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EALB M2 HKRAEDHEHSETRE B2 EEL B ELYZTMEY
BRMEE, H—HHE.EESBEMEHRSEREARMIT AR RERM
A EMAYTBERGERLRMERSEEM AN EEREHE, XRAEL
KRGS B RA TS L.

BRETERBREERFXAAB%ES HFRE LA ES MR A R
HEEWEFXFT . RERABHR T ZNEHEEERNRSH I FHR
MgEFE SR, BE T ERE#H K FHEEHARR. XFALELELL
TR AR AR R TR, FEA = HFARTE: — &R A DSC ##r
FARALHEHR T ARBMILRE —IE Cu-Sn,Cu- Ge fl Ag - Sn & & 1B
R BAR TSR =0 Al-Cu-Sn,Al-In-Sn fl Al-In-Ge &1
WAH T BRI —RETFTREREGLBARRIRBEARAMEBEMENZRER,
BARTRSEEHWEREIMREZEFILE, A TEREESERTH
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REFETFERMMARREE, BPERAERTEAEET LN AHT RN
TG Cu Ml Ag A S UK =TT Al B4 f A £ BT 0 R & HAE# AR
HE N AR S Ve T RS PR IE . AR, BB TR T K25 16
1 AR 4 B BB

244 7 FE, FBRSHUT AT

B (1~43F) . REHHK L Cu-Sn. ~JE Cu-Ge, “JE Ag-Sn &
G WA TT 22 R I, 6 AN A VS B I S R 2 A T oT iR R A TRORE R BE B
FHER AR SRR AL % B8, R 878 0 Cu M1 Ag RE M A& &3t
fn EL R RVE IR A R T BB AR SHE. M Cu-Sn B ARG
75 7 2 B R 7 5 T MR 4% T 068 I R L 41 U E LA e L e i
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G R AH MR B, A TR U X B, i P A RN A8 1 B 55 A O 2 TR B AR 4 7B Ak Y R
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FB13E “JLCu-SnHEHRNE
P R 2 i A AL

1.1 RAGLMBAFUR

1.1.1 35|

i

—JC Cu-Sn A& BHAM T K PERE, 40w o8 BE A 200, R B A4 it BE 45 FEL
10 B B AR B T2 N P AL A Tkt . XS Cu-Sn &
4 BOTOVLEE Y R A7 2 R DA T U T 4 4 A B 9 A B T AR D 1 4
MAL2EMERE. BRTHIE . RZBHRES Cu-Sn B WBAS LT THR,
AT R & B, 76 Cu — Sn WA FAEFE Cu,s Sn A /B E Cu, Sn MM, K
THMITE Cu- Sn &4 00 Y 30 5, a0 b #4345,
Miettinen™ B 37 T MK MMz SR, Cu-Sn BEBEMWREK S 5KE
MR X R 2L H Prasad 1 Mikula™ #47 7T BB B 5T, X% AV &EH
5 TARIR XA B Cu - Sn AHIE, 38 v #H2 B A DO, A P4t . it
AR (DSC), % AN B E T — A BB - FE AR, AT LA
Cu-30%Sn" &&BE Py AEMMEZMAEK. Rappaz F VY RET H W
PR B R, ZA R TP Cu - Sn £ J8 & 4 % B 72 A [ 4R & 40 3. b
1AW T Cu-Sn A4 E Cu M A& Kt &M LLRE Sn Ml 4 4t & 5E 6]
HE [ AL o

R UTFILA T EE TEKATERARRT. 5%, F =70 Cu-5Sn
HE EBNESTEEAMEREHRERENE, BhERR N ¥EEAS
¥z — FEHEE A A AR R E SRR K R R EEERT,

«  BEAb Y 30 %0 R4E Sn iR E B 7E R SCRUR A R AIAR I HE SN AR,
RAEREE .
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BAR ZIUE & WIE AL KE TT LAKK 38 18 4K 8 A 3 i O 5@ Ao A 1 4l 4 O i (L &
MG EXF A SERKMIREYT, Hik,Cu-Sn A& NBEILE
BERL T B X RN ZGES LR RN E. KK .Cu-Sn G2 ERE
H5RAMXRRMEBSHR  BAREREMAREEFTERBETIALE. A
REMBREHR I EREELEMHFUBEARMHBE Cu-Sn GEWF R
B RAMATEEEALIREN SRSV RAMENRD, FELLE, SR E
WK T EEA S WA R, RERSH Cu-Sn G E&7EME K IMBEMET
B REXBIARBENTR. H=,8 Cu KIMMK Cu-Sn &L E NG
#E Sn A &R TEBE M E B ZBF, T4 F o [ B 4, 10 40 % ~
70%Sn {EE N K Cu-Sn & WEEEVLHEHAEMmE ., FEL L, EX—RHE
EAFE— N EENBERRN y — e+ L. ZENHARTHREGLV H P H
— AN B AR A B — A WA A E A B 8% A8 E #2 . Lograsso fl Hellawell™ #f 5%
TEX—BRRN RAMEREBEHR AR AR T2 EZ, Hxt
Cu-Sn GBI NARENTE - SHRELTFN. H/H ESnHEFRK
F58.6% B, BFFAE— NG R B e+ L —n, 36 T % 52 59 244 7 70158 B 41
LW R ZE AR LIRE.

DSC(n Hi & k) 2 H T € & #4017 1A B AR, DSC k-1
Hh R MR T HETREMNEERF R, AN 4 KA DSC Fk#fiE
Cu-Sn& & WAL IR LU BI04 S B AHS R ER G & A0 b
B RB KR . 7£ DSC ZRAHMER b, 4500 Cu-Sn B EBMHU LA
RN B IS R IE MR AN BEE A LR,

1.1.2 XBEE

mE1-1FH%,AFWER 25 MARBAHE Cu-Sn FE&AMRENER, B
1-1/E T L Cu-Sn G & MHE., BMERNTEEARN 120 mg, H &4
Cu (99. 999 %) H1 Sn(99. 999 %0 ) #%& L il Fic il 1 B , I AE R R T i o WOt ki
fb. DSC SLH 3R Al Netzsch DSC 404C Z Rm Hifi B#GH 1T, A MBS
) B 2 22 3F 85 4l BE Y Sn, Zn, Al, Ag, Au Fl Fe 702 A e, T 2 4 B 43 31 h
+1 K M+3%. 7 DSC ERZHT ¥ & &HMET ALOH B S, XHE & EHE
2 RIEFRALRFES . DSC #AaHr#ER [6 49 49 5 3 3 F 3047, B IR BE

o20



$1% —TCu-Snéethi*URPALEEAR

KY RALLIRE R 150 K, DSC L5 )5 , %t & 4+ & #E 17 B BE I H 5g FeCl;, +
ImL HCIH99mL H, O % BT 8 1, F 62 B A FEL 4944 B 7 5 48 o i
[ 20 2347 4 1, INCA300 BB 154500t B [ 20 23 1) ¥ o 43 A #E AT 5T

R1-1 RADSCHEMEMNZT Cu-Sn EEHANEHER

Cu-5%Sn 1332 9.934 7.46
Cu-10%Sn 1285 7.977 6.21
Cu-15%Sn 1239 6. 690 5. 40
Cu-22%Sn 1156 5. 584 4.83
Cu-25.5%Sn 1070 5.311 4.96
Cu-27.2%Sn 1061 5. 045 4,76
Cu-28.9%Sn 1043 4.797 4. 60
Cu - 30.6%Sn 1033 5.729 5,55
Cu-32.5%Sn 1029 6. 366 6.19
Cu-38%5Sn 1013 7.251 7.16
Cu-41%Sn 1 000 8. 006 8.01
Cu-42.5%Sn 994 8. 306 8.36
Cu - 46%Sn 978 9.197 9,40
Cu-50%Sn 961 9. 604 9.99
Cu-55%Sn 934 9. 904 10. 60
Cu-58.6%5Sn 913 9.379 10. 27
Cu-65%Sn 889 8. 740 9.83
Cu-70%Sn 871 8. 030 9.22
Cu-75%Sn 847 7.515 8.87
Cu-80%Sn 811 6. 587 8.12
Cu-85%Sn 776 5. 620 7.24
Cu-90%Sn 727 5. 424 7.46
Cu-92.4%Sn 689 5. 597 8.12
Cu-95%Sn 640 6.109 9.55
Cu-97.4%Sn 585 6.674 11. 41
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1.1.3 BHEEER

Al DSC S8 77 sk MG MR AR ESIER 1 -1, HicER 1 - 1(a)
BiR # —5C Cu - Sn #HEY o, JFA M ERE S5 & FK 0 Cu-Sn A& HE—
X WEUE T DSC MR AR R . Frillf M HARE T, 5 Sn & CHX
RABETH 5 MRBERR .

% Sn FRTE 0%0~25. 50 Z A o A8 (Cu) J2 & [ i 72 Hh B BT £ 4 -

T,.=1 345.306 12—1. 896 56C—0. 335 22C* (1=1)
% Sn HETE 25.5%~30. 6 % Z[H i, B MMM ENE S B AR P EERE .
T,=1 196.85—2. 735 29C—0. 086 51C* (1-=2)
1400
%
\ 2
Q
1200 {xqf l LE
% 284
P
i 221256 173
13.5 Y1071k g6 a2
1000 |- §
¥
s 58.6 l
2 [ «(Ccu | 859K
[.\':' T
N
800 |- L+e
27
_ a (Cu)to 59 688K
11 92.4
600 |- 623K 3255 oy ke
a(Cu)té n
L 462K 2008
99.3
: 459K Sn)—»|
400 1 | L | 1 " _.l\ 1 | |( i
0 20 40 60 80 100
Cu C/(%Sn) Sn
(a)
Bl 1-1 Cu-Sn &4 morskss L Kk H L6 BE /ol 45 5%

()& R R U R RAAMLREAME ERAE,
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m /(K * (%))

B m=27.964
__________________________________________________ ’I
’
¢
|
PO
|
¢ |
|
@ I
|
m=16.437 ®
_________________________________ !
|
|
I
|
|
|
|
|
|
|
1
————————————— s
| - s |
: y = |
25.5%5n | @ 6%sn - 3
. 0
oL l\l !’/ ! ]/ ! \: \s'
0 20 40 60 80 100
C/(%Sn)

(b)

22 1-1  Cu- Sn &2 AT #0288 DL B 0 26 IR BE 0 8 45 2R
(b) WML FHERE Sn & RIEMXR

2 Sn ZEAE 30.6%~58. 6 % ZE N,y FHEW 4 A
T.=1 063.442 92-+0.767 77C—0. 056 46C* (1-3)

2 Sn FEAE 58. 6% ~92. 4% Z Al B} ,e AH 2 5 ) % [E A9 HH .
T.=—5 394, 308 97+363. 623 65C—7. 739 53C*+7. 252X 107 2C* —

2.558 25X 107'C" (1-4)
% Sn FEAE 92. 4% ~99. 3% Z AN, p AR WM .
T.=—4 175.807 96+133. 716 77C—0. 814 1C* (1-5)

BEARA-D~KXAQ -5, BHALBRTEARX m,=—dT./dCWTF:
W Sn & & 0~25.5%Z 6] :
m.=1.896 56+0. 670 44C (1-6)
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24 Sn FHEAE 25.5%~30. 6% Z [A]Af .

my=2.74+0.173 02C a1-7
Y Sn EEAE 30. 6% ~58. 6% Z 6 A .
mL=—0.767 77+0. 112 92C (1-8)

24 Sn HETE 58.6%~92. 4 % Z [A] A .
m, = —363. 623 65-+15.479 06C—0. 217 56C>*+1.023 3X10*C*

1-9

% Sn FETE 92. 4% ~99. 3% Z [A]At
m,=—133.716 67+1. 628 20C (1-10
BAHEKHROHBERRTE1-1(b). X4 Sn &M 02T 25.5%
B, AR AR 1.897 EFHF] 18.993. 4 Sn FEM 25. 5% 30.6%,
B 7,147 2218 EF+F] 8. 030, # Sn HEM 30.6% - F+3] 58. 6%, W AHL
REEM 2.688 EF-3 5.849 . 24 Sn B F BTE 58. 6% ~92. 4% i Fl&f, AR M
2.276 HKF 16,437, #H—H I Sn BF R T 99. 3% A, AR M 16. 729 &

ELFZE 27.964,

1.4 BRSNS

LKA 5K/min M IMAEE, RGEWE T 7T Cu-Sn L& EEN K
WEAKELE EXE1-1TAE1-2(0F R, 4R2EH,Cu-Sn &L HE
i 58 E SR AEMBFEIMEL, BEE Cu - Sn H B LA [F B ¥4 H
asf,7.e Mg ML ,Cu-Sn B & MBS AH, 5 Sn F R BIHAXRE
feanF .

24 Sn FETE 0~25. 5% Z BB} ,a(Cu) 2 FI A4 -

AH,, (C)=13. 050 688—0. 780 699 64C+3. 647 101X 10 *C*—

1.058 713 6 X107*C*+1. 420 977X 10 °C* (1-11)

X Sn HFRTE 25.5%~30. 6 N Z A, BB NG SR BERE .
AH,(C) =—778.699 +87.057 255C —3.213 494 8C*+ 3. 941 923X 10 *C*

(1-12)

24 Sn FRTE 30. 6% ~58. 6% Z [E A,y H W44 .

AH, (C) =—20.239 054+2. 429 585 0C—9. 322 158 X107 2C*+

060
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1.722 400 6 X107*C*—1. 1808 138X 107°C" (1-13)
MR Sn FEANTF 58. 6% ~92. 4% Z 18] ,e A B So 5 E A AH «
AH, (C)=406. 299 87—22. 370 052C+0. 471 844 90C* —
4.404 076 X 10 *C*+1. 525 699 9X10°C* 1-14
—H Sn FE#it 92. 4%, p B WA AH
AH,(C)= —68.707 2 +1.369 043 3C*—6.115 384X 107*C®
(1-15)
% Sn HFEHK 0~25. 5% 0 ,a(CBRVIAEM, ZXBHIBFLIEHEE Sn TR
4 388 o 77 BA 9 P 5 24 Sn S REFE 25. 5% ~30. 6% 0 BB P9 B, B 2 AR L A A A=
ML LA BEE Sn FEMBEINT TR, 7 28. IN AR X BB/, B ZJE &
A5 218 E Tt 2 Sn S BN 30. 6% ~58. 6 % Bt , y MR BN A £ 1P
o LKEBEE Sn & B MBS N T, fE KLY 55 % Ab BURHR K {H, SR )5 BE Sn
SR, E LS IR F ;76 58. 6% ~92. 4% KB N4k LE 1 i Sn & & e
AR R0 A A X R B AL K B VR DS , A9 FE 90 % Y Sn & B AL BUAR — MR /IME
BJE7E Sn B ER 92.4%~100 % B, p R %E E L 72 o @991 A 48, 5 /L X3 B Sn
SR EAmMEREF.
Cu - Sn WIMEILAE AS 7T LA B 63l o 0 75 40 48 AR R IR BE T E
AS,=AH,/T. (1-16)
H1-2AHTHRUEBSEEASZEMRR, EMNZEMRBXER
WAl 5 MR 2R
Sn & B 0~25. 5% Z [AlBf,
AS;= 9.617 5 —0.569 64C + 3.332X107*C*—1.264 3X10°C*+
2.168X107°C* (1-17)
Sn & &FE 25. 5% ~30. 6 % Z [E B, A
AS,=—699. 27+78. 319C—2. 896 25C*+3.560 5X1072C* (1-18)
Sn & B7E 30. 6% ~58. 6 % Z IR, A
AS,;=—20. 3482, 485 0C—9. 787 X 107*C*+1. 836 4107*C* —
1.259X107°C* (1-19)
Sn & B7E 58. 6% ~92. 4% Z K, A
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AS;=604. 116 05—33. 567 18C+0. 708 1517C*—6.599 73X107*C*+

2.285 572X 107°C*
Sn Bt 92. 4% 6, A

AS;=429.653 53—9.516 7C+5.362 3 X107 *C*

I m AH,
12 |
3
g
= 8r
=
EE
< -
4 C 1 1 1 1 1 1
0 20 40 60 80 100
C/(%Sn)
(a)
o AS,

AS/(J+mol™ - K™
o0

Bl1-2 Cu-Sné&amibid miiis Sn S/MXER

T
60

C/%Sn)

()i fbda ;

(b)

(b) 4 1k 4

80

100

(1-20

C1L=21)



