e AR RE R, R, KRR AR, (EAELE
B 22 & L EFAE AR, R&Emit, 1TZ
2. S NIRIFUAE Gk i o A2 & T2 73 80
VEE. MR, JLIE. AR FRIEEM L gk
il 2 R B T VL EON A, W LB R R T E S
KM 52 e ) 4 A5 B AR RS L ER UG &,
RIS 355 4 P 2 7= R A o o 3 e 92 o) 4% £ 4
Py ol vy, R REOIRZE ), HER IR, e
o, RS, PR WS TEE, SRR A

YFs HEA: 2022-01-10

PABER VO, ORTR A FU AR T AR R AT
S fr 18, Boz SIS T RIA I SR AE B
ot HA R AR AR ST s, WS R I, BEE HLIR
BRI, Ak RSFRCN, Ak AR B BROR A & 17
ERIRBEAR . 24 B %5 B A\ 531 A -m™2 4 K 5] 3571 A m?
I, W R P YRR N Y 128.25 pm /N A 37.9 pm.
R POV T T T Sk AR S AR R AR T 3B B
i, £ CuSO, 19 g4 . H,S0,180 gL . Cl'10mgL™,
FA B HL 25 B 500~600 A - 261 N 152 T BEEOIR 25
s SFEPREAR N 12 um B4R o 1/ 25 P13 i e 2
H AR VRG34 77 SR RE i, 45 SR 2 B 214 U P47 30 R
WMEHOMINZE 9L mint i, Pk H 3.47 pm 1%
KZ 45.76 um, ik 2RI

o ] AR VR AR PR R R AR 2 A — IRAZE 30 pm DA
b HRARARR R 43 4R TR LE R AR VR 4 U IR N EL MG 1)
HR I 7, TE IR AR HLTE R AT AR P i B
M ok . Rk, AR AR IR AR FH AL 2 - i pk 2 1 )
SRS b 2B S, AR, RN 6 pm A2 A
OB animty, AR RWE 1 s, @ik s
HL A 2 I IR s 7 ) % 15 81 R A AR A o AR T 42
SONERT ] R BA R SIS B 55 T2 2 A ko R 4 4
R . SR UL R g e, 3 — DR T -
HL A 2 13 ) S S AL

EEME: EXHARIS IS (52064028); = R4 ZEMTFFTHRIE ATl H (202101AS070013); = R4 H 5] F:4h 5 £ 15T (202107AC110009)
TEZEN: M, &, 1997 44, fit, BRHBE T RFHREERIE TR0, =/ B 650093, E-mail: 3075086885@qqg.com



H 1

TGRS A sA- A O [ S ) 4 P T G AR BT O

+301-

3.1

K1 HRTTRoR A

Cu grai

€
3+ 4_ Al
Cathode: Cu?*+2AI+4H*=Cu+2AI* +2H,1 2 +2¢° Al

» PreC|p|tat|on
@
Chemical replacement 1 min

Copper foil Al @

Fig.1 Schematic diagram of the technical solution

+2e
@,.
@ @
Copper Al G Cop;-)er foil Al
foil
1 % I

A 5 - FL A 2 T SO 1) 4 R B BH AR A ) s 4
96, PAMCARE: ALBR . ANEEAN, BRI Sm A 50
mm>70 mm, HARFRMEHREEELLZ . B
FEAS FH AT 350 R D ARAT 5 22 R M6 v

A 25 - FL A 2 e ) O 1) 46 R R 1) FL AR VA R L TR
- TR VS A VA R A R, TRC ) LSRR VA Y P A
#4535 gL CuSO,. 70 gL HySOy,,  FELMR IR I JE «
20~30 C, HLJi%EE 150~300 A -m?. PR A 7 cm.
Hky R 1. 10~30 min.

¥ AL ARG N BRI, 2 8RR AR,
RGN LIRS 2 KA - AL F I F RN, -
FL AL 2 B ) e N — 8 B[R] iS5 78 AL AR 3R15 B R 4
By o AREBOIR AR K R F 25 88 1K R0 SR e UK
BB AR A0 5E A by, @k PR USRS BUIR B R
7E 60 CHIEZTEFE T 2 h,

SR FH b 5 A S 56 15 46 28 /) HCT-3 BY #4543 BT AX
(1 Cmin™ MR 78 gt #2 b i B 28 k. R
FH 7 8 B AT AR A3 A R A /AR P2 1 FT-300 & 410
K E B2 PR A, 7E 5 /7 10 MPa, ## A7 78.5 mm?,
Fo (L) VA E — 8 iR T AR S 0 R R

_RS (D
L

Hep, p NHIHZE,
L AKEE.

KA 24 KR A 7 XL30ESEM-TMP i i 1
RAYBETE 10 000 £5 T WL A0 R T 50

7[5 BRUKER /A 7] D2ADVANCE X 28 A7 51X

R ONHLFE, S AT (78.5 mm?),

W AR X AT ARAT A i
2 HR5i1TR

B
< J B N R A VA R R N UE < R (]
BEAT LT A . W TR 2 T iR A AR AL
ANTRL, R PR S AR A B A 0 < R R T I T D A
*ﬁ [22] .

AN, VAP AR AT ) B R B
BA AR 2 1 -

2.1

Cu® +2Al+4H" =Cu+2AI*" +2H, (2)
I, R P R AEBEAT B R BT
FH A 52 N«
Cu- 2e= G (3
A S5 N«
Cu*+2e'=Cu (4)
Cu® +2Al+4H" =Cu+2AI* +2H, (5)
2H' -2e'=H, (6)

BHAR BRI I Cu®* 3 B fE T, [ A Ak 5 7 B50R0 L
0 € 17 5 7% AN T B2 30 B A ) 5 P04 D 435 1 A 7D )
MBI T B A S N A R SR 5 R sk, A
T, A 2 - A S U TR SR R AR B
s, Hor sk sr
2.2 FEIEZXRBHIE R A R0
221 ACFR AR FLZ . BRALEM G A
SR JH By 7R SCIO'RE AR AR 1E 4T KL A% 23 A 73
B, A BFEA R SSEIN (] (3503 F R S A o
SR TR], TR SCEIBR A 2 SOSEINS 8] ) 2% T 4B AL
1B 3 A a5 R AR AL 2, & 2 o



302 - WA & RBMES T2 52 %

10
a
o 0.05+ 'b
<g 9 /
E’ 0.00
2 Ss
[a - B
= 0.05 ~ omn |8
% —— 1 min 7t
O -0.10} ——2min
——5min
—— 10 min A
-0.15 : : : : : 6 ¥ . . . . .
-1.0 -0.8 -0.6 -0.4 -0.2 0 2 4 6 8 10

Potential/V/(vs MSE)

Time/min

B2 o 5 ISR 8] f A1 oy 7 A3 BB A B it 2 #A) 5 i

Fig.2 Effect of chemical reaction time on the cathode polarization (a) and particle size (b) of copper powder
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Fig.3 SEM morphologies (a-e) and XRD patterns (f) of copper powder samples with different chemical reaction time: (a) 0 min,

(b) 1 min, (c) 2 min, (d) 5 min, and (e) 10 min
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method, and (c) chemical-electrochemical synergistic reaction
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Fig.7 Cathodic polarization curves of different cathodes
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Study on Preparation of Electronic Grade Ultrafine Copper Powder by
Chemical-Electrochemical Synergistic Reaction

Fang Yachao?, Yang Congqing™?, Huang Hui*?, Pan Mingxi?®, He Yapeng™?, Chen Buming®™?, Guo Zhongcheng*
(1. College of Metallurgy and Energy Engineering, Kunming University of Science and Technology, Kunming 650093, China)
(2. Kunming Gaoju Technology Co., Ltd, Kunming 650106, China)

Abstract: The particle size distribution of copper powder produced by the electrolysis method in china is generally above 30 um, and most
of the copper powder obtained is concentrated in the low-end fields with low added value, which cannot meet the higher requirements of
the electronic information field. This study used chemical-electrochemical synergistic reaction to prepare electronic grade ultrafine copper
powder, and discussed the influence of chemical reaction time, current density and cathode composition on the particle size, morphology
and structure of copper powder. The results show that with the extension of the chemical reaction time, the particle size of the copper
powder gradually increases, and the dendritic shape gradually becomes dense. With the increase of the current density, the particle size
gradually decreases, showing a well-dispersed dendritic shape. The optimal process conditions are determined as follows: the chemical
reaction time is 1 min, the current density is 300 A m, and the cathode plate is Al. Under this process, a dendritic ultrafine copper powder
with an average particle size of 6.44 pm, a bulk density of 0.828 g-cm™ and good dispersibility can be obtained. It is further proved that the
chemical-electrochemical synergistic reaction mechanism is that the substitution reaction generates crystal nuclei in advance, and
electrochemical deposition grows in situ on the crystal nucleus to form dendritic crystals.

Key words: electrolytic copper powder; displacement reaction; ultrafine copper powder; dendritic; chemical-electrochemical synergistic

mechanism
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