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Fig.1 Macro images of dendritic grain competitive growth: (a) vertical section from experiment, (b) vertical section from CAFE

simulation, and (c) cross sections at different heights in CAFE simulation
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Fig.2 Microstructures of dendritic grain competition growth within a stitching picture in the top region:

(a) cross section of the dendrite areas and (b) vertical section of the dendrite areas

TARAR M SR A A AR, 2 RET
SEAERKCR, mEEWE 3 PR, AahZ TS
AR R FZ A LA o R B KRR AR . TR AL
EE N TR Eo v O 2ol B = = M T )
O X O >0 5 MU IR ) (i 5% 77 1) b ] BEASAH 7], B
Oro X O < 0o FER B IEAL, Ak ) LUE 5 54T 4
AR I OB R R R TRV IR AL,
S 4 2B ) - R A B BEL R 1 T Ok SE e
ARG i 1 5 4 AR RAT P T d SV, I S
I 1] AP 4 FH SR SR A o R P Y A M0 )

S8 In) 458 [ 2 v B A 81 1 5 A K B A O TR A
WA AR B 3 Al T T I se 4 A Ko7k,

Liquid

Liquid

FE IR A KRR A K . a4 K # 5]
il T <001> B [n] b5 B3 J7 In) 45 oy 456 30 1% Ok B A0 K
di AN R ARRR AL o e 6, KRR A i A
Ti RS Oy h AR R i 5 #GR T 17 1 A
B <001>75 7] 5 #at 7 [a] — B0, 6,0 =05 KL 1]
il KA AR KR ) Ao, KA S . TEER
AR A AR R AR, o D BRI A SREE RR T
i, O x By >0 F1 G,y xO, <0 3 FhEHL; KEEKF
FEAT ALK 3 Pl 0 o P B iy AH &I I 1) & A2 KT 1)
LR A IR T 1) 28] 14 D% 20 T mORTE IR

h T RAF R E S R GE T EE, SEiET 4 K
SR P A it v ERD R EDC T AN 1T (R 85 SR T [

Liquid

Bl 3 5 1 kI X 5o 4 A A R i A EB 1) 5 3 4 5 2008 I 96 R 119 75 T

Fig.3 Schematic of bicrystal competition growth and the notations of preferred and non-preferred crystalline orientation: (a;, a,, as) converging

growth, (b, by, b3) divergent growth; (a;, b1) ., x0,, =0, (az, b2) G, x6y, <0, (a3, b3) Gy, x0,, >0
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Fig.4 Selection of grain boundary direction within different competitive modes: (a~c) microstructures, (a;~c;) statistics results; (a, a;) the

converging growth, (b, b;) the diverging growth in the same side, and (c, ¢;) the diverging growth in different sides
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Fig.5 Statistics results of selection of grain boundary direction within different competitive modes in CAFE simulation: (a) the

converging growth, (b) the diverging growth in the same side, and (c) the diverging growth in different sides
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Competitive Growth of Dendrite Arrays in the Directional Solidification
of a Thin Sheet Sample

Yang Zenan', Zhang Zhen®, Guo Chunwen’, Pan Hao®, Wang Zhen', Zhang Qiang', Huang Chaohui', Wang Zhijun*
(1. Science and Technology on Advanced High Temperature Structural Materials Laboratory,
AECC Beijing Institute of Aeronautical Materials, Beijing 100095, China)
(2. State Key Laboratory of Rolling and Automation, Northeastern University, Shenyang 110819, China)
(3. School of Materials Science and Engineering, Zhengzhou University, Zhengzhou 450002, China)

(4. State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: It is of great scientific and engineering significance to understand the misoriented grain evolution in the directional
solidification of superalloys, where the competitive growth of dendrite arrays with different orientation is the key phenomenon to
understand the grain boundary evolution and elimination of dendrite. The experimental bicrystal growth in directional solidification
identified the drawback of the traditional tip undercooling criterion. Moreover, quantitative phase field simulations showed more details of
the bicrystal competitive growth and enhanced our understanding. In this research, we proposed a sheet sample with multiple bicrystals
configurations. The microstructures were observed in a stitching picture. The results indicate that the competitive growth of two dendritic
arrays is directly related to the interaction of primary arms and secondary arms in the grain boundary region. In the converging growth, the
primary arm of the favorably oriented dendrite block the primary arm growth of unfavorably oriented dendrite and the new primary arm of
the favorably oriented dendrite can not overgrowth in the grain boundary region. Then the grain boundary forms mainly along the growth
direction of favorably oriented dendrite. In divergent growth, when the two dendritic arrays are on the same side of thermal gradient
direction, the grain boundary is still mainly along the growth direction of favorably oriented dendrite where the new primary arm of
unfavorably oriented dendrite is more likely to form than that of favorably oriented dendrite. When the two dendritic arrays are on the
different sides of thermal gradient direction, the new primary arms of the both dendritic arrays can generate and the grain boundary is
between the growth direction of the two arrays. The competitive growth and the grain boundary selection of dozens of biocrystals have
been summarized within several samples. The statistical results agree with the phase field simulation. However, the CAFE simulation
results from the ProCAST can not predict the grain boundary evolution due to there is only a profile of grains related to tip undercooling
without solute diffusion and competition of side branches in CAFE. The method proposed here can be used to obtain the statistic
information of the competitive growth with a high throughput way, and the results are helpful to understand the misoriented grains in
fabrication of single crystal blade.

Key words: directional solidification; competitive growth; grain boundary direction
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