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Solidification Structures of Ag-Bi and Ag-Pb Binary Alloys and their Micro-Vickers Hardness

Mitsuyoshi SHIMAOKA, Tomoki TANAKA* and Shin-ichi SUGIHARA*

Equilibrium phase diagrams of Ag-Bi alloy and Ag-Pb alloy have many similar features. For Ag-Bi alloy with

Bi concentration ranging from 5 to 30 at.% and of Ag-Pb alloy with Pb concentration ranging from 5 to 30 at.%,

micro structures and Micro-Vickers hardness have been examined. Dendritic structures were observed in

every alloy and the secondary dendrite arm spacing decreased with increasing the average cooling rate during

the solidification interval. The Micro-Vickers hardness of Ag-Bi alloy system was from 20 to 50 and the hard-

ness decreased with increasing the Bi concentration. However the relation between the hardness and the cool-

ing rate was not observed clearly. In Ag-Pb alloy system the Micro-Vickers hardness and the effect of the cool-

ing rate on the hardness were similar to Ag-Bi alloy system.
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Fig.l1 Equilibrium phase diagrams of Ag-Bi alloy system and Ag-Pb alloy system.
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Fig.2 Outline of experimental apparatus.
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Fig.3 Edqilibrium phase diagram of Ag-Bi alloy and definition

of temperature region in calculation of cooling rate.
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Fig.4 Effect of testing load on the hardness of pure silver.

>

; 50 ll'llll|l]lll|l|'||||ll|||l|l
- 49 IPureAgI

2 Testing Load 2.942 N

5 48} .
[

fen

v 47 -
AQ‘)

.2

> 46 -
g

é 45 llllllllIllllllllllllllllllll

10 20 30 40 50 60 70

Testing Time , ¢ / sec

Fig.5 Effect of testing time on the hardness of pure silver.



24 RE T EFEE M AR

(RT3 AR B & R DR 2 . AR
ICH W7 HAg TRz, 2 OHR % 4B X UI5IZR
FTo WIFNHHEDOMEMEIIESDEFELTVDLHD
O, FHMEITABRMTES L O ERFRERISIZE A K
HFLBRWI EDHERRTE 7,

B, HOIZBIT LAz (99.9wt.%) DY v I —
AREEIIB L ZH=26T, RWERROTI @l E 7
5720 T2, AEERICH W - #iAg, #BiB X OHiPb
DRI BIT B S OFHEILZ NENHy, =46.0,
Hv,=6.8, B L UHy,=89TH -7,

4.2 Ag—Bi&4€ EAg—PbA 2 DEEHERE
Ag—BiGE&DOEEMMEEZX6IZ, T/, Ag—PhEE&D
BEAARE NT7IOR T, —EHE VIR L H 12z 5
EELDBED, TRTT VY FTA b (BEUIR) MKk E
#ENTz, M6B L URTIZB VTR AgY v FHT,
WA BiE 7213Pb) v FHITH b, Ag—Bida L Ag—

.,

fif

1§ Ag -30at%Bi

‘.- % 100 pm ;.d' i_!.m\‘ . -
Cooling Rate : (a) 3.68K s (b)6.14K s* (c) 45.3K s? (d)3.04K s (e) 6.28K s*
(g)2.60Ks? (h)5.36Ks! (i)46.4Ks* (j) 1.96Ks? (k) 4.80K s*

FRE 3875 (2002)

Pb&E&DOFHEIRERHPFHLUL TnaE 2 L2 b, KiF5E
THRABHBF BT, WAEROBFEMED £
2 U &) GEEMARSIBE SNz, — kIS, 683%E
EE OV IR | IEAE | 3R EGHE & 5 3B L O
BRIV, GEEROBE - HIKLORER 457 <
BB 12D b S NG, GHIHEE OB KIZEE N,
HEEDAIE L TW B 2 b, REERIZBWVWTH S
DO—fEAIEHATE A LEZ LN,

BEEAAE ORI OREEZ L D EEMICHL 2T
BI2IZ, T RIA R2RT — LI, A, L EEREIX
BIC B 2 PR EEEE, T, & ORI, 20
EREKBIIRT , Ag—BIA&IIDWTIX, bThkd
LBIEEOHEKICENT Y FI 4 M2RT — 4 BFREAYE
Y G R NCY (AP W N

A, T'=c (1)

%5 B%R (alcldER) TREINDEZENERINT

- .
200 pm

Bi

AR ﬁ; Ag -10at%Bi

= AN, 20 um
‘.{‘;& Ag - 30at%Bi

. L g3 TS LT
i st

s S50 pm

3 s W
(f)43.5K s!
(1)42.4K s*

Fig.6 SEM Views of micro structure of Ag-Bi alloy.
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Fig.8 Relation between the secondary dendrite arm spacing and the cooling rate during solidification interval.
(a)Ag-Bi alloy, (b)Ag-Pb alloy.



26 R TS EHE MR

WRIZHED) 7Y I A4 R2RT7 — 2RO A, FFiC
RS HEEICBWTAg—BIEE& L VHETH L, 1B,
HX(1)DHHEaDEIZ. Ag—PbE4I22OWTI30.343~
0463TdH 1 . SHEMICAg—BIEE L D IZ/IS v, L
L. Y R4 F2R7 — 2 BB 5 E X [ 00 & H5EE D
FL/3TICHIHIT 5 E VS, Thbb, a=0.333TH
B EV)ERDIEROL T 5 &, MEERDOMHEIZ N
TN KREV,

4.3 Ag—BiA&NEX ILH LIFTBIBENKEES £
PAg—PbAEDIE S IZH K IFTPLIRE DKM
Ag—Big &M S 125 LT T BilE O UL % X9
2. F72. Ag—PbAEDRESIZB X I3 TPhiltfE DA
PE M0 R T o AEEKIZH V2 HiAg DR S ASHEBI
L) bz, BiREOFHWEEIZEM SIS (R

wn
o

IIIIIIIIIIIIIIIllll'llll|llll[llll

@ ['Ag - Bi Alloy |

N
(9]

I } il

N W W s
wn O wn O

— CoolingRatel.96~3.68Ks'I ¢
llllIIIIIIIIIIIIIIIllIlIIIIIIIIIll

5 10 15 20 25 30 35
Bi concentration , Cp; / at.%

[3%)
(=)

Micro Vickers Hardness , Hy,,

(=}

50 IIIIITIII]IIIII]III rrrryrrrrprey

45 |- Ag - Bi Alloy |-

40 | -

35 |- [} i

30 - - -
. -1 x

25 |- Cooling Rate 4.80 ~ 6.28 K s -

20IllIIIIllIIIllllllllllllllllllllll

0 5 100 15 20 25 30 35
Bi concentration , Cp; / at.%

Micro Vickers Hardness , Hy,,

5Ollllll]llllllllllll rrrrprrrrprriod

45 1© Ag - Bi Alloy |-
40 |- I I -
35 |- $ _

30 |- =

25 |- Cooling Rate 42.4 ~ 51.0Ks ™ -
20llIIIllllllIIllIIIlIIIIIIIIIIIlIII

0 5 10 15 20 25 30 35
Bi concentration , Cp; / at.%

Micro Vickers Hardness , H,,,

Fig.9 Effect of Bi concentration on the Micro-Vickers
hardness of Ag-Bi alloy system.
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