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Abstract

The grain size has a great influence on the superplastic deformation of metal. The traditional se-
vere plastic deformation method has limited grain refinement of metal, which needs new processing
technologies and methods to improve. The rapid growth of grains in the process of superplastic
deformation often destroys the structural stability of superplastic materials, and then reduces the
fracture elongation. How to effectively inhibit grain growth is one of the key points of superplas-
ticity research. In this paper, we studied the microstructure and room temperature superplastici-

reaching 1150%. EBSD diagram shows that the average grain size of the
HPS is 1.5 pm, the grain refinement effect of t-HPS is significant; Whe

alloy at room temperature is in the range of 60%~70% offead
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il TSP, 8YhE e N T =R T R B R SR = 0
SRR BN E B AL, ARG R AR iR IS R A B R AR
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IR B S NG S, AT IETT FOE B AR TE L EE, ISR B £ 4 i R AR T
HLER 5 A 1. 1976 4E A, E. Geckinli £ C. R. Barrett [3] %485 & 4 75 18 B 1 AR 7 3 5 b 1) di R A2 5 A
SRR AT T, YOGS TEN AR R i = S, B & &@rEmalfisibag 5 &t
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W Ik
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PEAS T R A B S oRE AR, AT RS L A IR K B — S
DAL It i 6 X0 Y 45 5 < 10 = o sUEAT S8R, 0 i 6206Sn) . P9 AH AR AR AH 55 B 23 R
(Pb-40%Sn) A s AR RS Y rh i+ 545 21 I P AH o Bl 1 FoR A&
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igure 1. Pb-Sn alloy phase diagram [10]
1. $AH& EEE[10]
FRAS R R T R

d?—dd =kt 1)

Forbrd 9 t A S BRI RS s do AWIEA(E = )AL q KR REL RBURBLS FHE3NMAEE ST k
NEKIRHEZERE T, k=k,exp(-Q/RT) .
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TG S P S A AR A I — M sl 15 S E RSB KRR d"—d) =kt, HA do f1 d 2]
AT TE] t B SR RS, n Rk AR KR, k2R AEKE . B T8 E SmBEB PR A K
RFAHA S AR SR Y BEH ), TP n=4[11][12], W% 1 Fimr.

Table 1. Relationship between grain growth control mechanism and grain growth index n [11]
=1 RRAEKIERNE S BRAEKIER n XAREKR11]

nfg 2 3 4 5
acRAE KAL) VAR T AR B AR L A TRV T R

K CLINAS O PR b B2 sl AE LA BT AL AR B8 SR RGP ARAIR(), 1542 2 T,
PR A SRR R AR, BHR 2 k ERE RS b & ELr 2 in
B AR AR AT R B L, RN 723,

Table 2. Grain size and elongation of Pb-Sn alloys with different compositions
= 2. FEIRRSTHY Pb-Sn & @ RHETE BRI R T RS

EE&MK atf pH A TR] t
AL LN

DAk} 0.7 0
Pb-625n

A 1.6 4 600% 6000

DAk} 0.7 1. 1.0 0 0
Pb-40Sn

A 2.3 800% 8000

0.007

B K, 0.00377%2.63591

0.006

58%1.68943

X 68.2%
k-0.0021

0.000 +————"F———7—— 71— — T T
pp 00 01 02 03 04 05 06 07 08 09 1.0 Sn

T T T T T T T

Figure 2. Relationship between grain growth coefficient k and Pb-Sn alloy composition
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2.2. EE&EEBIY)(Tube High-Pressure Shearing, t-HPS)

AR SR A N 922 o e e R BT UI AT, A 1 v L B AR T A — b BE 6 £ DR it P A8 S
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AT AL B RN AR SAR T I e M BB L, ST — AR E N AR AL AR, SRR AR A2 A A7
FEBBIE, RIZGERINAR MRE it Y B 55 AP EE BT A%, BRAR t-HPS SRE S sy e, R dilr 1)~ 1 18] 2
AR,

SEREI) t-HPS B T FE R EAT L AR B Be A t-HPS AR TR B ANB B IR B B i i AL
L 70 ATt N AT H T I IR, o 5 L AN P A W e PR A LB 82 ), 38 2 8 RS A T )
BLER e 4ERF 8 AN s t-HPS AR TE M B, BIFE =1 T e A0 8 Bt i i Ol AT +-HPS 28T . 83 t-HPS
Hil & BB S & E, W LLE— B Ee[13] [14].

2.3. SRR

FER R JEA A t-HPS HEAT BRI T K BN T 5 BORE it rh R AT 45
JS2 3 AR G 7 BT FLAR TEALEE e 3 49 4t 1 S Al T A T 1
ARG SJRRCR S S S B2 R A & el Xof L 2

BiEGd, AE
L, ¢ > > SIS e
gy, 2y 1862, 64, 73 LI
\ J
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XY S HIBHEO) A
Figure 3. Experimental flow chart
3. SEIRIER
24, EWHE
24.1. BEEHE
‘ s HALE RSN T 3 AL 4 PR
Sn Cu Zn Fe As Ag Bi Sb

0.002 0.001 0.001 0.002 0.001 0.001 0.001 0.004

SRS FW%, RESE, ppm, x107° %)

% Sn Ca Cu Fe Zn Sh In
o 99.98 0.002 0.001 0.002 0.001 0.001 0.001

— IR =R IR, VBRI 3.8:6.2, 6:4, 7:3. KWiM4 B A BRI, B
Brpl 1 om BEIEEEE, 1Rl NELHIK 0.25 cm JBEIIRA . 2 Ja il R DI BNV £ & S ARop U 1 Rl o P
A4 FIRIRSE, FrRZEINL Y DK7720 H kA E 3R 8 EINUR .
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Figure 4. Dimension drawing of wire-cutting Pb-Sn alloy sample (unit: mm)

4. ZEEHAE SRR E(EA: mm)

2.42.t-HPS fmT
t-HPS Jin T FH 8 4 & R A A s e e 4 A PR ) AR 7

RN SRS Rl B2 o7 s W= N O o = d LU v i U N O 52

FEHEAT t-HPS T, %% h 407,

2.4.3. RI{RsCLE

¥ t-HPS In TJ5 M8 & &R Tl n & 5 ARes R ~F, B e bt L5 2, IR
PR, PRAEFER SRR 2 7735 5] o W RN B B AN B, S e S B, e s B A
FH AGS-10kNX TRViewX 120S 5t 44 Wik 15 R, MASHZ Y 1073 571, 6 N iR (298
K), 1328 7) AR 2k, fr;%ifaéumuaﬁkkﬁ o 0 B4 RIRE i 20 AT = IR B AR s,  DAR7 Ik
SRR o

igure 5. Dimension drawing of Pb-Sn alloy tensile sample (unit: mm)

E 5. #Ha RN ERTE A mm)

HiT J5 PORE S 7E 4330 7 RO R BT WARAE, W%E EBSD A/ A2 51950, A5
ERLEE, WIEERITEAS . AL A 4, %F%ﬁﬂﬂﬂ%ﬁ RO A L S A A B () R
TR 1% SUL510/EBSD/EDS i 5t , & A2 B # BUR HE T A AT S FERE R EA T SRAE I

TEMER 2 AT e AT AR H 4%, Bro i 800 H#rbat, o & BEMHLELE 80 rimin, X HE R M 2474
T BE . FEGTRE SR AT LRI T, R FH AN A RO TAE R, BCHRIARILL 109 B SR AITE K LA
DNHLARE, AE 10 V LR R SR T LR 10 s. B e H 22 9000 A e G, B PO LIy 105
r/min, XRESEET RS FIP0OG .
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3. SWHERSSH
3.1. t-HPS I T3R5 & €A AN

Sn % 30%, 40%, 62%[1) Pb-Sn A 44 t-HPS i T/ 1 EBSD EUEAN IPF ElG Kl 6 Frw, %5
Giit TR A 4 S AR R R S o &3 t-HPS T A 4, aPo)AH T34 SRR SHATE 1.3 um 247,
B(SN)AH P8 SR RSTAE 1.5 um Zids, PIAHIX PR3 SR RRSHLE 1.4 um ity o W EeFR 6 s AngL m)
Pb-62%Sn 1 Pb-40%Sn &< 1) EBSD B W14 7 Fros, t-HPS I L J5 1) Pb-Sn & 4 & AHIR & BUE 55,
e RSB/, HERL 2 &S . 7T DVE AR TS BIE I T T2, t-HPS X¥ 4 g4 Ak
MHGRE R E LT

EBSD|1%

Pb-62%Sn tHPS

Pb-40%Sn tHPS

n t-HPS

Figure 6. EBSD image and IPF image of Pb-Sn alloy processed by
t-HPS
6. £ t-HPS M LAYEA$HA € EBSD E% A IPF Bk

comparisons and grain size of Pb-Sn alloy processed by t-HPS

F2 5. & ¥HPS I LAIRSHE ERIFEL BRI R T
e L olp THIERRA (um)
a B #H a & f
Pb-629%Sn t-HPS 28/72 13+0.1 16+0.1 14+01
Pb-40%Sn t-HPS 46/54 1.2+£0.1 15+£0.1 1.4+0.1
Pb-30%Sn t-HPS 59/41 15+0.1 1.6+0.1 15+0.1
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As-cast Rolled

Pb-62%Sn

Pb-40%Sn

N
.
Figure 7. EBSD Diagram of Cast Roll b- Sn and Pb-
62%3Sn [9]

7. $hi&. %L Pb-40%Sn F1 P

Y EBS

Table 6. Two comparisons and grain size of cast rolled Pb-409

n and Pb-62%$n [9]
526. $hi&. FLHI Pb-40%Sn F1 Pb-629%Sn RO FEAEEL F0 &Rk j

e HLLBI ol FIBRRLIT (um)
B a&pBHH
Pb-62%Sn 4%t 3.6+0.3 26+0.2
Pb-62%Sn %Ll 48+0.2 3.1+0.1
Pb-40%Sn 5% 1.6+0.2 1.2+0.1
Pb-40%Sn %L1 54+0.2 27+0.1

3.2. PIfSEIES

TNt R AU BN TR AR SE N L5k R i IR TR 2, W] 4141
2 PR AR T v RO SR K S AR AL AR FE A o

Table 7. Tensile properties of Pb-Sn Alloy processed by t-HPS at an initial strain rate of 10 s™
# 7. £ t-HPS IMIAAHA SEMRNTREN 10° s THRIHMEAE

P i WEAF S /1 (MPa) W RS {1 (%)
Pb-62%Sn t-HPS 5.2 790
Pb-40%Sn t-HPS 6.5 1150
Pb-30%Sn t-HPS 6.0 690
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7 T T T T g T g T T T d T

i T=298K &€=1.0 x1073s! —— Pb-62%Sn
6 \ —— Pb-40%Sn
— Pb-30%Sn

N }7/MPa
N

M LA {2 (%)

Pb-6296Sn 4%t 4
Pb-62%Sn %Ll 184
Pb-40%Sn %% 107

116

1 Sn & & 30%, 40%, 62%[1 Pb-Sn & & #E k4T iS58 J5 1 EBSD B A0
ATPARSELS 5, A A S SRR S 2 10 R T o fd S2a ai e 2%

FHSCHEEIE 2 5k, Sn-Sn —EFEJ/D, Pb-Pb i Fiis— BRI, BUREE S S E R m, =Mt
R OIRA S, PSR ANEESH N2 ER R, e B R KA
KK, YA 4 I 2 22 B A0 o 2 20 B Y 02 e s 5 s i dlobn AR I B R 2 T4, A
B8 T R R AR K R — U R EASEE 60% < Wit%Pb < 70% X [A] P, T DAHEN, Bl 4TS B A1,
B AR AR R K M RO IR R AE R I . B S A SRR E R A YA 25, I HLBEE 8 & 0 50
Hn, HYURESRERFRE . 60% < Wt%Ph < 70%I1 X [Py, Bl Pb S & m3in, RIERS St I ECE ey
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TGk, HLGE R Fa e eI, (PRSIt 45 R B IR, wi%Pb = 70%H, #1854 4 I 2B i 5/ wit%Pb
= T0%I [P REAH 28 o X YEIIAAAE =Fh AT RE: 25—, SRS £U(Pb-40%Sn) B HY 85 & 428 28 14 5 1 1) 1k
S RL BEREESTE RGN, S&HASECRERE, ERGEANEBEASAEEY EAMXE, A%
AR AT A E A, W& aBEE TR, B, SRR M A wt%Pb < 70%2 J& )5 —
UMY G S B BT AT IX R, FEIX R, A S BV A A e A R AR AR A . BT R% ff R 2 S
BEEET A RN, SIS TR, FEXANX R T G SN 2R e AR F AT DRV AN T v 7%
rm I HTE ARG 5=, wi%Pb > 60%/5BEE S B IN, A&&BMEL A TN, B TR

5y AR S & 60%~70%2 [7] .

EBSD|1%

Pb-62%Sn tHPS

~-HPS  Pb-40%Sn t-HPS

£mR

. o
. I
Il

Figure 9. EBSD image and IPF image of Pb-Sn alloy processed by
t-HPS after stretching
B 9. £ t-HPS I TRYSRTAE SHR/EHY EBSD ERFN IPF Bl

Table 9. n size of Pb-Sn alloy processed by t-HPS after stretching
9. & CHPS MIMVEAH A ShMEMRRIR T

b PR ~F (um)

" a B @ & H
Pb-62%Sn 690% 1.7+0.1 24+0.1 22+01
Pb-40%Sn 1000% 20+x0.1 28+0.1 24+01
Pb-30%Sn 790% 21+£0.1 25+0.1 23+x0.1
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Table 10. Grain size change of Pb-Sn alloy processed by t-HPS before and after tension
= 10. £ t-HPS MILAVRHA S RFRIEMRRRTELE

- EAL R~ 2L & (nm)
a tf B a & p
Pb-62%Sn 04+0.1 0.8+£0.1 0.8+0.1
Pb-40%Sn 0.8+£0.1 13+0.1 1.0+£0.1
Pb-30%Sn 0.6+0.1 09+0.1 0.8+£0.1
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