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Ultrasonic levitation of C powder and
TiC synthesis reaction in Al-Ti melt
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Abstract: An electrostriction type uniaxial ultrasonic levitation reaction system was designed. Ultrasonic stationary wave
is formed to suspend C powder in Al-Ti melt to perform TiC synthesis reaction and the Al-3Ti-0.15C grain refiner alloy
was prepared. The suspension state of C powder, microstructural morphology and its formation mechanism of such alloy
were investigated after microstructural observation and sound pressure analysis. The results show that only when the
sound radiation power is small, the sound pressure node is formed between radiation block and reflection board by
ultrasonic. Under the action of sound pressure gradient, C powder and TiAl; can suspend stably in the sound pressure
node. When sound power is large, the second harmonic of stationary increases, the sound pressure node disappears and
the levitation stability of C powder is destroyed. The reaction process of C powder is that ultrasonic cavitation effect
makes TiAl; be dissolved to form active Ti, and TiC phase is formed through the synthesis reaction of Ti and C, meantime,
such effect has thermal activation influence on TiC particles.
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Fig.1 Schematic diagram of ultrasonic levitation reaction

system
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Fig.2 Photograph of C powder levitation
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Fig.4 Reaction process of C powder during levitation: (a)
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reaction: (a) 10 min; (b) 20 min
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Fig.6 Metallograph (a) and XRD pattern (b) of Al-3Ti-0.15C

2.3 Al-3Ti-0.15C gz 478920 1L 14 BE

Kl 7 B Ak Al-3Ti-0.15C 44k i 5 (1) A1075 &
GHA.

Kl 7)ol A1075 G4 MR HESHZ, SR
KA, PR FZ) 3 mm. B 7(0)fis i A1075
B4R 0.2%F) A1-3Ti-0.15C ftbr i 4L 71 i 2 20 5
/NSRS, SRR R 210 pme 2 P
Bydiopn R —IN e DG R gk, JFEATRDAAREE, £
Al-3Ti-0.15C 40467 A1075 & 4404k i fe A F i)
B (F i S TE]) A9 10 min, fRIGRIFES Al SRIZLZ H B
B SR A R BT ) (40 A 2 0 TR0) 28 110 mine H st T]
W, Al-3Ti-0.15C 4k 0 HAT BRI 44k 5 ) il L 4T

[0 B 40 A 22 ok 1 6 o IX 3R W08 I A e T o A% 1
Al-3Ti-0.15C 4ULHI, th T H= S sl e,
HRAMH T ALC; AW, [R5 2501 B
T AE TIC KL~ [0 BRI 0 snili X, i — 2 0E T TiC
ki, $em T R

B 7 # A-3Ti-0.15C 44LHTE ) A1075 A48
Fig.7 Microstructures of A1075 alloy refined by Al-3Ti-0.15C:

(a) Primary microstructure; (b) Refiner addition

3 g

1) {08 PRI BN S ORI B S Al AL-Ti
PR ARG, — R S IR ITI E B E B
WIS, I SRS RE ()75 AR B, T A C R AR [ha 30 7
IR, BRI, JHE TiAL R EREEAE C
A o

2) A EWRNAE I TIAL B, M TiC A
B N T R AP S A AT, B AL A
M) Ti 5 C RN IEH TiC.



F17T A 4 W

A, S AT D C RIS B TiC RV 559

JEH,

3) M IIRBLE], X TiC W1 HA PG 1

ML A1-3Ti-0.15C 4l A 71 <8 H AT R4 1R 6

aADITERZ S AL RE S -

REFERENCES

(1

(2]

(3]

(4]

(3]

(6]

(7]

LI Jian-guo, HUANG Min, MA Mo, et al. Performance
comparison of AITiC and AITiB master alloys in grain
refinement of commercial and high purity aluminum[J].
Transactions of Nonferrous Metals Society of China, 2006,16:
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.

Chneider M, Kearns M, Garry A. Comparison of the behavior of
AITiB and AITiC grain refiners[A].The 127th TMS Annual
Meeting[C]. San Antio, Texas: Light Metals, 1998: 953-961.
WIAENE, XAHE, FER, L7555, kI ALTI-C P& 4
X Mg-Al G ab b /E ). T EAA e R R, 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, et al. 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.

(8]

(9]

[12]

[13]

[15]

WANG Zhen-qing, LIU Xiang-fa, LIU Yan-hui, et al. 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.

B, WA, HEE, B, HEAL SHS HREI%
AL-3Ti-0.15C fRi 4RI, H EAT 48 243k, 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.
Banerji A,
TiC[J]. Metall Trans A, 1995, A16: 2065-2068.

il SCEy, AR, BRI R R K S B SR B E AR )
Hr[J]. P32AAR, 1999, 48(2): 250-256.

XIE Wen-jun, CAO Chong-de, WEI Bing-bo. Experimental

Reif W. Grain refinement of Aluminium by

investigation and numerical analysis on acoustic levitation[J].
Acta Physica Sinica, 1999, 48(2): 250-256.

Yosikoka K, Kawasima Y. Acoustic Radiation Pressure on a
Compressible Sphere[J]. Acoustic, 1995, 5: 167-173.

Foige, KRB, 2EF5. HEAEGIM] #aG B AU
Jitt, 2000: 1216.

DU Gong-huan, ZU Ze-min, GONG Xiu-fen. Acoustics
Foundation[M]. Nanjing: Nanjing University Press, 2000: 1216.

Dorward R C. Discussion of comments on the solubility of
carbon in molten aluminum[J]. Metall Trans A, 1990, A21:
255-257.

Mayes C D, Cartney D G, Tatlock G J. Observations on the
microstructure and performance of an Al-Ti-C grain-refining
master alloy[J]. Mater Sci Eng A, 1994, A188: 283-290.

Rapp R A, Zheng X. Thermodynamic consideration of grain
refinement of aluminum alloys by titanium and carbon [J].

Metall Trans A, 1991, A22: 3071-3075.

(%miE  FE8)


http://e46.cnki.net/kns50/classical/singledbdetail.aspx?QueryID=7&CurRec=22
http://e46.cnki.net/kns50/classical/singledbdetail.aspx?QueryID=7&CurRec=22
http://e46.cnki.net/kns50/classical/singledbdetail.aspx?QueryID=7&CurRec=22

	REFERENCES

