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Rapid solidification texture of
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Abstract: Ag-10Ni and Ag-5Fe alloy powders were prepared by ultrasonic arc spray atomization process. The
microstructure of the rapidly solidified alloy powders was investigated by SEM. The mechanism of the microstructure
formation in RS powders was discussed according to phase diagram with EDS. The results show that the rapid
solidification textures of Ag-10Ni and Ag-5Fe powders are a(Ag)+A(Ni)+Ni and a(Ag)+f(Fe)+Fe, respectively. a(Ag),
P(Ni) and p(Fe) are metastable expansion solutions. a(Ag) is dendritic structure. f(Ni) and f(Fe) are tiny ball particles
dispersed in a(Ag) matrix, and S(Ni) and f(Fe) particles with larger diameter contain dispersed a(Ag) particles.
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Fig.1 Rapid solidification structure of Ag-10Ni powders: (a)
50 um; (b) 15 um
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Fig.2 Rapid solidification structure of Ag-5Fe powders: (a)
50 um; (b) 20 um
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Fig.3 EDS patterns of Ag-10Ni in Fig.1(a): (a) Area 4 in
Fig.1(a); (b) Area B in Fig.1(a); (c¢) Particle C in Fig.1(a)
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Fig.4 EDS patterns of Ag-5Fe in Fig.2(a): (a) Area 4 in
Fig.2(a); (b) Area B in Fig.2(a); (c) Particle C in Fig.2(a)

RS2 e, MO TSI TR S Ag (.
D[] 1000 K BL_E, IR EERAG R AR [ S5, v i
A H B S AL IEE LA, 4R H 43 3 0
Rio Lh Ag-Niv Ag-Fe {644 mAl22 Fil 39 ki/mol
SYBIE N Ag-Nis Ag-Fe [MfE#IAAH, H. Ag-10Ni.

Ag-5Fe 7E 1 600 K (¥ [k ELHE ¢, 73017 31.34 A0

31.1 J(Kmol), #AT=AH/c, % Fad v ™,
Ag-10Niv Ag-5Fe JERTE A WS A (11 St ik v 5
4302 702 F1 1254 Ko TR RIG IR LLA 42 Rk
K152, K, Ag-10Ni. Ag-5Fe [ISZBrlf A4
FEL B ZERAT 2, BT AR A A AR = 11
%M, Ag-Ni. Ag-Fe WA AY RN, X5
AT I S5 30 25 A — B

FRIE Ag-10Ni. Ag-5Fe Hy A MR 1) B B [ 4 21
FFAE N2 EDS 38T, 454 Ag-Ni. Ag-Fe HIEMOLKE 5
1 6), BT LA H L iy i oA i v ¥4 B0 o S5 BV il
BT, AR A AN TR v S5 A A 28] v i S5 20 B 30
HRAMHI T & Niv Fe A FHUEAZ KK, R IER
HAERTE, fefhdn OVELEL T, 725 Ag WA
KEBEHUBAZFI R, T B SR T 5 Ag
WAHTR L Lo W0 s ST AR IR0 70 5 S5 .
W MIE TR A K EEE e R, I B Ag A

w(Ni)/%
5 10 20 30 40 50 60 70 80 90
1600 R
L+ |
1500 2 |
| 1435°C ~97|/
1400 {f (~95)\
| .
& 1300} (Ni !I
= I
E] |
21200} |
g |
L
£ 1100 |
S |
[_1
1000 960 °C !
900 F {
|
Sﬁtkg 10 20 30 40 50 60 70 80 90 Ni
x(Ni)/%
E5 Ag-Ni &M
Fig.5 Phase diagram of Ag-Ni system
Li+L, |
1600 1533 °C(0.017, 0.26, 99.1) !
1538°C 0ty i
1 400 1398 C(0.009,0.022, 99.5) .i
o |
E I
S 1200 . |
g 7+l 961.9°C |
£ 1000} 961 "C(0.002, 99.94, 99.993)
= ]
911.5 'C(0.000 2, 0.001, 99.996)7+(Ag)
800F . , J10°C | ]
T a+(Ag)
600
Fe 10 20 30 40 50 60 70 80 90 Ag

x(Ag)/%
6 Ag-Fe R
Fig.6 Phase diagram of Ag-Fe system



290 PR € <5 R A AR

200942 H

HOREAAE S(NI) B(Fe) [l 00, & 1(a). 2(a)
Jios, T Ag VARG RS 2 AH i o SV i 2
BRI N2« il 1(a)h B XA 2(a) B X &
3 N4 Frsf MR EDS 85 3o ROT/NR0 7E D i S DY
HERE LA R BER se e, IR AND) . B(Fe) A Wit Ag
WARFE L, WO RN T ARG I Ag AR B
J I it ¥ S PRI AR Ay, Al 1a)H C R
M 20 C BT A& 3 M 4 FTRN IR EDS 4558, K
1(a)4 [XF1 2(a)4 X [f] EDS 43 H7%H, Ni. Fe 7£ a(Ag)
HH (R I T 5 R A2 1500 KX I R Tk
YL B(Ni)~ p(Fe)ltl ik e, & Ag WAHUE R KM
BRI A B Ag I8 ST, BL A(ND)EK,
B(Fe) A JEAZ s K B PO T AZ AR A E ], (H 7
I3 BE B ECE N DAL T A4S it 4 R it 1(b) BT
B AR RORL OB L B(ND) B(Fe) ML RL T 55
[T R A5 0 P S A FSE 8% S R % T 2 T 5k
JIBR AR R AT KU, Ag-10Ni. Ag-5Fe Haii bd st
I Lain Lres NI~ B(Fe)5 Lag WAHIFIAFE R 7K
JIBBIE B8 ERR L ST N BB Pl BE AR R . X 51k
Lyi~ Lpes S(Ni) BFe)FINIR, SFE Ly Lees B(NID).
BEe) IR . A BIF. Mlth. W T EHAE KM
Ag-10Ni. Ag-5Fe ¥y oA, PR Bk [ 14 & /N T~ B(Ni) B(Fe)
TR, WA SEN 28 AR 7 I A 25l gk, 1
FEMTTK 7 il B B 5 RS PRI A 1 I il 2 s 1) 7 11
WE 1), AWIIERR AT B & 1(a)
N B(ND) B(Fe)fALKLT-o BB K BRI, P
TRPERR RO, VA FEROR, kR R, B(NT)
BEe)FIT A ], M san & 2(b) w76
FHARL 7 (R EC 2R

4 it

1) &8 HSNmE S 2516 Ag-10Ni. Ag-5Fe ¥} K[
PO BRI 22 a(Ag)+B(ND)+NI, a(Ag)+A(Fe)+Fe.
a(Ag) A(Ni). B(Fe) iy HAWARE Y EHIAHA 2
a(Ag) M ERH R, —IRA S I EEZY 0.2 pm; A(ND).
BEe)ZVRAE a(Ag) T IIMAIKERIERL T HARKR K
(1) BND)~ B(Fe) TR ATE 1K a(Ag)Fl Ag.

2) PR PRI g ] 2 2R ) T RO ) A2 A S L
Wi 24k Ag-10Ni. Ag-5Fe M3 R ki, &
SRR AN L5 R BAATG 38 O ot i P2 AT 5 Ol S 3
FEBHIEAE & Ag A TR B ORI T8 Ag AT
) Lais Lpe W0 FOFBORI Lais Lee R E W do
SN T A AR BRI, RPN L Lre

VT E D i S NI DL R B AR & Ag VRO EREE
AR Ag I T, LA B(ND)ER B(Fe) k- lEH45) 1
¥ i R R T A% 2B K ]

REFERENCES

(11 fraizz. sieEaeiE G mERSHM]. bat: B
Tk ARk, 2007: 35.

HE Chun-xiao. Phase diagrams of precious metal alloys and
structure parameters of theirs compounds[M]. Beijing:
Metallurgical Industry Press, 2007: 35.

[2]  YANAGIHARA N, SAKAGUCHI O, YAMAMOTO T.
Development of AgNi contact material[C]// Proceedings of 23th
ICEC, Piscateway IEEE, 2006: 217-222.

[B]1  Ardd, EAKUL NE RG] AR 5 AN kAR

WEFEI]. b E AL T REAE4R, 1999, 19(1): 62-66.
RONG Ming-zhe, WANG Chang-ming. Research on the
development of a new AgNi-based contact material for control
apparatus with small capacity[J]. Proceedings of the CSEE, 1999,
19(1): 62—66.

[4] BEHRENS V, MICHAL R. MINKENBERG J, SAEGER K.
Erosion mechanism of different types of Ag/Ni 90/10 materials
[C)/ Proceedings of 14th ICEC, Piscateway IEEE, 1988:
417-422.

[5] LIANGBJ, ZHANG W S. Influence of Different Microstructure
of AgNi Material on their Switching Behavior [C]// Proc of 1st
ICEC AAA, Xi’an: IEEE, 1989: 197-201.

[6] TUI K, INADA H, KOJIMA K L. Manufacturing process and
material characteristics of Ag-Ni contacts consisting of
nikel-compounded particles[J]. Journal of Material Science,
1992,27: 1179-1183.

[7] TSUN K, TAKEGAWA Y, INADA H, YAMADA S. Silver
base electrical contact material and method of making the same.
US 5338505[P]. 1994-08-16.

[8] INADA H, TSUJI K, NARA. Silver base electrical contact
material. US 5591926[P]. 1997-01-07.

[91 JAhny, B W, xR, BYEH. Ag-10Ni &ERIHIG 5
b0 2428, 1998, 19(4): 1-3.

ZHENG Fu-qian, XIE Ming, LIU Jianliang, LU Xian-yong.
Mechanical alloying of Ag-10Ni alloy[J]. Precious Metals, 1998,
19(4): 1-3.

[10] BEER, B, EL5HE 4 g, RAEX 20K I
AgSONiSO L 4 il 4% Je Fo WA AL 2R D). P A 54 g 224,
2000, 10(3): 361-364.
ZHAO Ze-liang, ZHAO Yue, WANG Chong-lin, NIU Yan, WU
Wei-tao. Synthesis of two-phase nanocrystalline Ag50Ni50 alloy
bymechanical alloying and its microstructure[J]. The Chinese
Journal of Nonferrous Metals, 2000, 10(3): 361-364.

(1] ZREDF, MWE, EWF, TR HURG 7 e



EDS of
Fig.1(a) B area

&2 FE, A HE

BB I3 Ag-Niv Ag-Fe B A 1 it it [l 41 URFAIE

291

[12]

[13]

[14]

fild Sk & IIBEIL]. B A AL RS TR, 2003, 32(4):
298-300.

LUO Qun-fang, LIU Li-qin, WANG Ya-ping, DING Bing-jun.
Preparation of silver-nickel contact materials by mechanical
alloying[J]. Rare Metal Materials and Engineering, 2003, 32(4):
298-300.

KEI, mEX, WK B, T B E LI SR ER
TE 5T 4 Jm Al (¥ F R B2 )]. B4 E, 2004, 25(2): 59-60.
ZHANG Fu-wen, QIN Guo-yi, ZHANG Jie, NING Yuan-tao.
The ultrasonic arc spray forming and its applicational prospect in
the field of precious metals[J]. Precious Metals, 2004, 25(2):
59-60.

TRE S, RIEX, EIH. B EET S AgNITO AR H M
I[N W48, 2005, 29(2): 211-213.

ZHANG Fu-wen, QIN Guo-yi, WANG Wen-jing. Morphologies
and microstructures of AgNil0 powders by ultrasonic gas
atomization[J]. Chinese Journal of Rare Metals, 2005, 29(2):
211-213.

o e, J10E, BRI, BRRDL, BrOR, TIEvE. BEHE
A Ag-SFe b R M ROW 2 BT (1), W7 @ A RS TR,
2007, 36(8): 1416—1419.

YU Long, WAN Wen, QIN Guo-yi, CHEN Nan-guang, CHEN
Song, NING Yuan-tao. Morphologies and microstructures of
Ag-5Fe powders by ultrasonic gas atomization[J]. Rare Metal

Materials and Engineering, 2007, 36(8): 1416—1419.

[15]

[16]

[17]

(18]

(191 #

ZR I SC. 3 L P S DA U ]
5¥[D]. EHI: EWIH T K%, 2008.
QIN Guo-yi. The research for the structure and properties of

ikt A RSRU R AT

rapid solidification Ag alloys by ultrasonic arc spray[D].
Kunming: Kunming University of Science and Technology,
2008.

T, BHE.
102-125.

NING Yuan-tao, ZHAO Huai-zhi. Silver[M
South University Press, 2005: 102—125.
IIDA T, GUTHRIE R I L. J&A4E K BYEREIM]. YE52F,
RIS, B st BREHIREL, 2006: 97, 117, 204, 222.

IIDA T, GUTHRIE R I L. The physical properties of liquid
metals[M]. XIAN Ai-ping, WANG Lian-wen, transl. Beijing:
Science Press, 2006: 97, 117, 204, 222.

MR o6, e, P AT REE B A R AR M. dbat: R
HiRRAL, 2004: 26-45.

CHEN Guang, FU Heng-zhi. Advanced metal materials with

WML K¥b: K2 W Rk, 2005:

]. Changsha: Central

inequilibrium solidification[M]. Beijing: Science Press, 2004:
26-45.

BEA, MEE. &8k LI EIM]
J§4E, 2006: 264-307.
GUO Jin-jie, FU Heng-zhi. Alloy melts and their treatment[M].
Beijing: China Machine Press, 2006: 264—307.

(4WiE  fF5E)

CAERG BB TR



