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Effects of high intensity ultrasonic on microstructure and
mechanism of in-situ Al;Ti/6070 composites

CHEN Deng-bin, ZHAO Yu-tao, LI Gui-rong, ZHENG Meng, CHEN Gang

(School of Materials Science and Engineering, Jiangsu University, Zhenjiang 210213, China)

Abstract: In-situ A1;Ti/6070 composites were synthesized by direct melt reaction method under high intensity ultrasonic
field in Al-K,TiFs system. The effects of high intensity ultrasonic on the reinforced particles in Al3Ti/6070 composites
with different parameters such as ultrasonic radiation time and ultrasonic intensity were investigated by XRD, SEM and
EDS. The model of particle motion was established under the high intensity ultrasonic and the mechanism was discussed.
The results show that the sizes of the reinforced particles decrease along with ultrasonic radiation time and then increase
under a certain ultrasonic intensity (0.66 kW/cm?®). When the ultrasonic radiation time is 3 min, the smallest size is
obtained. The sizes are in range of 1-2 pm. The morphology of reinforced particles is small blocky or short rod-like. The
amount of reinforced particles is decreased sharply with the increase of ultrasonic radiation time when the ultrasonic
radiation time is longer than 3 min. Furthermore, the sizes of reinforced particle are decreased along with the increase of
ultrasonic intensity when the ultrasonic radiation time is fixed at 3 min. When the ultrasonic intensity is up to 0.82
kW/cm?, the main morphology of reinforced particles is small blocky or granular, and the sizes of the particles are in
range of 0.5—1 um. But the amount of particles is decreased sharply when the ultrasonic intensity is more than 0.82
kW/cm?. The most suitable parameters for fabricating Al;Ti/6070 composites under the high intensity ultrasonic field are:
the ultrasonic intensity is in range of 0.66—0.82 kW/cm? and ultrasonic radiation period is 3 min.
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Fig.l Schematic diagram of experimental apparatus: 1—
Ultrasonic generation system; 2—Ultrasonic Energy transition
system; 3—Amplitude lever; 4—Melt; 5—Crucible; 6—Pad;
7 — Electrical resistance furnace; 8 — Temperature control

system; 9—Lifting control system
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Fig.3 Microstructure(a) of AI;Ti/6070 composite without ultrasonic field and EDS pattern(b)
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Fig.4 Effects of ultrasonic radiation time on microstructures of Al;Ti/6070 composites under certain ultrasonic intensity (0.66

kW/cm?): (a) 1 min; (b) 3 min; (c) 5 min; (d) 7 min



Al3Ti/6070

3 min
1~2 pm
3 min
7 min
10~14
pm 4
3 min
3 min
7 min 1 min
5%
2.3
5 Al-K,TiF, 750
K,TiF, 6070
10% 3 min (0.66,
0.82  0.97 kW/cm?)
5
0.66
kW/cm?
1~2 pm 0.82 kW/em®
0.5~1 pm
0.97 kW/em?
0.82 kW/cm®
5(c) 0.97 kW/cm?
0.82 kW/cm? 60%

[12]

__— {pm(r—l)}

max min
Pg

r

Pu(r=D |
Pmax =pg|:m—:|

Py

Py

,

10° MPa [13]
Al Ti
ALTi
AL Ti
[14]
ALTi
Al;Ti
3 min

[15]

Ti

Pm
T, min

10* K

ALTi
ALTi

ALTi

10~10°

5 (3 min)

(a) 0.66 kW/cm?; (b) 0.82 kW/em?; (

AL;Ti/6070

Fig.5 Effects of ultrasonic intensity on microstructure of Al;Ti/6070 composites under certain ultrasonic radiation time (3 min):

¢) 0.97 kW/cm?



1960 2009 11

AlTi 3 min
ALTi 0.66 kW/cm’
[16] 6 3 min
(7
dz E E
PV +H1) s=JSat o+ /4 3) ,
m'=p\V, /z 4)
dx 3 min
Ja="3md, — (5) 5
ds 0.82 kW/cm
Py Vo dy 7 AL Ti/6070
P M m’ X (f 3 min 0.82
t Ja kW/em?)
o fa Stokes (3~5 min)
Amplitude lever c r (17
D Crucible 2
% _ c=c, |14 mol (8)
Electrical RTr
@ — <,.) — resistance
— N T Cop r—00 Vinol
. -0,
© sl y ®)
Of-e <~ {1® (1)
DN M
T = elt
o Jf<} ijo
6 t 5min
Fig.6 Physical model of force on particulate under ultrasonic
field
( [16])
Amplitude lever
@ Electrical
JC |I i resistance
P |pp - p1|g 5 © @ ._.‘/oagu ation
min 6nG _;. o n Crucible
@ BA Growtﬂ' @ Melt
s Jianen) o OU_ ] ®
ttlement
" i, EG ftanti,)| e "’ Mo
X¢ X0
OJOJXO, @ O
20 kHz 7 ALTi/6070
90 mm 0.66 kW/cm? Fig.7  Settlement model of Al;Ti/6070 composite under

3~5 min ultrasonic field



19 11 Al;Ti/6070 1961
1995: 14-18.
(8] , , , ,
3 [J]. , 2005, 54(12):
1219-1222.
PAN Lei, TAO Jie, WU Shen-qing, CHEN Feng, LIU Zi-li.
1) (0.66 kW/cm>) ane £
3 mi Preparation of two types of Zn alloy-matrix composites in high
min
intensity ultrasonic field[J]. Foundry, 2005, 54(12): 1219-1222.
[~2 pm
# [9] : , :
3 min (ALO;+AlZr),/A356 [J]. , 2008, 57(4): 354-358.
DING Jia-shan, ZHAO Yu-tao, ZHANG Song-li, CHEN Gang.
(3 min) Synthesized (ALO;+Al;Zr),/A356 composites via in-situ
0.82 kW/cm? 0.5~1 pm ultrasonic chemistry reaction[J]. Foundry, 2008, 57(4): 354-358.
0.82 [10] [D].
2007.
kW/cm? » 2007
. ZHANG Song-li. Microstructure and properties of the aluminum
2) ALTi/6070 £ prop
2 matrix composites synthesized by in-situ reaction under pulsed
0.66~0.82 kW/cm . . . ..
magnetic field and high-power ultrasonic field[D]. Zhenjiang:
3 min Jiangsu University, 2007.
3) [11] MAHALLAWY N E, TAHA M A, JARFORS A E W. On the
- - reaction between aluminum, K,TiFs and KBF,[J]. Journal of
Alloys and Compounds, 1999, 292: 221-229.
REFERENCES [12] ; ) ,
[J]. , 2008, 36(1): 59-64.
. . . . GUO Feng, LUO Pei-lan, BI Qiu, LI Ke. Review on metal melt
[1] LLOYED D J. Particle reinforced aluminium and magnesium
. . treatment technology using with ultrasonic field[J]. Metal
matrix composites[J]. Inter Mater Rev, 1994, 39(1): 1-7.
Material and Metall Engineering, 2008, 36(1): 59-64.
[2] SAHHOP, KOCZAK K J. Elevated Temperature response of aterial and Victatlutgy ENgIneering, »36(1)
L. . . . [13] PUSKAR A. The wuse of high-intensity ultrasonic[M].
in-situ TiC reforced aluminium copper alloys[J]. Mater Sci Eng
Amsterdam: Elsevier, 1982.
A, 1990, 144(1): 25-30.
o [14] ; , , , ALTi
[3] DEUIS R L, SUBRAMANIAN C, YELLUP J M. Dry sliding
J]. 2005
wear of aluminum composites — A review[J]. Composites 4y ’ ’
. 26(6): 481-485.
Science and Technology, 1997, 57(4): 415—435.
4] , , ’ Si,/ZA27 ZHAO Yu-hou, YAN Wen, MIAO Rui-xia, LI Jian-ping, DONG
. . 2008, 18(7): Sheng-quan. Forming thermodynamics of reinforcing phase
1231-1236. Al;Ti and influence of Si on in situ reinforced composite[J].
Foundry Technol 2005, 26(6): 481—485.
CHEN Ti-jun, YUAN Cheng-ren, HAO Yuan, LI Jian. Wear oundry Technology, 2005, 26(6)
. L . . . [15] COMPBELL J. Effect of vibration during solidification[J]. Int
properties of in-situ Si/ZA27 composites[J]. The Chinese
Met Rev, 1981(2): 71-104.
Journal of Nonferrous Metals, 2008, 18(7): 1231-1236.
16 . 1.
[S] NOFAR M, MADAAH HOSSEINI H R, [16] ’ 1
2001, 22(4): 413—-416.
KOLAGAR-DAROONKOLAIE N. Fabrication of high wear ’ 224
BAI Xiao-qi HE Ji-cheng. lati f di
resistant Al/AI3Ti metal matrix composite by in situ hot press 1a0-qing, Ji-cheng.  Coagulation of suspending
rticles in liquid with ult d 1. J 1 of
method[J]. Materials and Design, 2009, 30: 280—286. particles in liquid - with ultrasound - waves(J]. Journal o
Northeastern University: Natural Sci 2001, 22(4): 413—416.
[6] TIONG S C, CHEN F. Wear behavior of as-cast Zn-AI27/SiC ortheastern University: Natural Science, 2001, 22(4)
. . . . . [17] [M]. , 1998:
particulate metal matrix composites under lubricated sliding
583-585.
condition[J]. Metall Mater Trans A, 1997, 28(9): 1951-1955.
. . . PAN Jin-sheng. Fundamentals of materials science[M]. Beijing:
[77 WAN H, PAN J, YANG D M. In-situ aluminium matrix

composites  prepared by ultrasonic  vibration[C]//Tenth

International Conference on Composite Materials . Canada:

Tsinghua University Press, 1998: 583—585.



