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Production  of  metallic  material. 
A  process  and  apparatus  for  the  production  of  metallic 

material  as  filaments,  fibre  or  particulates,  whereby  the 
material  in  molten  form  is  extruded  and  the  extrudate  is 
transiently  destabilised  to  form  an  unstable  state  which  is 
subsequently  stabilised  by  solidification.  Preferably  the 
destabilising  force  and  extrusion  pressure  are  created  by 
centrifugal  force,  the  molten  material  being  contained  in  a 
rotatable  reservoir  having  peripheral  extrusion  orifices.  Fibre 
produced  according  to  the  invention  is  suitable  for  electro- 
magnetic  shielding. 



This  invention  r e l a t es   to  the  production  of  m e t a l l i c  

mater ia l   and  in  p a r t i c u l a r   to  the  production  of  metal l ic   f i b r e s  

having  a  c r o s s - s e c t i o n a l   diameter  less  than  about  50  microns .  

Metall ic  f ibres   having  a  c r o s s - s e c t i o n a l   diameter  o f  

less  than  about  50  microns,  preferably   less  than  about  25  mic rons ,  

are  p a r t i c u l a r l y   useful  for  the  shielding  of  e l ec t ron ic   components 

from  e lectromagnet ic   r ad i a t i on ,   p a r t i c u l a r l y   in  the  f r equency  

range  100kHz  to  1GHz.  Electronic   components,  by  which  is  meant 

microcomputers  and  the   l ike,   are  being  used  in  ever  i n c r e a s i n g  

numbers  in  the  control   systems  of  for  example  a i r c r a f t ,   m i s s i l e s  



and  land  t r anspo r t   veh ic les ,   both  c iv i l   and  m i l i t a ry ,   and  i n  

hospi ta l   equipment  and  other  areas,   and 

fa i lu re   of  such  components  due  to  i n t e r f e r ence   by  ambient 

e lec t romagnet ic   r ad i a t i on   is  recognised  as  being  a  p o t e n t i a l l y  

ca tas t roph ic   hazard.  The  hazard  is  increasing  dramat ica l ly   not  

only  because  of  the  increas ing  usage  of  e l ec t ron i c   components  i n  

control  systems  but  also  because  there  is  an  increas ing   level  of 

ambient  e l ec t romagne t i c   r ad i a t ion   from  sources  such  as  radio  and 

t e l ev i s ion   t r a n s m i t t e r s ,   radar  i n s t a l l a t i o n s ,   i n d u s t r i a l  

equipment,  for  example  e l e c t ron i c   arc-welding  equipment,  and 

domestic  equipment  such  as  home  computers.  Shielding  invo lves  

ei ther   p ro t ec t i on   of  a  component  from  ex te rna l   r ad ia t ion   or  

prevention  of  emission  of  r ad ia t ion   generated  by  the  sh i e lded  

component  from  con t r ibu t ing   to  the  ambient  r a d i a t i o n .  

Various  ways  have  been  proposed  for  sh ie ld ing   e l e c t r o n i c  

components,  which  are  f requent ly   contained  in  an  e l e c t r o m a g n e t i c  

r a d i a t i o n - t r a n s p a r e n t   p l a s t i c s   housing,  from  ambient 

e lec t romagnet ic   r ad i a t ion   by  treatment  of  the  housing 

with  conductive  pa in ts ,   m e t a l l i s a t i o n   by  vacuum  d e p o s i t i o n  

techniques  or  arc/f lame  spraying,  app l i ca t ion   of  metal  fo i l s ,   and 

reduction  of  s i l ve r   n i t r a t e ,   for  example.  However,  each  of  t he se  

has  its  own  p a r t i c u l a r   disadvantages  and  none  has  provided  a 

p r ac t i c a l ,   c o m m e r c i a l l y - a t t r a c t i v e   solut ion.   Addition  of  a 

conductive  f i l t e r   to  the  p l a s t i c s   material   had  also  been  proposed 



but  the  high  metal  loadings  required  ( t y p i c a l l y   10-40X  by  weight)  

have  a  detrimental   e f fec t   on  other  p roper t ies   of  the  ma te r i a l ,   and 

also  raise  the  overall  cost  to  commercia l ly-unacceptable   l e v e l s .  

One  proposal  which  appears  to  be  highly  e f f i c i e n t   is  the 

incopora t ion   of  fine  conducting  f ibres  such  as  s t a i n l e s s   s t e e l  

f ib res   into  a  polymer  mat r ix .   The  r e su l t ing   composite  mater ia l   i s  

subsequently  forced  into  housings  for  e l e c t ron i c   and  o t h e r  

e lec t romagnet ic   r a d i a t i o n - s e n s i t i v e   components.  It  is  b e l i e v e d  

that  the  fibres  used  should  be  duct i le   and  as  fine  as  possible   to 

obtain  the  lowest  poss ib le   metal  loading  commensurate  with  the 

maintenance  of  conductance.  However,  h i the r to   it  has  not  proved 

poss ib le   economically  to  produce  f ibres  of  s u f f i c i e n t   f i n e n e s s ,  

that  is,  below  about  50  microns  c r o s s - s e c t i o n a l   d i a m e t e r ,  

p re fe rab ly   below  about  25  microns  and  even  more  p re fe rab ly   below 

about  10  microns,  in  an  e s s e n t i a l l y   s i ng l e - s t age   o p e r a t i o n .  

Techniques  which  have  been  considered  include  free  f l igh t   melt  

spinning,   crucible  or  pendant  drop  melt  e x t r a c t i o n ,   drawing  of  

glass  sheathed  wire,  and  gas  f i b r u l a t i o n   of  a  molten  tube,  but  a l l  

of  these  require  the  product  to  be  cut  into  indiv idual   f ibres   in  a 

separa te   stage.  For  reasons  of  economics  it  is  preferred  to  use  a 

technique  that  produces  ma te r i a l   sui table  for  cut t ing  into  f i b r e s  

d i rec t   from  the  molten  s t a t e ,   but  diameter  is  d i f f i c u l t   to  c o n t r o l  

and  anyway  is  too  large,   being  generally  about  50-100  mic rons ,  

whereas  t r ad i t iona l   drawing  down  to  reduce  the  diameter  to  t h a t  



required  for  e l ec t romagne t i c   shielding  r e s u l t s   in  an  u n a c c e p t a b l e  

increase  in  production  cos ts .   It  is  also  believed  that  working  o f  

this  nature  causes  a  degree  of  embri t t lement   or  work  ha rden ing  

which  renders  the  achievement  of  conductance  in  a  polymer  m a t r i x  

more  d i f f i c u l t .   Furthermore,   s t a i n l e s s   s teel   f ibres   r e su l t   in  an 

overal l   grey  co lou ra t i on   in  the  polymer  which  is  c o s m e t i c a l l y  

unacceptable  in  c e r t a i n   a p p l i c a t i o n s .  

We  have  now  found  that  me ta l l i c   mate r ia l s   may  be 

processed  direct   from  the  molten  s tate   to  form  f i l aments ,   f i b r e s  

or  p a r t i c u l a t e s ,   and  that  such  products  may  have  a  diameter  o r  

minimum  dimension  of  50  microns  or  less  by  a  process  which 

involves  extrusion  of  the  melt  to  form  a  t r a n s i e n t l y   u n s t a b l e  

state  which  is  subsequent ly   s t ab i l i s ed   by  s o l i d i f i c a t i o n .  

According  to  the  present  invent ion,   t he re fo re ,   a  p r o c e s s  

for  the  production  of  metal l ic   mater ia l   comprises  ex t rus ion   of 

molten  metal l ic   ma te r ia l   through  an  o r i f i c e   to  forma  t r a n s i e n t l y  

unstable  s ta te ,   and  s t a b i l i s a t i o n   of  the  unstable  s ta te   by 

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

The  d i rec t   product  of  the  process  is  p re fe rab ly   in  t h e  

form  of  f ibres ,   although  f i lamentary  mater ia l   or  p a r t i c u l a t e s   may 

be  produced  by  varying  the  c o n d i t i o n s .  



The  rate  of  s o l i d i f i c a t i o n   can  be  influenced  inter   a l i a  

by  the  temperature  of  the  ambient  atmosphere  and  of  the  melt  and 

may  determine  the  s t r u c t u r a l   nature,  that  is  the  degree  and  type 

of  c r y s t a l l i n i t y ,   as  well  as  the  physical  form  of  the  product .  

The  s t r u c t u r a l   nature  in  turn  inf luences   the  e l e c t r i c a l  

conduct iv i ty   and  other  proper t ies   of  the  p r o d u c t .  

By  "molten"  we  mean  to  include  s l u r r i e s   of  so l id  

mater ia l   in  a  molten  continuous  phase,  as  well  as  mater ia ls   in  the 

100X  molten  condi t ion .   Metals  when  in  the  molten  state  have  very 

low  v i s c o s i t i e s ,   t yp i ca l l y   subs t an t i a l l y   less  than  10  poise,  fo r  

example  1.5  poise.  At  these  low  v i s c o s i t i e s ,   the  dominant 

i n t r i n s i c   force  acting  on  an  extruded  quant i ty   of  molten  metal  i s  

surface  tens ion.   Surface  tension  tends  to  form  the  extrudate  i n t o  

a  sphere  and  this  form,  in  the  absence  of  other  forces,  i s  

regarded  as  the  na tura l   stable  s ta te .   According  to  the  i n v e n t i o n ,  

this  s tate   is  t r a n s i e n t l y   de - s t ab i l i s ed   to  form  an  u n s t a b l e ,  

preferably   f ibrous ,   state  which  is  then  s t a b i l i s e d   by 

s o l i d i f i c a t i o n .   D e - s t a b i l i s a t i o n   is  achieved  by  applying  a 

pull ing  force  to  the  extrudate  in  addit ion  to  the  pushing  force  

exerted  on  the  molten  material   to  cause  ex t rus ion ,   and  main ta in ing  

said  pull ing  force  unt i l   s t a b i l i s a t i o n   by  s o l i d i f i c a t i o n   i s  

e f fec ted .   Conveniently,   both  the  pushing  extrusion  force  and  the 

pulling  d e - s t a b i l i s a t i o n   force  comprise  c en t r i fuga l   force.  Thus 

the  molten  meta l l ic   material   may  be  contained  in  a  r o t a t a b l e  



r e se rvo i r   equipped  at  the  periphery  thereof   with  one  or  more 

ext rus ion   o r i f i c e s .   Rotation  of  the  r e se rvo i r   sets  up  a 

c e n t r i f u g a l   force  in  the  melt  which  at  a  ce r t a in   angular  v e l o c i t y ,  

depending  on  the  quant i ty   of  mater ia l   in  the  r e se rvo i r ,   i s  

s u f f i c i e n t   to  overcome  surface  tension  forces  across  the  mouth  of 

the  o r i f i c e   to  i n i t i a t e   extrusion;   maintenance  of  this  f o r c e  

causes  continued  ext rus ion .   The  ext rudate   issues  from  the  

o r i f i c e s   i n i t i a l l y   r ad i a l l y   and  is  subject  to  a  marginally  h i g h e r  

c e n t r i f u g a l   force  compared  with  that  acting  within  the  o r i f i c e  

because  of  the  higher  ve loc i ty ;   this  c o n s t i t u t e s   the  pulling  f o r c e  

which  d e s t a b i l i s e s   the  extrudate  and  forms  an  uns tab le ,   p r e f e r a b l y  

f ibrous ,   s t a t e .   The  veloci ty   and  hence  the  c e n t r i f u g a l   p u l l i n g  

force  increase   with  increasing  fibre  length  thus  continuing  the  

d e s t a b i l i s i n g   force  on  the  molten  extrudate   un t i l   s t a b i l i s a t i o n  

takes  place  by  s o l i d i f i c a t i o n .  

By  "meta l l ic"   in  this  s p e c i f i c a t i o n   we  mean  to  i nc lude  

metals  and  a l loys   and  other  mater ia ls   whose  v i s c o s i t y   behaviour  i n  

the  col ten  s t a t e   is  s imilar   to  that  of  molten  metals  and  which  a r e  

therefore   suscep t ib l e   of  being  processed  according  to  the 

invent ion.   We  believe  that  any  metal l ic   mater ia l   is  s u s c e p t i b l e  

of  being  so  processed  provided  that,   in  the  case  of  the  

h igher -mel t ing   ma te r i a l s ,   a  s u f f i c i e n t l y   high  temperature  can  be 

sustained  under  extrusion  c o n d i t i o n s .  



The  process  according  to  the  invent ion  is  d i s t i n g u i s h e d  

from  melt  spinning  of  h i g h - v i s c o s i t y   m a t e r i a l s ,   for  example  oxide 

g las ses ,   in  that ,   for  the  spinning  of  h i g h - v i s c o s i t y   m a t e r i a l s ,  

the  o r i f i c e s   are  r e l a t ive ly   large  and  surface  tension  acts  to  

reduce  the  diameter  of  the  molten  f i b r e .   This  is  a  process  known 

as  "necking  down"  but,  in  c o n t r a d i s t i n c t i o n   to  the  case  with  low 

v i s c o s i t y   m a t e r i a l s ,   there  is  no  tendency  towards  the  formation  of 

spheres.   Thus  the  molten  h i g h - v i s c o s i t y   mater ia l ,   a l though  

f i l amen ta ry ,   is  at  all  times  in  a  s table   s t a t e ,   the  s t a b i l i t y  

a r i s i ng   from  the  combination  of  surface  tension  and  v i s c o s i t y  

f o r c e s .  

The  maximum  size  of  the  ex t rus ion   or i f ice   in  the 

process  according  to  the  present  invent ion   is  dictated  mainly  by 

the  surface  tension  of  the  molten  ma te r i a l ,   in  that  su r face  

tension  forces  should  act  to  prevent  issue  of  the  material  except  

under  ex t rus ion   condit ions.   However,  the  preferred  maximum 

o r i f i c e   size  to  produce  fibres  or  other  products  in  a  fine  s t a t e  

is  150  microns,  with  sizes  of  50  microns  or  below  or  even  10 

microns  or  below  being  p a r t i c u l a r l y   prefer red   for  the  p roduc t ion  

of  very  fine  p roduc t s .  

Fibres  formed  according  to  the  process  of  the  inven t ion  

are  p r e f e r ab ly   formed  as  an  i n t e g r a l   part  of  the  e x t r u s i o n  

process,   that  is,  by  the  extrudate  breaking  by  being  subjected  to 

shear  or  bending  forces  or  by  the  applied  pulling  force  exceeding 



the  t e n s i l e   s t rength  of  the  ex t ruda te ,   or  by  a  combination  of  

both.  Fibres  may  be  formed  for  example  e i ther   by  the  p u l l i n g  

force  -exceeding  the  t ens i l e   s t reng th   of  the  ex t ruda t e , and /o r   by 

air   r e s i s t a n c e   or  an  applied  draught  c rea t ing  shear  f o r c e s .  

The  invention  is  p a r t i c u l a r l y   su i table   for  the 

product ion  of  meta l l ic   f i b re s ,   f i laments   or  p a r t i c u l a t e s   having  a 

diameter  of  about  50  microns  or  less ,   preferably  25  microns  or 

even  10  microns  or  l ess .   We  have  found  that  such  small  d iameter  

products  may  be  s u c c e s s f u l l y   formed  without  blocking  of  the 

o r i f i c e s ,   although  for  ex t rus ion   of  mater ia ls   which  tend  to  r e a c t  

with  the  ambient  atmosphere  it  is  prefer red   to  carry  out  the 

process  in  an  inert   or  reducing  atmosphere.  Furthermore,  the 

temperature  of  the  ambient  atmosphere  may  be  control led  in  o rde r  

to  inf luence  the  rate  of  s o l i d i f i c a t i o n .   By  a l te r ing   the  process  

parameters ,   the  invention  may  be  used  to  produce  p a r t i c u l a t e s ,   f o r  

example  spheroids  or  e l l i p s o i d s ,   which  are  the  resul t   of  the 

process  operating  at  or  near  l imi t ing   parameters  such  that  su r f ace  

tension  forces  are  dominant.  Under  these  circumstances,   ext ruded 

mater ia l   is  emitted  from  the  ext rus ion  o r i f i ce s   as  droplets   which 

may  approach  or  a t t a in   the  natural   s table  state  in  f l ight   before  

s t a b i l i s a t i o n   by  s o l i d i f i c a t i o n .   A l t e rna t ive ly ,   the  invention  may 

be  used  to  produce  f i l aments ,   that  is,  f ibres  of  long  and 

i n d e f i n i t e   l eng th .  



For  the  purposes  of  e lec t romagnet ic   s h i e l d i n g ,  

the  aspect  ra t io   ( l eng th /d i ame te r )   of  fibre  is  of  impor tance  

because,  for  a  given  conduc t iv i ty   level,  the  metal  l oad ing  

required  may  be  reduced  with  f ibres   of  high  aspect  r a t i o .   The 

diameter  of  f ibres  produced  according  to  the  process  of  the 

invention  is  readily  con t ro l l ab l e   by  se lec t ing   the  a p p r o p r i a t e  

ext rus ion   o r i f i ce   diameter.  The  length  of  the  f ibres   i s  

c o n t r o l l a b l e ,   within  l imits   set  by  air  r e s i s t a n c e   and  o t h e r  

external   in f luences ,   by  the  angular  veloci ty,   in  that  for  a  given 

ext rus ion   temperature  and  for  all   angular  v e l o c i t i e s   g rea te r   than 

the  minimum  ve loc i ty   required  for  extrusion  to  take  place  ( c a l l e d  

the  " c r i t i c a l "   angular  v e l o c i t y ) ,   the  fibre  length  decreases   wi th  

increas ing  ve loc i ty .   Thus  the  aspect  rat io  may  readi ly   be 

con t ro l l ed .   For  purposes  of  e lectromagnetic   s h i e l d i n g ,   in  which 

the  minimum  quant i ty   of  meta l l ic   material   is  required  commensurate 

with  the  need  to  retain  e l e c t r i c a l   conductance,  the  aspect  r a t i o  

should  be  greater   than  10:1,  preferably   greater   than  50:1.  The 

des i rab le   maximum  fibre  length,   on  the  other  hand,  is  de te rmined  

by  the  processing  conditions  of  incorporat ing  the  mate r ia l   into  a 

polymer  matrix,  since  these  condit ions  may  cause  breakage  of  long 

f ib re s ,   depending  on  their   d u c t i l i t y .   It  is  considered  that  f o r  

f ibres   of  normal  d u c t i l i t y   the  longest  prac t icable   f ibre  length  i s  

approximately  1  cm  in  the  matrix,  although  f ibres   of 



excep t iona l ly   high  d u c t i l i t y   may  undergo  e longat ion  during  polymer 

process ing .   For  an  aspect  ra t io   of  100:1,  the  diameter  r equ i r ed  

for  a  1  cm  f ibre  would  be  100  microns  and  this  is  r e a d i l y  

achievable   by  the  process  according  to  the  invent ion.   However, 

because  diameters  of  50  microns  or  less,   or  even  25  microns  or 

l ess ,   are  also  r e a l i s a b l e ,   the  fibre  length  may  be  reduced  to  2.5 

mm  or  less  while  s t i l l   r e t a in ing   an  aspect  ra t io   of  100:1,  or 

a l t e r n a t i v e l y   the  f ibre  length  may  be  held  at  1  cm  to  provide  an 

aspect  rat io  of  400:1.  Aspect  ra t ios   in  the  range  50  to  500:1  a re  

p re fe r r ed ,   although  aspect  ra t ios   up  to  about  3,000:1  may  be 

r e a l i s a b l e   using  the  process  according  to  the  invent ion.   Above 

this  aspect  r a t io ,   we  regard  the  product  as  being  f i l a m e n t a r y ,  

that  is  to  say,  in  the  form  of  continuous  f ibres   or  strands  of 

i n d e f i n i t e   l eng th .  

Accordingly,  the  present  invention  also  provides  

f i laments   f ibres  and  p a r t i c u l a t e s   of  meta l l ic   mater ia l   when 

produced  by  the  process  according  to  the  invent ion,   in  p a r t i c u l a r  

p a r t i c u l a t e s   and  f i laments   having  a  diameter  of  50  microns  or 

less ,   preferably  25  microns  or  less,  and  f ibres   having  an  a spec t  

r a t io   ip  the  range  10:1  to  3,000:1,  preferably   50:1  to  500:1. 

Fibres  according  to  the  invention  may  opt ional ly   be 

coated  or  treated  before  being  incorporated  into  p las t i c s   or  o the r  

mater ia ls   to  provide  a  material   su i tab le   for  e l ec t romagne t i c  



sh ie ld ing .   Thermoplastic  p las t i cs   mater ia ls   are  p r e f e r r e d .  

A l t e r n a t i v e l y ,   the  f ibres   may  be  incorporated  into  other  b inders  

or  matrices  for  e lec t romagnet ic   shielding  or  other  purposes,  

p a r t i c u l a r l y   where  it  is  desired  to  provide  a  continuous 

e l e c t r i c a l l y   conductive  path  therethrough.  P l a s t i c s   or  other 

mater ia ls   containing  fibre  according  to  the  invention  may  be 

pigmented  or  otherwise  coloured  without  the  presence  of  the  f ib re  

creat ing  undue  inf luence  on  the  pigmentation  or  c o l o u r a t i o n .  

Fibre  produced  according  to  the  invention  is  duc t i l e ,   that  i s , n o t  

embri t t led  or  work  hardened,  and  is  thus  eminently  sui table   for  

s a t i s f a c t o r y   incorpora t ion   into  p las t i c s   or  other  m a t e r i a l s  

without  breakage  of  the  f ibre .   Furthermore  the  use  of  d u c t i l e  

fibre  causes  less  damage  to  equipment,  for  example  moulds,  used  to 

process  the  mate r ia l .   To  provide  a  continuous  e l e c t r i c a l l y  

conductive  path,  it  is  not  e ssen t ia l   for  there  to  be  a  contiguous 

metal  path  where  the  f ibres   defining  the  path  are  in  phys ica l  

contact  with  each  other;  a  degree  of  proximity  is  acceptable  

p a r t i c u l a r l y   where  the  fibres  form  a  segregated  network  within  the 

p l a s t i c s   or  other  mate r ia l .   By  "segregated  network"  is  meant  a 

semi-ordered  arrangement  of  f ibres ,   being  ne i ther   randomly 

or ien ta ted   nor  highly  aligned,  and  in  this  condit ion  the  metal 

loading  may  be  reduced  to  a  minimum.  Metal  loadings  of  or  below 

about  1%  by  volume  are  adequate  with  fibre  having  a  diameter  below 

about  25  microns,  for  example  15  microns,  in  a  segregated  network 

within  a  p l a s t i c s   or  other  material ,   and  lower  levels  are  adequate 

with  smaller  diameter  or  higher  aspect  ratio  f i b r e .  



Accordingly,   the  invention  also  provides  a  composite 

mater ia l   s u i t a b l e   for  e lectromagnet ic   sh i e ld ing   and  compris ing 

fibre  according  to  the  invention  incorpora ted   in  a  binder  or 

matrix,  e s p e c i a l l y   a  p las t ics   mate r ia l .   Such  composite  m a t e r i a l s  

are  p re fe rab ly   for  s t ruc tu ra l   use  although  may  be  for  coa t ing  

use.  P re fe rab ly ,   the  fibres  form  a  segregated  network  within  the 

binder  or  m a t r i x .  

In  a  fur ther   aspect,  the  invent ion  provides  appara tus  

for  the  product ion  of  metal l ic   mater ia l ;   the  apparatus  comprising 

means  for  ex t rus ion   of  molten  me ta l l i c   ma te r ia l   through  an 

o r i f i c e ,   whereby  the  extrudate  is  formed  into  a  t r a n s i e n t l y  

unstable  s ta te   which  is  subsequent ly   s t ab i l i s ed   by 

s o l i d i f i c a t i o n .   Preferably,   the  mater ia l   so  produced  is  in  the 

form  of  f ib re ,   although  it  may  be  f i l amenta ry   or  p a r t i c u l a t e .  

The  ext rus ion   means  preferably   comprises  a  r o t a t a b l e  

reservoi r   for  holding  a  quantity  of  molten  me ta l l i c   material   and 

equipped  at  the  periphery  thereof  with  one  or  more  e x t r u s i o n  

o r i f i c e s ,   which  may  be  of  150  microns  or  less  diameter,  more 

preferably   50  microns  or  less  or  even  10  microns  or  less.  In 

use,  extrusion  proceeds  under  c en t r i f uga l   force  set  up  in  the  

molten  me ta l l i c   material   by  ro ta t ion  of  the  reservoi r   and  the 

unstable  s ta te   is  formed  by  a  pull ing  force  inherent  in  the 

extrudate  and  also  derived  from  c e n t r i f u g a l   force.  Opt iona l ly ,  



heater  elements,   thermocouples  or  other  temperature  measuring 

devices  and  the  like  may  be  carr ied  by  the  r ese rvo i r .   The 

apparatus  or  parts  thereof  are  preferably   insulated  or  o therwise  

adapted  to  minimise  heat  l o s s e s .  

A  receptac le   preferably   surrounds  the  apparatus  to  

receive  s o l i d i f i e d   p roduc t .  

Embodiments  of  the  invention  will  now  be  described  by 

way  of  example  with  reference  to  the  accompanying  drawings,  o f  

which: 

Fig.  1  is  a  cross  section  of  an  extrusion  appara tus  

according  to  the  i n v e n t i o n ;  

Fig.  2  is  a  plan  view  on  a  s l i g h t l y   reduced  scale  o f  

the  apparatus  shown  in  Fig.  1;  and 

Fig.  3  is  an  exploded  cross  section  on  the  line  A-A  of  

the  apparatus  shown  in  Fig.  2. 

Referring  to  the  drawings,  apparatus  according  to  the 

invention  is  shown  general ly  at  10  and  consis ts   of  a  c i r c u l a r  

reservoir   11  for  holding  molten  meta l l ic   material   and  defined  by 

upper  and  lower  plates  12  and  13  r e spec t i ve ly ,   each  having  a 

central   aperture  and  bolted  together   by  bolts  14  carried  in 



holes  15  which  are  tapped  in  plate  13.  The  aper ture   in  plate  12 

c o n s t i t u t e s   the  mouth  of  the  r e s e r v o i r .   Notches  16  are  p rov ided  

in  lip  17  of  plate   12;  these  notches  form  in  conjunct ion  wi th  

corresponding  lip  18  of  plate  13  extrusion  o r i f i c e s   at  t he  

periphery  of  the  r e se rvo i r .   The  notches  and  o r i f i c e s   (the  l a t t e r  

shown  at  19  in  Fig.  2)  are  shown, oversize  in  the  drawings  for  the  

sake  of  c l a r i t y .   The  assembly  of  upper  and  lower  plates  12  and  13 

is  secured  by  means  of  bolts  (not  shown)  through  holes  20  formed 

in  lower  plate  13  to  ro t a t ab le   shaft  21  via  su i t ab le   bushing  means 

to  close  the  aper ture   in  lower  plate   13.  The  shaft  is  driven  by  a 

su i t ab l e   motor  (not  shown).  The  apparatus  as  shown  in  Fig.  1  i s  

contained  in  a  drum  to  allow  a  free  f l i gh t   path  for  t he  

extruded  mater ia l   of  approximately  10  cm. 

In  use,  meta l l ic   mater ia l   is  introduced  into  the  mouth 

of  the  r e s e r v o i r .   The  mater ia l   is  e i ther   in  the  molten  s ta te   or  

is  heated  to  above  its  melting  temperature  by  heating  e lements  

assoc ia ted   with  the  r e s e rvo i r .   The  reservoi r   is  rota ted  and  the  

molten  ma te r i a l ,   because  of  i ts   low  v i scos i ty ,   a u t o m a t i c a l l y  

d i s t r i b u t e s   i t s e l f   under  the  inf luence   of  c en t r i fuga l   force  evenly  

around  the  i n t e r i o r   periphery  of  the  reservoi r .   When  the  c r i t i c a l  

angular  ve loc i ty   is  reached,  ex t rus ion   of  molten  mater ia l   th rough 

the  o r i f i c e s   begins.  (The  c r i t i c a l   angular  ve loci ty   is  a  f u n c t i o n  

of  the  surface  tension  of  the  molten  mater ia l ,   the  amount  of 

molten  mater ial   in  the  r e se rvo i r ,   the  diameter  of  the  o r i f i ce   and 



the  radius  of  the  r e s e r v o i r ) .   The  extrudate  emerging  from  the 

o r i f i c e s   is  subject  to  a  pul l ing  force  also  derived  from 

c e n t r i f u g a l   force  which  overcomes  the  tendency  to  form  a  sphere 

and  produces  instead  an  unstable  state  which  is  u l t i m a t e l y  

s t a b i l i s e d   by  s o l i d i f i c a t i o n .   The  unstable  s ta te   p r e f e r a b l y  

comprises  fibres  which  are  cropped  from  the  extrudate   under  the 

inf luence  of  bending  due  to  atmospheric  drag .  

A  p l u r a l i t y   of  top  plates  12  may  be  held  in  stock,  each 

conta in ing   notches  of  a  d i f f e r e n t   size  from  the  other  p la tes ,   to  

allow  for  the  use  of  d i f f e r e n t   sizes  of  ext rus ion  o r i f i c e .  

Opt iona l ly ,   as  well  as  heating  elements,  the  reservoi r   may  be 

equipped  with  thermocouples  and  so  or.,  e l e c t r i c a l l y   connected  v ia  

slip  rings  mounted  around  the  shaft  21.  As  examples  of  

a l t e r n a t i v e s   to  notches,  extrusion  o r i f i ces   of  diameter  down  to 

about  5  microns  may  be  provided  by  d r i l l i n g   in  s t a i n l e s s   s t e e l  

fo i l ,   for  example,  or  by  u t i l i s i n g   electron  microscopy  a p e r t u r e s .  

We  have  found  that  mater ia l   is  produced  having  a 

diameter  approximately  0.25  to  0.9  times  that  of  the  e x t r u s i o n  

o r i f i c e   from  which  it  i ssues ,   depending  on  condi t ions .   The 

physical   form  of  the  mater ia l   is  generally  smooth  although  nodes 

or  other  undulations  may  occur  at  i n t e rva l s .   These  appear  to  be 

influenced  by  the  extrusion  conditions  and  are  t h e r e f o r e  

c o n t r o l l a b l e .  



In  the  apparatus  described,   we  have  produced  the 

following  r e su l t s   for  product ion  of  tin  f ib res .   The  r e s e r v o i r  

diameter  was  13  cm  and  the  extrusion  or i f ices   were  50-75  microns 

in  d iameter .   At  a  r o t a t i o n   speed  of  800  r .p .m. ,   equivalent   to  a 

periphery  speed  of  600  cm/sec. ,   fibres  were  formed  having  a  length  

of  2  to  3  mm  and  a  diameter  of  50  microns.  At  a  ro ta t ion   speed  of 

1500  r . p . m . ,   equivalent   to  a  periphery  speed  of  1100  cm/ sec . ,  

f ibres   were  formed  having  a  length  of  25  to  30  mm  and  a  d iameter  

of  30  microns.  Using  a  d i f f e r e n t   top  plate  to  define  e x t r u s i o n  

o r i f i c e s   of  110  microns  in  diameter,  a  ro ta t ion   speed  of  1160 

r.p.m.  (equiva lent   to  a  periphery  speed  of  800  cm/sec)  produced 

f ibres   of  length  4  to  9  mm  and  a  diameter  of  73  microns,  whereas  a 

ro t a t i on   speed  of  2180  r .p .m.  (equivalent   to  a  periphery  speed  of 

1500  cm/sec)  produced  f ibres   of  length  2  to  6  mm  and  a  d iameter  

of  66  microns.  The  temperature  as  well  as  the  speed  i n f l u e n c e  

the  length  of  the  f ibres   and,  while  we  have  not  measured  p r e c i s e  

ex t rus ion   temperatures ,   the  i n i t i a l   temperature  of  the  melt  was 

400°C  at  1160  r.p.m.  and  380°C  at  218°C .  

We  have  also  produced  fibres  of  l ead / t in   e u t e c t i c  

( i . e .   62%  Sn,  38%  Pb)  by  ext rus ion  through  20  micron  o r i f i c e s   a t  

an  i n i t i a l   temperature  of  460°C.  At  a  rota t ion  speed  of  1660 

r.p.m.  equivalent   to  a  per iphery  speed  of  1100  cm/sec.,  f i b r e s  

were  formed  having  a  length  of  1  to  15  mm  and  a  diameter  of  18 

mic rons .  



Using  a  l a b o r a t o r y   bench  apparatus  comprising  a  r o t a t i n g  
glass  tube  with  a  length  ( i . e .   spinning  diameter)  of  6  cm  and  a 
20  micron  o r i f i c e   at  each  end,  we  have  success fu l ly   produced  z inc  
f ibres   having  a  diameter  of  10  to  25  microns  and  a  length  of  1.3 
cm. 



1.  A  process  for  the  production  of  meta l l ic   n a t e r i a l  

comprising  ext rus ion   of  molten  metal l ic   mater ia l   through  an 

or i f ice   to  form  a  t r a n s i e n t l y   unstable  s ta te ,   and  s t a b i l i s a t i o n   of 

the  unstable  s ta te   by  s o l i d i f i c a t i o n .  

2.  A  process  according  to  claim  1  in  which  the  m e t a l l i c  

material   is  produced  in  the  form  of  f i b r e s .  

3.  A  process  according  to  claim  1  or  claim  2  in  which  the 

unstable  s ta te   is  achieved  by  applying  a  pul l ing  force  to  the 

extrudate  in  addi t ion  to  the  pushing  extrusion  f o r c e .  

4.  A  process  according  to  claim  3  in  which  the  p u l l i n g  

force  and  the  pushing  force  comprise  cen t r i fuga l   f o r c e .  

5.  Fibres  fi laments  or  p a r t i c u l a t e s   when  produced  according 

to  the  process  as  claimed  in  any  of  claims  1  to  4. 

6.  Fibres ,   f i laments  or  p a r t i c u l a t e s   according  to  claim  5 

and  having  a  diameter  of  50  microns  or  l e s s .  



7.  Fibres  according  claim  6  having  an  aspect  rat io  in  the 

range  10  to  3000:1.  

8.  Fibres  according  to  claim  7  having  an  aspect  rat io  in  

the  range  50  to  500:1.  

9.  A  composite  mater ia l   sui table   for  e l ec t romagne t i c  

shie ld ing  and  comprising  fibre  according  to  claim  7  or  claim  8 

incorporated  in  a  binder  or  m a t r i x .  

10.  A  composite  mater ia l   according  to  claim  9  in  which  the 

binder  or  matrix  comprises  a  p l a s t i c s   m a t e r i a l .  

11.  A  composite  material   according  to  claim  10  in  which  t he  

f ibres   form  a  segregated  network  within  the  p l a s t i c s   m a t e r i a l .  

12.  A  composite  material   according  to  claim  11,  in  which  the  

metal  loading  of  fibres  is  1%  by  volume  or  less,   the  f i b r e  

having  a  diameter  of  about  25  microns  or  l e s s .  

13.  Apparatus  for  the  production  of  metal l ic   mater ia l ,   the 

apparatus  comprising  means  for  extrusion  of  molten  m e t a l l i c  

mate r ia l ,   whereby  the  extrudate  is  formed  into  a  t r a n s i e n t l y  

unstable  s ta te   which  is  subsequently  s t ab i l i s ed   by  s o l i d i f i c a t i o n .  



14.  Apparatus  according  to  claim  13  in  which  the  e x t r u s i o n  

means  comprises  a  ro ta t ab le   r e se rvo i r   for  holding  a  quantity  o f  

molten  me ta l l i c   material   and  equipped  at  the  periphery  t h e r e o f  

with  one  or  more  extrusion  o r i f i c e s .  

15.  Apparatus  according  to  claim  14  in  which  the  e x t r u s i o n  

o r i f i c e s   are  150  microns  or  less  in  d i a m e t e r .  










