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In motor-cars metal matrix composites (MMCs) are employed in braking systems and engine components. Other applications for 
these materials have been developed in energy and in information applications. The potentional of composite materials is very 
great because the properties can be tailored according to the application. There are many possible material combinations and 
processing techniques which can be employed. For structural applications standard iight metal are often strengthened by ceramic 
fibres or particles. The performance and potential of composites will be discussed using examples of reinforced aluminium and 
magnesium alloys. 
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Kompoziti s kovinsko osnovo, ojačani s keramičnimi delci ali vlakni se danes že uporabljajo kot deli zavornega sistema in motorjev 
z notranjim izgorevanjem. Razvite so tudi posebne vrste teh materialov, ki so uporabni na področju energetike in informatike. 
Uporabnost kompozitnih materialov je vsestranska, ker lahko njihove lastnosti prilagajamo potrebam uporabe. Možne so številne 
kombinacije materialov (kovinska osnova / keramična ojačitev) in postopkov njihove izdelave. Kompoziti, ki se uporabljajo kot 
konstrukcijski materiali so najpogosteje sestavljeni iz lahke kovinske osnove in keramičnih delcev ali vlaken. Prispevek obravnava 
predvsem dosežene lastnosti in možnosti uporabe kompozitov z osnovo iz Al ali Mg zlitin, ki so diskontinuirno ojačane z SiC ali 
AI2O3 delci oziroma kratkimi vlakni. 

Ključne besede: kompoziti s kovinsko osnovo, Al in Mg zlitine, SiC in AI2O3 kot ojačitvena faza, lastnosti, uporaba, postopki 
izdelave 

1 Introduction 

T h e s t r e n u o u s e f f o r t s t o d e v e l o p m e t a l m a t r i x c o m -
p o s i t e s vvith l i g h t m e t a l m a t r i c e s in t h e e i g h t i e s h a v e p a i d 
o f f vvith s u c c e s s f u l a p p l i c a t i o n s in a u t o m o b i l e a n d t r a n s -
p o r t s y s t e m s . W o r t h y o f m e n t i o n a r e p a r t i a l l y r e i n f o r c e d 
p i s t o n s , h y b r i d r e i n f o r c e d e n g i n e b l o c k s f o r c a r s o r 
t r u c k s a s vvell a s p a r t i c l e r e i n f o r c e d b r a k e d i s c s f o r l igh t 
l o r r i e s , m o t o c y c l e s , c a r s o r r a i l v e h i c l e s . F u r t h e r f i e l d s of 
a p p l i c a t i o n s a r e m i l i t a r y a i r c r a f t a n d s p a c e c r a f t . T h e in-
n o v a t i v e m a t e r i a l s a r e i n t e r e s t i n g p o s s i b i l i t i e s in t h e d e -
v e l o p m e n t o f m o d e r n m a t e r i a l s b e c a u s e t h e p r o p e r t i e s of 
M M C s c a n b e t a i l o r e d f o r a p a r t i c u l a r a p p l i c a t i o n a n d 
h e n c e M M C s c a n f u l f i l l a l i r e q u i r e m e n t s o f t he d e s i g n e r . 
S u c h m a t e r i a l s b e c o m e i m p o r t a n t vvhen t h e p r o p e r t y p r o -
file c a n n o t b e a c h i e v e d b y t h e c o n v e n t i o n a l l i g h t m e t a l 
a l l o y s . T h e s p e c i f i c s t r e n g t h as o u t s t a n d i n g a d v a n t a g e o f 
l i g h t m e t a l M M C s is hovvever u n d e r p r e s s u r e f r o m c o m -
p e t i n g t e c h n o l o g i e s s u c h as povvde r m e t a ! l u r g y o f p o l -
m e r t e c h n o l o g y . T h e a d v a n t a g e s o f c o m p o s i t e s a r e o n l y 
r e a l i s e d if a r e s o n a b l e c o s t p e r f o r m a n c e r a t i o is a c h i e v -
a b l e o n p r o d u c t i o n o f t h e c o m p o n e n t . In t h i s r e s p e c t it is 
i m p o r t a n t f o r e c o n o m i c a n d e c o l o g i c a l r e a s o n s t o r e c y c l e 
s c r a p c o m p o n e n t s , p r o d u c t i o n vvaste, e t c . 

T h e a i m s in t h e r e i n f o r c e m e n t o f m e t a l m a t r i x f u n c -
t i ona l o r s t r u c t u r a l m a t e r i a l s a r e o n t h e o n e h a n d t he o p -
t i m i s a t i o n o f s o m e c r i t i c a l p r o p e r t i e s at t h e s a m e t i m e as 
m a i n t a i n i n g o t h e r p r o p e r t i e s a n d o n t h e o t h e r h a n d a 
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c o m p l e t e c h a n g e in t h e p r o p e r t y p r o f i l e o f a c l a s s o f m a -
t e r i a l s . T h e r e i n f o r c e m e n t o f l i g h t m e t a l s o p e n s , f o r e x -
a m p l e , a n e x t e n s i o n o f t h e a p p l i c a t i o n p o t e n t i a l vvhere 
vveight r e d u e t i o n of c o m p o n e n t s is v e r y d e s i r a b l e a t t h e 
s a m e t i m e as o p t i m i s a t i o n o f c o m p o n e n t p r o p e r t i e s . T h e 
d e v e l o p m e n t a i m s of l i g h t m e t a l m a t r i x c o m p o s i t e s t h u s 
c a n b e s u m a r i s e d as fo l lovvs : 

- i n e r e a s e in y i e l d s t r e n g t h , u l t i m a t e t e n s i l e s t r e n g t h 
a n d f a t i g u e s t r e n g t h a t r o o m t e m p e r a t u r e vvhi ls t 
m a i n t a i n i n g m i n i m u m v a l u e s o f d u c t i l i t y o r t o u g h -
n e s s , 

- i n e r e a s e in h o t s t r e n g t h , f a t i g u e s t r e n g t h a n d c r e e p 
r e s i s t a n c e a t e l e v a t e d t e m p e r a t u r e s c o m p a r e d t o c o n -
v e n t i o n a l m a t e r i a l s , 

- r e d u e t i o n in t h e c o e f f i c i e n t o f t h e r m a l e x p a n s i o n o f 
l i g h t m e t a l a l l o y s t o v a l u e s c o m p a r a b l e vvith s t e e l s , 

- i m p r o v e m e n t in t h e s t a b i l i t y o f l i g h t m e t a l s t o t e m -
p e r a t u r e c h a n g e s , 

- i m p r o v e m e n t in d a m p i n g b e h a v i o u r , 

- i m p r o v e m e n t in t h e vvear r e s i s t a n c e t h r o u g h a d d i t i o n 
o f h a r d m a t e r i a l s , 

- i m p r o v e m e n t in vve ight s p e c i f i c p r o p e r t i e s ( s t r e n g t h 
a n d E - m o d u l u s ) . 

D i s c o n t i n u o u s p a r t i c l e , f i b r e o r v v h i s k e r r e i n f o r c e d 
l igh t a l l o y s a r e m o s t l i k e l y t o f u l f i l l d e s i g n e r i t e r i a b e -
c a u s e t he c o m p o n e n t s a r e r e l a t i v e l y c h e a p a n d p r o d u c -
t ion o f c o m p o n e n t s in l a r g e n u m b e r s is p o s s i b l e . F u r t h e r 
a d v a n t a g e s a r e t he r e l a t i v e l y h i g h i s o t r o p y o f p r o p e r t i e s 
c o m p a r e d to t h e l o n g c o n t i n u o u s f i b r e r e i n f o r c e d l i g h t 
m e t a l s a n d t he p o s s i b i l i t y o f f u r t h e r f o r m i n g b y f o r g i n g 
a n d m a c h i n i n g . 



2 C o m b i n a t i o n o f m a t e r i a l s f o r l i g h t a l l o y c o m p o s -

i t e s 

T h e o b v i o u s c a n d i d a t e s f o r l i gh t m e t a l m a t r i c e s f o r 

c o m p o s i t e m a t e r i a l s a r e t h e e a s i l y w o r k a b l e , c o n v e n -

t i o n a l a ! l o y s . P a r t i c u l a r y w h e n p o w d e r m e t a l l u r g i c a l 

( P / M ) p r o d u c t i o n t e c h n i q u e s a r e e m p l o y e d it is p o s s i b l e 

to c o n s i d e r s p e c i a l a l l o y s w i t h s p e c i f i c c o m p o s i t i o n s . 

P / M t e c h n o l o g y a l l o w s t h e u s e of a l l o y s w i t h s u p e r sa -

t o r a t e d o r m e t a s t a b l e p h a s e s . T h e a l l o y s a r e f r e e f r o m 

s e g r e g a t i o n p r o b l e m s a s o f t e n o b s e r v e d a f t e r c o n v e n -

t i o n a l s o l i d i f i c a t i o n . 

E x a m p l e s o f e x t e n s i v e l y i n v e s t i g a t e d m a t r i x a l l o y s 

are 1" 8 : 

C o n v e n t i o n a l C a s t i n g A l l o v s : 

Al a l l o v s : A l S i l 2 C u M g N i 

A l S i 9 M g 

A l S i 7 ( A 3 5 6 ) 

M g a l l o v s : M g A 1 9 Z n l ( A Z 9 1 ) 

M g A 1 2 R E 2 Z r l ( M S R , Q E 2 2 ) 

C o n v e n t i o n a l w r o u g h t a l l o v s : 

Al a l l o v s : A l M g S i C u ( 6 0 6 1 ) 

A l C u S i M n ( 2 0 1 4 ) 

A l Z n M g C u l 5 ( 7 0 7 5 ) 

M g a l l o v s : M g A 1 3 Z n ( A Z 3 1 ) 

M g Z n 6 Z r ( Z K 6 0 ) 

M g Z n 6 C u 3 ( Z C 6 3 ) 

S p e c i a l a l l o v s : 

Al a l l o v s : A l - C u - M g - L i ( 8 0 9 0 ) 

M g a l l o v s : M g 9 9 , 5 + R E , C a , Zr , B a . Br , 

S b o r S n ( 1 - 2 . 4 % ) 

A w i d e v a r i e t y o f r e i n f o r c e m e n t m a t e r i a l s a r e a v a i l -

a b l e vvith a vvider r a n g e o f p r o p e r t i e s . T h e c h o i c e d e -

p e n d s o n t h e m e t h o d c h o s e n f o r p r o d u c t i o n a n d on t h e 

m a t r t x a l l o y s y s t e m . In g e n e r a l t h e r e q u i r e m e n t s are : 

- lovv d e n s i t y , 

- m e c h a n i c a l c o m p a t a b i l i t y ( a t h e r m a l c o e f f i c i e n t o f 

e x p a n s i o n vvhich m a t c h e s t h e m a t r i x ) , 

- c h e m i c a l c o m p a t a b i l i t y , 

- t h e r m a l š t ab i l i ty, 

- h i g h e l a s t i c m o d u l u s , h i g h c o m p r e s s i v e a n d t e n s i l e 
s t r e n g t h , 

- g o o d w o r k a b i l i t y , 

- e c o n o m i c y . 

T h e s e d e m a n d s c a n b e f u l f i l l e d v i r t u a l l y o n l y b y in-
o r g a n i c r e i n f o r c i n g m a t e r i a l s . O f t e n o n l y c e r a m i c p a r t i -
c l e s o r f i b r e s o r c a r b o n f i b r e s a r e u s e d to r e i n f o r c e m e t -
a l s . T h e u s e of m e t a l l i c f i b r e s r e s u l t s in p r o h i b i t i v e 
i n c r e a s e s in d e n s i t y . W h i c h c o m p o n e n t is c h o s e n d e -
p e n d s o n t h e m a t r i x m a t e r i a l a n d t h e p r o p e r t y p r o f i l e o f 
t he p a r t i c u l a r a p p l i c a t i o n . I n f o r m a t i o n of a v a i l a b l e p a r t i -
c l e s , s h o r t f i b r e s , vvhiskers a n d c o n t i n u o u s f i b r e s f o r r e -
i n f o r c e m e n t o f m e t a l s is c o l l e c t e d in T a b l e 1 a n d in r e f -
e r e n c e s 9 1 0 . T h e p r e p a r a t i o n , v v o r k i n g a n d m e a n s o f 
a p p l i c a t i o n s o f t h e v a r i o u s r e i n f o r c e m e n t s d e p e n d s o n 
t h e m e t h o d c h o s e n t o p r o d u c e t h e c o m p o s i t e ( s e e 1 ) . A 
c o m b i n a t e d a p p l i c a t i o n o f tvvo a n d m o r e r e i n f o r c e m e n t 
m a t e r i a l is p o s s i b l e ( h y b r i d t e c h n i q u e ) 1 - 9 . 

3 P r o d u c t i o n of l i g h t m e t a l c o m p o s i t e s 

T h e r e a r e s eve ra l p o s s i b l e m e t h o d s o f p r o d u c i n g s e m i 
f i n i s h e d m a t e r i a l a n d c o m p o n e n t s in l i g h t m e t a l c o m p o s -
i tes , vvhich d e p e n d p r i m a r l y o n t h e c o m p o n e n t g e o m e t r y 
a n d t h e m a t e r i a l s y s t e m s ( m a t r i x / r e i n f o r c e m e n t ) . T h e 
p r o c e s s m u s t b e d i v i d e d i n t o p r e p a r a t i o n o f s u i t a b l e 
s t a r t i n g m a t e r i a l , p r o d u c t i o n o f t h e s e m i f i n i s h e d m a t e -
r i a l o r c o m p o n e n t a n d f i n i s h i n g o p e r a t i o n s . F o r e c o -
n o m i c r e a s o n s n e a r n e t s h a p e p r o d u c t i o n s h o u l d b e a t -
t e m p t e d t o m i n i m i s e m e c h a n i c a l f i n i s h i n g o p e r a t i o n s . In 
g e n e r a l t h e f o l l o v v i n g p r o d u c t i o n t e c h n i q u e s a r e a v a i l -
a b l e : 

• Casting techniques 
- i n f i l t r a t i o n o f s h o r t f i b r e s , p a r t i c l e o r h y b r i d p r e -

f o r m s b y s q u e e z e c a s t i n g , v a c u u m i n f i l t r a t i o n o r 
p r e s s u r e i n f i l t r a t i o n 1 ' 4 ' 7 ' 8 , 

Table 1: Examples of particles, whisker, continuous and discontinuous fibres used a reinforcements in metal alloys (*CTE = coefficient of thermal 
expansion, nPAN based fibres, 2lpitch based fibres) 

re inforcement producer diameter densitv E-modu lus tensile strength CTE* (10"6K"') producer 
(pm) ( g c m 5 ) (GPa) (MPa) axial 

FP OC-AI2O3 Du Pont 20 3.9 380 > 1400 7.6 

Altex a lumina f ibre Sumi tomo 17 3.2 300 2 0 0 0 8.8 
Nicalon SiC-f ibre Nippon Carbon 15 2.6 185 2 7 0 0 3.5 
Torayca T - 3 0 0 " Toray 7 1.8 230 3530 -0 .26 
Torayca M-40 1 1 Toray 5.5 1.8 392 2650 -1 .3 
Thornel P 752 ) A m o c o 10 2.0 520 2370 -1 .4 

Saffil R F disk a - A l 2 0 3 ICI plc. 1-5 3.3 300 2000 4.7 

S iC-whiskers Silar DWA Compos i t e s 
Speciali t ies 

0.6 3.2 690 6900 4.1 

SiC-part ic les Norton AS, ESK. 
Kempten 

various 3.2 ca .400 - 4.7 

a lumina platelets Elf, ESK, Kempten various 3.9 ca .380 - 3.6 
a lumina part icles H.C. Starck, ESK. 

Kempten 
various 4 .0 ca .380 - 9.5 
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Figure 1: Collection of typical microstructures of various light metal composites as a function of reinforcement and production process. 
a) AI2O3 short fibre reinforced magnesium. 
b) AbO.i-SiC hybrid reinforced magnesium, 
c) SiC particle reinforced aluminium (chill čast), 
d) SiC particle reinforced aluminium (pressure die čast), 
e) SiC particle reinforced aluminium (čast and e.\truded), 
f) SiC particle reinforced aluminium (extruded povvder blend). 
g) SiC particle reinforced magnesium (spray formed), 
h) SiC particle reinforced magnesium (spray formed and extruded) 



11 12 
- r e a c t i o n i n f i l t r a t i o n o f f i b r e o r p a r t i c l e p r e f o r m s ' , 
- p r o d u c t i o n o f p r e m a t e r i a l b y s t i r r i n g p a r t i c l e s i n t o 

m e t a l l i c m e l t s vvith s u b s e q u e n t s a n d c a s t i n g , c h i l l 
c a s t i n g o r p r e s s u r e c a s t i n g 2 , 3 . 

• Powder metallurgy techniques 
- e x t r u s i o n o r f o r g i n g o f m e t a l povvde r - p a r t i c l e m i x -

t u r e s 5 ' 6 , 
- e x t r u s i o n o r f o r g i n g of s p r a y f o r m e d s e m i f i n i s h e d 

m a t e r i a l 1 ' 1 3 ' 1 4 . 
• F u r t h e r p r o c e s s i n g o f s e m i f i n i s h e d č a s t m a t e r i a l b y 

t h i x o c a s t i n g o r f o r m i n g , e x t r u s i o n 1 5 , f o r g i n g , c o l d 
f o r m i n g or s u p e r p l a s t i c f o r m i n g , 

• J o i n i n g o r vve ld ing o f s e m i f i n i s h e d p r o d u c t s , 
• F i n i s h i n g b y m a c h i n i n g . 

4 Structure and properties of light metal composites 

T h e s t r u c t u r e o f c o m p o s i t e s is d e t e r m i n e d b y t he n a -
t u r e a n d s h a p e o f t he r e i n f o r c i n g c o m p o n e n t s , t h e i r d i s -
t r i b u t i o n a n d o r i e n t a t i o n b y t h e p r o d u c t i o n p r o c e s s . T y p i -
c a l m i c r o s t r u c t u r e s o f v a r i o u s s h o r t f i b r e a n d p a r t i c l e 
r e i n f o r c e d l i g h t m e t a l s a r e s h o w n in F i g u r e 1. In t h e 
č a s e o f s h o r t f i b r e r e i n f o r c e d c o m p o s i t e s a p l a n a r i so -
t r o p i c d i s t r i b u t i o n o f t h e s h o r t f i b r e s is f o r m e d as a r e s u l t 
o f t h e p r o d u c t i o n o f t h e f i b r e p r e f o r m . T h e p r e s s u r e s u p -
p o r t e d s e d i m e n t a t i o n t e c h n q u e l e a d s t o a l a y e r l i ke s t r u c -
t u r e (Figures l a & b)10. T h e d i r e c t i o n o f i n f i l t r a t i o n is 
g e n e r a l l y n o r m a l t o t h e s e p l a n e š . T h e č a s t p a r t i c l e r e i n -
f o r c e d l i g h t m e t a l s s h o w , d e p e n d i n g o n t h e v v o r k i n g 
p r o c e s s i n g , t y p i c a l p a r t i c l e d i s t r i b u t i o n s . G r a v i t y č a s t 
m a t e r i a l e x h i b i t a s a r e s u l t o f t h e c a s t i n g c o n d i t i o n s p a r -
t i c l e f r e e r e g i o n s ( F i g u r e l c ) , vvhe reas p r e s s u r e d i e č a s t 
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Figure 2: Comparison of the temperature dependence of the tensile 
strength of the unreinforced and reinforced piston alloy 
AlSil2CuMgNi (KS 1275)7 

a) KS 1275 vvith 20 vol.% SiC vvhiskers, 
b) KS 1275 vvith 20 vol.% AI2O3 short fibres, 
c) KS 1275 unreinforced 

m a t e r i a l s shovv a m u c h b e t t e r p a r t i c l e d i s t r i b u t i o n ( F i -
gure ld). A n even d i s t r i bu t ion is a c h i e v e d by e x t r u s i o n o f 
s e m i f i n i s h e d m a t e r i a l ( F i g u r e l e ) . A n e x t r e m e l y h o m o -
g e n e o u s p a r t i c l e d i s t r i b u t i o n is o b t a i n e d b y e x t r u s i o n o f 

m i x e d povvders o r s p r a y f o r m e d m a t e r i a l s (Figures 1 f-
g)-

Properties of short fibre reinforced aluminium 

A n i n c r e a s e in s t r e n g t h w i t h i n c r e a s i n g f i b r e c o n t e n t 
in s h o r t fibre r e i n f o r c e d a l u m i n i u m is a c t u a l l y o b s e r v e d 
as t h e e x a m p l e A l S i l 2 C u M g N i vvith 2 0 v o l . % A I 2 O 3 
shovvs in F i g u r e 2. C o m p o s i t e s o f l i g h t m e t a l c a s t i n g a l -
l o y s is n o t m a d e j u s t t o i n c r e a s e o n l y t he s t r e n g t h . T h e 
e f f e c t a l o n e vvould n o t b e j u s t i f i a b l e e c o n o m i c a l l y . T h e 
i m p r o v e m e n t o f t he p r o p e r t i e s a t h i g h t e m p e r a t u r e vvith a 
d o u b l i n g o f t h e s t r e n g t h ( F i g u r e 2 ) a n d t h e r o t a t i n g 
b e n d i n g f a t i g u e s t r e n g t h at 3 0 0 ° C ( F i g u r e 3 ) , o p e n s u p 
p o s s i b i l i t i e s f o r u s e a s p i s t o n m a t e r i a l o r c y l i n d e r l i n e r s . 
A d r a m a t i c i n c r e a s e o f t h e t h e r m a l s h o c k r e s i s t a n c e c a n 
b e a c h i e v e d at t e m p e r a t u r e o f 3 5 0 ° C as is shovvn in F i -
gure 4. 

Properties of particle reinforced aluminium 

In g e n e r a l a d d i t i o n o f p a r t i c l e s t o l i g h t m e t a l s , s u c h 
as m a g n e s i u m a n d a l u m i n i u m i n c r e a s e s t h e e l a s t i c 
m o d u l u s , y i e l d s t r e n g t h , u l t i m a t e t e n s i l e s t r e n g t h , t h e 
h a r d n e s s a n d t he vvear r e s i s t a n c e a n d a l s o d e c r e a s e s t h e 
c o e f f i c i e n t o f t h e t h e r m a l e x p a n s i o n . T h e d e g r e e o f i m -
p r o v e m e n t o f t h e s e p r o p e r t i e s d e p e n d s o n t h e v o l u m e 
f r a t i o n o f t h e p a r t i c l e s a n d t h e c h o s e n m e a n s o f p r o d u c -
t ion . T a b l e s 2 a n d 3 shovv a c o l l e c t i o n o f p r o p e r t i e s o f 
v a r i o u s p a r t i c l e r e i n f o r c e d a l u m i n i u m a l l o y s . T h e p a r t i -
c l e v o l u m e f r a c t i o n in s t i r r e d in p a r t i c l e r e i n f o r c e d A l a l -
l o y s is l i m i t e d t o a b o u t 2 0 v o l . % . T h i s l i m i t is i m p o s e d 
b y t h e p r o c e s s . A m a x i m u m t e n s i l e s t r e n g t h o f o v e r 5 0 0 
M P a a n d E - m o d u l i o f 1 0 0 G P a a r e p o s s i b l e f o r t h i s p a r -
t i c l e c o n t e n t . H i g h e r p a r t i c l e c o n t e n t s c a n b e a c h i e v e d b y 
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Figure 3: Change in the rotating bending fatigue strength of the 
unreinforced and reinforced (20 vol.% AI2O3) piston alloy 
AlSil2CuMgNi (KS 1275) vvith increasing temperature® (GK = chill 
čast GP = squeeze čast) 
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Figure 4: Temperature shock resistance of the fibre reinforced piston 
alloy AlS i l2CuMgNi as a function of the fibre content for a 
temperature of 350°C7: 
a) unreinforced. 
b) 12 vol.% AI2O3 short fibres, 
c) 17.5 vol.% AJ2O3 short fibres, 
d) 20 vol.% AI2O3 short fibres 

i n f i l t r a t i o n o f p a r t i c l e p r e f o r m s w i t h h i g h e r p a r t i c l e v o l -

u m e f r a c t i o n . T h e m a t e r i a l s t h e n a s s u m e i n c r e a s i n g l y t h e 

c h a r a c t e r i s t i c s o f c e r a m i c s . O n t e n s i l e l o a d i n g p r e m a t u r e 

f a i l u r e o c c u r s . T h e s m a l l t h e r m a l e x p a n s i o n is a n e x c e l -

l a n t c h a r a c t e r i s t i c d e s p i t e t h e m e t a l l i c f e a t u r e s . 

T h e r e i s a l i m i t t o t h e p a r t i c l e c o n t e n t o f a b o u t 1 3 - 1 5 

v o l . % a l s o f o r s p r a y f o r m e d m a t e r i a l s . T h e u s e o f s p e c i a l 

a l l o y s e . g . w i t h l i t h i u m a d d i t i o n s c a n n e v e r t h e l e s s l e a d t o 

h i g h s p e c i f i c p r o p e r t i e s . If p o v v d e r m e t a l l u r g i c a l t e c h -

n i q u e i n v o l v i n g e x t r u s i o n a n d f o r g i n g a r e a p p l i e d t h e n 

t h e p a r t i c l e c o n t e n t c a n b e i n c r e a s e d t o m o r e t h a n 4 0 

v o l . % . A s t h e r e s u l t o f h i g h p a r t i c l e c o n t e n t a n d t h e r e -

s u l t a n t fine g r a i n o f t h e m a t r i x v e r y h i g h s t r e n g t h o f u p 

to 7 6 0 M P a , v e r y h i g h E - M o d u l i o f 1 2 5 G P a a n d lovv 

c o e f f i c i e n t s o f e x p a n s i o n o f 17 x 1 0 6 K " ' c a n b e 

a c h i e v e d . U n f o r t u n a t e l y t h e e l o n g a t i o n t o f r a c t u r e a n d 

t h e f r a c t u r e t o u g h n e s s d e t e r i o r a t e . T h e v a l u e s l i e , hovv-

e v e r , in p a r t a b o v e t h o s e f o r c a s t i n g a l l o y s . 

Properties of discontinuously reinforced magnesium al-
loys 

I n g e n e r a l t h e s t r e n g t h e n i n g e f f e c t s i n d i s c o n t i u o u s 

r e i n f o r c e d c o m p o s i t e s is s m a l l e r t h a n i n c o n t i n u o u s f i b r e 

r e i n f o r c e d m a t e r i a l s b u t t h e p r o p e r t i e s a r e m o r e i s o -

t r o p i c . In t h e f o l l o v v i n g t h e p r o p e r t i e s o f s h o r t fibre o r 

p a r t i c l e r e i n f o r c e d m a g n e s i u m c o m p o s i t e s a r e l i s t e d . T a -
b l e 4 s h o w s t h e 0 . 2 y i e l d s t r e n g t h , t h e t e m p e r a t u r e d e -

p e n d e n c e o f t h e u l t i m a t e t e n s i l e s t r e n g t h a n d t h e d u c t i l -

i t y o f d i f f e r e n t m a g n e s i u m a l l o y s r e i n f o r c e d vvith 2 0 

v o l . % S a f f i l s h o r t f i b r e . T h e p r o p e r t i e s a r e c o m p a r e d 

vvith o f t h e s e o f u n r e i n f o r c e d a l l o y s . I n f o r m a t i o n a b o u t 

h a r d n e s s , Y o u n g ' s m o d u l u s a n d c o e f f i c i e n t o f t h e r m a l e x -

p a n s i o n ( C T E ) a r e i n c l u d e d . T h e r e s u l t s shovv t h a t t h e 

m a i n a d v a n t a g e s o f t h i s t y p e o f c o m p o s i t e m a t e r i a l a r e 

t h e h i g h s p e c i f i c s t r e n g t h a t e l e v a t e d t e m p e r a t u r e s , t h e 

i n c r e a s e o f Y o u n g ' s m o d u l u s a n d t h e r e d u c t i o n o f t h e 

C T E . T h e i m p r o v e m e n t o f t h e p r o p e r t i e s d e p e n d s o n t h e 

v o l u m e c o n t e n t o f t h e s h o r t f i b r e s . I n t h e r a n g e o f 15 - 2 2 

v o l . % s h o r t f i b r e s t h e m o s t p r o m i s i n g p r o p e r t i e s vvere 

m e a s u r e d 4 1 6 . W i t h a h i g h e r fibre c o n t e n t p r o b l e m s i n t h e 

i n f i l t r a t i o n a r i s e s vvhich r e d u c e s t h e s t r e n g t h a n d d u c t i l -

i ty o f t h e c o m p o s i t e s . 

Table 2: Selected properties of typical čast aluminium composites, prepared b^ch i l l , pressure die casting or reaction infiltration2,3 ,11. (T6 = 
solution annealed and aged, T5 = aged; 'after ASTM G-77: čast iron 0.66 mm3; *CTE = coefficient of thermal expansion, a) after ASTM E-399 
and B-645; b) after ASTM E-23), n.i. = no information 

Mater ia l 

Ident i f ica t ion C o m p o s i t i o n 

Yield stress 
(MPa) 

Tensile 
strength 
(MPa) 

Elongation to 
fracture (%) 

Young's 
modulus 

(GPa) 

a) Fracture 
toughness. b) 

impact 
strength 

VVear' 
volume 

decrease 
(mm3) 

Thermal 
conductivity 
22°C (cal/cm 

s K) 

C T E " 50-
100°C 

( K T K ' 1 ) 

Gravi ty cas t ing (chil l cas t ing) a) ( M P a m 1 ' 2 ) 

A 3 5 6 - T 6 A l S i 7 M g 2 0 0 276 6.0 75.2 17.4 0 .18 0 . 3 6 0 21 .4 

F 3 S . 1 0 S - T 6 A l S i 9 M g l O S i C 303 338 1.2 86.9 17.4 n.i. n.i . 20 .7 

F 3 S . 1 0 S - T 6 A l S i 9 M g 2 0 S i C 338 359 0 .4 98 .6 15.9 0 .02 0 . 4 4 2 17.5 

F 3 K . 1 0 S - T 6 A l S i l O C u M g N i l O S i C 359 372 0.3 87.6 n.i. n.i. n.i. 20 .2 

F 3 K . 2 0 S - T 6 AISi 1 0 C u M g N i 2 0 S i C 3 7 2 372 0 .0 101 n.i. n.i . 0 . 3 4 6 17.8 
Die cas t ing b) (J) 
A 3 9 0 A l S i l 7 C u 5 M g 241 283 3.5 71 .0 1.4 0 . 1 8 0 . 3 6 0 21 .4 

F 3 D . 1 0 S - T 5 AISi 1 O C u M n N i 1 OSiC 331 372 1.2 93 .8 1.4 n.i . 0 . 2 9 6 19.3 

F 3 D . 2 0 S - T 5 A l S i l 0 C u M n N i 2 0 S i C 4 0 0 4 0 0 0 .0 113.8 0 .7 0 .018 0 . 3 4 4 16.9 

F 3 N . 1 0 S - T 5 A l S i l O C u M n M g l O S i C 317 352 0 .5 91 .0 1.4 n.i . 0 . 3 8 4 21 .4 

F 3 N . 2 0 S - T 5 AISi 1 0 C u M n M g 2 0 S i C 338 3 6 5 0.3 108.2 0 .7 0 . 0 1 8 0 .401 16.6 

Reac t ion inf i l t ra t ion B e n d i n g s t rength 
(MPa) 

Dens i ty 
(g /cm 3 ) 

a) ( M P a m " 2 ) 

M C X - 6 9 3 ™ A l + 5 5 - 7 0 % S iC 3 0 0 2 .98 255 9 .0 n.i. 0 . 4 3 0 6 .4 

M.CX-724™ A l + 5 5 - 7 0 % S iC 3 5 0 2 .94 226 9 .4 n.i. 0 . 3 9 4 7 .2 

M C X - 7 3 6 ™ A l + 5 5 - 7 0 % S iC 3 3 0 2 .96 225 9.5 n.i. 0 . 3 8 2 7 .3 



Table 3: Properties of aluminium wrought alloy composites, manufactures information after5-613 -15 . (T6 = solution annealed and aged), "after 
ASTM G-77: čast iron 0,66 mm3; **CTE = coefficient of thermal expansion, n.i. = no information. 

Material 

Identif icat ion 

Yield stress 
(MPa) 

Compos i t i on 

Tensile 
strength 
(MPa) 

Elongation lo 
fracture (%) 

Young's 
modulus 

(GPa) 

a) Fracture 
toughness. b) 

impact 
strength 

Wear 
volume 

decrease 
(mm3) 

Thermal 
conductivity 
22°C (cal/cm 

s K) 

C T E " 50-
100°C 

(10"6K"') 

Čast start ing material (extruded or forged) 
6061-T6 A l M g l S i C u 355 375 13 75 30 10 0.408 23.4 

6061-T6 + 10% AI2O3 335 385 7 83 24 0 .04 0 .384 20.9 

6061-T6 + 15% AI2O3 340 385 5 88 22 0 .02 0 .336 19.8 

6061-T6 + 20% AI2O3 365 405 3 95 21 0 .015 n.i. n.i. 
Powder meta l lurs ica l lv prepared start ing material (extruded) 
6061-T6 A l M g l S i C u 276 310 15 69.0 n.i. n.i. n.i. 23 .0 
6061-T6 + 20% SiC 397 448 4.1 103.4 n.i. n.i. n.i. 15.3 
6061-T6 + 30% SiC 407 496 3.0 120.7 n.i. n.i. n.i. 13.8 
7090-T6 A l Z n 8 M g 2 C o l . 5 C u l 586 627 10.0 73.8 n.i. n.i. n.i. n.i. 
7090-T6 + 30% SiC 676 759 1.2 124.1 n.i. n.i. n.i. n.i. 
6092-T6 A l M g l C u l S i l 7 . 5 S i C 448 510 8.0 103.0 n.i. n.i. n.i. n.i. 
6092-T6 A l M g l C u l S i 2 5 S i C 530 565 4 .0 117.0 20.3 n.i. n.i. n.i. 
Spray f o r m e d start ing material (extruded) 
6061-T6 + 15% AI2O3 317 359 5 87.6 n.i. n.i. n.i. n.i. 
2618-T6 + 13% SiC 333 450 n.i. 89.0 n.i. n.i. n.i. 19.0 

8090-T6 A l L i 2 . 5 C u M g 480 550 n.i. 79.5 n.i. n.i. n.i. 22.9 
8090-T6 + 12% SiC 486 529 n.i. 100,1 n.i. n.i. n.i. 19.3 

Table 4: Properties of short as čast fibre reinforced magnesium 
composites (CTE = coefficient of thermal expansion, n.d. = not 
determined, rt = room temperature, 0.2 YS = 0.2 yield strength. UTS = 
ultimate tensile strength)4 

C p - M g A S 4 1 A Z 9 1 Q E 22 
matrix comp. matrix comp. matrix comp. matrix comp. 

0 . 2 Y S (MPa) (rt) 7 0 220 1 2 5 2 4 0 1 6 0 2 3 0 180 2 5 0 

U T S (MPa) (rt) 80 2 4 0 1 9 3 2 7 0 2 2 0 280 2 5 0 3 0 0 

Elongat ion (%) (rt) 5 . 0 2 . 2 9 . 0 1 . 0 4 . 8 1 . 8 4 . 5 1 . 6 

Young 's modu lus 4 6 5 6 4 9 . 8 7 7 . 7 46 6 4 4 6 7 4 
(GPa) 
UTS (100°C) (MPa) 6 5 240 1 7 5 250 200 2 7 0 240 2 8 5 

UTS (200°C) (MPa) 4 5 1 8 0 1 5 0 240 120 220 2 0 0 245 
UTS (300°C) (MPa) 30 1 2 0 n.d. n.d. 60 130 125 180 
Vickers hardness 40 75 n.d. n.d. 65 140 75 125 
H V 1 0 (kp /mm 2 ) 
C T E (10"6K"')* 26.5 21.5 24.0 18.0 27.0 20.5 26.0 20.0 

T h e s e c o n d g r o u p o f d i s c o n t i n u o u s r e i n f o r c e d c o m -
p o s i t e s a r e p a r t i c l e r e i n f o r c e d m a g n e s i u m a l l o y s . T h e 
h i g h r a n g e o f p r o p e r t i e s is a c h i e v e d by t h e l i m i t l e s s va r i -
a t i o n p o s s i b i l i t i e s o f a l l o y s , t y p e o f p a r t i c l e a n d p r o d u c -
t ion t e c h n i q u e s . In g e n e r a l o n l y a m o d e s t i m p r o v e m e n t 
in t he s t r e n g t h b y a d d i t i o n o f p a r t i c l e s is o b s e r v e d . B u t 
w i t h t h e i n c r e a s e in h a r d n e s s , w e a r r e s i s t a n c e a n d 
Y o u n g ' s m o d u l u s t o g e t h e r w i t h t h e r e d u c t i o n o f t he C T E 
the m a t e r i a l b e c o m e s i n t e r e s t i n g f o r c o m m e r c i a l a p p l i c a -
t i o n 1 7 . T h e T a b l e s 5 a n d 6 s h o w t h e p r o p e t y p r o f i l e s o f 
d i f f e r e n t p r o d u c e d p a r t i c l e r e i n f o r c e d m a g n e s i u m c o m -
p o s i t e s . T h e S i C p a r t i c l e s u s e d f o r c o m p o s i t e m a t e r i a l s 
in Table 5 h a v e i r r e g u l a r b l o c k y s h a p e . T h e s e p a r t i c l e s 
w e r e t r e a t e d t o a c h i e v e a s m o o t h s u r f a c e w i t h o u t s h a r p 
t i p s . T h e r e s u l t a r e c o m p o s i t e s w i t h h i g h s t r e n g t h a n d 
v e r y g o o d d u c t i l i t y c o m b i n a t e d w i t h h i g h h a r d n e s s , 

Y o u n g ' s m o d u l u s a n d l o w C T E v a l u e s . T h e P / M p r o d u c -

t ion t e c h n i q u e u n f l u e n c e s t h e p r o p e r t i e s o f t h e p a r t i c l e 

r e i n f o r c e d c o m p o s i t e s , a s s h o w n in Table 6 . T h e h i g h e s t 

s t r e n g t h b u t w i t h l o w d u c t i l i t y is m e a s u r e d f o r s p r a y 

f o r m e d a n d e x t r u d e d c o m p o s i t e s . T h e b e s t p r o p e r t i e s 

w e r e a c h i e v e d f o r d i r e c t p o w d e r f o r g e d c o m p o s i t e s , a 

n e a r n e t s h a p e p r o d u c t i o n t e c h n i q u e . W i t h a s p e c i a l p r e -

f o r m t e c h n i q u e it is p o s s i b l e t o p r o d u c e p a r t i c l e o r h y -

b r i d r e i n f o r c e d c o m p o s i t e s b y s q u e e z e c a s t i n g . T h e p r o p -

e r t i e s o f m a t e r i a l s y s t e m i n v e s t i g a t e d a r e l i s t ed in Table 
5. A s r e i n f o r c e m e n t a S i C - p a r t i c l e s - f i b r e h y b r i d p r e f o r m 

a n d a l u m i n i a p l a t e l e t s w e r e u s e d . T h e m a t e r i a l s h o w s 

l o w e r s t r e n g t h a n d d u c t i l i t y d u e t o t he s o l i d i f i c a t i o n m i -

Table 5: Properties profile of P/M produced or squeeze čast QE 22 
composites with different additions of reinforcement (SiC-particles, 
hybrid SiC-AbCb-preforms, Al203-platelets in vol.%)17 

0.2 UTS Elonga- Young's Brinell CTE rt-
yield (MPa) tion to modulus hardness 30Q°C 

strength fracture (GPa) HB31,25/(10"6K"') 
(MPa) (%} 2 J 

Powder metallurgy produced compos i tes (T6) condi t ion 
P/M Q E 22 - T6 175 260 18 43 70 27.1 
Q E 22 + 10% SiC 200 265 10 48 87 21.4 
Q E 22 + 15% SiC 210 290 10 58 95 20.0 
Q E 22 + 20% SiC 225 315 6.5 66 120 18.2 
Q E 22 + 25% SiC 245 325 4.0 73 108 16.6 
Sgueeze čast composi tes 
Sq/C Q E 22 - T 6 185 262 5.2 69 4 8 27.0 
Q E 2 2 + 2 0 % S i C 265 285 2.4 74 120 18.9 
hybrid 
Q E 2 2 + 2 5 % S i C 270 282 1.0 80 125 17.5 
hybrid 
Q E 22 + 20% 177 250 1.0 85 110 19.8 
A h O ? platelets 



c r o s t r u c t u r e w h i c h is d i f f e r e n t t o t h e r a p i d s o l i d i f i e d 
s t r u c t u r e b y u s e o f P / M t e c h n o l o g i e s . 

Table 6: Influence of the production technique on the properties of 
P/M QE 2 2 + 1 5 vol% SiC-particles-composites 

Unrein-
forced 
QE22 

Spray 
formed 

and 
extruded 

Extruded 
powder 
blends 

Forged 
powder 
blends 

0.2 yield s t rength (MPa) 1 8 0 300 250 220 

U T S (MPa) 252 320 300 300 
Elongat ion to f rac ture (%) 16.0 1.0 4.0 4.5 
Vickers hardness ( H V 1 0 82 92 88 94 
kp /mm 2 ) 
Young's modu lus (GPa) 46 69 70 79 
C T E (10"6K"') 27.1 20.5 21.1 20.8 

5 Possible uses and applications for metallic matrix 
composites 

L i g h t m e t a l c o m p o s i t e s a r e i n t e r e s t i n g m a t e r i a l s f o r 
a u t o m o b i l e c o m p o n e n t s in t h e e n g i n e (oscillating parts: 
v a l v e s y s t e m , c o n n e c t i n g r o d , p i s t o n s a n d p i s t o n p i n ; 
covers: c y l i n d e r h e a d , c r a n k s h a f t m a i n b e a r i n g ; motor 
block: p a r t i a l l y r e i n f o r c e d c y l i n d e r l i n e r ) . A n e x a m p l e 
f o r a s u c c e s s f u l a p p l i c a t i o n i n v o l v i n g a l u m i n i u m c o m -
p o s i t e s is t h e p a r t i a l l y r e i n f o r c e d s h o r t f t b r e a l u m i n i u m 
p i s t o n s in w h i c h t h e c o m b u s t i o n c h a m b e r is r e i n f o r c e d 
w i t h AI2O3 s h o r t f i b r e s . C o m p a r a b l e c o m p o n e n t p r o p e r -
t i es a r e o n l y p o s s i b l e in p o w d e r m e t a l l u r g i c a l p r o d u c e d 
a l u m i n i u m a l l o y s o r in i r o n p i s t o n s . T h e r e a s o n f o r t h e 
u s e o f c o m p o s i t e s a r e , a s e x p l a i n e d a b o v e , i m p r o v e d 
h i g h t e m p e r a t u r e p r o p e r t i e s . S i m i l a r c o n s i d e r a t i o n s a p -
p l y t o p a r t i a l l y r e i n f o r c e d c y l i n d e r b l o c k s . In th i s č a s e 
t h e c r i t i c a l a r e a s , t h e b r i d g e s a n d c y l i n d e r s u r f a c e s a r e 
r e i n f o r c e d . T h e s a m e a p p l i e s t o t h e r e i n f o r c e m e n t o f a l u -
m i n i u m c y l i n d e r h e a d s w h e r e c r a c k i n g in t h e c o m b u s t i o n 
c h a m b e r is t h e I i fe l i m i t i n g f a c t o r . F i g u r e 5 s h o w s t h e 
d e v e l o p m e n t g o a l o n i n c r e a s i n g t h e c o m p o n e n t t e m p e r a -
t u r e f o r r e i n f o r c e d a l u m i n i u m c y l i n d e r h e a d s . 
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Figure 5: Component Iife for aluminium cylinder heads for car diesel 
engines (The Iife fimiting factor is cracking in the combustion chamber 
area)7 

P o t e n t i a l a p p l i c a t i o n s c a n b e f o u n d a l s o in t h e p r o -
p u l s i v e c o m p o n e n t s e . g . t r a n s v e r s e l i n k a n d p a r t i c l e r e i n -
f o r c e d b r a k e d i s c s . T h e l a t t e r a r e a l s o e m p l o y e d in ra i l 
t r a n s p o r t ( t u b e t r a i n s , r a i l w a y t r a i n s ) . In a i r a n d s p a c e 
a p p l i c a t i o n s , t h e h i g h s t r e n g t h , t h e h i g h E - m o d u l u s , t h e 
l o w t h e r m a l c o e f f i c i e n t o f e x p a n s i o n , t h e t e m p e r a t u r e 
s t a b i l l i t y a n d t h e h i g h c o n d u c t i v i t y o f r e i n f o r c e d l i g h t 
m e t a l s c o m p a r e d to p o l y m e r m a t e r i a l s m a k e c o m p o s i t e s 
i n t e r e s t i n g f o r s t i f f e n i n g p a r t s , l o a d b e a r i n g t u b e s , r o t o r s , 
c o v e r s , a n d c o n t a i n e r s a n d s u p p o r t s f o r e l e c t r o n i c d e -
v i c e s . A c o l l e c t i o n of p o t e n t i a l a c t u a l a p p l i c a t i o n s o f t h e 
v a r i o u s m e t a l m a t r i x c o m p o n e n t s ( M M C s ) is g i v e n in 
Table 7. 

In h i s t o ry , t h e f i r s t t e c h n i c a l a p p l i c a t i o n s o f M M C s 
w e r e in t he f i e l d s o f e n e r g y a n d i n f o r m a t i o n e n g i n e e r i n g , 
e . g . c a r b o n b r u s h e s ( C u - g r a p h i t e ) o r c o n t a c t m a t e r i a l s . 
T h e r e is s t i l i s c o p e f o r f u r t h e r d e v e l o p m e n t in c o n d u c t o r 
m a t e r i a l s , s u p p o r t m a t e r i a l s f o r p r i n t e d c i r c u i t s o r s t r u c -
t u r e s f o r e l e c t r o n i c c o m p o n e n t s . F u r t h e r e c o n o m i c a l l y 
i n t e r e s t i n g a p p l i c a t i o n s a r e t o b e f o u n d in l e i s u r e a p p l i -
c a t i o n s e . g . e x t r u d e d a n d w e l d e d p a r t i c l e r e i n f o r c e d a l u -

Table 7.1: Potential and actual technological applications of metal matrix composites (part 1) 

Applicat ion Regui red propertv Material sys tem Product ion method 
automobi le and commerc ia l vehicles 
stiffeners, connec t ing rod, 
f rames , pis ton, pis ton pins, 
valve spring retainer, brake 
disks, brake, brake l inings, 
drive shaf t . 

accumulator plate 

high specific strength and 
s t i f fness , tempera ture stability, 
low coeff ic ient of thermal 
expans ion , wear resistance, 
thermal conductivity. 
high st i ffness, creep resistance 

Al-SiC, AI-AI2O3, Mg-SiC, 
Mg-Al 2 03 , d iscont inuous 
re inforcements . 

Pb-C, Pb-A12Q3 

melt infi l trat ion, extrusion, 
forg ing, gravity cast ing, 
pressure die cast ing, squeeze-
cast ing. 

melt infi l trat ion 
militarv and civil a ircraft 
support ing tubes, s t i f feners , high specif ic strength and 
wings- and gear boxes, ventila- s t i f fness , tempera ture stability, 
tion and compresso r blades. f rac ture toughness , fat igue 

resis tance 
turbine blade high specif ic strength and 

s t i f fness , t empera ture stability, 
f rac ture toughness , fat igue 
resistant. 

Al-B, Al-SiC, Al-C, Ti-SiC, 
AI-AI2O3, M g - A l 2 0 3 , M g - C 
cont inuous and discont inuous 
re inforcements . 
W, superal loys, intermetal l ics 
e.g. N i jA l , Ni -Ni 3 Nb 

melt infi l trat ion, hot pressing, 
d i f fus ion weld ing and 
soldering, extrusion, squeeze-
cast ing. 
melt infi l trat ion, direct ional 
sol idif icat ion of near net 
shape componen t s 



Table 7.2: Potential and actual teehnological applications of metal matrix composites (Part 2) 

Appl icat ion Requi red property Material system Produc t ion method 
space 
f rames , s t i f feners , antennas , high specif ic strength and 
joints, bolds. s t i f fness , tempera ture stability, 

lovv coeff ic ient of thermal 
expans ion , thermal 
conduct ivi ty 

Al-SiC, Al-B, Mg-C , Al-C, Al-
A];C>3, cont inuous and 
discont inuous re inforcements . 

melt infil tration, extrusion, 
d i f fus ion bonding and jo in ing 
(spatial s tructures) 

energy ene inee r ing (electrical contacts and conduct ive material) 
carbon brushes 

electrical contac ts 

superconductor 

high electrical and thermal 
conduct ivi ty wear resistance 
high electrical conductivity, 
tempera ture and corrosion 
resis tance, switch capacity, 
resis tance to burn. 
superconduct ivi ty , mechanical 
s trength, ductility. 

Cu-C 

Cu-C, A g - A l 2 0 3 , Ag-C, Ag-
S n 0 2 , Ag-Ni 

Cu-Nb , C u - N b j S n . C u - Y B a C O 

melt infil tration, powder 
metallurgy. 
melt infil tration, p o w d e r 
metal lurgy, extrusion, hot 
press ing 

ext rus ion, powder metal lurgy, 
coat ing technigues . 

other appl icat ions 
spot weld ing e lec t rodes 
bearings 

resistance to burn. 
load bear ing capacity, wear 
resistance. 

C u - W 
Pb-C, bronze-Tef lon 

powder metallurgy, infi l t rat ion. 
powder metallurgy, infi l trat ion 

m i n i u m - m o u n t a i n b i k e f r a m e s a n d g o l f c l u b s w i t h pa r t i -
c l e r e i n f o r c e d i n s e r t s . B a s e b a l l b a t s a r e a n o t h e r p o s s i b l e 
a p p l i c a t i o n b e c a u s e t h e h i g h e r d a m p i n g w o u l d r e s u l t in a 
c o m p l e t e l y d i f f e r e n t s t r i k i n g b e h a v i o u r . 

6 Recycling 

T h e n e c e s s i t y o f i n t e g r a t i n g p r o d u c t i o n w a s t e a n d 
s c r a p o f n e w l y d e v e l o p e d m a t e r i a l s is o f p a r t i c u l a r i m -
p o r t a n c e . S i n c e c e r a m i c m a t e r i a l s a r e u s e d in t h e f o r m of 
p a r t i c l e s , s h o r t f i b r e s o r c o n t i n u o u s fibres a s r e i n f o r c e -
m e n t it is n o t p o s s i b l e t o s e p a r a t e t he c o m p o n e n t s vvith 
a i m o f r e u t i l i s i n g o f m a t r i x and t h e r e i n f o r c e m e n t . B u t 
c o n v e n t i o n a l m e l t i n g t e c h n i q u e s c a n b e e m p l o y e d to r e -
c o v e r t h e m a t r i x a l loy . In t h e č a s e o f č a s t o r povvder m e t -
a l l u r g i c a l ^ p r o d u c e d d i s c o n t i n u o u s l y r e i n f o r c e d l i g h t 
m e t a l s ( s h o r t f i b r e o r p a r t i c l e ) it is p o s s i b l e u n d e r c e r t a i n 
c o n d i t i o n s t o r e u s e t h e svvarf. T h i s is p a r t i c u l a r so f o r 
p a r t i c l e r e i n f o r c e d a l u m i n i u m c a s t i n g a l l o y s w h e r e n o 
p r o b l e m s a r i s e b y r e m e l t i n g t h e svvarf a n d d i r e c t l y u s e o f 
t h e č a s t i n g o t s vv i thou t m o d i f i c a t i o n . T h e p a p e r 1 8 p r o -
v i d e s a n overv ievv o f t h e v a r i o u s r e c y c l i n g c o n c e p t s f o r 
l i g h t a l l o y m a t r i x c o m p o s i t e s t a k i n g i n t o a c c o u n t a l l o y 
c o m p o s i t i o n , r e i n f o r c e m e n t t y p e a n d t h e p r o d u c t i o n a n d 
vvork ing h i s t o r y . 

7 Conclusion 

T h e d e v e l o p m e n t o f m e t a l m a t r i x c o m p o s i t e s c a n b e 
u s e d t o i m p r o v e c r i t i c a l p r o p e r t i e s o f m e t a l a l l o y s e . g . 
h i g h t e m p e r a t u r e s t r e n g t h , s t i f f n e s s , vvear r e s i s t a n c e a n d 
t h e r m a l e x p a n s i o n . W i t h h i g h v a r i a b i l i t y o f m a t e r i a l s 
c o m b i n a t i o n a n d m a n u f a c t u r i n g t e c h n i q u e s it i s p o s s i b l e 
to p r o d u c e t a i l o r - m a d e m a t e r i a l s . W h i c h c o m b i n a t i o n 
a n d p r o d u c t i o n t e c h n i q u e s a r e c h o o s e n d e p e n d s o n t h e 
r e q u i r e m e n t o f t h e p o s s i b l e a p p l i c a t i o n . T h e p r o d u c t i o n 

p r o c e s s e s allovv t h e m a n u f a c t u r e o f s e m i - f i n i s h e d p r o d -
u c t s o r n e a r n e t s h a p e p a r t s . 
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