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Preparation of nano sized copper powder by
supercritical drying technique

ZHANG Jing-chang, ZHU Fen-mei, CAO Wer liang
( Graduate School of Modern Catalyst,
Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: High stable and dispersive nanosized copper particles with spherical shape and average size of 25 nm were produced
by combining the chemical reduction method with supercritical fluid drying technique. The optimum process conditions selected by
test was found as follows: pH value is 2, the molar ratio of CuSO4 to NaH,PO; is 1. 3, the concentration of CuSOy is 0.2 mol/ L,
reaction temperature is 50 ‘C, reaction time is 2 h, using multiplex norrionic dispersant. The copper powders gotten at the best
conditions were characterized by transmission electron microscopy, X-ray powder diffraction and infrared ray microscopy. More-

over, the tribology property of lubricating oil containing the nanocopper powder was also discussed.
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AN— BRI LB TR, &0 T g, %
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TR — 5 TR B2 PRI R A S VBRI I I A PR A S T,
WRAYIS), BRI 1 20(98% WA HR: 25 1
K) IR R A pH 22— {H, RJELLS C/min HE
THEZfReMRE, HR FTERNTESE, 4R, #
H, oo, HEBETF KRS BHIEKS
BB 3= h (R 7K 4y, AR JE SR 8 AR (R iR
T BT B AR T EE TR, BRI .

I A AR TP BT FJOK S E e
H P B B K B R BN G R EN, HJEK
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2.1 pH{EKIAL

fE CuSO4 WA 0. 1 mol/L « x (NaH,PO,) @ «
(CuSO4) = L' 3. RN 60 CHgm A 1*
BT I WO, WREE 0. 05 mol/ L, SR AR I 1 I
TR T4, 5 %E pH BN S N B K™= ) i ok
Wk RIAR R, HAR K 1.

R 1 pH {EXS N E B A= kAR ) B T
Table 1 Effect of pH value on reaction rate

and size of products

a1 Time of reaction Time of reaction Size of
start/ min finish/ h product/ nm
1 4 2(unfinished) 42
1.5 4 0.25 42
2 12 1 43
3 140 3 44
4 660 12 40

Time record begins after pH reaches the given value.
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Table 2 Effect of molar ratio of NaH,PO, to

CuSOy4 on reaction rate and size of products

x(NaH2PO2) /' Time of reaction Time of Size of
x(CuS04) start/ min reaction finish/h  product/ nm
1 8 4( unfinished) 'y}
1.3 7 2 4?2
1.5 6 1.5 46
2 6 1 43
3 4 0.25 42

Time record begins after pH reaches the given value.

VT FR A B T R . 4 BEOREG A 3 B, RO
0.25 h FRgh R, M 4EE/REEN 1B, 20K & B2 5
B B B, SER PRI, RMVHFATT 4h G
PEWFIET Cu™ BTHE . LEREET 1.3, &
I 2 hJ&, JERMEARR Cu™ Hith, BibikE ki
WERRAN SRR A BE /R LE A 1. 3.,

2.3 ERERHTMR AL AL

x (NaH,PO2) : % (CuSO4) = 10 1.3, He &MY
2.2 TAHIE], 25 % Hm IR AR VA BE R S N B K ) M
KARLTREAE 5P, A5 R AR 3.,

3 TR AR B R S S R kLA ) 5 W

Table 3 Effect of concentration of x ( CuSQ4)

on reaction rate and size of products

¢(CuS04)/  Time of reaction Time of Size of
mol*L™ ! start/min  reaction finish/h  product/ nm
0.05 10 2 36
0.1 7 2 42
0.2 6 2 40
0.3 6 2 43
0.4 5 2 46
0.6 4 2 57

Time record begins after pH reaches the given value.

FHER 3 AT AN, B MR R P 0 e o7 B 11 5 Ml 1R
N, TS AR R R AR R S MR A K . 24 TR A Ak
JE4 0.05 mol/ L B, HikiFHRifek 36 nm; 4%
HIWEE A 0. 1~ 0.3 mol/L I, Kif2 {5 FF7E 40~ 43
nm, A HESP S, T SIKRE R 0. 6 mol/ L I, Hi
FEIRGHEIE K F 57 nm . IX A2 B G0 K B0RL A VAR
Fr AT L A AN B, BB — NI BUR ik, XA
BrEc — N AR IR B 2B A B K,
XN B S rE kL F R A % . S BR FR AR Tk

FEARARET, IR EEXT F=W T piix C A 2 4% ¥ i e A
FE, ElTRZE, WP co™ IR, KR
KT RSS2 B BRI, DRI P DR AR A /N o A R v
FEBE N B 5 — & 1E FIER, #1a 0. 1~ 0.3 mol/L,
FHUBNEA k%, BIAE IR 5 (8] T BGK & ah i,
WA G, W Cu™ IRBEIR D, DT F KK 52 2
BRI, e, 752057 YR A X BN (B E—
U IR R AR IR BE, B 0. 6 mol/ L, — J5THI BT &
BJa, WWh e’ WEITE R TRIK KR, 55—
M, BT &ZKZ, &5 KA, Bk
BN B . B, A% EE, EEmmeh
0.2~ 0.3 mol/L.
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R4 X N I8 BE A R AR ) B

Table 4 Effect of reaction temperature on

reaction rate and size of products

Temperature/ ‘C~ Time of reaction finish/h  Size of product/ nm

40 4 42
50 2 40
60 2 42
70 L5 43
80 1 50

Time record begins after pH reaches the given value.
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Table S Effect of dispersant on size,
bulk density and yield of products

Disperant Size/ Bulk derisilty/ Yield/
nm (g*mL™ ") %

1* (ionic) 40 2.67 60. 50
2* (onic) 38 2.77 64.12
3* (norr ionic) 30 0. 64 78. 68
4* (norr ionic) 22 1.51 72.01
1+ 3* 40 1.91 69. 57

3* 4+ 4* 25 0.58 80. 15

=, EHCERE SR ™ B, RBEHER 2 A X
o PR BN A S A, FEPNRIZN R R T 2
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76 pH {E A 2 Tk B IR A 5 I T Tl 1R Ak 110 JBE
JREGR 10 1.3 Te/KBRBR AR E R 0.2 mol/ L« 3
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FEEE T 2R I SR AR TR AR AR 0k A o
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Bl 1(b)), SRTH 8 F bR A vh 5 4 A —
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TR NARAFAE . FEIX PP A T 4 ¥ 30, AT 1R
RLKR S SR, (0 AR TE TR 3 R oRL FLA2 4544 1)
ZAE A AT T SR P 8 T R i
ARG R IZ A, 7E TR, A
BRK, LG RERES BN .
2.6.2 XRD 4+t

2 BTz 5l g R S S0 v AN R s SR
TR VEHIAS K ATR XRD 3% . @118 2(a) 7T 40, %
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A5 B U 0 5 THT ) BEAK WK ke 2,09 U1 1 1)
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Fig. 1 TEM images of products obtained

by different drying techniques
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Fig.2 XRD patterns of products obtained

by different drying techniques
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B S AR Cu . RN N LA G 2
— R R A 18 cuH AN FE e, BRHSR I
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2.6.3 IR

B 3 FTo A B I S A4 T 150 V2 1 45 DR AR 1
LIAMEIE . K& 3 3449 em™ YA HI IR IEALE O —H
RAFAPLE IR ZN, 1 637 em™ Ab HBLI IS/ R H —
0 —H W25 iR, 1096 em™ "4 HIBRAIIEALE C —
O Fll C—C MIM4EIRS), 465 cm™ "4k HIBL K IE ALK
Cu —O WIHZE PR3l . 1% Uk BH 76 4B I 5T 4 F2
B R R TR SRR SR E T 46 )N, &
% Cu —OCH,CH3, #3408 iR R 7% 2] 583
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Fig.3 IR spectrum of product obtained by
supercritical fluid drying technique
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Fig.4 Variation curves of {riction force and

friction time with different lubricating oils
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Fig.5 Variation curves of wear path length and

friction time with different lubricating oils
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