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Preparation of ultrafine copper powder by high frequency hydrogen
plasma enhanced reduction
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Abstract: Ultrafine copper powder is widely used in the fields
of electronics, lubrication, catalysts, due to its large specific
surface area, excellent thermal conductivity and high surface
activity. The ultrafine copper powder’s application
performance is determined by the control technology of
spherical, uniform particle size, monodisperse and high purity.
The ultrafine copper powder was prepared by high frequency
hydrogen plasma enhanced reduction with characteristics of
simple operation, high purity, controllable atmosphere and less
environmental pollution. The free radicals produced by hydrogen plasma arc was helpful to control the morphology
and the particle size of copper powder. The feeding rate, reducing hydrogen flow rate, hydrogen distribution position,
reaction zone space, cooling temperature, and the optimal process conditions were determined, and more uniform and
well dispersed ultrafine spherical particles were prepared with particle size mainly between 100 and 200 nm. The
oxygen content was under 1%, bulk density was 0.502 g/cm?.

Key words: ultrafine copper powder; hydrogen plasma; enhanced reduction; spherical uniform particle size;

monodisperse

58 2019-09-03, f&[E]: 2019-12-26, M4&%&FK: 2020-01-19, Received: 2019-09-03, Revised: 2019-12—26, Published online: 2020-01-19

e : ExERBEESEITHE @S 51574211; 11535003; 21878312); £AHK I8 A4 H X E Al = A L# B RS (45 : MPCS-2019-A-11)

1EHfENT: &1k98s-), J, dtnimi A, TRmiL, THEF, MASFEI, E-mail: hcjin@ipe.ac.cn; 5], BRELRA, E-mail:
flyuan@ipe.ac.cn.

SIREN: Sk, B, Tkl & SIS R T A R S SR R . AR AR 244, 2020, 20(8): 979-988.
JinHC, Bai LY, FanJ M, et al. Preparation of ultrafine copper powder by high frequency hydrogen plasma enhanced reduction (in Chinese).
Chin. J. Process Eng., 2020, 20(8): 979-988, DOI: 10.12034/j.issn.1009-606X.219302.




980 SU S

20 %

= 1

SN FE T IE 58I R F 2 8 2 5 #9)

2R Y2, ammt, semEl, EREARL, T kY, kAW
1. hERZEGESRE TR R ZMERARGE R E A=, Jb5 100190

2. FERERR S TG, Jbal 100049
3. hERMERE KM R SRR 2B, bR 100049

. MU AE S B TR IR SR A AR, 55T R R AR
o J E A5 DR 2O S UKL BE RS, Xof ] 2% AOARDR ORE BEAT A 5 8. XRD ARSI . AR T

JRAANE ARMAME RBIX A
LIEE 3 A FH L R T AR R

fiE. GEREFW, ALK T EEM NN X NE 100 mm, JEEHEZR 4 g/min, #HAXSESSE 500 Lh, 55 & 500 Lh 3H5EAN

SRR,

AR TR AR RO R B e TSR A S B S B BRIN IR S, AT PRI TS, I8 REA R SR R /N A

FIAZT7 0 % BRI 20 A5 100~200 nm 3B S AORBAHERTE AR UL o 1207 VA RAE IR L P i al e v . USRI 5, XI5 e

N

R BN, SR T RAEE BRI L

hESHS: TB34 SCHERARINAD: A

1 ® &

AR TSR T 1 nm~10 pm TR T, 3%
1~100 nm HI49K BRLAT 0.1~10 pm A 4R Pk, B
AR SR TR R A RS R
WEET, JUHGR UKL, R T B AL
PER, AnERTBN  ANRSF R 25 0 B R
B RT R0ORE (90 K BORE AR PR )Y, A T R T H
ThEM R B, SRR, FHRE. FHEE
MORHERLSE, 08 F T U0 s s sS40
K R Z AU . BRIE RSBk BA
I LR 2 e AH R 2 BEER R 4, ] 5 o AthobA B35 50 7R
AW, SRR BT AR EA LS, IER
SHIBERNA IR FHRF, BEIREERREIS, 7R
ARV, i o 7RG E R, AR R
LA LA 2 B AW 1 110 32 38 PR R v PR TG M ST D A
SR FH 20 F IS 5 32 ) o TR B AR A Kok s 6 2k
FIE AR LA SR MR, HX CO EAb & B
s S Tk AR S A 2, (H B B B
FAAT 3 o R 2R AR i v T i 0, wiE B
FEIEHE T AR BN 50~100 nm 4k AT BRAG BE 4 L U/ BE
B, KORHE i v e (0 7 3R B 77, S R o v o EE AR
RIS SR SRR IR L0, PRAREETMERE, KB &(EH A
e

il 2% B AR AR (14 7 V2 [ AR . VRS SR
AT I AR EEEY, R KA RO, A

YEHS: 1009-606X(2020)08-0979-10

FARE 2] 2 W LRI BT RO S, SR R T
AR 2248 R AL 2R IT VR BESE T VR 4% K B
FORL . (EIX LTI S 5 I NS BU 4l
PERAR RARANY —, R RE b A A AT B4 o 2 0
PTG G T o T e AU 55 28 1A, phy SR 2 Pl
SNGATE, R A @ R KR, A5
NHARIL, AT A R o R R A A
A R REEE LR AR D), ROy AR R 7
SR B R RN RS AR AR, AT L
PRI AR 26 A R TE /G  RORGESE 17 R A7 e 3 o

SR TRAREEE CRBEIRT , SRS
INEEE (L. B AEEEME, TP ANER T
BESUR T FE, fm S AR S T kR B A, Xt
FEIEH P UL R BSOS 5 58 4 g FL S MU IO A
TR, BARERRERE, TR RS HAIf
SR BRSBTS AR AR BE TR AR
RS, R TR R Te 408 104K,
Ko FIRI 22 P BRAS o i T I B A e i ok 52
S A, TR W ) s ) .

A AR LU AR R A JEURE, P 28055 B 7 kit P2
B AR AR B H RO A, — R IR %
THORE . SL T2 R BESRN BIPYE R
THE, Tk A BB RIS

2 £ Iy
2.1 MR



% 8 0]

S T A4 RE R 7 45 B 2B R B [Cu2(OH)C O3,
ortfral, b EARERAR], 80 HARE(180 um,
WL BT AR ), (AN R (H) s
afi (A6 P T IO R T E PR A D)

2.2 LWRESDINEE

SLIG B A H A 30 KW SRS B TR
&, DURLER . SEESFARUEATE . kb, OBIEE. Wi
BB EATINT, 3.5 KW 5] R A br #5677 (180
um, Hr 2 E R 0 A R 2 A

SRR EEA ON-3000 Rki4Loh 4 SR B 9T
AT SR I B AR B A A IR A D), A2 B WX 2%
(10/20/30 mL, Rz KHAERAHRAA), ISM-7610F
7y R BHAR LT A (SEM, H A JEOL), JEM-2100
AL B3 S e T R AOBE(TEM, H AR £ 4t), XPert
PRO MPD X H}£RATHHAC(XRD, fif 22 MAgNELA F]),
AUTOSORB-1Q-XR-C 4> H #)j bt % AR A% (BET, 3%
[ R AR A F]).

1l 2% B AR HA (1) B . FR 4 32 B HE DL R L4+ (1)
EIL, B RO TR RN 2 B, B
WG EETHIT BN ARRRERE: ) S8 T
IR, BHPANFRR A SOE A, PR TR SRR, U
RO, gERFE R TAROINE SRR T IEIT: (3) A
PRI B, G AR A E P BB B R R Gt
NSRS S, — 3B R0 T = 1 H
DURTEORE 25 B R EL Y, 59— 3B 3 70 B S 4 1 A 3
FiBE A 51 R AR G SRR M EA LS IR 51 R RS,
RGN IS ARG Wt 38 5 1A B R A
SN ZR G N IRFE— B I g, AT4ERRSE RS TR RGN %
ZHFGE: (4) MRS ARG, R RS
PUFEHE T ikl R T 5, JEORPRY (A ikl 2% 35 21
F e i H 2 IR G HEHE N S5 B ARSI, R R
K/INFT SR SR 55 B0 - A I Fr 4 BR T U], RIY S S B
] kMR, IRANZER RN, &2515UEM, [
AR S A, TR0 X, R A G ST RIEEAT J B, o
Sk AE 3 mmy AR SR EGE AR S R —ik
HENZEES TR, AR EN 210 Lih, B35 JERHESE 5
TN K TEEE 9 100 mm, AT WRHE 5 B
TR B 1] 29 12.8 ms; ANEEAN N %, 2405 S
TSR MR Z8 VR AE R B A Hh SE A% . S i KR
Mt fE, PR HA kAR I — e RARYE N, Bk
HiEAK: (6) AAftea Rg, HTRESE TRz
TRk Sk, B E R E; (6) BEIK
RGL, PRAEAEIKAE R BLAE LN B R &, B 1Rk

SRS : S B T A A R ] R AR R 981
Lras - YR
4

1. Plasma generator 2. Plasmatorch 3. Reactor and induced draft system
4. Feed tank 5. Air supply system 6. Cooling system
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Fig.1 Schematic diagram of experimental equipment

2.3 LWL

2.3.1 il & ABYNER Ry S0 1

K JFORRL I, BRI b ORI R A%, By 1k FLRH g
IR B8 18 R AN 2R BN R o 3 07 R 5 0
IR, E I YR HUR R E R . [ RS
DB — B B LA, AT s N B, TR B
PR L K AN B B AR P ) SR LS, T RS E 1Y
SER RGN, IZAT 5 min RGN IR R K SR HERR
T RERRFNBAN—ERES, MBI
BERE, IR AR A 5] R A EEAN R G AR U
WA, IR RESH S S FIRIARE . 84T — B [A]
JEfE bR, AR, 4kEHE4T 3 min S PR
JEAEAR, A RGUEN D B RS RSB A B
HRyEAl, R bod A H . A RYE A
JEVREESIRAL P, B BT . STk
IBATS K TR 35 KW S 4 4 MHz. R4 H %5 % 40~60
mm H0 #. IKJE 100 mm. S (ES) 2 Lh, 815
(@A) 4 Lh, #AES) 150 Lh, A (ER) 60 L,

2.3.2 JHI4HE ¥y AL

(1) A& E: MK F BB OO =
A EIATRI .

(2) Fahe#ERE: T FAA % FE O 7= gk 47l
K, 2% (ESRHARMNEEZMNE) (GB/T 1479.1-
2011), HU— & B S BNAA e % FE I3 e 2k,
YHER L2 K ARIMZE 20 mL EAR AT, YA PRy BN AR



982 U Y R

20 %

Ja s FANBRORGERE, PR r B &, THE %L,

(3) B FEAMESH BT S,
UL A A BAERRAEAR b, BB ERRREAR, AR
P BRSO B i A L G B RLE S BT S
WAL RN, HUD BERE fh 0T Tk SR, A 2>
AL S min, P EAEBCA BRI AR R0 _E30 3 0, T

(4) AR HT: XRD RALMIHA R FH/N) A D
AN AR, F BB B AR IR S A A I
STl R MERE, [ s 1 R A

(5) bR LRI 2 G AT AR A R B
REFIAK . B AR AR RS USR] 12h )5, B
FUILEE T AR RET 70 10505 L L R A i

3 #REitk

IR T RSP AL RE AR 7 TP 2
HORIF T 25 0, kb, RFIX =R 23
SARLE BT MR R AT AL
31 TEEHRIBMAI I RERTI

3.1.1 TSk R X iR 4 4 A5 405 2 i

K 2(@) A FIERER N A S &, WA
BRI, YRR S B O, R
SUPLBIFRAR . ™ P i A A A DR AR T A
£, RUIBEIRNE RGN, R A AR H
W2, FAEE AR —E RS NE—E, IR
IR A 52 (KR T 7 ZE O R (K R B &
VATV 5 VAR R e U TN ST = R T S S R
B DIR—E, M H B B3RSt —E, ek

(@

Oxygen content/%
w
T

Feeding rate/(g/min)

AT BRI S AN [ SR 1R s D,
FEY R SRR R

Bl 2(b) AAEIERE 2 R =) XRD . o7 LA
H, IR Z 2 g/min G014 4 g/min B, XRD i
£ 36.4°H1 61.3°40 I T PN AL A ) Re ik, 5 R
J 05-0667 AHUCHEC, J& 10 57 77 458, i 4K
a=4.2696. FHA =4 A A A2 5 By S T A S 4R
R4 . SRS KINRHE R 2 6 g/min B, PR ER
Z&. BARITRLEZE N 2 g/min B2 S EHRAK, XRD Hk
AT HH ) S A A R AIE D, {EL 2 sl S e 16 25 A5 B 4
g/min B, S EEIARMEHRG, MNELERE S 3
I 6 g/min Itf, A SEME 3IMAL, HETFERATRE
AAL, FrLLIESE 4 g/min {E Ay hkhE .,

A 2 5 4 A AR ) S AT =

Cu+CuO=Cu20 (D)
2CUO+H,=Cu20+H,0 2
4Cu0=2Cu,0+0; (3)

T R T ] 70 8 2 Bl S A 0 T A 2 S A AR
PR S P IV A s v AP A 2 S5 8 S B A R, A4 4
A0 5 B B AR S B[R (1)1 A 5 SR 5 S B[
JS2 (VAN AL AR B B 7 fif S RE[ S R (B)] = F e RIIE S
AL T 70 il S SEHEAT B S N 75 AR A D IE R 7 2
5, AR R AE I LA gs, BRSNS SR A
S, FTBLRORE(2) 9 Cup0 B EERIR . RUIERGN
o DXI, AT RE I R B T AP A PR AR
oL B R A 5 R N A R A I A o

® Cu,0 +Cu - O
Feeding rate/(g/min) o
6 N *
i A
=
<
= *
] )
5 4 h | . A
=
L
L)
2 A
1 L 1 L 1 L 1
20 40 60 80

2 A[FIRRE N AR R S B XRD %

Fig.2 Oxygen contents and XRD patterns of ultrafine copper powder under different feeding rates
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Table 1 Product size distribution, oxygen content, bulk density
in different reaction zone spaces

Reaction zone space/mm 200 100 60
The average particle size/nm 370 330 360
Percentage of particle 67.5 7 65.3
size<400 nm/%

Oxygen content/% 5.130 1.740 2.540
Bulk density/(g/cm?) 0.741 0.536 0.669
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Fig.4 XRD patterns of ultrafine copper powders in different
reaction zone spaces
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Fig.3 SEM images of products in different reaction zone spaces
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Fig.5 XRD patterns of products obtained by introducing H: at
different positions
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Fig.6 SEM images of products obtained by introducing H: at different positions
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Fig.7 Particle size distributions of products obtained by introducing H: at different positions

F2 AEMIER H BN EBEE R EERER
Table 2 Bulk density and specific surface areas of products
obtained by introducing H: at different positions

. Bulk Specific surface
Position .
density/(g/cm?) area/(m?/g)
Edge gas 0.539 2.84
Quenching gas 0.474 3.70
Carrier gas 0.476 3.81

£3 TR HSETEINRSRMMERE
Table 3 Oxygen contents and bulk densities of products under
different H gas flow rates

H, gas flow rate/(L/h) ~ Oxygen content/% Bulk density/(g/cm?)
150 1.70 0.474
300 111 0.387
500 0.86 0.518

SUREY 300 L/ I RARE RE R, SRS E AR
BRERIMIG K. AAMARGTANSE KB, FEH
REPE M S5 B TRV AA MRS B, InbRAG g, ANt
RLAH TR A 1) J LR A NP, AT R 2 A2 ple— #8730 KM
KL, SERAREERAR. BT~k eaE, %
AAUAE N 500 Lihs

3.1.5 YAHIR R AR R ) 5

KA IS 8 AT DA KD 1) 5 ) o4 0 AR T, {EL S B8 1 v
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TN SRR KR A RIOX AN, BN ER, B
HIHE R . LI P KA BAL T2 8 IR A AR
Yo 2 4 AN FVE KSR FA T 5 AR S B AR
AR, Hh &R & € 500 Lh, (L HS3E &S
&, ATRUE S|, ARSI, AN Em,
PABEE BRI R . RINATRe 5 54 @S0 FAY
PR A %

x4 FRIASETEYNERIERNKREE
Table 4 Oxygen contents and bulk densities of products under
different Ar gas flow rates

Ar gas flow rate/(L/h) ~ Oxygen content/%  Bulk density/(g/cm?)
0 2.34 0.502
500 0.86 0.518
1000 174 0.577

SAMEE /R EN 1.008 g/mol, AN 39.948
g/mol, 8 15 B A [ P 970 42 785 6 o) 10 R T Ak ) TS /S
W FHEAE— AR, GRS S B K T2
Fig. HTHEE—E, EERERIEL, SSNER
H R S 3N RETE R, RET R — & MBH 7, T8 3 e
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(a) Magnified 200 times
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(b) Magnified 10000 times

K8 BlCAR AR 1 T

Fig.8 SEM images of basic copper carbonate

(a) Magnified 300 times

B9 S S B TR — P 2 I ] £ (W R A AR 10 4 v S AT S i i
Fig.9 SEM and TEM images of ultrafine copper powder producted by high frequency hydrogen plasma one-step reduction
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(b) Magnified 10000 times

(c) Magnified 15000 times
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Fig.10 XRD phase analysis of raw material and product
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Fig.11 Particle size distributions of ultrafine copper powder
prepared by hydrogen plasma reduction
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Table 5 Test results of ultrafine copper powder products
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