531 B 5 M rERERERFR

Volume 31 Number 5 The Chinese Journal of Nonferrous Metals

DOI: 10.11817/1.ysxb.1004.0609.2021-39795

fa|85BAIAXT Cu-15Ni-8Sn & &5 [E2A 20 ,
Wt N B FE Y 220

oL b AREENY RER DL AEg M

(1. LR MRkl S TR, L 200444;
2. LR BB RREHRMNA S SRS EREALEE, LiE 200444)

2021 4 5 H
May 2021

B E: BHURIEEEIZN Cu-15Ni-8Sn &kt B R H A SUB S B bt 3140 e fhi At K2 S5 el b
MUz . 2 05R: X OB 2, 2 T siim*t Cu-15Ni-8Sn & lFE RO 25 B i 3 T A ol
PR AT EIRE I AN K o H S BREN R EAR = 2 4~6 T I, BFER e S, R Rl BRRE
T4k Sn TR EEVIE T, Ni mRSENWIR TS, shh, R RN §E 2 % 8 5 Cu-15Ni-8Sn & &4
fn T RS AEE, X EETCRE %A, TN 6 T SR & G B 2 AL R B2 Tt 74.4%. SRt 0
Cu-Ni-Sn & < fOW i B Ao S ARt FE 1) B2 0 E 22 5 I 48 & et AR rh X Sny Ni &8 7o R HU AR 55 .
XKEIE: Cu-15Ni-8Sn &<; SRR PO R B A

XEHRS: 1004-0609(2021)-05-1134-09 hESZES: TFI11.31 XERFRRRS: A

It b &5 AR B, Akebig, S RSIEBRENT Cu-15Ni-8Sn & <BrtE 2124, TIOU A A2 i fui ik 52
FISZI[)]. o EAE B4 2Rk, 2021, 31(5): 1134—1142. DOI: 10.11817/j.ysxb.1004.0609.2021-39795

SHEN Zhe, REN Lang, LIN Zhong-ze, et al. Effect of static high magnetic field on solidification structure,
microsegregation and microhardness of Cu-15Ni-8Sn alloy[J]. The Chinese Journal of Nonferrous Metals, 2021,

31(5): 1134—1142. DOI: 10.11817/j.ysxb.1004.0609.2021-39795

EJEM B PR RE e AU T O AR S oA, T TP A A KA S e, SR

Iye JEJLHAESR, BTN BCRE g Pk
B AP R RS i B PO T
BRSBTS 2 2R K Bl o AR AL 54 . 58
T3 g 5 2 Ve 4 a8 ek I 3 R b i Ak s R
JE BT A R A AR T L R S A
[T ATy, BETTT RS R (4 LU R R T
HrLTl HOU &5 1SHR w7 1 i n 5 B - 44k
Ni-Mn-Ga & 4 € [ E A2, b oWt . HE
a6 VIR g T aR iz Al-Cu. Ni-Cr 2544 & 1]
1 [ I R P OUAR BT T B2, 3 SR RSA N A S
MR AT 152 5 AR K SRR A % X T MR Ek
FaRA AR &L S, smianea o> H

235 O R AT R . B mT I, & Sk i
T b IO BT AT 52 8 22 DRI 3R s ), T i Al 3 %o
11 PR 2% P 5 M AR 19 R S8 A I, AR LR 77
B PIT
Cu-15Ni-8Sn A& B ARSI EREE. LR
PP FTRA s RE, 28— s R s A & < AR
FPORL (EIRT Sn kAR, B EFRIOR, 7
FEG k[ 464, Cu-Ni-Sn & &t 5 B K
Cu Fifth, XN FEOZA S0k A7 7RI 0 22/
MR o AR DZ G a4 0 AT ) R, ] A 4
G MASFESFEHAT THEIT: MEEREDEFEEAT, 42
e gt [ ), 25 8 TR RIS ) VR R R Rk Cu-Ni-Sn

ELWH : HEE AWK THRIZEB H(2016YFB0301401, 2016YFB0300401); [ 5% H AR Bl 2455 4 ¥ Bh I H (U1860202, U1732276,

50134010, 51704193, 51904184)
S HEA: 2020-10-01; f&TTHHEA: 2020-11-13

BEEE: ik, #9%, L, BiE: 021-66136562; E-mail: yunboz@shu.edu.cn



FEIHBESH k&, 2 FRIESREEIAN Cu-15Ni-8Sn & e 4123 ROMARmAT K 5 50 1) 52 i 1135

B B AT R, AHZ T AR AR R
PR MAE S AR, JH T IR A S
JiVERSEDL Cus Niv SniX 3 FcRM&EM, M
MR T, BT IAF e S Ak, TE2R
AR WEFCRMICTY, SRREIAX A S AR
R YHCRAT R RO, 1 H R TSRk
Cu-Ni-Sn & <5 5k [B] T 41 23 K B 73 M A 52 7 £ F
FOMARHIRANIGE « L, A SCHR A it ]
RErh RT3 B B, T USRI %) Cu-Ni-Sn # 4kt
LA AL GURLAL R i Fol s 2 ) S i A
i IR R AT T iR

| S

ARSI N %N Cu-15Ni-8Sn &4, DLHLf#
4l Cu(99.99%). 48 Ni(99.99%) M 4l Sn(99.99%) A J5
KE, #2502 . m(Cu):m(Ni):m(Sn)=77:15:8 ITC LL7E
HAS RN E R R EEL . BE S, B A D AF 1)
Cu-15Ni-8Sn &&HEE&VIHEIHI R ES 8 mm. K
10 mm FAFE, oK H B T it ds &g
WE 1(a)fi~. 230 min, HIFAE] 1200 CIHRIE
Lh, FEREIAET, REESIFEE ()R, AR5
FEARFIREENBREO Ty 2T 4T 6 T) FidkAT. £

@) Thermocouple

High field
superconducting

magnet Heating coil

N

Water inlet «— |

Bl 1 Cu-15Ni-8Sn &4 5RME k& SLit 7 &

| — Water outlet

SIS EE WG, AHARE AT R A B )R (LB 1(b)),
SEEPIN TG, (FAe2: B FIH e I R
(T O T [ 0 = S N i /e YA - )
Cu-15Ni-8Sn & &t [ O 2R . o o34 J S il
TERE T2 o rh o 23 A e T 2 B,
BEALE O S A (WL 2(2) P HE), 7E1%
Fifm 3T b, BL20X20 FIAEREREAT EDS s,
MR X Y 400 A s (805, HoKs BT A3 3o 4
Rank Sort J7EBEAT GE A1 3420271 Sk ARl ik
K 4 FAF FE SO Cu-15Ni1-8Sn & A3 8 3 T Ab i
FEREAT I, AR 2 N, I[N 20 s.
FEARFEINER 10 K, BP9

2 FERE5HH

2.1 BELRHEBAR RS 5
Cu-15Ni-8Sn 5 <prikk [ O 4 23 1 EA P AH 2
B B E T o-Cu [V A O G X C)FIEL
[EE Sn AH(UL A X 4), W 3(b)Fn. £
A2 EEAFAE — N IR A X S (L X 3k B). %6 1
FIH T 3(b) 4. B. CiX 3 MAFEKXIEM TGRS
. K 3Nl 30 R Aik. MEH
A LLE Y, A ETED a-Cu [EVAM & Sn &2 8D,

(b)
Cross section
Longitudinal section
5]
(c)
o
g 1200 °C
<
G.H) | |
o | |
=} I I
& i i Furnace cooling
| |
| |
| |
| |
| |
| |
| |
30 min | 60 min l

Time

Fig. 1 Experimental scheme for solidification of Cu-15Ni-8Sn alloy in high magnetic field: (a) Schematic diagram of

experimental device; (b) Schematic diagram of sampling method; (c) Experimental temperature regime
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Fig. 2 Determination method for microsegregation and microhardness on dendrite trunk of Cu-15Ni-8Sn alloy: (a) Schematic

diagram of point scaning position; (b) Schematic diagram of point scanning method; (c) Hardness test indentation
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Fig. 3 Microstructure(a), phase composition(b) and element distribution of Cu(c), Ni(c’) and Sn(c") for Cu-15Ni-8Sn alloy
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Table 1 Element contents in different regions of
Cu-15Ni-8Sn alloy

Mass fraction/%
Zone
Cu Ni Sn
A 39.39 24.62 35.99
B 75.56 12.29 12.16
C 80.34 14.22 5.44
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Fig. 4 Solidification microstructures of Cu-15Ni-8Sn alloy under different magnetic flux densities: (a) 0 T; (b) 2 T; (¢) 4 T;

(6T
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Fig. 5 Distribution of Sn and Ni element on solidification microstructure under different magnetic flux densities: (al), (a2)

0T (bl), (b2) 2 T; (cl), (c2) 4 T; (d1), (d2) 6 T
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Fig. 6 Ordering of Sn and Ni contents in solidification
microstructure under different magnetic flux densities: (a)

Sn; (b) Ni
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Fig. 7 Effect of different magnetic flux densities on
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Effect of static high magnetic field on solidification structure,
microsegregation and microhardness of Cu-15Ni-8Sn alloy

SHEN Zhe"?, REN Lang"? LIN Zhong-ze"?, ZHU Jia-le"*, ZHONG Yun-bo" >

(1. School of Materials Science and Engineering, Shanghai University, Shanghai 200444, China;
2. State Key Laboratory of Advanced Special Steel, Shanghai University, Shanghai 200444, China)

Abstract: The effect of static high magnetic field on the microstructure morphology, dendrite microsegregation
and microhardness during the solidification of Cu-15Ni-8Sn alloy was studied. The results show that the 2 T high
magnetic field has almost no effect on the microstructure or dendrite microsegregation of Cu-15Ni-8Sn alloy
comparing with the condition of no magnetic field. While when the magnetic field increases to 4—6 T, the number
of dendrites is significantly reduced, while the size of dendrites is significantly coarsened, and the content of Sn in
the trunk of the dendrites is significantly reduced, while the content of Ni in the trunk of the dendrites is
significantly increased. In addition, the application of high magnetic field can significantly increase the
microhardness of dendrite trunk in Cu-15Ni-8Sn alloy. Comparing with the case without magnetic field, the
magnetic field of 6 T increases the microhardness of dendrite trunk by 74.4%. The effect of static high magnetic
field on the microsegregation and microhardness of Cu-Ni-Sn alloy is mainly related to the effect of magnetic field
on the diffusion of Sn and Ni during solidification process.
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