Chinese Physical Society

Mﬂ#ﬂ Acta Physica Sinica

. Institute of Physics, CAS

AL R FH T Co,Mog & BB &RV MR A KL RFE F iR

T AW ORFR ORI

Dendrite growth and Vickers microhardness of Co;Mog intermetallic compound under large undercool-
ing condition

Sha Sha Wang Wei-Li Wu Yu-Hao Wei Bing-Bo

5| F1% |2 Citation: Acta Physica Sinica, 67, 046402 (2018) DOI: 10.7498/aps.20172156
TE2 7132 View online:  http://dx.doi.org/10.7498/aps.20172156
2114 7% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2018/V67/14

T AT e RS R R Bt S EE
Articles you may be interested in

R CIGBE KR 4 5E 7 B [ R O 2L 28 Ak
Microstructure evolution of polyvinyl alcohol aqueous solution solidated in two-dimensional direction
V32242017, 66(19): 196402  http://dx.doi.org/10.7498/aps.66.196402

HAL T B SR TR VRS FesoCuso 6 4 BT Rt ARt 9

Fluid convection and solidification mechanisms of liquid Fe5oCus, alloy under electromagnetic levitation
condition

PP 22 H%.2017, 66(13): 136401 http://dx.doi.org/10.7498/aps.66.136401

SEIE AN RE [ Bk [E] B IR I A 2R A R
Effect of weak convection on the rod eutectic growth in direction solidification
YH 24,2016, 65(13): 136401  http://dx.doi.org/10.7498/aps.65.136401

A =7C Fe-Sn-Si/Ge i i & 4 AH 73 B9 1 12 1) S MUSELLAIT 5%

Experimental investigation and numerical simulation on liquid phase separation of ternary Fe-Sn-Si/Ge
monotectic alloy

PP 22H%.2016, 65(10): 106402  http://dx.doi.org/10.7498/aps.65.106402

JE [ 45 i o IF T 58 £ 1 6000 FR SR B 715 248
Strong kinetic effect of polyethylene glycol 6000 under directional solidification condition
YH%4:.2016, 65(9): 096401  http://dx.doi.org/10.7498/aps.65.096401


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.20172156
http://dx.doi.org/10.7498/aps.20172156
http://wulixb.iphy.ac.cn/CN/Y2018/V67/I4
http://wulixb.iphy.ac.cn/CN/abstract/abstract70885.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract70412.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract67628.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract67321.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract67122.shtml

38 % 4R Acta Phys. Sin.

Vol. 67, No. 4 (2018) 046402

R A &M T CorMog £ B 18114 & 485
a4 RAEE R

W

xFRE HmE

(PEAETAL R ZF= R PR, W% 710072)

(201749 H 29 HYF; 2017 4 12 A 12 HUREMESH )

SR FH PR B A R 7 A 9 o SR8 B R X 76 Co-50% Mo i 35 5t & 42
AR HLBEAIZE QR FE AT T R T, HE R Se e,
Co7M06 B A K 5 A 2 [0 IR R R,

B, R R BRI, HLC4E FORE P . 78 OIS T, BEE 0 BRI,

& HIHE CorMog 42 )& [A4L & 4 1)
B IR ORI A BN 203 K (0.1271), HI4E

B LV LIS K, W1 R Co e R & R i i

(e AN

/%BZ%H/\%Dﬁii’ﬁ“‘ji YR AR/ E] 392 um BARET, H14E CorMog A% dis A /INFTHI ) HE/NT T T AS EAT
FeAz. SERRIL, TRILA 2T CorMoe H A WA AL T 5k 35 (P8 ol B A, HLAE RIS 5 Co TR 70 A AT

FURF AL DIA K.

KR eJRIEALED), PR, Boi A, 4 IR

PACS: 64.70.D-, 81.05.Bx, 81.30.-t, 81.10.Mx

1 5 =

G )& (A B DAL s 5 T 5 e R T 4R A 1)
Mo PERE, iflis TRz U4 Bk 4,
DRI A RS T AE Y POE B E B S 200 SR 44k,
[V Y R LA 7 - T AR S R 25 8T
MEEREFR R 2 ek -7 Hdh =58 Co-Mo &
AN Co il & 10 —Fh, 7EMTZS AL R ALK
il AR EE S AN B0 Har, X
—76Co- Moééﬁﬁﬁﬁnzgﬁﬂiﬂfﬁﬂ A A
FUR A S5 0 s =130 St JHL e ] £ 403 3 A
HUBRPE R ﬁn%ﬁ’]ﬁmﬁ*ﬁxﬂx/'* JEHRAER ISV
S5 AT DR B [ 2H AR KL ) S R R AT AL
WA R PR R,

P T V7 AN ER VR AR B D160 2 s i 2
G R VR VA ARG B [ (1 R 2807V ARSI L
— 76 Co-50%Mo it 3t iy & & AE N Fi 0 Rk 47 L
Fidh 32 7 R0 RV AR B S5, W E T W AE CorMog

DOTI: 10.7498/aps.67.20172156

ERIEA GBI ERERE, SRR T HIESE
LA IRHEJEE, JF X 6 M8 PRk [ 2 ) 2t AT 1 #ie
5, BAEW TR 21 T 1% A S i PR ad e AL
il WA B AR S L TSR e, Dl R
Im SRR BB KR

2 STk

I FH LB 1 R B A T R 94 T R S
LT WA Co-50%Mo it & i & [ Pud e . T
I [ A 2% AT 51 R I R R RIS, BEG 4 R
7148 Co(99.999%) A1 Mo(99.95%) 7E 8 i B 25 B 5k
R IE T R, B E SRR EZ0.6 g fEH
Tl e 7 SR R R S A R T R B ) R
WOHIE A E1.0 x 1075 Paji, RA S A&
1.0 x 10° Pa, FF iy Mg 07 2he B S =i JF 4
I Z I #300—500 K &, H He S0CK A H1. F
i B Raytek Marathon 2 21 4G A 52, ¥

w [ERERBIAIE S (HHES: 51327901, 51371150, 51571163) B,

T #E/E#H. E-mail: bbwei@nwpu.edu.cn
© 2018 FEYIEF S Chinese Physical Society

http://wulizb.iphy.ac.cn

046402-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.67.20172156
http://wulixb.iphy.ac.cn

Y18 Z R  Acta Phys. Sin.

Vol. 67, No. 4 (2018) 046402

FESR +£5 K. 45 il SR OB 0™ AR I S 5 H
PDA100A-EC Yt ML M I 5%, LN a] 43 #f 2
AINT 1 ps. BSOS R A Bk 23 IR LAIR1S I
FOpuRETiH

H HEAARSIGAE 3 m &8 T, SERITMh 2
AT, K FE S B AR KA ¢0.3 mm FLIEHIHE . R
SN @15 mm x 160 mm A S8l B b, Bl ks 2%
U ot PR AR ] S Y TOU ) AR 2 Pl v i)
HAR1.0x 107* Pafa R AANEFE A1 115
4l He S A Ar 2 1 atm PG (B AL B % 10 77 4.
SR 5 R FH e AU I 2R B A D R R S
LA E100—200 K IR ERIR. R & &y~ G,
A Y IE N =R He S, (S A Sl 8 IR
HOT/NFLIE 5 5540 BROAS 1R RS B B0U/IN R R 7%
LGB AE T va kB osRE [, B SRR R
() G T B

I WG, W BRETFE R R AU, A
FH & AR S5 T 1596 e R0 20 TR B4R 70 S e ik, B
JaPUIC IR ik, SR F B JE kRN 1.5%HF +0.5%HNO3
IKEW. A 4 0P aE &t [E 20 48 B FEL Sirion Y
I B 7 BB (SEM) #F47 R AE; 43 51 A H Ox-
ford INCA Energy 3000 % #8154 (EDS) A1 HXD-
2000TMC/LCD & A il & ASOxT & < ik [ 20 24 1 o
B3 A FH SR AR AT

3 H£RET®

¥l 19 =78 Co-Mo 5 4 AH I U7 & Co #353,
SI 56 BTG B 11 Co-50% Mo 73 1 S FiL R B V7 S 56
BT AR B K v BE AR B AR . AR BT R

2000

—@— Co;MogtiHCot S ® Co-50%M
FOA BRI o ¢ °
1800 L

1768 K A

|
L+4a L+e 4

1600 - 1607 K §
aCo
I (aGo) AT =203 K-~

1473 K
1400 <7
n 1 n 1 n

0 20 40
Co

T/K

= S -e-CorMog L\

Mo/wt.%

Bl1 Co-50%Mo & &AEM P 7] i B J Hoit v 1%
Fig. 1. Location and undercooling of Co-50%Mo alloy
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Fig. 2. Dendrite growth kinetics of primary CorMog phase: (a) Typical cooling curves; (b) dendrite growth

velocity; (c) four partial undercoolings; (d) Co content of primary phase.
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Fig. 3. Solidification microstructures and morphology characteristics of Co-50%Mo alloy at different undercoolings:
(a) Master alloy structure; (b) partial enlarged microstructure; (¢) AT = 45 K; (d) AT =113 K; (e) AT = 203 K;

(f) microstructure characteristic size.
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Fig. 4. The microhardness of primary Co7;Mog phase:
(a) Microhardness versus undercooling; (b) microhard-
ness versus Co content; (c) microhardness versus of

dendrite size.
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Abstract

The dendritic growth process and Vickers microhardness enhancement of primary CoryMog phase in undercooled
liquid Co-50%Mo hypereutectic alloy are systematically investigated by using electromagnetic levitation and drop tube.
It is found that the rapid solidification microstructures are mainly characterized by primary CoyMos dendrites plus in-
terdendritic (CorMog + aCo) eutectic irrespective of experimental conditions. In electromagnetic levitation experiment,
the obtained maximum undercooling reaches 203 K (0.1271,). With the rise in bulk undercooling, primary CozMos
dendrite growth velocity monotonically increases according to a power function and reaches 22.5 mm-s~! at the highest
undercooling. The secondary dendrite spacing decreases from 45.8 to 13.6 pm, while Co content in primary dendrites
shows an increasing trend. This indicates that an evident grain refinement and solute trapping take place for primary
Co7Mog dendrites during rapid solidification. The dependence of Vickers microhardness on Co content follows an ex-
ponential function. Moreover, the variation of Vickers microhardness with the grain size also satisfies an exponential
relationship. In addition, Lipton-Kurz-Trivedi/Boettinger-Coriel-Trivedi model is used to analyze the growth kinetics of
primary CorMog dendrites. In the experimental undercooling range, the growth process of primary CorMog dendrites
is controlled mainly by solute diffusion and they grow sluggishly. Under free fall condition, liquid Co-50%Mo alloy is
subdivided into many droplets inside a drop tube and their diameters range from 1379 to 139 um. With alloy droplet
size decreasing, both droplet undercooling and cooling rate increase rapidly. In a large droplet-diameter regime above
392 pm, primary Co7rMog phase displays faceted-growth characteristics. Furthermore, primary CorMog dendrites are
refined greatly and their solute solubility is significantly extended as droplet size becomes smaller. Once the alloy droplet
diameter decreases to a value below this threshold value, the faceted-growth characteristics start to disappear gradually,
which is accompanied with a conspicuous grain refinement and a solute solubility extension. Both the solute solubility en-
hancement and grain size refinement contribute significantly to the exponential improvement in microhardness if primary
CorMog phase grows in a faceted way. Otherwise, the solute solubility enhancement and grain size refinement result in
the linear increase of Vickers microhardness. Theoretical analyses demonstrate that the primary phase microhardness is

strongly dependent on its solute content and morphology characteristic.

Keywords: intermetallic compound, rapid solidification, dendrite growth, Vickers microhardness
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