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Fig. 1 Morphologies of dendritic ((al), (a2), (a3)), solute field ((b1), (b2), (b3)) and thermal field ((c1), (c2), (c3)) at different
supercoolings: (al), (b1), (c1) A=0.195; (a2), (b2), (c2) A=0.295; (a3), (b3), (c3) A=0.395
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Fig. 2 Concentration distribution of center of single crystal dry

axis along (2 0 0) crystal orientation under different supercoolings

HiE 2 nlE BT RV LRSS I, — ek
A PR R AR A IO B A SR e SR BL R
PR e 1) B Tt it B A B, g ] /AT I B
FR 2 55 [ 170 A7 #5175 DA] i 5 ] B F) P~ T S 6K
NI S SO T i o R v 57 T 54520 B [ A
(IR LI, TV FEROR, [T i S J3E th sl vy
2) KA RN 1, W S AL 2 Ak SR T
HPRas. M, BMEEAR TSl i e, s St

A T AR AR T s AR TR e A LA
SR TP BUR S kor B ko=cs/cr, HRATHT AT
HH e <co<cps BIFE] cgi>cg1>cgr, B A B
ORI o R P ey o

M 2 b AT LA 2, v B 2 S M R A I s i
IR HUZ R 6. B BRI, Bkl R im
HUVR I T U2 AR 3K BTG eI, AL
AR AT EE R o o L 9 e SR R TR R T
WY R SE A=Dy /v BTN T HUR B Dy
Ak b A AT v LA . FH A R AR K v Bl
P SEVIRE AN TG K, o A o o TR R A Bt
AN PN R NNITES 2 G B BN R e A
JEIE & Bt v B A1 R o

3.3 IBREMNSETEREMETASIE

2t < DRI AR I, oh T S SR
A5 S AT AT 3 S5O 1) A T o 98 5T
FRAEA T MU o 9 PR B 2 s i 1 9 T TC 38 R Al T
FERE, PRI 3 R Rt ) B RV TR L o 59 B
TN IR Copin 1T EEABL B R AT LE Sr=Cimax/Conin KK
AN IR KA - B 0 25 IR S A AT X 5 < ) 35
SIMREIE R A MERER AL, A, BB ML
B 77 TN TE F A T REAT AT SR A E R

TG ] o i BT R T TC 3R KA R I R KL
FEANIR ALV FE 4 R eI AL e L T . o
Tl B R A W B2 n, PR R v i 2
BOANFIREEE IO AT o & 3 Fros A ANk ve B2 1 v
B AT EE 2. A& 3 Rl LU, Rl EEOK,
O A gl ™

H1E 3 T %, Cu JCEAE b A AR B 2 Tt T 110

1.145F
1.135F
K
1.125F
=—A=0.195
e —A=0.295
1.115} 2—A=0.395
1.105 L L L L
0 5 10 15 20 25
Time step/103

B3 AR ITE Cu I L 2k
Fig. 3  Segregation ratio curves of Cu under different

supercoolings



64 hEA SR R

201641 A

WPESR>1), K IEMHT o BIARH A e ] 25 1 v A
HAT I T Cu, i Cu AEBAT P IR BIGH /N TR
PEAEE, A th AR BN TE 23, AT AE ]
R E TR 3 s Mk o Aiti ol BEAT v
JEMIR, B A KN, P RIE . BT R b
PEAEBE MNP, B BB P R AR E, IR
sy (AR AT, Xt S I AT o G T R ELAS B
K OB T BRI (R il 4R T v A A
(BTG, M AEA i 1) DX AR R AR o 3R IR B o
2 B T AT LA, BGOU gl B Bt i v J5E
(RIB AR 1™

1) R B B ] I 48 A AR AR R T IR
TR AR R Ry, IR R PRI U T
S ITHTHY o

2) AERV NI, B AR I, ik
Bedh BEINACE, Bodd T T2240.

3) BT IV IR, A o Bk A Lo SR P 0
Ko Bt RS BTV 0T S JE SOl [ 8 7 T i
(T AR JEE B P2 B e o AR JEE A 2 L /N v BE T 1Y
Ko

4) LR POBOR, Sp R, RIVOUL A ™

REFERENCES

(11 REHE, TR 0 W%, HRIE Zooaefoumb s
VEBUEAEAIT). PBE2E3R, 2006, 55(3): 1502—1507.
ZHU Chang-sheng, WANG Zhi-ping, JING Tao, XIAO
Rong-zhen. Numerical simulation of solute segregation patterns
for a binary alloy using phase-field approach[J]. Acta Physica
Sinica, 2006, 55(3): 1502—1507.

21 X8, £ JF, 2 I # W%, R TR ALSE Ina el

WA AT BR A 37 3 BEAL[]. AF KL AR B AE 4, 2014, 35(3):
213-217.
LIU Ming-xiang, WANG Kai, XIA Dan, JIANG Tao, ZHU
Zi-zong. Numerical simulation of the microsegregation of Al-Si
binary alloy using phase-field method[J]. Transactions of
Materials and Heat Treatment, 2014, 35(3): 213-217.

[3] XIAO Rong-zhen, AN Guo-sheng, ZHU Chang-sheng, WANG
Zhi-ping, YANG Shi-yin. Comparative analysis of isothermal
and non-isothermal solidification of binary alloys using

phase-field model[J]. Transactions of Nonferrous Metals Society

of China, 2014, 24(11): 3639-3644.

[41 B & RIRE, Wil & W, LGl & & Mgk

(3]

(6]

(7]

(8]

(9]

[10]

(1]

(12]

[13]

EALLUGE [ O ZH SV LRI U RERE[]. $6IEHA, 2011, 32(3):
384-387.

CHEN Zhi, SONG Qing-jun, CHEN An-qi, LI Yang, KONG
You-chao, LI Feng. Recent research and progress on
solidification simulated microstructures by phase field method[J].
Foundry Technology, 2011, 32(3): 384-387.

KUNDIN J, SIQUIERI R, EMMERICH H. A quantitative
multi-phase-field modeling of the microstructure evolution in a
peritectic Al-Ni alloy[J]. Physica D, 2013, 243(1): 116—127.
ZHANG Shu-zhou, ZHANG Rui-jie, QU Xuan-hui, FANG Wei,
LIU Ming-zhi. Phase field simulation for non-isothermal
solidification of multicomponent alloys coupled with
thermodynamics database[J]. Transactions of Nonferrous Metals
Society of China, 2013, 23(8): 2361-2367.

EUDG, B, LIS, BEF, £ wHY, R,
By, e e MR NiCu &4 AR5 RRE R AL AR K
[7]. PIBE2E4R, 2011, 60(4): 93-98.

WANG Ming-guang, ZHAO Yu-hong, REN Juan-na, MU
Yan-qing, WANG Wei, YANG Wei-ming, LI Ai-hong, GE
Hong-hao, HOU Hua. Phase-field simulation of Non-Isothermal
dendritic growth of NiCu alloy[J]. Acta Physica Sinica, 2011,
60(4): 93-98.

JeIG, BIRSY, WRALsE, BAORE. oo SAFE ek AR
MR, PBE2AAR, 2005, 54(1): 256-262

LONG Wen-yuan, CAI Qi-zhou, CHEN Li-liang, WEI Bo-kang.
Phase-field modeling of isothermal solidification in binary
alloy[J]. Acta Physica Sinica, 2005, 54(1): 256—262.

FUIEE, TR, RAHEIAES  SREN 0 Ni-Cu &b dh
PRI R IAR S ERE]. P A (R A, 2011, 21(7):
1656—1663.

YUAN Xun-feng, DING Yu-tian. Phase-field simulation of
dendrite growth process for binary Ni-Cu alloy with anisotropy
of strong interface energy[J]. The Chinese Journal of Nonferrous
Metals, 2011, 21(7): 1656—1663.

LONG Wen-yuan, LV Dong-lan, XIA Chun, PAN Mei-man, CAI
Qi-zhou, CHEN Li-liang. Phase-field simulation of
non-isothermal solidification dendrite growth of binary alloy
under the force flow [J]. Acta Physica Sinica, 2009, 58(11):
7802-7808.

KEZ, BRE, TAE, FHRK. WS EBR Fe-C &
SRR ] MRIEFTR, 2009, 23(3): 317-322.

ZHANG Yu-tuo, LI Dong-hui, WANG Cheng-zhi, LI Yi-yi.
Simulation of dendrite growth of Fe-C alloy using Phase field
method[J]. Chinese Journal of Materials Research, 2009, 23(3):
317-322.

CHEN Yu-juan, CHEN Chang-le. Simulation of the influence of
convection velocity on upstream dendritic growth using
phase-field method[J]. Acta Physica Sinica, 2008, 57(7):
4585-4589.

SR, IS, XURERE. SRR RN < A O A



55 26 4255 1 1] PBERETS, A5 3LV NS Ni-Cu 2 BB S i B 5% 091 (KU AH 17508 0

[14]

[15]

Fr S m PR AR SRR T]. B5 & HR, 2013, 34(12): 1698—1701. microsegregation  simulated by phase field method
LIU Qiang, YANG Xiang-jie, LIU Zhi-ling. Simulation on effect quantitatively[J] Transactions of Nonferrous Metals Society of
of forced flow on microsegregation in binaryalloy based on China, 2012, 22(2): 391-397.

phase field method[J]. Foundry Technology, 2013, 34(12): [16] FRZEF, &ML, Koot 5k &, FEE & 3 8Ee
1698-1701. PO AT AR 30 A BT ]. P A (e 2, 2014,
ZHAO Yu-hong, LIU Wei-jin, HOU Hua, ZHAO Yu-hui. Impact 24(1): 36-43.

on solidification dendrite growth by interfacial atomic motion YAO Jun-ping, LI Xiang-guang, LONG Wen-yuan, ZHANG Lei,
time with phase-field method[J]. Materials Science Forum, 2013, WANG Fa-jun, LI Wen. Numerical simulation

749: 660—667. microsegregation of magnesium alloys quantitatively using
WANG Jun-wei, WANG Zhi-ping, LU Yang, ZHU Chang-sheng, phase-field method[J]. The Chinese Journal of Nonferrous
FENG Li, XIAO Rong-zhen. Effect of forced lamina flow on Metals, 2014, 24(1): 36—43.

Numerical simulation for influence of super-cooling degree by
phase-field method on microsegregation of nickel-copper alloy

HOU Chao-jie, JIN Yu-chun, ZHAO Yu-hong, HOU Hua, TONG Le-le

(College of Materials Science and Engineering, North University of China, Taiyuan 030051, China)

Abstract: Based on KKS model coupling the phase field and concentration field, the dendritic growth process model for
Ni-Cu alloy during isothermal solidifications was developed. The solute distribution of nickel-copper alloy during the
metal solidification was simulated, the effects of supercooling (A7) on the highest solute concentration in front of the
dendrite tip and solute segregation ratio were studied emphatically. The results indicate that, the larger the supercooling
AT is, the higher the concentration maximum value in front of the dendrite tip is, the severer the microsegregation is. The
supercooling can trigger the growth of the secondary arms and increase the growth rate of the primary dendrite. As the
supercooling increases, the microsegregation increases.

Key words: Ni-Cu alloy; phase-field method; super-cooling degree; microsegregation
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