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Abstract: The second phase particles TiC and TiAl; on the refining performances of pure aluminum particles were
studied in Al-TiC and Al-TiAl; master alloys. The results show that, when TiC and TiAl; phases are used as the a(Al)
nucleation phase, both of the two nucleation capabilities are poor, but TiC particle exhibits better nucleation and higher
resistance to grain refining fading than TiAl; phase. When the second phase particles TiC and TiAl; are used as the a(Al)
nucleation phase and have a relatively quantity, they demonstrate better nucleation and higher resistance to grain refining
fading. The experiments show that, in the seven groups grain refiners, the refining performances of the refiner with mole
ratio of Ti to C of 1.8:1 is the best. The reason is that the TiC/aluminum interface, Ti-rich transition zone, formed by TiAl;
releasing Ti atoms in aluminum melt, Ti atoms congregating to the TiC surface, promotes the distribution of TiC in
aluminum melt and advances the nucleation of TiC.
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(99.3%)~ C ¥3(99.8%)F TNV 44 . 525 ¥ 4 A
BHA, ALOs 388 LA B B o Sl JsoRbR AR 2331
P LI IL S, 7EEREEHL EIREL 1.5 he SRS, ¥
TR ARy AR AE AN A T 4 e T B (RS d 24 mm X
6 mm). IZEEEEIEIG Ti IR E0h 3% PRI AR,
I CMbaish, IR B gL, Rl
SERIEIT , K LI PRI LRAT ZnO BB s\
BRrh, ERE BN, RETRISR S A RN S, Bk
HAEEAEA, RGN AR EAA 5 A 60
mm A1 20 mm. 5k 60 mm [FHETEANAF, Ffrseaerd
A % ALLTIC A1 AL-TiAlL PiFh R A& 42 o
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Table 1  Compositions of different grain refiners

TS £ U I A [ A5 4 A 1 T 2E 885 T
SR G L AN SRLANAL A B I, 2 SRR —
X PR R R A 4, TRAE R AR R A A SR
Mk, LA SR 1 s, o T a8 gi AT dn ik i
B, DRI 2 404 70 TR A R R i 22 5o

SIS AT ] — 2 At N IEAT . FEHTI W AB AL T
SEUMERS U T aliss, APl 720 CHF, SE4
A F G A5 LA B (P AL J5 AR T & &
1 0.02%~0.09%( i & 73 EO) ISR A8 73 ik, PRt
5 min Ji&, GEEERIMEERIT, MOKFEF R T, Hilk
SR FRIL IR 51008 5 FRAnfEsR) B~F %414k
JEEE Ti SR 0.02%E411b 525 .

h 28 R A A AR BRI AL R R T, R4
) AL CHI G $4040 518 Ti 23508 0.03%. 0.02%
A0.07% AN AR s e, OREF 5. 104 30, 60,
90 F1 120 min J& 23 HIHLFE

K K2 5 445 (MEF3) . Hitachi S—520 %!
FIH 7 BB (SEM). RigakuD/max—A & X ff2k
LR 0 s R 1 e e ol <0 ey £ ) s o TR
GB3246.1~3246.2—2000 " B I2:0E4 T SR VT 2

2 HRESH

2.1 AI-TiC #0 AI-TiAl, B B & & R SE

K1 Bl ALTIiC H1a44:1 XRD . fEl 1
WA, G A EA % A TiC MHMMAHZR . K
2 sl AL-TiAL H A4 41 XRD i FIfgOM 2 21
B2 vl G H, KR TiC R FAE oAl S AL 52 1 5
i, ETNE 4T DA% A TiAL A, TiAL #H2
Ptk B A sy, $iR2 . Wi &b &
g o . R X PR 4 & A TiC Al TiAl
] AI-TiC F1 AL-TiAly H & @A\ Bl gida s,

Sample Grain refiner w(Ti)/% w(ALI-TiC)/%  w(Al-TiAl;)/% W(Ti)V /% n(Ti)/n(C)
A Al-TiC 3 100.00 0 0 1:1
B Al-TiC+AI-TiAl; 3 66.67 33.33 2 1.5:1
C Al-TiC+AI-TiAl; 3 55.56 44.44 3 1.8:1
D Al-TiC+AI-TiAly 3 50.00 50.00 4 2:1
E Al-TiC+AI-TiAl; 3 40.00 60.00 6 2.5:1
F Al-TiC+AI-TiAly 3 20.00 80.00 15 5:1
G Al-TiAl; 3 0 100.00 - -

1) w(Ti).y is relative content provided by TiAls.
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Fig.1 XRD pattern (a) and microstructure (b) of AI-TiC

master alloy
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Fig.2 XRD pattern (a) and microstructure (b) of Al-TiAl;

master alloy

1000
= — AL-TiAly
c 800f * — AL-TiC
=
R
Z 600}
£
g
=111
g 400}
g
L5
Z
200 - .
0 002 0.4 006 008  0.10
w(Ti)/%

B3 At AN A g iR SoRn RS (R
Fig.3 Effects of additions of grain refiners on average grain

size of solidified sample
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Fig.4 Macrographs of solidified Al samples refined
with different refiners: (a) A; (b) B; (¢) C; (d) D; (e) E;
HF (e G
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Fig.5 Average grain size of solidified Al samples refined with

different grain refiners
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Fig.6 Effects of holding time of liquid aluminum on average
grain size of solidified samples refined with different grain

refiners
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Fig.7 Microstructures of deposition of solidified Al samples
refined with different grain refiners and held for different times
at bottom: (a) Grain refiner A, 90 min; (b) Grain refiner C, 90

min; (¢) Grain refiner G, 90 min
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AZ AR R b i, eI, a(ADAHLL TiC
A TiAL FL %O g b KK, B DRl I F] R
BRI G4y TIAL S35 BV AR P ORI T S
T, T TifE TiC FESKE AR g v 2R, dxel Ti
JR WAL TiC K1 JA I, B R TICARH AR S Ti
VXY, T IR IR, R G R B
(TiC %% 0 4.93 g/em®, Ti%HE K 4.51 glem’), WKL
TS AR TR (0 5 5 ZE /N, AT AR 22,
DUBERT IR IE K . F3 40 Ti G R EGE T TiC ki1 S 5RE 4
Z AR Y, B T TiC bR sk Ay, Ak
K TiC BT RERS A A o0 An T AR IE AR, 1K 48 TiC ki
FRSF4I/), XAFAS WD Re BEL T 36 R (REARARL- T4 K
REE), SR T ORI R], 1Mo FeAT &l JR A &
HAMRE IR 2R P, A R ] i 26 ik
IS . Rk, S48 [E IS 5 AR TiAl; F1 TiC
PSR RLAN AT C MBIV S, USRI T 90
min, {HH R0 SR B KA, R R
HAEDER TIC R RA T UUELE 7(b)). 1M dikE
MUH G MABIERAR TS, K& TIAL R8BI A
B RERER, ANEERCH a(ADIK R TREAZAZ ., I
A, AT RIS TiAL B, a(ADSE 5
I S S AZAZ O T2, e 28365 AL Ak 35 R J 20
[, A 7(c)nT LAGE H, 4067 G Ak FE A
1) TiAly K7 ARDUE BT 2 5T D& R4 T 3%
fitt, XU T TiAL R 4040 IR R i |
AR A TUIE . el RIS, dokhrgi Ak ] i
FELEEE MBI T TIC A1 TiAly J& 5 R AF AT ki 414k,
IR BE S AN E B, TiC b2 B AR,
1M TiAL E4 B A AE .

3 it

1) AL-TiC F1 AL-TiAl; H W] 4 28 Ak 7 TiC
AT TiAL 0] FAE N a(A)ITEAZA, BB R
PR BE Ti &, PIRREIARL T3 REXT Tl alifRik
B AR, B TiC b 7B . PaifbiEig
AT TiAL BT 1.

2) b REAH A F o[]S AE AR S AR TIC A
TiAl; HAREF n(Ti)/n(C)=1.8:1 I, Skigiib 3 Ryt
ARk 3R 8 ) B

3) AL-Ti-C kL A0k 771 R 4F 1R 4040 ROR 3 AT
TiC A TiAL Ki7 3L FEVE], TiAL fE8 1A o fif
FEIBCH Ti B 79 1) TiC R & BB W 2R, JE i TiC/ AR 4%
A T B T XA HE TiC W LEAD A4 T R 4040 43



194G 6

THE, % hiaA e s AR T TiC A TiAl 4 4EER rgn b/

1031

Aii

eI ZRE ) ALTI-C R0 77 1 T A%

P

REFERENCES

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

[9]

[10]

mEAE. ALLTI-C SR A6 ] vh i) & S BBt IR (D). Ba &
INTHA, 1998, 26(10): 5-11.
GAO Ze-sheng. Recent development of Al-Ti-C grain refining

master alloys[J]. Light Alloys Pressing Technology, 1998, 26(10):

5-11.
LI Jian-guo, HUANG Min, MA Mo, YE Wei, LIU Dong-yu,
SONG Dong-ming, BAI FANG Hong-sheng.

Performance comparison of AITiC and AITiB master alloys in

Bing-zhe,

grain refinement of commercial and high purity aluminum[J].
Trans Nonferrous Met Soc China, 2006, 16(2): 242—-253.

VAN P, WIGGEN S, BELGRAVER J. From Al-Ti-B to Al-Ti-C
developments in aluminum grain refiners[J]. Aluminum, 1999,
75(11): 989-994.

WUERE, XIHVE, 2B, 45553, K. ALTIi-C e &
BX Mg-Al & S0 SR g AP RIT]. vh AT 6w o 3R,
2003, 13(3): 623—625.

LIU Yan-hui, LIU Xiang-fa, LI Ting-bin, BIAN Xiu-fang,
ZHANG Jun-yan. Grain refining effect of Al-Ti-C master alloy
on Mg-Al alloys[J]. The Chinese Journal of Nonferrous Metals,
2003, 13(3): 623—625.

WANG Zhen-qing, LIU Xiang-fa, LIU Yan-hui. Structural
heredity of TiC and its influences on refinement behaviors of
AITiC master alloy[J]. Trans Nonferrous Met Soc China, 2003,
13(4): 790—-793.

ZHAHG Zhong-hua, BIAN Xiu-fang, WANG Yan, LIU
Xiang-fa, WANG Zhen-qing. TEM observations of rapidly
solidified AITiC alloy[J]. Journal of Alloys and Compounds,
2003, 34(9): 121-128.

LIU Xiang-fa, WANG Zhen-qing. The relationship between
microstructures and refining performances of Al-Ti-C master
alloys[J]. Mater Sci Eng A, 2002, A332: 70—74.

WANG Zhen-qing, LIU Xiang-fa, LIU Yan-hui, ZHANG
Jun-yan, YU Li-na, BIAN Xiu-fang. Structural heredity of TiC
and its influences on refinement behaviors of AITiC master alloy
[J]. Trans Nonferrous Met Soc China, 2003, 13(4): 790—793.
o, dEAk, BRET, BER, FE. SHS HOARH %

Al-3Ti-0.15C SRigifbi[I]. H EH aE %), 2004, 14(2):

179-183.

LI Ying-long, WEN Jing-lin, CHEN Yan-bo, CAO Fu-rong,
ZHAN Guo-chan. Al-3Ti-0.15C grain refiner prepared by SHS
[J]. The Chinese Journal of Nonferrous Metals, 2004, 14(2):
179-183.

TS, VSRR, XU, WORAS. 0 AR AR AL AR ot
JE[I]. G EOR, 2005, 26(3): 220-223.

FENG Peng-fa, TANG Jing-lin, LI Shuang-shou, ZENG Da-ben.

Development of mechanism of grain refinement in aluminum[J].

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Foundry Technology, 2005, 26(3): 220—223.

B, TR, BRI, ki AI-Ti-C Pl gl & ik
SR FIART]. $5EHIA, 2008, 29(11): 1559-1562.
ZHAO Wen-jun, DING Wan-wu, XIA Tian-dong, HOU
Yun-feng. Research status and development trend of preparation
of Al-Ti-C master alloy[J]. Foundry Technology, 2008, 29(11):
1559-1562.

WHITEHEAD A J, DANILAK S A. The development of a
commercial Al-3%Ti-0.15%C grain refining master alloy[J].
Light Metals, 1997(2): 785-793.

IQBAL N, van DIJK N H, OFFERMAN S E, GEERLOFS N,
MORET M P, KATGERMAN L, KEARLEY G J. In situ
investigation of the crystallization kinetics and the mechanism of
grain refinement in aluminum alloys[J]. Mater Sci Eng A, 2006,
A416: 18-32.

ZHANG M X, KELLY P M, EASTON M A. Crystallographic
study of grain refinement in aluminum alloys using the
edge-to-edge matching model[J]. Acta Materialia, 2005, 53(11):
1427-1438.

GB3246.1~3246.2—2000. A2 JE41 Je 4 A bl i AL 23K 38 7
A[S].

GB3246.1~3246.2—2000. Method of testing on aluminium and
aluminium alloys[S].

CIBULA A. The mechanism of grain refinement of sand casting
in aluminum alloys [J]. J Inst Metals, 1949/1950, 76: 321-360.
ARNBERG L, BCKERUD L. Grain refinement in castings and
welds[C]// ABBASCHIAN G J. Fall
Metallurgical Society of AIME. Louis,
Metallurgical Society of AIME, 1983: 165—168.

MOHANTY P S, GRUZLESKI J E. Mechanism of grain

Meeting of the
Missouri: The

refinement in aluminum[J]. Acta Metallurgicae Materialia, 1995,
43(5): 2001-2012.

CARTNEY G M. Grain refining of aluminum and its alloy using
inoculants[J]. International Material Reviews, 1989, 34(5):
247-260.

XA, WFhs, BE, 2, BRE TIALZERE AT
HRBAL RSN 1 FIT ], HUCTRE R, 1999, 35(3): 67-71.
LIU Xiang-fa, BIAN Xiu-fang, XUE Pei-jun, LI Jiu-ping, MA
Jia-ji. Structure hereditary dynamics of TiAl; in Al melt[J].
Chinese Journal of Mechanical Engineering, 1999, 35(3): 67-71.
YU Li-na, LIU Xiang-fa. Ti transition zone on the interface
between TiC and aluminum melt and its influence on melt
viscosity[J]. Journal of Materials Processing Technology, 2007,
182(3): 519-524.

PR, RIAER, TEWEHT, (HIE S, BRAARE. H ST IRk
AL-TIC SiORLAI A7) X R AR D). b B AT (s 223,
2002, 12(5): 977-981.

YAN You-wei, LIU Sheng-fa, FAN Xiao-ming, FU Zheng-yi,
WEI Bo-kang. SHS of AIl-TiC grain refiners and their grain
refining performances for commercially pure aluminum[J].The

Chinese Journal of Nonferrous Metals, 2002, 12(5): 977-981.

(4miE  FHLD)



