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PSZ: a formula 
for saving 
energy 
Instead o f hav ing glass-l ike 

brit t leness, a ce ramic 

d e v e l o p e d at the A d v a n c e d 

Materials Labora tory o f the 

CSIRO D i v i s i o n o f Materials 

S c i e n c e is so t o u g h it can 

be struck wi th a h a m m e r 

wi thou t shattering. T h e 

material , partially stabilized 

z i rcon ia ( P S Z ) , is the 

wor ld ' s toughes t c e r a m i c . 

N i l s e n Sintered Produc ts 

is n o w u s i n g P S Z to 

p r o d u c e ext rus ion dies — 

the or i f ices t h rough w h i c h 

ho t meta l ingots are 

fo rced under great pressure 

to fo rm rods and tubes. I n 

this d e m a n d i n g appl ica t ion , 

the n e w dies last about 

four t imes l o n g e r than their 

p redecessors . 

T h e material 's toughness , 

and a range o f other h igh ly 

desirable propert ies — 

s u c h as hardness , h i g h 

strength, h i g h me l t ing poin t , 

exce l l en t c o r r o s i o n 

resis tance, and l o w frict ion 

— make it ideal ly suited 

to m a n y other eng inee r ing 

appl ica t ions . 

It shou ld b e w e l l suited to 

dry bear ing systems, sand

blast ing nozz le s , and c a m 

fo l lower s . T h e ce ramic ' s 

compat ib i l i ty wi th b i o l o g i c a l 

t issues s h o u l d suit it for 

implan ted pros theses , and 

diesel e n g i n e c o m p o n e n t s 

made f rom P S Z are 

u n d e r g o i n g tests in N o r t h 

A m e r i c a , E u r o p e , and Japan. 

T h i s last appl ica t ion has 

cons ide rab le potential . A 

ce ramic d iese l e n g i n e w o u l d 

operate at a h ighe r tempera-

Components made of P S Z . They're tough, strong, and 
corrosion-resistant. A piston cap for a diesel engine is on 
the right; behind it is a cylinder-liner. Other components 
shown here include extrusion dies and a hip-bone 
prosthesis. 

ture and, l o s i n g less 

heat, w o u l d be m u c h m o r e 

fuel-efficient than c o n v e n 

t ional d iese ls . S o m e 

estimates say a P S Z e n g i n e 

w o u l d use u p to 5 0 % less 

fuel. 

In c o n v e n t i o n a l d iese l 

eng ines , m u c h heat has to be 

r e m o v e d by c o n d u c t i o n to 

keep the steel cyl inder- l iners 

c o o l e n o u g h to prevent 

seizure, and c o m p l i c a t e d 

c o o l i n g systems are required. 

A s a c e r a m i c diesel w o u l d 

n o t be as suscept ib le to 

overheat ing and c o u l d 

operate u p to 4 0 0 ° C hotter, it 

w o u l d n o t n e e d a c o o l i n g 

jacket , radiator, or water 

p u m p . M o r e o v e r , P S Z has a 

l o w va lue o f fr ic t ion, and it 

may even b e feasible to run a 

c e r a m i c d iese l wi thou t any 

cy l inder lubr ica t ion! 

A s a first step towards 

fully c e r a m i c eng ines , hybrid 

steel—ceramic eng ines , wi th 

P S Z p i s ton caps and 

cyl inder- l iners , are under 

test by F o r d and C u m m i n s 

i n A m e r i c a . 

B e c a u s e P S Z has a 

thermal e x p a n s i o n similar to 

that o f steel, it can be used 

relatively easi ly in c o n j u n c 

t ion wi th steel c o m p o n e n t s . 

It has a g o o d resistance to 

thermal s h o c k , m a k i n g it 

ideal ly suited in pr inc ip le for 

ce r amic . A l t h o u g h it has an 

ext remely h i g h p e l t i n g 

point , it is very brittle. A s 

z i rconia c h a n g e s its crystal 

structure ( f rom ' tetragonal ' 

to ' m o n o c l i n i c ' ) o n 

c o o l i n g t h rough 1 2 0 0 ° C , its 

v o l u m e c h a n g e s by 4 % , 

w h i c h causes it to c rack and 

fall to p i e c e s . 

A l l o y i n g the z i rconia wi th 

a sufficient a m o u n t o f 

magnes ia stops the 

destruct ive c h a n g e by 

conver t ing it in to a third 

( ' c u b i c ' ) crystal structure. 

T h i s is ' s tabil ized' z i rconia , 

but the CSIRO researchers — 
M r R o n Garv ie , D r 

R icha rd H a n n i n k , and the 

late D r T e r r y P a s c o e — 

f o u n d that better toughness 

and shock-res is tance 

The yellow components (labelled) are made of P S Z . 
Ceramic diesel engines should run at higher temperatures 
and more efficiently. 

use i n internal c o m b u s t i o n 

eng ines . 

T h e n e w c e r a m i c 

c o m b i n e s the best features o f 

ce ramics w i th s o m e o f the 

propert ies o f a metal , and it 

achieves this advantage in 

the same way as steel 

improves u p o n the propert ies 

o f cast i r on : th rough 

a l loying . Indeed , P S Z has 

been ca l l ed a ce ramic 

ana logue o f steel. 

Pure z i rcon ia ( z i r c o n i u m 

o x i d e ) isn ' t m u c h use as a 

result w h e n z i rcon ia is 

'partially stabil ized' , w i th a 

mixture o f c u b i c and 

m o n o c l i n i c crystal types. 

M o r e important ly , they 

d i scove red a specia l way o f 

treating the P S Z material , 

w h i c h g ives rise to a 

powerfu l , p rev ious ly un 

k n o w n , s t rengthening effect. 

T h e i r treatment involves 

p r o d u c i n g , w i th in the c u b i c -

stabilized b o d y o f z i rcon ia 

(at r o o m temperature) , f ine 

particles o f tetragonal 
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z i rconia — the sort that in 
bu lk o n l y exists above 
1200°C . T h e s e smal l 
tetragonal part icles , less 
than 2 5 0 a toms across , 
p rov ide the key to the 
strength and toughness o f 
the n e w P S Z . 

T h e y act as in-built s h o c k -
absorbers . I f stress is put o n 
the material , the tetragonal 
particles at the poin t o f 
stress absorb energy 
by turning themselves in to 
the c o m m o n m o n o c l i n i c 

form. D u e to this m i c r o 
s c o p i c f l ip , cracks effectively 
c l o s e u p and stress fatigue, 
c o m m o n in metals and other 
c e r a m i c s , is markedly 
reduced . Indeed , wi th in 
l imits , the m o r e it's stressed, 
the toughe r it b e c o m e s ! 

B e i n g un i fo rmly strong, 
t ough , and inert, P S Z seems 
an ideal material for b o n e 
pros theses . It appears 
less p rone to implant failure 
than the materials presently 
in use — stainless steel, 

h igh-densi ty po lye thy lene , 
and a lumina . 

Or thopaed ic surgeons 
have implanted small 
exper imenta l samples in 
animals and have found the 
material to b e b io log i ca l l y 
c o m p a t i b l e . T h e y are 
n o w implan t ing exper imen
tal h ip pros theses . 

Austra l ian b e a c h sands are 
the source o f about 7 0 % o f 
the w o r l d ' s z i rconia , but the 
p r o c e s s i n g plants are in 
the Uni t ed States and 

Britain. R e c e n t l y , CSIRO has 
c o m m i s s i o n e d a report to 
e x a m i n e whether an 
Austra l ian p roces s ing plant 
w o u l d b e e c o n o m i c a l l y 
viable . 

C e r a m i c steel? R . C . Garv ie , 
R.H.J. H a n n i n k , and 
R . T . P a s c o e . Nature, 1975, 
291, 7 0 3 - 4 . 

' R e s e a r c h Repor t 1 9 8 0 - 8 1 . ' 
D i v i s i o n o f Materials 
S c i e n c e . ( C S I R O : 
M e l b o u r n e 1982.) 
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