3L F2m
2009 4F 2 H

BRERMBSIRE
RARE METAL MATERIALS AND ENGINEERING

\Vol.38, No.2
February 2009

IE R AL AR K SR ¥ ) 22 B9 BT 3R

EE, IR, Fltk
(hEE R, WiE K 410083)

W OE: RSN AgNOs BT, R LML Filid (PVP) Ry R F, KB IR 1 (NaH PO, Ho0) Ky & JR A, 3l i
P23 A T 4 AR AR . SR AT 3 N3 3 AP I IEAS e LO(3%), 48 7 I SR MR I3 o 447 70 FH ek B i 3
JSE 6 Al AR RIS LS IC 5, 3R 66 46 A K ARk [ B £E 4 . 4E AgNOs #<J% 2 1.0 mol/L I, NaHPO2H20 ¥ &
0.1 mol/L, PVP/AgNOs (it Lk) o 1:1, ¥ pH {H2A 1~2, KRMIREEHR 40 CTHL&MT, Hl&sHBERIE. SHiNsS. 4

BE R A KAy, OB £ B AR LE 30~50 nm G [l .
KEIR: YRRy, bR, IERTH
FE%ESES: TB383 XHEkFRIREGS: A

XEHS: 1002-185X(2009)02-0327-04

YK AN 5 E AR A B, BT LR ALK Rl
JRiFHZ . RITAER,  HAFAE K5 IR 2 [f e e Ak B,
HA 5 BE AN AN E S AR A A2 O g v o DAL, 44
KAURME J12 . W2, B, S, LSS5 AT VR
LALGRRI A H A (077 SR VE, o HA R kv e 10
SHAEEATREFLEHIF RN T 2 (1) i

FI R AR 25 0 7 A A dRIE, 2
TIEA W5 O lE . B B TARZE R AR WOtE
HEBR B Z bk, WUBRTES B4, HiX e85 i
T A — A LE T 2, T EEAR R A P
TV B N AR s B AR o o IR AE I R
PRI LS Ve A T B L AR 3R AR T, T AR
P SRR H R AR AR G E k. HHETRE
HOSCHREOVIT R (1 22 TR AR . TSR AL
SETTIMIWEIT, AL 3 A EAT B R 2% S0 ke PR L 4%
P o DA — % BT R BB R AR VS Wk FE IR (R 2 /N T
0.1 mol/L), Ff HHEAT I s Lh K, IX AN PR
T AEARTE T A = o (T N B OB A 7=, 4
T PSS D5 FE IR B

AT T DL v TR B 1 T TR A 5 W (c(AgNOg)=
1.0 mol/L)fE M ar sk, fEmRvEws i, W ot
W ot W A CR AP R, S D AR 23 R, 8 U TR
J5, BRI AR, % VA A T, e
IR0 KB (10 55 R A A 7= o S 86 o SR FH OB A e
TR 45 0 4 AF, BRUHIE TR I AR 97 77T
RS U R A5 DAL 2% 0T 49 K Bk 1R R B R T B 1) %
Wi, e TG IR B 2 1) 4 A By ) R BE 1)

Y E|#0%s B H: 2008-01-23; UgEi&Eaks HEA: 2008-11-22

Ay A R T I i R ER TR A0 K AR
1 RFERZE
1.1 FEXRWRKF

A S5 v T A ) S AR R (38 Ok o AT ) £
AgNO;, R 81 (NaH,PO,-HL0), B8 £ i itk 1 4t i
(PVP), NIWIREI((NaPO3)e), #H,SO,, 1,2,3-%7f
M (CeHsN3)
1.2 ZIBRTRE

5% NaH,PO,-H,0. PVP Fl1(NaPOs)g ik & i i
BOBJEW, FHWEE N 1.0 mol/L () HoSO, i 35 ik 5 i
1) pH i, BRAWTH 22, i, Ria
W AgN O ¥ 3% i NN e 43 3 £0 A (4 AR RS o K 1
3 00 LA A0 ARV s e i 0 20 1, 0 i) D o 0 4
N 1% 1,2,3-Z5F R/ ML) . . TEK O BE
Pedk . BB, EE ST, R R B gRER
K FE & o
1.3 KR BIRIE

T HE R Tecnai G220 BG4S HL T WAL (TEM)
BT AR AR TS TSR 0 A BRAN L IR RE AR R
b5 R DIMax-2400 4 X S 2R A1 55 (XRD) U I 44
KA AH -

2 HREWR

2.1 pH {EXF 2 [ B2 M K 3 e R 4L 1
VAU P HAEL (10 R /N 36 3 Ji 5] £ 3 J AT AR K 10 3
Wi, AEANFIRIpHIE R, BN R 5 3 Sk 25 AN [] o F

e RIfY: 24, W, 1963 454, L, HIHEZ, R R¥FMEES TR, Wi Ky 410083, Hi%: 0731-8830838, E-mail:

ligfz@mail.csu.edu.cn



«328 - W& EMES T

% 38 %

FERM, IRBERRAERRIE 45 AF T vl H IE 8 B (A5 IR )
AR R T (LA I A R S 1 T e A ), R
LA 25 B i 1 S NS R, AT e I R R
(AT, Wi p HAEL 1) BTG A bR s N 88 o A& AR
YRR L, CMpHE R, ARSI S KL, WhE
ST ATt PR A R BRI R I Sl T 2K
S, P pHA A 1~ 210 4 14 N AT IR N o
NaH,PO,H,0ik i AGNO3 11k 2% i W 75 FxC i F
4Ag"+H,PO, +2H,0 — 4Ag | +H,PO, +4H"
SCE T, I ANaH,PO,-H,O 8 Jhy Blig T & 41,
LR IEAGNOs# 5E ik Jil . 7525 CF, JRMNAK R4
A7) FEKE 5 340 5 AR F RS PR A A LA F A Sl A
E°(Ag*IAg) =+0.799 V;
E°(H,PO, /H,PO,) =—0.388 V.

Hi 2
AE'=E’w—E' @)
AG=—nFAE° 2)
lg K°=n/\E%0.0592 V (3)

WES, AE'=1.187 V>02 V, AG<0, K’=
1.59X10%, 45 HFRW, ZA -8 5N AT BLH R
17, I BB 1) A7 AT AR 58 4% o HIUR B2 1R 19 n = 22
R 12 N (1) 5 I3 58 T 0T S5 . 2 B D 5% g ] LA /2 s
Atk e Fk, W RpHEAEL~2105 1 T, BERESK
TR v SCREAT W P I s TR, AR T 3R A B
RE) AN KA o
2.2 EXXKWERNH

FEBCFERE « WNTH R L S I R )45 g 1 4% 14 ]
SEMITEBL R, KA 1.0 mol/Li &k B AQNOSIE WL, 4%
IEAT S () e vk 5, i 8 NaHPO, H O 9K B2 (A)
PVP/AgNO, it & Lt (B) Fl & IV ik 15 (C) 55 34 = 2L A 5%
AR AR R RLEE B B SR IC sEme, BEANR 3 45 2 37K,
HAE WL,

1 TBREHKE

Table 1 Factors and levels

Factor
Level A B c
¢(NaH,PO,-H,0) PVP/AgNO; Temperature
/mol-L™* (weight ratio) /C
1 0.05 074 :1 30
2 0.1 1:1 40
3 0.2 15:1 50
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Table 2 Projects and results of orthogonal design of Lo(3°%)
Run no. A B C
1

Mean size/nm
17
22
22
32
30
25
90
27
30
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Table 3 Results of the intuitionistic analyse

Mean size of silver nanoparticles/nm

Factors
Level 1 Level 2 Level 3 R
A 20.333 29.0 49.0 28.667
B 46.333 26.333 25.667 20.666
C 23.0 28.0 47.333 24.333

*R=maximum — minimum
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Fig.1 TEM images of silver nanoparticles under different conditions: (a) No.1; (b) No.2; (c) No.3; (d)No.4; (e) No.5; (f) No.6; (g) No.7;

(h) No.8; (i) No.9; and (j) the optimal condition
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Fig.2 XRD pattern of nanosized silver
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Synthesis of Nanosized Silver Powder by Orthogonal Design

Li Zhihua, Wang Yanwei, Yu Qiangian
(Central South University, Changsha 410083, China)

Abstract: Using sodium hypophosphite as the reducing agent, polyvinyl pyrrolidone as the protecting agent, the nanosized silver powder
was synthesized by chemical reduction method in a highly concentrated silver nitrate solution. Using the orthogonal design method of three
factors and three levels, the optimal conditions to prepare the nanosized silver powder were obtained by studying the effects of following
factors, such as the concentration of reducing agent, the doses of protecting agent and the temperature, on the particles size and
morphology of silver powder. The pure nanosized silver powders with qusai-spherical shapes and homogeneous distribution and diameter
of 30 nm to 50 nm were synthesized under the conditions of AgNO; concentration of 1.0 mol/L, NaH,PO;-H,0 concentration of 0.1 mol/L,
PVP/AgNO; weight ratio of 1 1, pH=1~2 and at 40 C.

Key words: nanosized silver powder; chemical reduction; orthogonal design

Biography: Li Zhihua, Ph. D., Associate Professor, College of Materials Science and Engineering, Central South University, Changsha
410083, P. R. China, Tel: 0086-731-8830838, E-mail: ligfz@mail.csu.edu.cn



	Table 1  Factors and levels
	Table 3  Results of the intuitionistic analyse
	R


