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Effect of solute content on grain refinement microstructure of
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Abstract: Adopting molten glass purification combined with cycle superheating method, the effect of solute content on
grain refinement regularity of Co;¢Cus¢and CosoCusoimmiscible alloys was investigated under non-equilibrium condition.
With the increase of initial undercooling, the trunk of primary dendrite decreases, which generates serious dendrite
fragmentation. For samples without liquid separation, the solute undercooling of Cos,Cusalloy increases because of its
higher solute content. Consequently, the kinetics undercooling for growth is suppressed, which leads to refined and
broken-up dendrite. With the further increase of undercooling, the immiscible effect is strengthened and liquid separation
occurs, which forms Co-rich and Cu-rich regions. As for Co;Cus, alloy undercooled by 237 K and CosoCus alloy
undercooled by 188 K, the influence of solute content on rapid solidified microstructure is weakened, which can be
inferred from the almost same of the grain size and solute concentration. Moreover, liquid separation proceeds more
completely for CosoCusy alloy due to the sufficient duration time for immiscible stage arising from the lower critical
immiscible undercooling.

Key words: immiscible alloy; non-equilibrium solidification; grain refinement; phase transformation kinetics

EEWE: EFEAEMTTTUR BRI BB H (2011CB610403); [ A 1 AERFZ RS B B I H (51125002); 143 A [ 5K T £ S50 % TTJRUR
(SKLSP201118)

Yrks HER: 2012-08-13; f&ITHHER: 2012-12-12

BIEEE: X 0, H3, Wit il 029-88460374; f&E(: 029-88492374; E-mail: liufeng@nwpu.edu.cn



%23 % 4

A2k, B BRE R POHEE Co-Cu MBI & £ iR AL 4L ZU) 5w 1013

[ 1956 4F, WALKER!'/ERIvA4l Ni oy vk I
RN LI LUK, VA 4lid s ol FAR 4 4 Al Tl
e AN LA — E 2 BIRRLE )) Z2 E. H
FX AN SEAEARE BB T 4 A 2 & A2, B
PR, FRRAT RN 7R AR PR R TR AR, e K
SEG A F G IR, SRR BRI S A
AR T R AN, BRI, O AT I3RS
ML Z AR SR AL T —40png i w4k,
MATHE Fe-Co™. Fe-Nit, Ni-Cul™1 Ni-O14%: 4 i
FHA G AR Bt [ 2 2 P ade R B, S b A A IR 5
AMAFAE T RIS A AT 5 10 HAE ANV BE I [RIFE A7 AE
H N IE R T 2Nl A AR T IS . AR AT
SR, AR TN S AU I R R T v
PRI DR, B BR g ]l R T TR REL R
HF P J I ST T [ o B R A e T A T,

Bl DU R AR R, ARG Tt 2L
HIERA 44, Wl Cu-Fe. Co-Cu Al Cu-Ag 2P,
AR I VA BV 2 B LT — s D[R] Rl LR AR
MG . fEMAIETR, WASRER AR
JESE G DTS B ARSI [ () T 1 g ]
S RAESMAR SRR . BT 4 B AR kAT
B IR IR — [R5 S A B A Ay AN TR 53
(1) 22 AH ey 5 X Bt F 22 10 =T/ 1 i e [ o e
Kt R AL 2 A 3 — B e . Har, AT
B BN 33 N R A RN 1 VNI & = 7 S N 1/ =SB 28
WD B 7B O MR A A P S 30 T BN AR 5 4 1)
T BRI 5eA% LI AT T N H AT
FC, I RDREA I SE VS T A A AN TR X R
(1 s e T, i AR TR T AN TR
NI B R . AR, AR A AT R
AR B & R AL, JC LW 4 BT JS 1)
AE VAt 1 41 2R AN AL I AR IR AN IR

AR SCAE R s AR A 5 I P I A 4
A, SEHLEAEATRE CoroCusp 5 CosoCuso 5 a2k
e Je Wttt ol R A A A, SR
KA B AT G A AR [ A SUREIE ARk, HR s 4
2 ] P 4 PE R ANTR I A S A AR L A [
AR B S 2 R R b AL R s, kSR 5%
HEEMIMPRH AL AL ST K

1 X8

RS R IR T A AR A B 45 B 1) T B sl
Co-Cu NI S gl B pstbe i . Bpkseie b

BRAIF: HAeEiE R 99.98% (i E 0 Cu Bk
ATHUBRFT B 22 BRI A . IT AR SRR R TC /K W KG
HEAT P BB DR LA TR o L PR it S He At et Ky
aifEh 99.8% (i E)) Co Frée L HIALHE H it
Mo BRJGAE R I IR B o 2 A 45 B CozoCusg Al
CosoCuso IV S LU AT U I T, Hl& 2 5 g
MRFE. AT 780 BRI T R S UL, BoOs B3
AL A P e b B T IR T e K, 4R
JEINAE] 1073 K £/ 4 h JFBEY AL, B 5 2 ik
BEAEJERHEH P IRRT B, DAPE S S A I i T
B, SRR RO . B A S IRRIA R R, R
P i A T PR v £ AR AR ek A T I B i 2k 1)
S P A AN S (1~3 ). T HAGR
J%(100~200 K)+ PRIE AN (1~3 min) KA Rk #A0R 2
(3~5 W& LS4, NG HA A F I A FER 4 4
A

Friil s iR A L V) E BATRE R FTEE . .
JE Bl AE— RPN AH A EDR, R B s S g
FeCl;+15 mL #h#+20 mL Z£1#/K . K H VHX-600 it8
SR Y BB S Quanta 200 F1HHL T BB I
MG R VS BN A A it [ A RT3 A AL, It
RETE 2> BT (EDS, INCA) T BOW W) A a-Co i i 95 I
ST AT

2.1 RS BRIMIETENREIHLRN

Kl 1 s A CozoCus fr 42 fE AT=60 K F1 100 K
MO IS . eIy, R P8 2 BRI A 20
2o M AT=60K I, BE 21 2R LR SRR & ok 32,
I H AT RIE —IRB S (B 1(a)). BEAE LV e 1
B, AT=100 K I, &Rkt i 2 2R ki T
Ak, FEAB R AT RO S B AR RS, /)
RAT TR RIS WTELG, R 22N Ak A
ANFRPREAR i, AEATSR Bt LT S 1) € 1) R A (1
1(b)).

1 2 T 7 A1 CosoCuso A4 AE I ¥ [ 62K AT 105K
IO LSS . 51 1 A A — 8, Bl A
B, BT, RIS E I . X
BlLFD 2 mTA, AV BEAR PR T, B o 7 o g 4
B, CosoCusg 4TI AL & S It /I, e
G I HAEWS RORDIR deokss RO ik — 22 B

H kDG TS B ANV £ AR P vt ]
AR, 3 P 4 B BE T B R 20



1014 o E A (8 R R 2013 44 A

g
e
9

A AT A
g ,»p ‘ x %.& ‘&
es“'.“ ’.4...‘ .:,.\

AT

B 1 WA BT ConCusp &R Tkt [H LS
Fig. 1 Non-equilibrium solidification microstructures of Co;oCusq alloy without liquid separation: (a) AT=60 K; (b) AT=100 K
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Fig. 2 Non-equilibrium solidification microstructures of CosoCusy alloy without liquid separation: (a) AT=62 K; (b) AT=105 K
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Fig. 3 Morphologies((a), (b)) and energy dispersive analysis results((a’), (b')) of Co-Cu alloy without liquid separation:
(a), (@") CozCusg, AT=100 K; (b), (b") CosoCusp, AT=105 K
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Fig. 4 Non-equilibrium solidification microstructures of Co,,Cus, alloy after liquid separation (A7=237 K): (a) Regular Cu-rich

region; (b) Irregular Cu-rich region
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Fig. 5 Non-equilibrium solidification microstructures of CosqCus, alloy after liquid separation (AT7=188 K): (a) Interface

morphology between Cu-rich and Co-rich layers; (b) Grain morphology of Co-rich layer



1016 P EA SRR 2013 4F4 H
(@) Co
Co
Cu
C
\/ 0Cu
‘Speotrum 1
} Cu
0 2 4 6 8 10
E/keV
b)) Co
Co
Cu
Co
Cu
JVL51~
0 2 4 6 g 10
E/keV

B 6 WG Co-Cu <] SEM 15 K REWE 7 HT

Fig. 6 SEM images((a), (b)) and energy dispersive analysis((a’), (b)) of Co-Cu alloy after liquid separation: (a), (a") Cos;oCusq,

AT=237 K; (b), (b") Cos,Cuso, AT=188 K
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Fig. 7 Components of undercooling under non-equilibrium
solidification
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