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PENG Peng'?, LIU Lin? YU Yangxin', GAN Lu', YANG Wenchao? XU Yuanli'

(1. School of Materials & Energy, Lanzhou University, Lanzhou 730000, China; 2. State Key Laboratory of Solidification
Processing, Northwestern Polytechnical University, Xi'an 710072, China)

Abstract: With the progress of science and technology, an increasing number of peritectic alloys, such as Fe-Cr-Ni, Ti-Al,
and Nd-Fe-B alloys and Cu-Sn alloys for eletronic packaging, are being widely used in industrial production fields because
of their excellent properties. With the development of the electronic information industry towards miniaturization and
multifunctionality, higher requirements are put forward for the mechanical, electronic and thermal properties of integrated
circuits. In this paper, Cu-50 at. %Sn peritectic alloy (L+Cus;Sn—CusSns) was used as the research object. The Bridgman
directional solidification method was used to observe and measure the microstructure under a microscope. When the growth
distance and temperature gradient are constant, with increasing growth rate, the primary phase Cu;Sn undergoes a
transformation from a cellular — cellular/dendritic — dendritic structure, and the size and spacing of the Cu;Sn phase
decrease. When the growth rate and growth distance are constant, the primary phase Cu;Sn changes from a block and
dendrite to a cellular structure with increasing temperature gradient. When the growth rate and temperature gradient are
constant, with increasing growth distance, the primary phase Cu;Sn changes from block and cell/dendritic to cellular
structure, and the size of the Cu;Sn phase is slightly refined. Based on the above experimental results, a diagram of the
microstructure under different growth rates, temperature gradients and growth distances was drawn, and the influence of the
solidification conditions on the microstructure of the Cu-50 at. %Sn peritectic alloy are further clarified.
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Tab.1 Directional solidification experimental system at
different growth rates

Growth rate, Growth distance, Temperature Holding

V/(pm-s™) L/mm gradient, G/("C -mm™) temperature/"C

1 30 26 1000

5 30 26 1000

10 30 26 1 000

20 30 26 1000

40 30 26 1000
100 30 26 1000
200 30 26 1000

B FT B | PO JE PIRE S BE 25 BB % o B
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Tab.2 Directional solidification experimental system under
different growth distances

Growth rate  Growth distance Temperature Holding

/(pm-s™) /mm gradient/("C -mm™)  temperature/'C
1 20 26 1000
1 28 26 1 000
1 35 26 1000
1 40 26 1000
5 20 42 1300
5 30 42 1300
5 40 42 1300
5 60 42 1300
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Tab.3 Directional solidification experimental system under
different temperature gradients

Growth rate Growth Temperature Holding
/(um-s™) distance/mm  gradient/("C -mm™)  temperature/°C
1 20 26.0 1000
1 20 33.0 1100
1 20 37.8 1200
1 20 42.0 1300
5 40 26.0 1 000
5 40 33.0 1100
5 40 37.8 1200
5 40 42.0 1300
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Fig.2 DSC curve of Cu-50 at. %Sn peritectic alloy
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Fig.3 The microstructure of the Cu-50 at. %Sn peritectic alloy: (a) as-cast sample; (b) the enlarged region in (a)
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Fig.4 EDS analysis results at different positions in Fig.3(b): (a) point A; (b) point B; (c) point C
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Fig.6 Directionally solidified Cu-50 at. %Sn peritectic alloys with different solidification structures at different locations (V=10 pwm/s

s

G=26 C/mm, and L=30 mm): (a) upper part of the macrostructure; (b) lower part of the macrostructure; (c) quenched solid-liquid
interface; (d, e) different locations of the directional solidification zone; (f) initial solidification interface; (g) primary phase static
mushy zone; (h) peritectic reaction interface; (i) peritectic phase static mushy zone
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[ 7 5 ) B [ Cu-50%Sn £ i A 4 AN R Az < 3 BE T [ 5 1 Ak SO 4 28 (6=26 “C/mm, L=30 mm):(a) 1 pm/s; (b) 5 pm/s;
(c) 10 pmy/s; (d) 20 pm/s; (e) 40 pn/s; (f) 100 wm/s; (g) 200 wm/s
Fig.7 Microstructure at the solid-liquid interface of directionally solidified Cu-50 at. %Sn peritectic alloy at different growth rates
(6=26 C/mm, L=30 mm): (a) 1 pm/s; (b) 5 pm/s; (c) 10 pm/s; (d) 20 wm/s; (e) 40 pm/s; (f) 100 wm/s; (g) 200 pwm/s
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Fig.8 The relationship between the grain size and growth rate of
directionally solidified Cu-50 at. %Sn peritectic alloy at different
growth rates (G=26 C/mm, =30 mm)
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(c) 37.8 C/mm; (d) 42 C/mm
Fig.9 Microstructure at the solid-liquid interface of directionally solidified Cu-50 at. %Sn peritectic alloy under different temperature
gradients (V=1 pm/s, L=20 mm): (a) 26 ‘C/mm; (b) 33 ‘C/mm; (c) 37.8 ‘C/mm; (d) 42 C/mm

B 10 72 7] BE [ Cu-50%Sn £ & A 4 [ V5 i b oW 41 21 (V=5 pm/s, L=40 mm):(a) 26 ‘C/mm; (b) 33 ‘C/mm; (c) 37.8 ‘C/mm;
(d) 42 C/mm
Fig.10 Microstructure at the solid-liquid interface of directionally solidified Cu-50 at. %Sn peritectic alloy under different temperature
gradients (V=5 pm/s, L=40 mm): (a) 26 ‘C/mm; (b) 33 ‘C/mm; (c) 37.8 ‘C/mm; (d) 42 C/mm
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Fig.11 Microstructure at the solid-liquid interface of directionally solidified Cu-50 at. %Sn peritectic alloy at different growth distances
(V=1 pm/s, G=26 ‘C/mm): (a) 20 mm; (b) 28 mm; (¢) 35 mm; (d) 40 mm
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Fig.12 Microstructure at the solid-liquid interface of directionally solidified Cu-50 at. %Sn peritectic alloy at different growth distances
(V=5 pm/s, G=42 ‘C/mm): (a) 20 mm; (b) 30 mm; (c) 40 mm; (d) 60 mm
B ; 20 B AR
MR ARG, AR ICHE 72 00 30 mm BF,CusSn Al % 4 FEBEEHT Cu-50%Sn 8B4 & BHARTR
TR, A AR D SR R A B E A K Tab.4 The microstructure and morphology of the
N N . Cu-50 at. %Sn peritectic alloy under different
Bk o s
3B A — 38K Oy 40 mm, CusSn A 58 425672 04 I solidification conditions

LN 5 AR R RE 60 mm ,CusSn A UAER ! V/(um-s') L/mm G/('C-mm™) Microstructure and morphology

IR ok & A ik, HoAE Ky ) 5 3G 1\ 3 1 30 26 &C nP
quZﬁ?O 5 30 26 e:C+D mn:P
U 11 R0 12 R, A TR R B — 10 30 26 sCHD P

B 25 2 B 5 14K, CuaS AT 6 25 S I IR 41 jg jg iz i :i
21 SORIE T & | S 72 2 R K o s e D o
WO T . A FEBR I KB T, iR 1 w0 0 iy D P
D7 A )T, AR AN AR K A5 B B 1 20 26 &N P
VR B0 Bk Bk LAY 9 Hol TR SR 1 20 33 e:C P
(A B BV TR LAT T FE A B O IR (75 M ! 20 378 #:C P
PR B AT AN L 1 A K W ! 20 2 ee wr
2.5 Cu-50%Sn B8R4 &% M EEAR%E > 2 oD nr
5 40 33 &:C+D n-P

16 2224 /NHR | RGHBFIE T AR 2 K ; 0 s e o

B IR MK IEE R Cu-50%Sn & 4/ 5 40 4 &C n:P
S 11 058 R 4L AL U | TSR S S SR R T3 4, A I 2 2 N P
P b 85 e ST T R 1) HE [ Cu-50%Sn £ 5 A 4 Y 1 28 26 eiCHN n:P
P BRI, TN 13 B, e [0 B 4% 2 19 1 35 26 eiC nP
Cu-50%Sn 2§ £ 4t % B 2 4 CusSn HA 2 i L . - "
U N TPV EN R e w W e e
21 1) B K AL T S A R AR IRRR AL S , W S 40 o o .
A 16 5 [ RE 1 11922 WL2EL 0 AT CusSn 1A 20 47156 5 60 o eC P

fhAH CugSns A= K ,HE SETER R B R E Y Note: C: cell, D: dendrite, P: planar interface, N: noplanar interface
B 5P FEEE X F CusSn M, 4 R RN T AR EEE 40 T 9I4E A CusSn



\\

(HBERK ARN06/2024 % B, % . EmEE Cu-50%Sn

RASEMARES *541 -

I 13 JE [ BEE Cu-50%Sn £ it & 4 W il 2 2k 5
Fig.13 Microstructure selection diagram of directionally
solidified Cu-50 at. %Sn peritectic alloy

WAL B, YERKERS, REME -2
B il 5 A K B 48 K, CuySn A IR 4 56 A8 o
LR P A A A8 AR ROIR L 2 Y AR K B A
M B — e ), B A R B B 3SR, CuaSn AH 34 H
b £H 20, B R U bRk 20 2 (V3 O RS IR ) /A
ARFE A Ry 58 A i BEARZH 215 Y AR A B IR B e i —
SEIE, B2 A K BE B K, CusSn H [ Rt 42 38 5% 7
I MRA L, AR 4 B2 Cu-50%Sn £l i
BEXTFARKEAE | BB A KIE S T 5
HAEPEE A 13 Fis . Bl 20 A48 fh i 5k
T i v B AT S A AT, T LA AE KR v
SIREME ¢ R Al @ HE GV RAE R E
13 i G AR b T A B U AR KBRS L, DL ok
TR A 43 B AN [ 358 11 A2 1 b 2l 21
K13 AR KB EMFE,G/V EE K4 F 26~
42 (°C +s)/pm? I}, CusSn AH = 2 5 R 2H 21 20 ¢ ity
2R il ot AR 2 UL TS IR CusSn #H G/V (H 5
A KR TR R BOC R
G/V=282.6L°% (3)
4 G/VAEA TR/ INER] 0.13~7.56 (°C -s)/um?® N,
P ARRAERK &M T BMALNARR, FERDSA
[ (G P4 — A KB 40 mm, H. G/VE AL T
2.6~7.56 (‘C -s)/pm? {5 Bl N A F T CusSn AH & L
IRF/BURAL, M 6/V HERAZ AR EE
id 40 mm B}, CusSn A2 MUIRZHZ, K TF 40 mmb
CusSn A £ MI/BCR A S — 24 KR8 30 mm,
G/IVAE N 2 (Ces)/pm?, M AEK BB A G/V HE
F 2 (C-s)/um? i}, Cu,Sn A 5 /A IR 4H 20, (% F
2 (C-s)/pm? B}, Cu;Sn A2 AL AR 2,

3 it

(DA BE B il B 0 3 — 7 I Bl A= K 3 DA
1 wm/s Z iR E 200 wm/s, B4 CusSn 28105 T il
AR B/BCIR B AR RN BV A . CuySn AH R

5 IRIFE R A A SR B AR IS, LA AR A
55 CuySn AH &R RS 1Y SR EIOC R U 7= 2193907
+11.54,

QYERK B A K B — 2 B B I A B A
26 C/mm Z it K ZE 42 'C/mm, ¥4 4 Cu;Sn 4
A TR AR A MR LS, AE IR BE AR BE O 37.8 °C/mm
i, CusSn AH IR 212U HES ) X %, HL CusSn AR SF &
AN B8R, MR B AR RS R E 42 C /mm B
CusSn AHMUIRZH AL, TR HES K % 10 I b A2 15
T B

QYA K B IR BB R — B 7E AR KO
1 pm/s, MRJEEEE 26 C/mm A KHEE 5 wm/s, i
BEBR L 42 C/mm T A K BEE 27 ) 20 mm 3 &
40 mm M4 = 60 mm, ¥ 4= A0 CuySn Y4 H AN #L 0 B
R B MECR LA 58 2 MR 4120, H CusSn 4
RAF kA /Ng gk

(D)2 2 17 BEE Cu-50%Sn i A 4k Tk
TR TR R A R S A T 1 S A SRR A
AR B A GV HE R AT 26~42 (°C -s)/pm?
i, CusSn AH &2 fR 4 206/ fH /N b F 2.6~
7.56 (°C+s)/pm? HIEFAZBIEA T, AREE ST
40 mm B} ,CusSn AH 2 MR ALY, K F 40 mm B,
Cu;Sn AH 52 Jfl /B8R A 215 A K EE 25 30 mm, &b T
2.6~7.56 ('C +s)/pm® W) G/V {55 T 2 (C -s)/pm?
I, CusSn AH 2 MI/BCIRA L, KT 2 (°C -s)/pm® 1],
Cu,Sn AHZ AL AR 2T,

SE

[1] SUY Q,WANG S J,LUOLS,JIEJC, GUO JJ, FUH Z. Mor-
phological characteristics of triple junction region and process of
the peritectic reaction during directional solidification of Cu-Ge al-
loys[J]. Journal of Alloys and Compounds, 2012, 539: 44-49.

[2] ZHUXF, XIAOZ X, AN J H, JIANG HY, JIANG Y B, LI Z. Mi-
crostructure and properties of Cu-Ag alloy prepared by continuous-
ly directional solidification[J]. Journal of Alloys and Compounds,
2021, 883: 160769.

[31 A 98, SR 7R A AT XUFEAT , S A0Us. A 0 E H0) o 16 5 (6]

AL IR SRR T 20 D). s B 2020, 41(4): 313-
318.
MEIZ H, QIANG J F, YU Z H, LIU B L, FEI Z B. Effect of draw-
ing rate on microstructure and segregation of directionally solidi-
fied nickel-based superalloys [J]. Foundry Technology, 2020, 41
(4): 313-318.

[4] K/ TG AL TR AR B X SERE. ORI X R
A & MR G A RAT R SE R [T]. 42 )8 7 41,2020, 56(7): 969-
978.

ZHANG X L, FENG L, YANG Y H, ZHOU Y Z, LIU G Q. Effect
of secondary dendrite orientation on grain competitive growth

behavior of nickel-based superalloys[J]. Acta Metallurgica Sinica,



542,

FOUNDRY TECHNOLOGY

Vol.45 No.06
Jun.2024

(5]

[6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

2020, 56(7): 969-978.
S =TT R, BLR B 4T 5 18] E 5] AICoCrCuFeNi
WA 4 AL S 12 ERe[)). % B AR 2022, 43(7): 525-530.
DENG N, YAN Y J, LIANG H, WEI C, HE Y X. Microstructure
and mechanical properties of directionally solidified AlICoCrCu-
FeNi high-entropy alloy[J]. Foundry Technology, 2022, 43(7):525-
530.
PENG P, ZHANG A Q, YUE J M, LI S Y, ZHENG W C, LU L.
Investigation on peritectic solidification in Sn-Ni peritectic alloys
through in-situ observation [J]. Journal of Materials Science &
Technology, 2021, 90: 236-242.
CAOK L, YANG W C, ZHANG J C,QU P F, LIU C, SU H J,
ZHANG J, LIU L. Peritectic reaction during directional solidific-
ation in a Ru-containing nickel-based single crystal superalloy[J].
Journal of Alloys and Compounds, 2021, 870: 159419.
LI G J, LIAO H C, XU A Q, TANG J F, ZHAO B J. Peritectic
reaction between two primary Mn-rich phases during solidification
of Al-Si-Cu-Mn heat-resistant alloy and the effect of cooling rate
on it[J]. Journal of Alloys and Compounds, 2018, 753: 239-246.
PENG P, LI S Y, ZHENG W C, LU L, ZHOU S D.
Macrosegregation and thermosolutal convection-related freckle
formation in directionally solidified Sn-Ni peritectic alloy in
crucibles with different diameters [J]. Transactions of Nonferrous
Metals Society of China, 2021, 31(10): 3096-3104.
SHA S, CHANG J, XU S S, WEI B. Metastable coupled growth
kinetics between primary and peritectic intermetallic compounds
within the liquid Mo-37 wt. % Co refractory alloy [J]. Journal of
Alloys and Compounds, 2022, 921: 166168.
PENG P, LI S Y, ZHENG W C, LU L, ZHOU S D, WANG J T.
Morphology evolution of abnormal tertiary dendrite by diffusion-
controlled remelting/resolidification in directionally solidified
Sn-Mn peritectic alloy[J]. Materials Chemistry and Physics, 2022,
278:125637.
PENGP,LIX Z, SUY Q, GUO J J, FU H Z. Microsegregation of
peritectic systems in a temperature gradient: Analysis in directionally
solidified Sn-36at.% Ni peritectic alloy [J]. International Journal
of Heat and Mass Transfer, 2016, 94: 488-497.
PENGP,LIXZ SUY Q,GUOJJ,FUH Z The diffusion-controlled

remelting/resolidification process in directionally solidified Sn-Mn

[14]

peritectic alloy [J]. International Journal of Heat and Mass
Transfer, 2019, 131: 1129-1137.

COSTA E C, LIMA A O, DOS SANTOS M N L, SOUZA R M,
WENDHAUSEN P A P, XAVIER F A. On the mechanical
behavior of the sintered Nd-Fe-B permanent magnet during
diamond scratching [J]. Journal of Manufacturing Processes, 2023,
94:79-93.

[15] PENG P, CHEN W Q, XU Y L, PEI X, WANG J T. Clarification of

peritectic reaction between diffusion and heat transfer mechanisms
in Sn-Ni alloy through confocal laser scanning microscopy [J].

Metallurgical and Materials Transactions A, 2022, 53: 382-387.

[16] SHAN G B, CHEN'Y Z, GONG M M, DONG H, LIU F. Modelling

thermodynamics of nanocrystalline binary interstitial alloys [J].
Journal of Materials Science & Technology, 2018, 34(4): 613-619.

[17] DONG H, CHEN Y Z, WANG K, ZHANG Z R, HUANG K, LIU

[18]

F. In situ observation of remelting induced anomalous eutectic
structure formation in an undercooled Ni-18.7 at.% Sn eutectic
alloy[J]. Scripta Materialia, 2020, 177: 123-127.

ZHENG HT, CHENR R, QING, LI X H, SUY Q, DING H S,
GUO J J, FU H Z. Microstructure evolution, Cu segregation and
tensile properties of CoCrFeNiCu high entropy alloy during directi-
onal solidification [J]. Journal of Materials Science & Technology,
2020, 38: 19-27.

[19] YUAN L, LEE P D. A new mechanism for freckle initiation based

on microstructural level simulation[J]. Acta Materialia, 2012, 60
(12): 4917-4926.

[20] KARAGADDE S, YUAN L, SHEVCHENKO N, ECKERT S, LEE

[21]

[22]

P D. 3-D microstructural model of freckle formation validated
using in situ experiments [J]. Acta Materialia, 2014, 79: 168-180.
PENG P, ZHANG A Q, YUE J M, ZHANG X D, XU Y L.
Macrosegregation and thermosolutal convection-induced freckle
formation in dendritic mushy zone of directionally solidified Sn-Ni
peritectic alloy [J]. Journal of Materials Science & Technology.
2021, 75: 21-26.

FIORE A, ZHANG J T, SHAO P, YUN S H, SCARCELLI G.
High-extinction virtually imaged phased array-based Brillouin spec-
troscopy of turbid biological media[J]. Applied Physics Letters,
2016, 108(20): 203701.



