10 Vol.56 No.10 October 2007

56 10 2007
ACTA PHYSICA SINICA (©2007 Chin. Phys. Soc.

1000-3290/2007/56 10 /6118-06

*
Cu-Sn
T
710048
2007 1 23 2007 4 28
Cu-xwt%Sn x=7 13.5 20
Cu-Sn r=0.992 M-S
1.0%—4.6%
Cu-Sn
PACC 8140R 8170
5—23 m/s
1. : 15—50 pm
4mm 1—2 m.
Cu-Sn “ 5g FeCly
+ 15ml HCIl + 100 ml C,H;OH"
= Cu-Sn ARMRAY-1000B SEM
S7-82
10° K/s HXD-1000TMC
SH500
6 3.
78
Cu-Sn Navier-Stokes
T T=-d7T/dt
9
) Navier-Stokes
' v ., oV oV _ ,
8t+U8y+V8x_v T V'V
Cu-xwt%Sn x =7 13.5 20 Cu aU Uﬂj Vﬂ] ) "y
99.99%  Sn 99.999% ot PV oy T hox TETY
1.2g. VU g
* 2006E, 34 06JK220

1 E-mail qiuyazhai @ xaut. edu. cn



10 Cu-Sn

6119

v T =wvyexp E/RT

vy E
R

oU oV

ay+a%—0. 3
o , yor , yor _ (97 &1)
o T Uy Vax = lae t oy 4
o , yor _ (&1 21) 5
ot TV ox T Moy oyl
T a

Navier-Stokes

AOTRY |, g=h T,-T

Y

A T, T

h.

Cu Sn "

3.26 x 10°—4.60 x 10° K/s

1

Cu-7%Sn  Cu-13.5%Sn Cu-20% Sn

AW m™ K' 16051 155.46 150.09
AJW m™h K- 235.85 227.78 219.18
C/¥ kg™ K1 485.13 475.36 464.95
Csl¥ kg™" K1 463.99 455.07 445.56
or/kg m™3 7896.53 7882.22 7881.09
os/kg m™3 8895.26 8831.17 8762.84
AH/Y kg™! 1.34x10° 1.28x10° 1.23x10°
hi/W m™> K™' 1.0x10° 1.0x10°  1.0x10°
H/m 1.2x107%  1.2x107% 1.2x1073
ry/m 6x 1072 6x 1072 6x 1072
L/m 1.6x107%*  1.6x107% 1.6x1073
I/m 8x 1074 8x 104 gx 1074
Ay/W m™+ K! 397 397 397
owlkg m™3 8.96x 10°  8.96x10° 8.96x 10°
C,1¥ kg™t K~! 390 390 390
w/rad s7! 333—871 333—871  333—871
E/K} mol ! 29.52 28.55 20.71
R/¥ K™ mol~! 8.3144 8.3144 8.3144
g/m 572 9.8 9.8 9.8

3.1.

18

15

12

p/uQd-cm
Nel

20

16 |

12

p/uL2-cm

32

24

16

p/pd-cm

13.5%Sn

(a)

o SEREHCu-7% Sn
— WEAH (M-SR
- - WA (F-SHEL)
- = WEAE (Fuchs %)

(®)

A SEEG{E Cu-13. 5% Sn
AR (M-SHERY)
- - HAE (F-SHAL)
- — {FHAE (Fuchs i)

©

o SERAECu-20% Sn

WA (M-SHE#)
- = A (F-SHEL)
== & H (Fuchs A )

3.2 3.6 4.0
7/10%K.s™
a Cu-7% Sn

¢ Cu-20%Sn

b Cu-



6120 56
pm
Fuchs .
F-S . Mayadas  Shatzkes "
on =po[ 1= 32k 1-p M-S
oc kgt -1
N Pl I
ool o, =3 % - %,@+ g - B3ln(l + E)]
ky = all, 7 17
Fuchs 17 1
M-S
w2 2 r=0.992
o [(Olg_ﬂkipo 1—pJ0 dﬁ.[l dtofoj% "
! TR A -1 r 1 M-S
Qt 0 =14+plcostd 1 -1/1" "7 9
B=lyrld 1 -r 10
Lo L " r 1
©o Cu 1.694 10} cm
Sn 12.6 Q) em "
00798 = 2.12 pd em ) 3595 = 2.54 p) cm 32,
00 0% =329 pQd em. 8 s = 0o
p 0—l1. r 3.2.1.
0—1 ly 2a b ¢ Cu-7%Sn Cu-
45m"” a d 13.5%Sn Cu-20% Sn
d 14
a T
Qrgsn =247.38 — 69.55T + 3.797° 11
Apsps =160.29 — 33.437 + 0.277° 12
s, =1033.12 — 480.35T + 56.827°. 13
d T . . Sn
dyys =152.87 — 64.60T + 6.887° 14
disspsn =47.19 - 19.027 + 1.967° 15
dogs, =11.99 — 4.49T + 0.457°. 16
6 — 16 o
1 3.2.2.
p 0—1 3 Cu-Sn
Fuchs



6121

10 Cu-Sn
160 1400
(@ o SEBE KW 3 O SRHCu-T% Sn
o SEIR{H WM A SEB{E Cu-13. 5% Sn
A EBME HEE 1200 O SEBA{Cu-20% Sn
140 F —— WEE &P THEAE _
- - BEME Bl - - R =
..... BAE B 1000 | t
=z =
~ L E
% 120 ol
S
100 | 600 |
400 |
80 L s s s : : : s s
3.6 3.9 4.2 4.5 3.3 3.6 3.9 4.2 4.5
7/10°k.s7! 7/10°k.s7!
220F (b) & SR KW 3
S, 2
o % )
O S i : 13.5%Sn  Cu-20%Sn ¢ 0.46 0.41
200f - - BlAM RE 0.33 Cu Sn ¢ . HV
S IR BAf HEE,
i ;-
~ .
e
B 180
3
160 |
3.6 3.9 1.2 15
7/10°K.s™
(c) o SERAE FKWH
wol e T wE N
A ST T 2
— A &R
- - Bad RiE 3.2.3.
- BE{E AMTE
o 30T 4 Cu-7% Sn Cu-13.5% Sn Cu-
§ 20% Sn
B a0l
Cu-Sn
1.0%—4.6%
250 |
, . . . 2%—5% " .
3.3 3.6 3.9 4.2
ol 6 -1
oK Ors =51.04 - 19.747 +1.937° 19
. S
2 a Cu-7% Sn b Op.spsn =20.26 - 8.17T + 0.86T 20
Cu-13.5%5n ¢ Cu-20%Sn Oupesa = 14.73 = 5.75T + 0.597". 21
220—
280 N/mm® " o)
HV 16
o, = 9.8cHV 18 3.3,
c Cu-7% Sn Cu-

Cu-Sn



6122

56

7/10°K-s™"
4
T=3.65x10° K/s
Cu-7% Sn
5 a
Cu
5b Cu-7% Sn T =

4.31x 10" K/s

Cu-Sn

N

o SER{HCu-T% Sn

5 L
A SERAHCu-13.5% Sn
o SE%{EH Cu-20% Sn
Al — HAE

5/%
w

3.3 3.6 3.9 4.2 4.5 4.8

Y, v
- wd NP T T
:’,-"3.”-* A.‘.'.l S LG A3

5 Cu-7%Sn a T=3.65x10°K/s b

T=4.31%x10° K/s

Cu-Sn

0.992 M-S

1.0%—4.6%

Al-Ganainy G S Fawzy A Ei-Salam F A 2004 Physica B 334 443
Lee KL Hu CK 1995 J. Appl. Phys. 78 4428

Liu X Y Kane W McMahon Jr C J 2004 Scripta Mater . 50 673
Kim HK Tu K N 1995 Appl. Phys. Lett. 14 2002

Liu CY Chen C Tu K N2000 J. Appl. Phys. 10 5703

XuJF Wang N Wei B B 2004 Chin. Sci. Bull. 49 2242
TuCW IuZC SunK LiDR ZhouS X 2006 Acta Phys. Sin.
552553 in Chinese

2006 55 2553
Bao BH Song X F Ren NF Li CS2006 Acta Phys. Sin. 55


Absent Image
File: 0


10 Cu-Sn 6123

3698 in Chinese 2006 14 XuJF Wei B B2005 Acta Phys. Sin. 54 3444 in Chinese
55 3698 2005 54 3444
9 XuJ F Wei B B2004 Acta Phys. Sin. 53 1909 in Chinese 15  Editors committee of data handbook of mechanical engineering
2004 53 1909 material 1995 Data Handbook of Mechanical Engineering Material

10 HuiXD YangYS Chen XM HuZ L 1999 Acta Metall . Sin . Beijing Mechanical Industry Press  in Chinese

35 1206 in Chinese 1999 1995

35 1206

11 Brandes E A 1983 Smithells Metals Reference Book 14 6 16 Yao Q J 1985 Data Handbook of Metal Mechanical Test Beijing
12 Jacob U Vancea ] Hoffmann H 1990 Phys. Rev. B 17 11852 Mechanical Industry Press  in Chinese 1985

13 Mayadas A ' Shatzkes M 1970 Phys. Rev. 1 1382

Electrical resistivity and mechanical properties of
rapidly solidified Cu-Sn hypoperitectic alloys *

Zhai Qiu-Ya'  Yang Yang Xu Jin-Feng Guo Xue-Feng
School of Materials Science and Engineering  Xi' an University of Technology ~Xi' an 710048  China
Received 23 January 2007 revised manuscript received 28 April 2007

Abstract
The electrical resistivity microhardness tensile strength and elongation of rapidly solidified Cu-xwt. % Sn x =7 13.5
20 hypoperitectic alloys are investigated and the relationships between cooling rate and properties of the alloys are further
analyzed theoretically. It is found that under rapid solidification the microstructure is refined and the amount of grain boundary
increases and the scattering of free electrons is thus intensified resulting in the rise of alloy resistivity. Provided that the value
of grain boundary reflection coefficient r is about 0.992 the electrical resistivity of the alloys can be theoretically analyzed by the
M-S model. With the increase of cooling rate the microhardness and tensile strength of alloy foils increase linearly but the

elongation decreases within the range of 1.0%—4.6% .
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