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The Effect of Reinforcement Behavior on Mechanical Properties
in Hot Extrusion Process of Particles Reinforced
Metal Matrix Composites

C.G. Kang” and Y.H. Seo**

ABSTRACT

The Al,0, particles reinforced aluminum composites was fabricated by the compocasting me-

thod, and hot extruded at various extrusion ratios and temperature. The fabrication process

of particles reinforced composites has been studied under two solid fractions for volume fractions

10 and 20%.

The metal matrix composites billet was extruded at temperature in the range of 400T to

550C at constant extrusion velocity defined as ram speed V,=2mm/min. The extrusion processing

improved the bonding between reinforcement and matrix. The effect of the lubrication conditions

between composites and extrusion die on the surface phenomena of extruded metal matrix

composites has been also investigated. Theoretical investigation performed by metal forming

theory was adopted to understand a friction coefficient in the hot extrusion with AlL,Q, particles

reinforced composite materials. The experiments results between the extrusion load and ram

displacement at hot extrusion show that the extrusion load decreased with increasing temperature

and decreasing die angle.

The reinforcement distribution, their breakage and orientation have been investigated as a

function of the variation of extrusion process parameters. The mechanical properties of composites

were tested at room temperature to determine the effect of a hot extrusion.

Key words  Particles Reinforced Metal Matrix Composites( 1 #1738 S428218), Surface
Crack(ZH 2 %), Reinforcement Behaviour(Z}&al2] %), Lubrication Condi-

tion(#2x7), Die Design(cle]AdA])
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Fig.8 (a)(b)(c) Variation of particles orientation in cross section extruded billet at Ve=10%,
Te=500T, R=3.0 and Ve=2mm/min
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Fig.8 (a)(b)(c)(d) Microstructure of Al,O3 particles deformation characteristics at cross
section a billet according to extrusion temp. T, for volume fraction 20% composites
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Fig. 13 (a)(b)(c)(d) SEM fractograph of fracture surface according to extrusion tempe-
rature (a)400T (b)450T (c)B00T (d)550T



38 57 - N3 TS ATE A R
Zuhy, Zdold, HA E geol¥yd & £+ GELE & ASe BEA dwe telF
urh olEdl AL AR et £ 371 o} f-ol F¥of 77k EFAloldd MY S &
ol @A) gt wEtd BEgAe] 24REE Forl 7] W Fol St AR 4A FA,
22g fFEress el oste] Z4F ke th WHEE o] widAe] A 9 AoE AEch
o] dAle] Lo Aol ¥ Alele] whEA|ge] A(2)~(B)E )83l H4HY g, TIH T,
A& F3] Fasich oy B Q7oA e =400C, 500C% 34 47 §,=4.055, E,=3.101
atEAge A vldA l«r«l e =S 9)8)ed o]7] ulel WY& %M 400cal 73-%7} ¢
GEAe) HYe $xE, HogE g p, 2 9 28] A Ee] 2A el YAl g el
THEE £, 47 e Four2l B2 o AZEH
F _ 2VclnR CF e 2) Ve=10%<] A% dgme] dsted o2 o
" D;=Dy 2] AFEAE €v 7 B2 47 Fig. 9(a)~(d) 9
P _ _ Vi=20%<] 759} 2 848 el
P[, = _A_ =G, B trereeeeeesseesa (3)
Ea= a'lnR +b e (4) 4 73 =2
= 1+ ucota, b=4a/3\/§_

A pRAEE 74 P,9 2(3) 9] 5, 22 5E
e, A7) 98t o e SH-wYE
Ato]e] A A& o] &stgir).

om = CE"

&% T,=400Te) =3 n3t Co 3t 0.09,
65MPal17]9} +}(2) 2] & o]-8-3}e] 2](5) Z4¥ 5,
£ A4 F 99 AE Aol st g,
%%}93:} Vi=10%, T,=400TC, R=3.0% 7%,

A&t FoadAY g, A7 2.810,
3. 13014. wheta], o] ghe] F7] 4% wlFA S pE
2ol Jste] Aabstd, Fde A5 0.65, 5

22 A% 0.83¢c). IL2A] vlEASI} Fobsle

ol SEAFOR QlF kAl Z=wal 4
gt Ao AztE), $§] Aol FAEE
A&} A7t FaA &M B vl dAS) des

2, 424 & b e B A e-she Ad-3E o)
A A3t okEAle] 24 Aer) JEsicia
AZET, FQAEEAE AR A Ve=10%l
i3] ez hEule FAIge] e LA
3= i), duwkEom BiA &Y A
AgoiA whdAS wt 0.148, A5y A%
0.088 Rw=w 18], webd Egxige) o
£ 2 =] YA E $i8te] vpAASr} HL
&7} wiA s Al g

Si=17%% v 74 %ti %w—wm A z7}
7Festadeh

2) 73434 AREfae] 7S ke
AEAgo R Qste] fFEAC] Fast] &
He 3, 7ANERE 4E5HE
izte] sfeto] FrbEgict.

() Sk YAy F5EgAES AT
8 Vi=10%, T.=500Celx Ay AA7t=
430MPaZ 71=|A13] Al60612] 7 300MPasc)]
Hl3le] oF 43%9] ¥ ZrEgAS elisic

@ °J%—‘l£ T,=500ClA] A7rst&gr JA7dsbz

2gA8 AHTFE Vi=10%2 AEE Hgg
=7 3,23%1 7121 4l Al60619Y mishe] oF 30%2]
=& AZ@E JeEligdd

()34 DM AA 2 rEexr)l gEulE &
SEFAR2] 71AA A n)XE dgke] F&
& = ook

5, X EH

1. Kaimer, K.U. and Tertel, A. 1991, “Ex-



K8, B2 1995, 6

YA FEEEARL AUAEA AL AFel AAF A

oy

]~ 39

trusion of Short Fiber Reinforced Magnesium Co-
mposites,” RISO Int. Symp. on Materials Scie-
nce, ed. N. Hansen, et.al, pp.435~440.

2. Imai T., Nishida Y., Matsubare H.,
Matsubare H., Shirayanagi I., and Mabuchi M.,
“Hot Extrusion of Aluminar Short Fiber Reinforced
Aluminar Composites”, J. of the JSTP, 1989, 30
—346, pp.1540~1546.

3. Brusethaug S. and Resio O., 1991, “Ext-
rusion of SiCp Reinforced Al—Alloys,” RISO Int.
Symp. on Materials Science, ed. N. Hansen,
et.al, pp.247~254.

4. Jeffery, P.W. and Holcomb, S., 1990,
“Extrusion of Particulate Reinforced Aluminum
Matrix Composites,” Proc. of Int. Conf. on Fa-
brication of Particulate Reinforced Metal Compo-
sites, Montreal 17—19 Sept. ASM Int. pp. 181~
186.

5. Greenfield, and I.G. Orthlieb, F.L., 1991,
“Reinforced of SiC Whiskers in Aluminum at Di-
fferent Stage of Extrusion,” 8th. Int. Conf. Co-
mposite Materials, 17-E-3.

6. Hains, R.W., Morris P.L. and Jeffrey, P.
W. 1988, “Extrusion of Aluminum Metal Matrix
Composites,” Proc. of Int. Symp. Advanced St-
ructural Materials, ed, D.S. Wilkinsor, pp.53~
60.

7. Seo, Y.H., and Kang, C.G., “Particle
Dispersion Characteristics and Mechanical Prope-
rties in Metal-Stirring Squeeze Cast SiCp/Al Co-
mposites,” Pro. of the Third Int. Conf. on Pro-
cessing of Semi-Solid Alloys and Composites ed.
by Kiuchi M., 1994, pp.441~450.

8. Kiuchi M., Sugiyama S., Kawasaki N.,
and Hoshino Y., 1989, “Mashy-State Process of
Aluminum Alloy Composites Reinforced with Si-
licon Short Fibers”, J. of the JSTP, 1989, Vol.
30, No.346, pp.1524~1531.

9.
AZGEFAHA sleiM FEulrE dee Ia o
l gof| v 2 48, dl@r)AE s =2, 17-7,
1993, pp. 1740~1750.

10. Ohnaka 1., “Introduction to Heat and So-
lidification Analysis by Computer (In Japanese)”,
Maruzen Press, Tokyo, 1985, pp.200.

11. Morooka, Kawamura C., Yuasa E., and
Suzuki T., “Influence of Volume Fraction and
Shape of Fiber on Tensile in the Short Strainless
Steel Fiber Reinforced Aluminum Composites
Prepared by Powder Extrusion”, J. of Jap. Inst.
Light Metal, 1984, Vol.34, No. 10, pp.570~577.

12. Watanabe S., Saitoh K. and Okaniwa S.,
“Extrudability of Discontinuous Fiber Reinforced
Aluminum Alloy Composites Billet”, J. of Jap.
Inst. Light Metal, 1990, Vol.40, No.4, pp.278
~284.

13. Yuasa E. and Morooka T., “Hot Extrusion
of Aluminum Composites Containing Dispersed
Graphite Particles”, J. of JSPT, Vol.22, No. 244,
pp.482~487.

14. Martin J.W., “Micromechanisms in Par-
ticle-Hardened Alloy”, Cambridge University
press, 1980, pp.50~61.

15. Blazynski T.Z., “Metal Forming-Tool Pro-
files and Flow”, John Wiley & Sons, New York,
1976, pp.309~341.

16. Arsenault R.]., “The Strengthening of
Aluminum Alloy 6061 by Fiber and Platelet Sili-
con”, Materials Science and Engineering, 64,
1984, pp.171~181.

17. @AEX, BB)IIE, #ES, FRIER, 7
Vo AESEEEGEI B AREEREIE S
Yab~2 5", BAF43E BN aEES

18. embg, oA, “mAFEAL) 2 L8]
<7, &%3he], 1987, Vol.67, No.12, pp.4~5.




