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Effect of Alloying Elements on Particulate Dispersion Behavior and Mechanical
Properties in TiC Particulate Reinforced Magnesium Matrix Composites

Suk-Won Lim*, Takao Choh** and Yong-Jin Park***
Abstract

TiC particulate reinforced magnesium matrix composites were fabricated by melt stirring method.
The effect of alloying elements on TiC particulate dispersion into molten magnesium and mechanical
properties were investigated. The incorporation time is defined as the time required for dispersion of
solid particles into molten metal. The incorporation time of TiC particles into molten pure magnesium
was remarkably shorter and the particulated dispersion was more uniform than that of pure aluminum
which was reported previously.

The incorporation time was prolonged by the addition of Al, Bi, Ca, Ce, Pb, Sn or Zn. The tensile
strength increased and elongation decreased by the addition of Cu or Sn into the matrices and compos-
ites. Although, the tensile strength of the matrices and composites increased by alloying with Ca or Ce,
the maximum elongation was observed at a content of about 1% for the matrices. By alloying with Zn,
the tensile strength increased for the matrices and composites, but the elongation of the matrices in-
creased. The pure magnesium and its alloy matrix composites reinforced with 20vol% TiC have the
tensile strength of about 400MPa. This value is compared with the tensile strength of SiC whisker rein-
forced magnesium matrix composites fabricated by liquid infiltration method at the same volume frac-
tion. There fore, the melt strirring method which has the advantages of simple process is considered to

be efficient in fabricating magnesium matrix composites. (Received January 31, 1994)
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Fig. 1. Effects of bismuth, cerium, copper and zinc
on the incorporation time of TiC particles in

molten magnesium.
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Fig. 2. TiC particles dispersed in Mg-5% B alloy.
(a) back scattered electron image,
(b) magnesium image,

(¢) titanium image and (d) bismuth image.

Fig. 3. ThC particles dispersed in Mg

-5%Ce allo

(a) back scattered electron image,

{b) magnesium 1mage,

(¢) titanium 1mage and (d) cerium image.
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Fig. 4. ThC particles dispersed in Mg-5%Cu alloy.
(a) back scattered electron image,
(b) magnesium image,

(c) titanium image and (d) copper image.
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Fig. 5. Activity curve in molten magnesium alloy
sysiems.

1 Mg-Al(1073 K), 2 : Mg-Cu(1100 K),
3 . Mg-7Zn(923 K), 4 : Mg-Ca(1200 K),
5 : Mg-Pb(973 K), 6 : Mg-Sn (1073 K).

Fig. 7. TiC particles dispersed in Mg-5% Al alloy.
(a) back scattered electron image,

250 T T T Y T . .
(b) magnesium 1mage,

(¢) titanium image and (d) aluminum 1mage.
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Fig. 6. Effects of aluminum, calcium, lead and tin on

the Incorporation time of TiC particles in
molten magnesium.
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Fig. 10. Effect of copper mechanical properties of
Mg-Cu alloys and TiCp/Mg-Cu composites
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Fig. 11. Effect of tin mechanical properties of Mg-
Sn alloys and TiC;/Mg-Sn composites
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Fig. 13. Effect of certum mechanical properties of
Mg-Ce alloys and TiCp/Mg-Ce composites
(Vf: 10% )

€ 37, o
Aol A g 3
o o] Asx Mg—a»l Ce L% Fo]
83 ot M= A Y mA3
& S7bstal, A§3E o] M=
29l @ 2o o|zlo] ZAFTIL
AAl o] Al A M e CeF 7ol oste] 7]12] 7]
ErF dAe] FTrbet dAE S adrt A
UERER et
3.2.3 7|A % A&l w
Mgol] A& 7 3kA) _?{J__/}__q__ Zn-g
A& Fig. 149] Yt
Hotet #A A%
Zno X< 7] 70‘”
59 QAQAFTY %
s, 729 A
2], Zn37}wo] %*7}
HaAMe A dFAE
Mgl H& Znel 7%@ 6.2
7|21 e] 2 Hol
g},

ri?L
2

ol
B o O o !

)

"6'
q
an b=

o
N
g
o &

oN

HT
l(‘

02
oy T
L

3’:’14 ot 10%

A3 om B3l

215
o
;O
—u-—r-'

rlo

ﬁ?‘i
2
i)
o
Ry
N
k

%EJr“ = %kol
A BHE A 7] o 7ol e}t *}E



~246- TIC 43t Mg %@ A5o) Yol AGEA7%E 2 7145 Hao] vl Fanse) G849, S, e

400 . . . ; r ol o}
) . Fig. 150 41 (a) 2=Mg, (b) Mg-5% Zn, (c) Mg-5
L« %7Zn-1%Zr 2 (d) Mg-5%Cas] BE ANA 3
& 300 F o] A ok 400MPa¢] JAHZEE LA o] &
= 92 A7xE0] &% “zyes AP SC
© o ® Composite whisker 7+3}8 AZ31Mg3<7] 23dAES G
= O Matrix S A E B A9 2H[4]. & 559 &
? 0 1 20 3, YAH7F e mitojgte ¥H 9 process7t
8 P ~Sandl P e 2B WEhR e coste] ARG HE & 9
E -7 © oz Mg7l HEgAEY APHorA ¢
E 100 |, 7" 1" é TR, & FE5Ado] whiskerZst E3A s
o o -®-—--—- e 18 E of dAstte Hol FHEI vt
=
14 B
0 — 0 3 4. 4 &
0 2 4 6 8 10
Content of Zn (mass%) g el wubtdo oJa) A 2E TiICYAR 23t Mg
Fig. 14. Effect of zinc mechanical properties of Mg- 3 gol lojde] dzp B A 2 7]A A
7n alloys and TiC,/Mg-Zn composites AR e i 438e 38t o
(Vi=10%) I 2 A3E I
1) &Mgolel TICHAY YA SiCS) A}
3.2.4 A H wistE 20%M e AT o] Berh ¥t AR &Ale] A9t vwae
TiC/Mg7| Sga g e Alsgase] 44 W oAAs BT, YA #Y BAYE Erh
ol @2 YA7b FLeA EArxlo] dm, UR 2) Mg-AlAl, Mg-Ca#l, Mg-Pb#Al % Mg-Sn
TUALE i glong T1C°‘2}94 Vi& 20% Aol i a9 A0 Ayiake] Zrto] waka] 9
2 oEo] BPEE Aztste] AP EE ZA s} A} @‘%}* he Hz dofA vt JA BAHGE ol =

Fol gl
gole] Bi, Ce, Cu ¥ Zn¢ #H7}
Al

3
1o
08,
o%%
5

S
S
=

N>

Z

_Q

s | ATl A Aol S
= Mg A9} 72§k,
© 400 | 4) Mg-CuAl @ Mg-SnAld] ojMe= Cu %
: Sniltaol Zrhgel weh wgAEe 7A9
tén 300 - o1 AT = Zylely, AL ekt A AT
E ol 5) Mg-Ca % Mg-Cedlol QoiHE Ca %2
% Ceol H7iare] F7bgel whebr HFAES} 7]
5 100 Ao AFTEE TSI, A& AT
o cielu} s)A el lofAl oF 1%9] Ca T
. - CeH7tel A% Adge A7t HAginh
: 6) Mg-ZnA olxe ZnFErtde F7l
Fig. 15. Tensile strength comparison of some magne- ek BgAset 71Ae ARG =E Faddh
sium matrices reinforced with 20vol.% TiC t&ol 7122 AAEE ZnH7Ze] Z71o] w}
particulate. 2} Arsla, BB AE Ao 1 gro] AA
(a) pure Mg, (b) Mg-5%7Zn, 5+ o).

(¢) Mg"?%Zn—l%Zr and (d) Mg~5%_Ca. 7) o MgA, TiCel Vi 20%dx = 7]1#x]¢] 2

(52)



Fx A4 A3 5(1994.6) 51242 8 3 047
v F o] oF 400MPa?] Q1AA T E Agt) 55 (1991) 526
8) Mg-5%7ZnAl, TiCe Vi 20% A= 7|% | 6 | J. F. Mason, C. M. Warwick, P. J. Smith, J. A.

o] 1.5 Hx9 o 410MPa¢] QAW E
c}.

32

g uFd

[ 1] whgefs, JeRenr
210

L2 ] IMBE, KRB
77

[ 31 phgelil, JRems
1101

[4] ik, &FH - B HASEEE
2,55 (1991) 526

L51 &%k, B ST BALBBGE,

L HAR GBS, 56 (1992)
- HARGEE e, 54 (1990)

- HREB2BeE, 56 (1992)

(53)

Charles and T. W. Clyne | J. Mater. Sci., 24
(1989) 3944
[71S. W. Lim, T. Choh : Int. conf. on recent

Advances in Science and Engineering of Light
Metals, (1991) 175

18 | IFEHER, RIERS, /IMEE | HREEE
54 (1990) 1382

[ 9] D. A. Mortiner and M. Nicholas ; J. Mater.
Sci., 8 (1973) 630.

[10] EFEER . B &8, 76 (1990) 1623.

4
a7 W

[11] €&7-2 727 . HAGEEEH - LE
(1984) 97.
[12] 4 <l, REES 283 552383,

16 (1992) 458.



