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Abstract: The nucleation mechanism of alloys and control methods are important research areas for solidification theory.
The triggered nucleation method can autonomously control the undercooling degree of nucleation, which is highly useful
for studying nucleation theory and microstructure evolution. However, the melt is metastable. In the actual treatment, the
introduction of exogenous impurities into the melt will be used as a heteroamorous point for triggered nucleation, changing
the undercooling degree AT and remelting degree ATy, and further significantly affecting the subsequent solidification
behavior, which is more common. In this paper, two types of CogB,, alloys solidified via different nucleation modes were
obtained by glass coating combined with cyclic superheating and undercooling. In the spontaneous nucleation mode, AT
and ATy are 280 and 199 K, respectively, and the microstructure is composed of a fine, regular eutectic Co/Co;B. In the
exogenously triggered nucleation mode, AT and ATy decrease to 122 and 21 K, respectively. The microstructure is
transformed into primary Co dendrites and intergranular Co»B, matrix phases. Exogenous impurities reduce f{6), the critical
nucleation radius and AT, increasing the inhomogeneity of the structure, which should be controlled during actual melt
treatment.

Key words: nucleation mode; Co-B alloys; solidification behaviour; microstructure

BT 2 — I o P ST AR AR B R A Tl 7= 0, KRR Jm AR il a6 2 i v #1022 2 g Ot i

B[R AT 5T A5 AR 2 S PR T AR iR, B R R A A A SO A

W 5 B #3: 2024-01-03

EETIE: HE A AREE 4 (52104386 ,52127807) ; K M 4 A [F 5 5 5 9296 % [ £ i AT (2022-TS-08)

YEE B 0 sk BE N, 2000 4 A 5 L B 58 AL I ST 7 10 Ol 42 R IR S5 K BE 181 A7 Dy B 2R ZUPE RE 45 AF 5T Email: zyq57612022@163.com
WIAE S W51, 1990 4F 4, 1, B ZodZ. BF 58 77 1) 9 4 T s AR 45 49 6 AE 3 Co JE L I0 A 4 i B 4 4 L o TR 4 4 25 b ) 21 8 1k g

2 %% . Email: yxhe@nwpu.edu.cn

IR KRIEW, ML, KFH . WL % Co-B A 4 A fith 4T AT i B L BURIF 5E[J]. ¥ 1 42 K, 2024, 45(3): 300-308.

ZHANGY Q,BUF,ZHANG Y J, et al. Exogenously triggered-nucleation behavior and microstructure of undercooled Co-B alloys
[J]. Foundry Technology, 2024, 45(3): 300-308.



CHIER A H03/2024

WIE, % . RT% Co-B ALIMNEMEMZITHRALHSR 301

ORGSR R 4 AR RE . TR AR D B [ i
FE 0046 B B, o 58 A A2 iR R, X Jis 5 6 1] 21
LR tERE R A HEEW I B X R B IE %
A, WAL B i 75 i AN U 5 4 [
HE Y HE 5 U 2 — B X i G BOR B
BE PERE G SR R HA B TR S

KR AE A T 2 T T RR | HLRE A PGz gl
AW A L, e R R R AR DU AR
A Ve E IR A JR S VA A 4 K T A O3 B RE R AR
PERITE i v e AR rp 2t 4 Ji 7 A1 2 A B ik 31 1 ¢
{E, BON AR E SR IR BEAT IR A% . S R B A2 AT O
R 2 M A B K HE o B 2B R AR
SOl 72 P SRS URSE s & NI BTBUR: S AR =11 ¥4
Fe PR A7 st 2t (i AR B DR R 1) A0 A
SREE VAT RO, AT S W v e AT 9 i B S L A
PP AR AERT  —REA yadad $A s S Y
Pl AR v BN S AR ST A e v
BT RIS, % BRI R ] %
IR BRIE 58 A

R A 5 B WAk, fEmad @ &0 A0
IR AT RE th T 3 B A AR 1 5 AT e A Al 38 2 A%,
R AN e R B R AR, B ak
ARFEUR AP RIS RN E VR T S A A%,
PRI AZ R K R AR B (0 R 5 o R0 S RO A% S AR A
3 AN IR RS R B2 R A 45 2R . 7RI D5 T, Wang S5
A AR fih & B9 5 LTS T Ge-Ni &5 B HIE L 2
BB 2021 Herlach 25V ATl & 14977 125 4+ 21 12
LSRR T B & 4 5 I FIESEDH AT Cu i
THE M R IE R TTIEWT T T IR % Ag-Ge & &4
QAL EROE I E R B Tk A
AR E R & SHR, #— P TR
R B M SR W R A, O — KR
W 1141 D0 S AN W I I AR R AL B, T
1 2 PR 2 A O A IR SR A S5 e e il
e IR e BEREAR R AR 2 2 B 4L SL45 4
PO BT [ ], SRR S BUE R R
AR IR AT S A A S sk U T B 7 A (R A
P s 26 PE T AN R 2R AR R T R i A S L
IR B IO T, NIRRT
Y RERY R LA R SRR OC &, LKA ) B T
K 28 XS T 5 5147 Ay 20 205 78 114 52 0 A A
it Z it — PRI

Co-B - J0 4 2 AT T aad v Bl W 245 ) T8 742 ) 1L
A S BA k| BOUL 205 4 X dok 8 B8 ) OB M R 22 7
T, G ¥ A PG B Co-B & 4 ] LAZRAR

ANTRY By v BE O, BN 2 v A A il T B, AR 3
FE LA CogBoy 1 3 it £ 48 D 1), X6F AR [7] #4412 1) 145
TR EAT Z UG PO v IR, B H b — Rl IR
TN 2 S | T R A i v AR A TR AT
M PISIE R PAT A R B BE B 2L, If gt — L IRITAh
TR R RN TR A 1 v JEE B G [ 4 kg A UL 41 21
R RLEE AL

1 ZBWHMBEFE

W 41 % 5 F 99.99% 1 4l Co etk fi 4l B ki
YEREA R, R 2 G AR T Y 28 H U
15 B4 CogBay BB BEBE . TEMS MRl B,
e SR R A L P SR R, AR B D R AR 1Y)
USRI TR R 1 B B R A A 3~5 IR LR IE
WA ¥A) R KAE VI E Ty 20K 4 BEBE D) &1
#7110 mmx10 mmx10 mm A7 78, 78S If 4
THVEFR M AL BR R A0 5 AW % R 2
R N RS SURL S B I S I T Tk = TN
M B,

K PANRE S B S Al S B b, e
TSI 35 B0, BEIS  Hrhix il Ak i B 0 O S
7£ 800 'C TRk 6 h, LABR L3I b /K 544 0, Bl
J o 2 R T A B B A A B AT R Y R
Yy MR BV & %6 B, ke s T AR R B ] 2005
HR[12], 3 A1) 3 SR i ) e RS2 8, o 91
TG A A VR TE N A 20 3k R v A I R R i R S
1R A O 3 R VAT €7 Y e N L 8
S, XTSRRI AR BSOS . SRR
0.15 K/s in#HGd R 7 2 1700 K, # i 58 2 06 Ao (3
5 5 25 1406 K), %35 5 min, 2 J5 DA R RE 3R A 4
21073 K, izl B 4k o o B0 R 0 | X T
IBIRIEZ AR, HTHEARA S NIEZTRE AT,
ZUNEAH B R RIS SR TR ALY
ARAF AT BE I ROIRCHE 2, T X T AR A B, W4k 2
BN ER R AL, ARG B R R T A B R
S PR AR i BB R K

XiF D L 2 g v O 1 1 R FH R KRB
53 A5 VA7 R S 7 ) AN IR B RGE 3 5 1) 0 A A
1T, MUK AT 400#~2000# B0 40K £ WL 11 1 BE %50
WY X, B S AT LB O R 25 R 4o,
DX2700 % X 52 A7 5L (XRD)M 22 #E dh BG4y, il
JH ZEISS Sigma 300 #1 4 B3+ i 15 455 (SEM) X A~ [F]
il R A (] 48 T e P A TR, I T 15
S5 G (EBSD) A5 # 5 1) AH B 5 R 1B 43 BT i
st A 2L S LB



<302 FOUNDRY TECHNOLOGY

Vol.45 No.03
Mar. 2024

2 KWAERKITIR

P A 1 LR o A R B R A ot v BN L
[FIFER 0.15 K/s MR EIH0RT , PHALRE S ZETE IR )
Wit BB BT it — e IR | 38 1 e
Faae 3 280 K 247 . Horb 1 44 &h A FEA6 34 J5 19—
HLRHF 280 K M RIEIRE N A SN 2 5
WIE AL AR, KA TR A R TER . B B
FENG IR 5 W 8 i & A S i o AR iR B & 135 K,
NSNS R A, TRET I T S kAl Sk i 22 5, filf
TR T A R IEAZ S A2 R il kB

K 1 CogoBao 1 2 AN [ AE R0 137 1 2 v FE ]
Fig.1 Cycling number-undercooling degree curve of the CogBy
alloy

16 3T REHHREE ,30.98 T/m IAM7 T |, 3545 T 4
CosoBao 4 15 A Y in T3 sl FAR I A4 35E [ 47 A ol
2R, PRUIRE SR UG R it 4 43 i an &l 2~3 s, LA
0.15 K/s I i #AER S0 AE I 2= 24 1 700 K, £4 i
5 min J5 DAAH R A9 3R 24 R 20l TR e A i i

T iR E BRI, HORAE 1073 K DALY IR
5 R 1 T R R L W 2a FIEL 3a TR, R4
PE ST IGT AR rh Rk i 3 I R ) T 4
K, ENI I, 04 Ak i B 4 B I R )R AT DN AR
LT 2R,

e 2b iR, HEEIERERHE 1095 K
TR TE A% 1 v B R 280 K, A R B f 1k 3 J3E
TR Z O AR, RPE T AL T %
Tl P AR ) /0 R OB AL, 0 A 1) R e A O o Ak
5o (L A K AR SR B A A TR T
S REAL R N PR R R R T & 1 294 K,
T BE ik 199 K, b i BE A 52 ) o S 0
b5 J3E 5 40 M /N 2 S A e R TR R X
IO ARG VE A B4 TR, 22 78 s k[ 3 72 i 4 0
RN RE AN 2¢ B % 5 il 2 AE 4807 P
Je WAk (RS T B e R T B R T
WK 2d FioR I & A T S5 MEEAR | R I R g
PGS 25 BhARAF KR B, H R TEAZRE L e
A% 280 K 1RV 5 A G,

mE 3b fios, il ZIEZIERER A 1243 K
I HETEAZ 1 ¥ BE 0 122 K, 77 A B 90 A 2k il 1k A
fdi g Al BE 3 I, AEREALROR B S 2 1263 K,
FERE R 21 K, X A i 5 ) 52 il 13 Bl 22 0k 555
B J 1 85 ] o P v B A MR AR R ST Ak A
FREe3g oK, Rk B2 Bl o 5 H RIE %
R AR B AR IR R AT B R 22 5 B [ B ) Oy
91's, FFA it /N Y 17 0 35 [ i) a] 428 4 1) 1L

2 A A IBARE S A0 s 55 5 AT 2 M2k 23 A7 < (a) TR 55 A0 3R OC T I ) 19 1t 42, (b) &1 (a) B ZRAE ORI, (o) Ak i 2 iR
BEN R, (d) S g ph o B — TR ith 2k
Fig.2 Melt processing history and corresponding solidification behavior of the spontaneous nucleation sample: (a) temperature and
magnetization as a function of time, (b) enlarged area of the dashed square in (a), (¢c) M-T curve, (d) 1/M-T curve



(& AR )03/2024 WIE, % . RT% Co-B ALIMNEMEMZITHRALHSR 303

[ 3 fih R IBAZAE S AT S 5 B A7 O 2k 20« (a) T35 T A 5 B2 DG T IR ] A9 1t 28, (b)) 15T (a) ME ZRAE O, () T A it 3 —
B £k, (d) B g fh o — il R it ¢
Fig.3 Melt processing history and corresponding solidification behavior of the triggered nucleation sample: (a) temperature and
magnetization as a function of time, (b) enlarged area of the dashed square in (a), (c) M-T curve, (d) 1/M-T curve
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Fig.4 XRD patterns of the CogB, alloy: (a) spontaneous nucleation, (b) triggered nucleation
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Fig.5 Longitudinal (parallel to the direction of magnetic field) microstructure and EBSD analysis of the spontaneous nucleation sample:
(a) SEM image under low magnification, (b) SEM image under high magnification, (c) phase map, (d) IPF map
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Fig.6 Lateral (vertical to the direction of magnetic field) microstructure and EBSD analysis of the spontaneous nucleation sample:
(a) SEM image under low magnification, (b) SEM image under high magnification, (c) phase map, (d) IPF map
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Fig.7 Longitudinal (parallel to the direction of magnetic field) microstructure and EBSD analysis of the triggered nucleation sample:
(a) SEM image under low magnification, (b) SEM image under high magnification, (c) phase map, (d) IPF map
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Fig.8 Lateral (vertical to the direction of magnetic field) microstructure and EBSD analysis of the triggered nucleation sample:
(a) SEM image under low magnification, (b) SEM image under high magnification, (c) phase map, (d) IPF map

S5 WY R 3 7 ) B AR — B0, TPF B R BoR H—FEAY
B FRAE | RV FEIE A G0 — AL 1140 A 4 56 2Bl AL
S50 B 5] 1 26 5 AL ZUSRAE W] 43 BT B A 0 AR
(0 B [ A2 . B R T A I A 1) 58 1 % 4% R < 7E R T
i B8 [ v 3k B0 A% SRy Ve B R A D R
A FCC-Co AHMT H , T84 5 | 3 14 3 45 S LT 2%
PRI 45 [ 20 L rh DGR BRI AEAH , B S FCC-Co i
CosB i U A A= K & [ 58 B i R T 72 rh
K i) FCC-Co % [E 2 078 #% 464 HCP-Co.,
i R FCC-Co/CosB 5 & At fi 7% I IRy 2 24

1 ¥ FE A B, 90 4E FCC-Co Mg W Al IR ik £
S8 BE A B R B () 45 0 DT A B BOZE AR K
FEHE [ W55 , FCC-Co 1 CosB Y £E 1 38 J# [ AR
VA B I PR

fih 2 T A% s R B 1 #6542k« 1 e BFCC-Co
A, BT AZ = A i Ao S B0R B T8 7R 8 DU
Tt i A S 0 AR AR O AR A ConBs I 7E
R 3 B2 P KR A S AR B, D443 R A CosB
Ml Co, MRS IREA: T FCC-Co 75 HHCP-Co
Y TS AR AR DAAE T 90 26 WS A 3k 456 A 2 AU AR KA



+306- FOUNDRY TECHNOLOGY

Vol.45 No.03
Mar. 2024

JE BT fE Co-B & &b AL %
JERSRAF AR A AL, Hop e 150 K 5 v i
TR CopBe ZERAH , X SRS BLRARLT

PP [R] AT A A T S B v B AT 19 8 3%
A 31X AT 3 i 28 M A% e b B A R 2T BLiE
. AL 9 JIt 7R ek v J A T T A A 1) A KA AR
RAT ree SR R SE R (HELR), KL RCFEGR A T B
(il AR r S B G R M (CRE AL
2). TN RS A SR TR IR ke dh
B W& I, SE AT G A B I SO AZ ke SR LA f(0) & KL
WA T RE bl A G2 RS LA B 0T AR, 2k
AERE A B Il ST AZ A2 B AR, AR R FY 1 2 AR A
air A RS o PR iR S T X I I Ve BE AT
I Lt v BE, AR HUA 2 AT=AT* BN A ReE %,
ANEEAR B B IR AR Ve B TR 2R T RE i A, BTSN
P BT oI A G, AT AR AR Y i v R IE %
X AR LIMRARLT

9 BRI R A U AZ AR R v B Y A2 1
Fig.9 Maximum embryo size and critical nucleation radius with
respect to undercooling

Pk — 20 2 MR 28 WP A% B8 0 B bR W Rl OB A%
5, I PR 1] ) A2 AT AZ B [ 7T 7R R0,

Lk s TEN exp(—AGH*(0) ks TV (3n(D)ay) (1)
A ks 1 Boltzmann # % ; N, & Avogadro & 41 ;
T H R E=1, [0)=1, 1% T il &I A#% =101,
f(O)< 500 AR F I EE B I RSB n(T)n] 3%
RN
N(T)=neexp(-B/(T-T)) (2)
K, mo Il B A H B T WA B AL AR IR,
Toe=~0.35T,, T Fntis s, WHALHE AG*AIRIR N
AG*=16m[o(T)]/[3(AG.)] (3)
W E S A R 2R E AG, TTRR N
AG =ASAT-ACATY(1-AT/6T)2T 4)
K AS; FRIE I ; AC, Fm AL IR BE T 1Y 8
L2 S AT=T,~T, B FHHE o Al EKR N .
o (Ty=aASTINY ) (5)
S o B T PR H 60 Turnbull 4 30V, H

BEIRIRA, 2T (1~5), 4544 | 15 2 A R
%{4& ISS(T')O

F1 AFitEMNCoyByE & MIESH
Tab.1 Physical parameters of the CogB,) alloy used for

calculations
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