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FOREWORD 

This paper was originally written as a background piece for 

the Commission on Technology and Employment (US National Academy 

of Sciences/National Research Council). It will presumably 

appear in due course in a publication of the NAS/NRC. However, 

it is also relevant to IIASA's Technology-Economy-Society 

Program, particularly the Dynamics of Technology (DOT) activity. 

For this reason it seems appropriate for limited circulation as 

an IIASA working paper. 

Vital1 Kaftanov 

Deputy Director 



THE FUTURB OF UTERIALS 

Organization of the Paper 

Diversity is the most noteworthy characteristics of 

materials. It seems sensible, therefore, to begin with a 

taxonomy, the following is taken from the Table of Contents of a 

standard Handbook. 

Ferrous Alloys 

Light Metals 

Aluminum-Base Alloys 

Nickel-Base Alloys 

Other Metals 

Glasses and glass ceramics 

Aluminum and other refractories 

Composi te 

Polymers 

Electronic Materials 

Nuclear Materials 

Biomedical Materials 

Graphitic Materials 

Even a cursory summary of all these technologies in a short paper 

is bound to be unbalanced and, in many ways, unsatisfactory. One 

can scarcely hope to do more than pick out a few salient trends. 

A selection principle is urgently needed, however. 

It is probably useful to start with the observation that the 

present economic importance of the material categories is 

virtually inverse to their present day interest from a research 

' C .  T. Lynch (ed). Handbook of Materials Science CRC Press, 
1975. The major construction materials and materials from 
natural sources have been omitted. 



-2-  

p e r s p e c t i v e .  N a t u r a l  m a t e r i a l s  l i k e  wood, paper ,  r u b b e r ,  

l e a t h e r ,  c o t t o n ,  wool, s t o n e  and c l a y  a r e  stil l  enormously 

Impor tant  i n  t h e  world economy, bu t  t h e y  a r e  d e c l i n i n g  I n  

impor tance  (Larson,  Ross & Will iams,  1986). The same is t r u e  

w i t h  t h e  "old" m e t a l s ,  copper  (b ronze ,  b r a s s ) ,  l e a d ,  z i n c  

( p e w t e r ) ,  t i n ,  s i l v e r ,  g o l d ,  and i r o n  a s  w e l l  as c o n c r e t e  and 

p l a t e  g l a s s .  To be s u r e ,  any of t h e s e  may e n j o y  a  r e v i v a l ,  

e i t h e r  because  of a  new method of p r o c e s s i n g  (e. g .  plywood o r  

f i b e r b o a r d )  o r  a new u s e  (e. g .  t h e  s u p e r c o n d u c t i n g  p r o p e r t i e s  of 

c e r t a i n  t i n  a l l o y s ) .  But g i v e n  t h e  n e c e s s a r y  b r e v i t y  of t h i s  

paper  and t h e  enormous s c o p e  of its c o v e r a g e ,  it seems j u s t i f i e d  

t o  s ta r t  by e l i m i n a t i n g  t h i s  group from f u r t h e r  c o n s i d e r a t i o n .  

On f u r t h e r  r e f l e c t i o n ,  it a l s o  seems clear enough t h a t  s teel  

and its c l o s e  r e l a t i v e s ,  t o o ,  have l a r g e l y  had t h e i r  day i n  t h e  

s u n .  The s tee l  i n d u s t r y  b u r s t  i n t o  prominence a f t e r  1860, a f t e r  

a long  accumula t ion  of i n c r e m e n t a l  improvements i n  f u r n a c e  d e s i g n  

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

Bessemer, K e l l e y ,  Mushet, Siemens,  Mar t in  and Thomas. The 

m e t a l l u r g y  of s teel  and f e r r a - a l l o y s  p r o g r e s s e d  r a p i d l y  f o r  t h e  

n e x t  h a l f - c e n t u r y  o r  s o .  However, s i n c e  World War I  I ,  t h e  

p o t e n t i a l  of i ron-based  a l l o y s  t echno logy  h a s  been l a r g e l y  

e x h a u s t e d 2  and r e s e a r c h  emphasis  i n  m e t a l l u r g y  h a s  s h i f t e d  t o  t h e  

u l t r a  l i g h t  m e t a l s ,  on t h e  one hand,  and t h e  n i c k e l  o r  c o b a l t  

based  " s u p e r a l l o y s "  on t h e  o t h e r .  Both of t h e s e  developments  

have been d r i v e n  by a e r o s p a c e  r e q u i r e m e n t s  ( f o r  a i r - f r a m e s  and 

jet  e n g i n e s ,  r e s p e c t i v e l y ) .  I n  any case, i ron-based s t ee l )  a l l o y  

'App l ica t ions  of h i g h  s t r e n g t h  low a l l o y  (HSLA) steels  are 
still c o n t i n u i n g  t o  i n c r e a s e ,  however, e s p e c i a l l y  i n  t h e  a u t o  
i n d u s t r y .  Maj o r  p r o c e s s  innova t  i o n s ,  n o t a b l y  The B a s i c  Oxygen 
Furnace  (BOF) and c o n t i n u o u s  c a s t e r s ,  a l s o  appeared  a f t e r  WW I t .  



technology--whether moribund o r  no t - -wi l l  n o t  be c o n s i d e r e d  

f u r t h e r  i n  t h i s  paper .  

To conc lude  t h i s  i n t r o d u c t i o n ,  some f u r t h e r  remarks  on 

d i v e r s i t y  of a t t r i b u t e s  seem a p p r o p r i a t e .  I t  is tempt ing ,  a t  

times, t o  t r y  t o  measure t e c h n o l o g i c a l  p r o g r e s s  i n  materials i n  

t e rms  of s i m p l e  measures l i k e  " s t r e n g t h " .  Y e t ,  even a  moments' 

t hough t  s u g g e s t s  t h a t  t h e r e  a r e  many o t h e r  p r o p e r t i e s  of 

impor tance .  Each a p p l i c a t i o n  c a l l s  f o r  a d i f f e r e n t  combinat ion  

of p r o p e r t i e s .  T h i s  is e s p e c i a l l y  w e l l  i l l u s t r a t e d  i n  t h e  c a s e  

of s y n t h e t i c  f i b e r s .  By and l a r g e  polymer-based m a t e r i a l s  do  no t  

compete wi th  m e t a l s .  They do compete, i n  g e n e r a l  wi th  wood, 

p a p e r ,  n a t u r a l  r u b b e r ,  and n a t u r a l  f i b e r s .  

The f i r s t  " s y n t h e t i c "  f i b e r s  i n  t h e  1893-85 e r a  w e r e  

c e l l u l o s e d - b a s e d  ( v i s c o s e  rayon and c e l l u l o s e  a c e t a t e ) .  The 

rayon i n d u s t r y  boomed i n  t h e  1 9 2 8 ' s  and 1 9 3 8 ' s .  L a t e r ,  

comple te ly  man-made polymers w e r e  i n t r o d u c e d ,  beg inn ing  wi th  

nylon ( 1 9 3 9 ) .  S e e  Tab le  1 below. An e f f o r t  t o  d i s c e r n  some 

meaningful  t r e n d  w a s  made by Gordon & Munson i n  1982. They 

convened a  p a n e l  of e x p e r t s ,  who i d e n t i f i e d  f o u r  p a r a m e t e r s  a s  

be ing  " impor tan t "  and  weighted them a s  f o l l o w s :  

P a r a m e t e r s  Pane l  W e i ~ h t  

- T e n s i l e  s t r e n g t h  (gms/denier )  , 2 5 8 1  

- E l a s t i c  r e c o v e r y  ( p e r c e n t  r ecovery  .2983  

from p e r c e n t  s t r e t c h )  

- Modulus (gms/denier )  , 2983  

- Mois tu re  r e g a i n  ( p e r c e n t  ) . 1613 

1 .8880  

A comparison of t h e  major man-made f i b e r s  is g i v e n  i n  Tab le  1 and 

F i g u r e  1. I t  is obv ious  t h a t  t h e  index c o n s t r u c t e d  from t h e  



Table 1 

WLN-WLDE FIBERS DATA 

F I BBR YR OF TBBSILB ELASTIC HO ISTURE 
BAXE IBTRO STRBBGTH RECOVERY HODULUS RBGAIB SOA 

V ISRAYON 

ACERAYON 

NYLON 

ORLON 

DACRON 

V I CARA 

ACR I LAB 

DYNEL 

ARNEL 

ZEFRAN 

DARVAN 

KODEL 

VYCRON 

ARNEL 60 

ZEFKROME 

EBCRON 

SEF 

TRIACETATE 

TENSILE STRENGTH-- Tensile Strength (gms/denier) 

ELASTIC RECOVERY-- Elastic Recovery (percent recovery from 

percent stretch) 

MODULUS-- (gms/denier) 

MOISTURE REGAIN-- Moisture Regain (percent) 

SOURCE: Text i le World Man-Made Fiber Chart, several years. 












































































