
J E u r o p a i s c h e s   

Patentamt  

European  Patent  Office  ©  Publication  number:  0  0 5 2   3 8 0  

Office  europeen  des  brevets  A 2  

©  EUROPEAN  PATENT  APPLICATION 

©  Application  number:  81109785.6  ©Int.  CI.3:  B  21  D  3 7 / 2 0  

©  Date  of  filing:  19.11.81 

©  Priority:  19.11.80  DK  4940/80  ©  Applicant:  Aktieselskabet  Aalborg 
Portland-Cement-Fabrik 
Roerdalsvej  44  P.O.  Box  165 

©  Dateof  publication  of  application:  DK-9100  Aalborg(DK) 
26.05.82  Bulletin  82/21 

@  Inventor:  Andersen,  Arne 
©  Designated  Contracting  States:  Soparken  61  Klokkerholm 

AT  BE  CH  DE  FR  GB  IT  LI  LU  NL  SE  DK-9320  Hjallerup(DK) 

©  Inventor:  Larsen,  Niels  Jorgen 
Ranunkelvej  4  Klokkerholm 
DK-9320  Hjallerup(DK) 

©  Representative:  Patentanwarte  Grunecker, 
Dr.Kinkeldey  Dr.Stockmair,  Dr.Schumann  Jakob, 
Dr.Bezold  Meister,  Hilgers,  Dr.Meyer-Plath 
Maximilianstrasse  43 
D-8000  Munchen  22(DE) 

CM 
<  

O  
00 
CO 

M 
If) 
o  

Q. 
LU 

©  Tool  for  shaping  articles. 

A  tool  for  shaping  articles,  such  as  tools  for  drawing, 
bending,  and  vacuum  shaping,  e.g.,  for  making  automobile 
body  parts,  has  an  active  shaped  surface  part  which  is  made 
by  casting  a  cement-bound  material  (15)  directly  against  the 
corresponding  surface  part  of  the  model  (12).  This  cement- 
bound  material  (15)  has  a  coherent  matrix  comprising 

A)  homogeneously  arranged  inorganic  solid  particles  of 
a  size  of  from  about  50  A  to  about  0.5  µm,  or  a  coherent 
structure  formed  from  such  homogeneously  arranged 
particles,  and 
B)  densely  packed  solid  particles  having  a  size  of  the 
order  of  0.5  -   100  µm  and  being  at  least  one  order  of 
magnitude  larger  than  the  respective  particles  stated 
under  A),  or  a  coherent  structure  formed  from  such 
densely  packed  particles,  the  particles  B  preferably  being 
Portland  cement  particles. 
Particles  A  are  preferably  ultrafine  silica  particles  formed 

by  growth  from  vapour  phase  and  are  substantially  densely 
packed  in  the  voids  between  the  particles  B.  Particles  A  are 
especially  present  in  an  amount  of  10  -   30%  by  volume, 
calculated  on  the  combined  volume  of  the  particles  A  +  B. 
Composite  material  for  forming  the  matrix  typically  compris- 
es  Portland  cement,  ultrafine  silica,  water  in  low  proportion, 
and  a  concrete  superplasticizer  in  high  proportion,  optionally 
with  additional  bodies  such  as  fibers,  and  is  easily  shape- 
able. 

Preferably,  matrix  additionally  comprises  particles 
which  are  of  a  strong  material  such  as  refractory  grade 
bauxite,  and  is  reinforced.  Tool  is  easy  to  make  and  has  a 
long  useful  life. 



The  p r e s e n t   invent ion  relates  to  a  tool  for  shaping  of  articles  from  a 
basic  mater ia l ,   especial ly  from  a  sample  of  plate  or  sheet  material,   b y  

applying  compres s ive   forces  t he re to ,   such  as  tools  or  molds  for  v a -  

cuum  shap ing   and  press   too l s .  

Press  tools  normally  include  a  female  part   or  die  as  well  as  a  male 

par t ,   and  when  the  article  to  be  shaped  is  of  a  complicated  s h a p e ,  

the  tool  par ts   are  of  a  c o r r e s p o n d i n g l y   complicated  shape.  F u r t h e r -  

more,  the  tool  parts   must  be  made  from  a  material  with  mechanica l  

p rope r t i e s   which  allow  t r a n s f e r   of  the  neces sa ry   p r e s s u r e   to  t h e  

sample  with  re tent ion  of  the  geometric  shapes   of  the  tool  par t s ,   o f t e n  

within  narrow  limits  or  to le rances .   T r a d i t i o n a l l y ,   press  tools  are  made  

from  steel,  and  the  shaping  surface   par ts   of  the  tool  are  subjec ted   to  

a  f in i sh ing   t r e a t m e n t   by  various  kinds  of  machining,   such  as  mi l l ing,  

g r i n d i n g ,   po l i sh ing ,   e t c .  

It  is  also  known  to  obtain  a  desired  shape  of  the  working  sur faces   of 

a  press   tool  by  cast ing  them  agains t   a  model,  but  this  molding  p r o -  

cess,   which,  in  pr inciple ,   is  simple,  incurs   a  number  of  d i f f i c u l t i e s .  

Because  of  excess ive   thermal  volume  changes   on  solidification  it  does  

not  seem  possible   in  pract ice  to  p r e c i s i o n - s h a p e   surfaces   by  c a s t i n g  

melts  (cast  iron,  glass,   ceramics)  which  are  fluid  at  high  t e m p e r a -  

tures   and  solidify  to  hard,  s t rong  mater ia ls .   On  the  other  hand,  most  

of  the  cas t ing  masses  which  are  in  fact  capable  of  being  shaped  a t  

room  t e m p e r a t u r e   and  hardening   or  se t t ing  at  room  t e m p e r a t u r e   h a v e  

poor  mechanical  s t r eng th   (p las te r ,   bakeli te)   and /o r   give  rise  to  hea l th  

or  env i ronmenta l   problems  ( e p o x y ) .  

According  to  the  invent ion,   it  has  been  found  that  new,  very  s t r o n g  

and  dense  mater ials ,   in  par t icu la r   c e m e n t - b o u n d   materials ,   of  the  k ind  

disclosed  e .g.   in  Internat ional   Patent  Application  No.  PCT/DK79/00047 ,  

Publication  No.  WO  80/00959,  and  Danish  Patent  Application  No. 

1945/80,  and  appl icat ions  claiming  p r ior i ty   t he re f rom,   including  I n t e r -  



national  Patent   Appl icat ion  No.  PCT/DK81/00048,   Publication  No.  WO 

81/03170,  European   Patent   Application  No.  81103363.8  and  D a n i s h  

Patent   Appl icat ion  No.  1957/81,  the  con ten t s   of  which  appl ica t ions   a r e  

i n c o r p o r a t e d   herein  by  r e f e rence ,   are  s u r p r i s i n g l y   well  sui ted  f o r  

tools  for  shaping   ar t ic les   by  compress ion  and  possess   combinat ions   of 

p r o p e r t i e s   and  p e r f o r m a n c e   for  this  p u r p o s e   which  have  always  b e e n  

d e s i r e d ,   but  have  never   been  achieved  before .   These   mater ia ls ,   w h i c h  

in  the  following  speci f ica t ion   and  claims  will  be  d e s i g n a t e d   "DSP 

mater ia l s" ,   may  be  shaped   in  an  e x t r a o r d i n a r i l y   easy  manner ,   as  t h e y  

show  far  be t t e r   cas t ing   pe r fo rmance   than  normal  c e m e n t - b a s e d   m a t e -  

rials.  In  spite  of  this ,   the  DSP  materials   may  attain  c o m p r e s s i v e  

s t r e n g t h s   which  are  up  to  4  -   6  times  the  compress ive   s t r e n g t h   of 

normal  c e m e n t - b a s e d   p r o d u c t s ,   in  special  embodiments   even  as  high  as  

the  yield  s t ress   of  iron  (about  260  MPa),  and  they  show  far  b e t t e r  

cas tab i l i ty   than  normal  c e m e n t - b a s e d   mater ia ls .   The  sur face   s t r u c t u r e  

of  a  model  aga ins t   which  the  materials  are  cast  is  r e p r o d u c e d   v e r y  

p rec i se ly .   Thus ,   in  precis ion  cas t ing ,   even  f i n g e r p r i n t s   are  r e p r o -  
duced  exact ly .   In  addit ion  to  p rov id ing   the  ex te r io r   spatial  l imi ta t ions  

n e c e s s a r y   in  such  tools,  the  DSP  materials   permit ,   in  a  very  s imple  

way,  cast ing  of  o ther   components   into  the  mass  of  the  c e m e n t - b a s e d  

material ,   e . g . ,   components   in  the  form  of  bars  or  f ibers  and  the  l ike ,  

to  impart  t o u g h n e s s   to  the  material .   Also,  it  is  possible  with  g r e a t  

ease  to  i nco rpo ra t e   fine  piping  or  small  channe ls   in  the  material  in 

o rder   to  permit   liquid  and  gas  t r a n s p o r t   from  or  to  the  shaping  z o n e ,  
and  f u t h e r m o r e ,   components   of  pa r t i cu l a r l y   high  ha rdnes s   such  as  

steel  or  hard  metal  bodies  may  be  i n c o r p o r a t e d   at  zones  where  e x -  

t remely  high  loads  are  incur red   dur ing   the  compression  s h a p i n g  

p r o c e s s .  

High  qual i ty   tools  for  shaping  art icles  are  often  expens ive   to  p r o d u c e  

and,  t h e r e f o r e ,   are  normally  only  economical  if  the  number  of  a r t i c l e s  

to  be  shaped  is  very  high.  In  a  great   number   of  cases,   there   is  a 

demand  for  a  p roduc t ion   of  smaller  series  of  the  articles  to  be  p r o -  

duced ,   and  for  such  cases ,   the  new  high  qual i ty   cemen t -based   DSP 

p roduc t s   r e p r e s e n t   a  promising  poss ibi l i ty   as  the  p repa ra t ion   of  t h e  

tool  is  cheap,   fast   and  simple  to  perform  and  does  not  require   spec ia l  

m e a s u r e s .  



As  descr ibed   in  the  above -men t ioned   patent   appl ica t ions ,   DSP  m a t e -  

rials  (DSP  des igna t e s   Densified  Systems  conta in ing  h o m o g e n e o u s l y  

a r r anged   ul t raf ine   Pa r t i c l es )   are  c h a r a c t e r i z e d   by  comprising  a  m a t r i x  

which  c o m p r i s e s  

A)  homogeneously   a r r a n g e d   solid  par t ic les   of  a  size  of  from  a b o u t  

50A  to  about  0.5  pm,  or  a  coheren t   s t r u c t u r e   formed  from  s u c h  

homogeneously  a r r a n g e d   par t ic les ,   a n d  

B)  densely  packed  solid  par t ic les   having  a  size  of  the  order   of  

0 . 5  -   100  pm  and  being  at  least  one  order   of  magni tude  l a r g e r  

than  the  r e spec t ive   par t ic les   stated  under   A),  or  a  c o h e r e n t  

s t r u c t u r e   formed  from  such  densely  packed  p a r t i c l e s ,  

the  part icles   A  or  the  coheren t   s t r u c t u r e   formed  t h e r e f r o m  

being  homogeneous ly   d i s t r i bu t ed   in  the  void  volume  b e t w e e n  

the  part icles  B,  

the  dense  packing  being  subs t an t i a l l y   a  packing  c o r r e s p o n -  

ding  to  the  one  obta inable   by  gentle  mechanical  influence  on  a 

system  of  geometr ical ly   equally  shaped  large  part icles   in 

which  locking  sur face   forces  do  not  have  any  s i g n i f i c a n t  

e f f e c t ,  

optionally  addit ional ly  compr is ing ,   embedded  in  the  m a t r i x ,  

C)  compac t - shaped   solid  part icles  of  a  material  having  a  s t r e n g t h  

exceeding  that   of  o r d i n a r y   sand  and  stone  used  for  o rd inary   c o n -  

crete,   typical ly  a  s t r e n g t h   c o r r e s p o n d i n g   to  at  least  one  of  t h e  

following  c r i t e r i a :  

1)  a  die  p r e s s u r e   of  above  30  MPa  at  a  degree  of  packing  of 

0.70,  above  50  MPa  at  a  degree  of  packing  of  0.75,  and  a b o v e  

90  MPa  at  a  degree   of  packing  of  0.80,  as  assessed  (on  p a r -  

ticles  of  the  material  having  a  size  ratio  between  the  l a r g e s t  

and  smallest  part ic le   subs tan t i a l ly   not  exceeding  4)  by  t h e  

method  desc r ibed   in  Internat ional   Patent  Application  No. 



PCT/DK81/00048,   Publ icat ion  No.  WO  81/03170,  E u r o p e a n  

Patent   Application  No.  81103363.8  and  Danish  Patent  A p p l i c a -  

tion  No.  1957/81, 

2)  a  compress ive   s t r e n g t h   of  a  composite  material  with  t h e  

par t ic les   embedded  in  a  specif ied  matrix  exceeding   170  MPa 

(in  case  of  a  subs t an t i a l   amount  of  the  par t ic les   being  l a r g e r  

than  4  mm)  and  200  MPa  (in  case  of  subs t an t i a l l y   all  p a r t i c l e s  

being  smaller  than  4  mm),  as  a ssessed   by  the  method  d e -  

scr ibed  in  In te rna t iona l   Patent   Application  No.  P C T / D K 8 1 / -  

00048,  Publication  No.  WO  81/03170,  European  Patent  A p p l i -  

cation  No.  81103363.8  and  Danish  Patent  Application  No. 

1957/81, 

3)  a  Moh's  ha rdnes s   ( r e f e r r i n g   to  the  mineral  c o n s t i t u t i n g   t h e  

par t ic les )   exceeding   7  a n d  

4)  a  Knoop  inden tor   h a r d n e s s   ( r e f e r r i n g   to  the  mineral  c o n -  

s t i tu t ing   the  par t ic les )   exceed ing   800, 

said  par t ic les   having  a  size  of  100  lim -  0.1  m, 

and  o p t i o n a l l y  

D)  addit ional  bodies  which  have  at  least  one  dimension  which  is  a t  

least  one  order   of  magni tude   la rger   than  the  par t ic les   A. 

Pa r t i cu l a r   examples  of  the  bodies  A,  B,  C,  and  D  appear   from  t h e  

a b o v e - m e n t i o n e d   patent   appl ica t ions   (in  In te rna t iona l   Patent  A p p l i -  

cation  No.  PCT/DK79/00047,   Publicat ion  No.  WO  80/00959,  the  bod i e s  

D  of  the  p r e sen t   application  are  termed  bodies  C ) .  

The  bodies  B  are  typical ly  par t ic les   which  cure  by  partial  d i s s o l u t i o n  

in  a  l iquid,  chemical  reaction  in  the  d issolved  phase,   and  p r e c i p i t a t i o n  

of  a  reaction  p roduc t .   In  p a r t i c u l a r ,   the  bodies  B  are  of  an  i n o r g a n i c  

b inde r   such  as  cement.  Often,   at  least  20%  by  weight  of  the  bodies  B 



are  Port land  Cement;  it  is  p r e f e r r e d   that   at  least  50%  by  weight  of 

the  bodies  B  are  Por t land  cement,   and  in  p a r t i c u l a r ,   it  is  p r e f e r r e d  

tha t   the  par t ic les   B  e ssen t i a l ly   consis t   of  Por t land  cement  p a r t i c l e s .  

The  bodies  B  may,  in  addi t ion ,   comprise  par t ic les   selected  from  f i ne  

sand,   fly  ash,  and  fine  chalk.   The  bodies  A  are  also  p a r t i c u l a r l y  

par t ic les   which  cure  by  partial   dissolut ion  in  a  l iquid,  chemical  r e -  

action  in  the  solution,   and  p rec ip i ta t ion   of  a  reaction  p roduc t ,   e s -  

pecially  par t ic les   which  show  a  subs t an t i a l l y   lower  r eac t iv i ty   than  t h e  

par t ic les   B,  or  s u b s t a n t i a l l y   no  reac t iv i ty .   Typ ica l ly ,   the  bodies  A 

are  inorganic   bodies  of  the  types   disclosed  in  the  a b o v e - m e n t i o n e d  

pa ten t   appl ica t ions ,   in  p a r t i c u l a r ,   e . g . ,   par t ic les   of  "silica  d u s t " ;  

silica  dust   normally  has  a  part icle   size  in  the  range  of  from  a b o u t  

50  A  to  about  0.5  µm,  typica l ly   from  about  200 A  to  about  0.5  µm, 
and  is  an  S i02-r ich   material  p roduced   as  a  b y - p r o d u c t   in  the  p r o -  
duct ion  of  silicium  metal  or  ferrosi l ic ium  in  electr ical   f u r n a c e s .   T h e  

specific  sur face   area  of  silica  dust   is  about  50 ,000  -   2 ,000,000  c m 2 / g ,  

in  pa r t i cu l a r   about  250,000  c m 2 / g .  

The  bodies  A  may  also,  e . g . ,   comprise  fly  ash,  in  pa r t i cu l a r   fly  a sh  

which  has  been  finely  g r o u n d ,   in  pa r t i cu la r   to  a  specific  sur face   a r e a  

(Blaine)  of  at  least  5000  cm2/g,   in  pa r t i cu la r   at  least  7000  cm2/g,  a n d  

often  at  least  10,000  c m 2 / g .  

The  bodies  A  are  normally  p r e sen t   in  a  volume  of  0 . 1  -   50%  by  vo-  

lume,  p re fe rab ly   5  -   50%  by  volume,  and  in  pa r t i cu l a r   10  -   30%  b y  

volume,  of  the  total  volume  of  bodies  A  + B.  In  most  cases,   the  most  

valuable   s t r eng th   p r o p e r t i e s   are  obta inable   when  both  the  bodies  A 

and  the  bodies  B  are  dense ly   p a c k e d .  

The  amount  of  silica  dust   to  secure  a  dense  packing  of  the  silica  d u s t  

par t ic les   depends   on  the  grain  size  d i s t r ibu t ion   of  the  silica  d u s t  

and,  to  a  large  ex ten t ,   on  the  void  available  between  the  d e n s e l y  

packed  part icles   B.  Thus ,   a  we l l -g raded   Portland  cement  c o n t a i n i n g  

addi t ional ly   30%  of  fine  spher ica l ly   shaped  fly  ash  par t ic les   will  l eave  

a  much  smaller  available  void  for  the  silica  dust   when  densely  p a c k e d  

than  c o r r e s p o n d i n g l y   dense ly   packed  cement  in  which  the  grains  a r e  

of  equal  size.  In  systems  in  which  the  part icles   B  are  mainly  P o r t l a n d  



cement,   dense  packing  of  silica  dust   would  most  likely  c o r r e s p o n d   t o  

silica  dust   volumes  from  15  to  50%  by  volume  of  par t ic les   A  +  p a r t i c l e s  

B.  Similar  c o n s i d e r a t i o n s   apply  to  sys tems  compr is ing   o ther   types   of  

par t ic les   A  and  B. 

Quar tz   sand  may  typ ica l ly   be  used  as  par t ic les   D. 

According   to  one  a spec t   of  the  p r e sen t   i nven t ion ,   sand  materials   a r e  
used  which  are  s t r o n g e r   (bodies  C)  than  the  sand  materials  used  i n  

o r d i n a r y   concre te .   (Typ ica l ly ,   concre te   sand  used  in  o r d i n a r y   c o n -  

cre te   consis ts   of  o r d i n a r y   rock  such  as  g r an i t e ,   gne iss ,   s a n d s t o n e ,  

flint  and  limestone  compr i s ing   minerals  such  as  q u a r t z ,   f e l spa r ,   mica ,  

calcium  c a r b o n a t e ,   silicic  acid,  e t c . )  

Various  kinds  of  compar ison  tests  may  be  used  to  assess  that   p a r -  
t icular   sand  and  stone  materials   (bodies  C)  are  s t r o n g e r   than  o r -  

d inary   concre te   sand  and  s tone,   e . g .  

1)  measurement   of  h a r d n e s s  

2)  de te rmina t ion   of  the  c rush ing   s t r e n g t h   of  a  single  p a r t i c l e  

3)  ha rdnes s   of  the  minerals   of  which  the  sand  and  s t o n e  

materials  are  c o m p o s e d  

4)  de te rmina t ion   of  r e s i s t ance   to  powder  c o m p r e s s i o n  

5)  abrasion  t e s t s  

6)  g r ind ing   t e s t s  

7)  measuremen t   of  s t r e n g t h   on  a  composite  material  c o n t a i n i n g  

the  p a r t i c l e s .  

Examples  of  bodies  C  with  high  s t r eng th   and  h a r d n e s s   are  r e f r a c t o r y  

grade   bauxi te   con ta in ing   85%  AI203  ( co rundum)   and  silicon  c a r b i d e .  

Both  materials  have  c o n s i d e r a b l y   higher   h a r d n e s s   than  the  minerals  in 

o r d i n a r y   sand  and  s tone.   Thus ,   both  co rundum  and  silicon  c a r b i d e  

are  repor ted   to  have  a  ha rdnes s   of  9  accord ing   to  Moh's  h a r d n e s s  

scale,  and  the  Knoop  inden to r   ha rdnes s   is  r epor ted   to  be  1635 -  1680 

for  aluminum  oxide  ( co rundum)   and  2130 -  2140  for  silicon  c a r b i d e ,  

while  quar tz ,   which  is  one  of  the  ha rdes t   minerals  in  o rd ina ry   c o n -  



crete   sand  and  stone,  has  a  Moh's  ha rdness   of  7  and  a  Knoop  i n d e n -  

tor  h a r d n e s s   of  710 -  790  (George  S.  Brady  and  Henry  R.  C l a u s e r ,  

Materials  Handbook,   11th  ed . ,   McGraw -  Hill  Book  C o m p a n y ) .  

The  high  s t r e n g t h   of  these   materials  compared  to  o r d i n a r y   c o n c r e t e  

sand  and  stone  has  been  demons t r a t ed   by  powder  compaction  t e s t s  

and  by  tests   with  mortar  and  concre te   with  s i l ica-cement   b inder   w h e r e  

the  materials   were  used  as  sand  and  s t o n e .  

Many  other   materials  than  the  two  above-ment ioned   materials  may,  of 

course ,   be  used  as  s t rong  sand  and  stone  materials  (bodies  C ) .  

Typica l ly ,   materials  with  a  Moh's  ha rdness   exceeding  7  may  be  u s e d ,  

e .g .   topaz,   lawsonite,   diamond,  corundum,   phenac i te ,   spinel ,   b e r y l ,  

c h r y s o b e r y l ,   tourmoline,   g ran i te ,   anda lus i te ,   s t auro l i t e ,   z i r c o n e ,  

boron  ca rb ide ,   t u n g s t e n   c a r b i d e .  

The  ha rdnes s   cr i ter ion  could,  of  course ,   also  be  s ta ted  as  Knoop 

inden to r   ha rdness   where  minerals  having  values  above  the  value  of 

qua r t z   (710 -  790)  must  be  cons idered   s t rong  materials  compared  with 

the -minera l s   cons t i tu t ing   o rd ina ry   concrete   sand  and  s t o n e .  

Thus ,   the  bodies  C  are  typical ly  bodies  of  materials  conta ining  s t r o n g  
natural   minerals ,   s t rong  artificial  minerals,   and  s t rong  metals  a n d  

alloys,  in  par t icu la r   of  such  materials  that  the  s t r e n g t h   of  the  p a r -  
ticles  c o r r e s p o n d i n g   to  at  least  one  of  the  following  c r i t e r i a :  

1)  a  die  p r e s s u r e   of  above  30  MPa  at  a  degree   of  packing  of 

0.70,  above  50  MPa  at  a  degree   of  packing  of  0.75,  and  above  90 

MPa  at  a  degree  of  packing  of  0.80,  p re fe rab ly   above  45  MPa  at  a 

degree   of  packing  of  0.70,  above  70  MPa  at  a  degree   of  p a c k i n g  

of  0.75,  and  above  120  MPa  at  a  degree  of  packing  of  0.80,  as 

a ssessed   (on  part icles  of  the  material  having  a  size  ratio  be tween  

the  largest   and  the  smallest  part icles  subs t an t i a l l y   not  e x c e e d i n g  

4)  by  the  method  descr ibed   In ternat ional   Patent  Application  No. 

PCT/DK81/00048  Publication  No.  WO  81/03170,  European  P a t e n t  

Application  No.  81103363.8  and  Danish  Patent  Application  No. 

1957/81, 



2)  a  compress ive   s t r e n g t h   of  a  composite  material  with  the  p a r -  
ticles  embedded  in  a  specif ied  matrix  exceed ing   170  MPa  (in  c a s e  
of  a  subs t an t i a l   amount  of  the  par t ic les   being  larger   than  4  mm) 

and  200  MPa  (in  case  of  s u b s t a n t i a l l y   all  par t ic les   being  smal le r  

than  4  mm),  p r e f e r a b l y   exceeding   200  MPa  (in  case  of  a  s u b s t a n -  

tial  amount  of  the  par t ic les   being  l a rger   than  4  mm)  and  220  MPa 

(in  case  of  s u b s t a n t i a l l y   all  par t ic les   being  smaller  than  4  mm),  as  

a s sessed   by  the  method  desc r ibed   in  In t e rna t iona l   Patent  App l i -  

cation  No.  PCT/DK81/00048,   Publication  No.  WO  81/03170,  E u r o -  

pean  Patent  Applicat ion  No.  81103363.8  and  Danish  Patent  Appli~` 

cation  No.  1957/81, 

3)  a  Moh's  h a r d n e s s   ( r e f e r r i n g   to  the  mineral  cons t i tu t ing   t h e  

par t ic les )   exceeding   7,  p r e f e r a b l y   exceed ing   8,  

4)  a  Knoop  inden to r   ha rdnes s   ( r e f e r r i n g   to  the  mineral  c o n s t i t u -  

ting  the  par t ic les )   exceeding   800,  p r e f e r a b l y   exceding  1500. 

The  bodies  C  increase   the  s t r e n g t h   of  tools  made  of  DSP  materials  in 

that ,   con t r a ry   to  normal  sand  and  stone  used  in  connection  wi th  

cement  matr ices ,   they  have  s t r e n g t h s   which  are  of  the  same  level  as  

the  DSP  matrix  p rope r ,   such  as  d i scussed   in  detail  in  I n t e r n a t i o n a l  

Patent  Application  No.  PCT/DK81/00048,   Publicat ion  No.  WO  81 /03170 ,  

European  Patent  Applicat ion  No.  81103363.8  and  Danish  Patent  App l i -  

cation  No.  1957/81.  The  bodies  C  are  typica l ly   p r e s e n t   in  a  vo lume 

which  is  about  10  -   90%  by  volume,  p r e f e r a b l y   30  -   80%  by  vo lume ,  

and  in  pa r t i cu la r   5 0  -   70%  by  volume,  of  the  total  volume  of  t h e  

bodies  A,  B,  and  C.  It  is  often  p r e f e r r e d   that   the  bodies  C  are  a l so  

subs t an t i a l l y   densely  p a c k e d .  

The  DSP  matrix  may  f u r t h e r   contain,   embedded  the re in ,   p r o p e r t y -  

improving  bodies  which  are  typical ly  f ibers   a n d / o r   plates  s e l e c t e d  

from  the  group  cons i s t ing   of  metal  f ibers ,   including  steel  f i b e r s ,  

mineral  f ibers ,   glass  f ibers ,   asbestos   f ibers ,   high  t e m p e r a t u r e   f i b e r s ,  

carbon  fibers  and  organic   f ibers ,   including  plast ics   f ibers ,   such  as  

po lyp ropy l ene   f ibers ,   po lye thy lene   f ibe rs ,   nylon  f ibers ,   Kevlar  f i b e r s  

and  other   aromatic  f ibers ,   wh i ske r s ,   including  inorganic   non -me ta l l i c  



whiskers   such  as  g r a p h i t e   and  AI203  wh i ske r s ,   wol las toni te ,   a s b e s t o s ,  

and  other   inorganic  s y n t h e t i c   or  na tura l ly   occur ing  inorganic   f i b e r s ,  

metallic  wh i ske r s ,   such  as  iron  wh i ske r s ,   and  mica.  When  the  DSP 

matrix  is  e s tab l i shed   by  o r d i n a r y   in termixing  and  cast ing  t e c h n i q u e s ,  

the  f ibers  (or  yarns   or  rovings)   are  normally  chopped  f ibers  ( o r  

ya rns   or  rovings)   and  are  typical ly   p r e sen t   in  an  amount  of  1  -  5% 

by  volume  when  they  have  an  aspect   ratio  of  more  than  100  or  up  t o  

5  -   10%  by  volume  when  they  have  an  aspect   ratio  of  10  to  100. 

Larger   amounts  of  chopped  f ibers   may  be  i ncorpora ted   in  these  t e c h -  

niques  by  combining  large  and  small  f ibers ,   e .g.   by  use  of  an  0 . 1  -  

1  mm  thick  steel  fiber  in  combination  with  a  10  11m  glass  f i b e r .  

It  has  often  been  found  su i table   to  re inforce  the  DSP  mass  for  p r e p a -  
ration  of  the  tool  with  chopped  steel  f ibers ,   pa r t i cu l a r ly   steel  f i b e r s  

of  a  length  of  from  about   5  mm  to  about  50  mm,  in  pa r t i cu la r   f rom 

about  10  to  about  30  mm,  e .g .   steel  f ibers  of  about  10 -  15  mm,  o r  

steel  f ibers  of  about  20  -   30  mm,  or  mixtures   thereof ,   the  t h i c k n e s s  

being  of  about  0 .2  -   1  mm,  e .g .   0 . 3  -   0.6  mm.  The  steel  fibers  may 
also  have  a  pa r t i cu la r   geometr ic   conf igura t ion   enhancing   their   f ixa t ion  

or  anchor ing   in  the  material;   for  example,  they  may  show  i n d e n t a t i o n s  

at  their   surfaces   or  may  be  shaped  with  hooks  or  other  p r o t r u s i o n s  

secur ing   a  maximum  anchor ing   in  the  m a t r i x .  

Examples  of  additional  bodies  D  which  are  a d v a n t a g e o u s l y   i n c o r p o r a t e d  

in  the  articles  of  the  invent ion  are  metal  bars ,   including  r e i n f o r c i n g  

steel  bars  or  rods,  which  may  be  p r e - s t r e s s e d .   When  the  ma te r i a l s  

comprise  additional  bodies  D,  it  may  be  a t t r ac t ive   for  opt imum 

s t r e n g t h   and  rigidity  or  for  other   purposes   to  obtain  dense  p a c k i n g  

of  the  additional  bodies.   The  easily  deformable  (easily  f lowable)  

matrix  permits  a  cons ide rab ly   dense r   a r r a n g e m e n t   of  additional  bod ies  

than  was  obtainable  in  the  known  a r t .  

Especially  the  incorpora t ion   of  f ibers  is  of  great   in te res t   due  to  t h e  

unique  capabili ty  of  the  DSP  matrix  with  respect   to  anchor ing   f i b e r s .  

The  par t i cu la r   type  and  conf igura t ion   of  fiber  will  depend  upon  t h e  

pa r t i cu l a r   field  of  use  of  the  tool,  the  general  principle  being  t h a t  

the  larger  the  dimensions  of  the  tool,  the  longer  and  coarser   are  t h e  

p r e f e r r e d   f i b e r s .  



Especial ly  when  the  tools  of  the  invent ion  are  of  large  sizes,  they  a r e  

p r e f e r a b l y   re inforced   with  r e in forc ing   steel  such  as  bars  or  rods  o r  

steel  wires  or  f ibers .   Due  to  the  very  gent le   condi t ions   under  wh ich  

the  material  can  be  s h a p e d ,   the  r e in forc ing   bodies  can  retain  t h e i r  

geometr ic   identi ty  du r ing   the  cas t ing   p r o c e s s .  

Accord ing   to  a  p a r t i c u l a r   embodiment ,   the  DSP  matrix  (in  p a r t i c u l a r  

adjacent   to  the  active  su r f ace   part   of  the  shaping   tool)  comprises  an 

addit ional   solid  s u b s t a n c e   in  the  voids  of  the  s t r u c t u r e   formed  f rom 

the  par t ic les   A  and  B.  This  addit ional  solid  s u b s t a n c e   may,  e . g . ,   b e  

selected  from  the  group  cons i s t ing   of  o rganic   polymers  such  as  p o l y -  

m e t h y l m e t h a c r y l a t e   or  p o l y s t y r e n e ,   low-melting  metals,  and  i n o r g a n i c  

metalloid  solids  such  as  s u l f u r .  

As  desc r ibed   in  the  a b o v e - m e n t i o n e d   pa tent   app l ica t ions ,   the  DSP 

material  may  be  cast  by  c o m b i n i n g  

A)  inorganic   solid  par t ic les   of  a  size  of  from  about   50  A  to  a b o u t  

0.5  µm,  a n d  

B)  solid  par t ic les   having  a  size  of  the  o rder   of  0 . 5  -   100  µm  a n d  

being  at  least  one  o rder   of  magni tude   larger   than  the  r e s p e c t i v e  

par t ic les   stated  under   A ) ,  

a  l i qu id ,  

and  a  s u r f a c e - a c t i v e   d i s p e r s i n g   a g e n t ,  

the  amount  of  par t ic les   B  subs t an t i a l l y   c o r r e s p o n d i n g   to  dense  p a c k -  

ing  thereof   in  the  composite  material  with  homogeneously   p a c k e d  

par t ic les   A  in  the  voids  between  par t ic les   B,  the  amount  of  l iqu id  

subs t an t i a l l y   c o r r e s p o n d i n g   to  the  amount  n e c e s s a r y   to  fill  the  v o i d s  

between  part icles   A  and  B,  and  the  amount  of  d i spe r s ing   agent  b e i n g  

suff ic ient   to  impart  to  the  composite  material  a  fluid  to  plastic  c o n s i s -  

tency  in  a  low  s t r e s s   field  of  less  than  5  kg/cm2,   p re fe rab ly   l ess  

than  100  g / c m  ,  



o p t i o n a l l y  

bodies  C)  as  defined  a b o v e ,  

and  o p t i o n a l l y  

D)  additional  bodies  which  have  at  least  one  dimension  which  is  a t  

least  one  order   of  magn i tude   larger   than  the  par t ic les   A, 

by  mechanically  mixing  the  par t ic les   A,  the  liquid,  and  the  s u r f a c e  

active  d i spe r s ing   agent ,   opt ional ly   t o g e t h e r   with  par t ic les   B,  p a r t i c l e s  

C  a n d / o r   additional  bodies  D,  until  a  viscous  to  plastic  mass  has  b e e n  

o b t a i n e d ,  

and  t h e r e a f t e r ,   if  n e c e s s a r y   or  if  des i r ed ,   combining  the  r e s u l t i n g  

mass  with  part icles   a n d / o r   bodies  of  the  type  mentioned  above  (B,  C ,  

D)  by  mechanical  means  to  obtain  the  des i red   d i s t r ibu t ion   of  t h e  

components ,   and  s u b s e q u e n t l y   cast ing  the  resul t ing   mass  in  a  low 

s t ress   field  so  as  to  obtain  at  least  part   of  said  shaped  surface   p a r t ,  

optionally  with  incorpora t ion   of  par t ic les   C  and /o r   additional  bodies  D 

dur ing   the  c a s t i n g .  

The  s t ress   field  r e spons ib le   for  the  shaping  of  the  mass  will  normal ly  

be  a  s t ress   field  mainly  due  t o  

g rav i ty   forces  acting  on  the  m a s s ,  

or  forces  of  inertia  acting  on  the  m a s s ,  

or  contact   f o r c e s ,  

or  the  s imultaneous  acting  of  two  or  more  of  the  above  f o r c e s ,  

In  pa r t i cu la r ,   the  s t ress   field  will  be  due  to  oscillating  forces  with  a 

f r e q u e n c y   between  0.1  Hz  and  106  Hz,  the  oscil lating  forces  being  of 

the  type  stated  above,  or  a  combination  of  such  oscillating  forces  wi th  

non-osc i l la t ing   forces  of  the  type  stated  a b o v e .  

When  the  bodies  A  are  silica  dust  and  the  bodies  B  are  P o r t l a n d  

cement,   the  liquid  is  water ,   and  the  d i spe r s ing   agent  is  typically  a 



concre te   s u p e r p l a s t i c i z e r   of  the  kind  d i s cus sed   in  In te rna t iona l   P a t e n t  

Applicat ion  No.  PCT/DK79/00047 ,   Publication  No.  WO  80/00959,  o r  

In te rna t iona l   Patent   Appl icat ion  No.  PCT/DK81/00048,   Publ icat ion  No. 

WO  81/03170,  European   Patent   Applicat ion  No.  81103363.8  and  D a n i s h  

Patent   Applicat ion  No.  1957/81. 

The  s u r f a c e - a c t i v e   d i s p e r s i n g   agent   is  normally  p r e s e n t   in  an  a m o u n t  

suf f ic ien t   to  allow  a  fluid  to  plastic  cons i s t ency   of  the  material  in  a 

low  s t r e s s   field  of  less  than  5  kg/cm2,   p r e f e r a b l y   less  than  100  g / c m 2 ,  

and  the  ideal  amount  of  the  d i s p e r s i n g   agent   is  one  which  s u b s t a n t i -  

ally  c o r r e s p o n d s   to  the  amount  which  will  fully  occupy  the  su r f ace   of  

the  par t ic les   A  of  Fig.  2  in  In te rna t iona l   Patent  Applicat ion  No. 

P C T / D K 7 9 / 0 0 0 4 7 .  

Any  type  of  d i s p e r s i n g   agent ,   in  p a r t i c u l a r   concre te   s u p e r p l a s t i c i s e r ,  

which  in  suf f ic ien t   amount  will  d i s p e r s e   the  system  in  a  low  s t r e s s  

field,  is  useful  for  the  p u r p o s e   of  the  invent ion .   The  conc re te   s u p e r -  

p las t i c i se r   type  which  has  been  used  in  the  examples  is  of  the  t y p e  

compris ing  alkali  or  alkal ine  earth  metal  sal ts ,   in  p a r t i c u l a r   a  s o d i u m  

or  calcium  salt,  of  a  highly  condensed   naph tha l ene   su lphon ic   a c i d / -  

f o rma ldehyde   c o n d e n s a t e ,   of  which  typical ly   more  than  70%  by  w e i g h t  

consis t   of  molecules  con ta in ing   7  or  more  naph tha l ene   nuclei.  A  com- 

mercial  p r o d u c t   of  this  type   is  called  "Mighty"  and  is  m a n u f a c t u r e d  

by  Kao  Soap  Company,   Ltd . ,   Tokyo,   Japan .   In  the  Port land  c e m e n t -  

based  silica  d u s t - c o n t a i n i n g   DSP  materials   used  accord ing   to  t h e  

invent ion ,   this  type  of  concre te   s u p e r p l a s t i c i s e r   is  used  in  the  h i g h  

amount  of  1 - 4%  by  weight ,   in  pa r t i cu l a r   2 -  4%  by  weight ,   c a l c u -  

lated  on  the  total  weight   of  the  Port land  cement  and  the  silica  d u s t .  

Other  types  of  conc re te   s u p e r p l a s t i c i s e r s   useful  for  the  p u r p o s e   of 

the  p r e s e n t   invent ion  appear   from  Example  2  of  In te rna t iona l   P a t e n t  

Application  No.  PCT/DK81/00048 ,   Publication  No.  WO  81/03170,  E u r o -  

pean  Patent   Applicat ion  No.  81103363.8  and  Danish  Patent  A p p l i c a t i o n  

No.  1 9 5 7 / 8 1 .  -  



The  DSP  material  for  p roduc ing   the  tools  of  the  invention  may  b e  

packed  and  shipped  as  a  dry  powder ,   the  addition  of  the  l i q u i d ,  

typical ly   water ,   taking  place  on  the  job.  In  this  case,  the  d i s p e r s i n g  

agent   is  p r e s e n t   in  dry  state  in  the  composite  material .   This  type  of  

composite  material  offers  the  a d v a n t a g e   that  it  can  be  a c c u r a t e l y  

weighed  out  and  mixed  by  the  p r o d u c e r ,   the  end  user  just  adding  t h e  

p r e s c r i b e d   amount  of  liquid  and  pe r fo rming   the  remaining  mixing  in 

a cco rdance   with  the  p r e s c r i p t i o n ,   e . g . ,   in  the  manner  desc r ibed   in 

Example  11  in  In terna t ional   Patent   Application  No.  PCT/DK79 /00047  

and  in  In te rna t iona l   Patent  Applicat ion  No.  PCT/DK81/00048,   Pub l i -  

cation  No.  WO  81/03170,  European  Patent   Application  No.  81103363.8  

and  Danish  Patent  Application  No.  1957/81. 

The  weight   ratio  between  water  and  Portland  cement  plus  any  o t h e r  

bodies  B  plus  silica  dust  in  c e m e n t - s i l i c a - d u s t - b a s e d   DSP  materials  is 

typical ly   between  0.12  and  0.30,  p r e f e r a b l y   0 . 1 2  -   0.20.  The  a b o v e -  

ment ioned  pa tent   appl icat ions  also  disclose  several  important   v a r i a t i o n s  

and  embodiments   for  making  va luable   DSP  materials ,   including  embod i -  

ments  where  the  composite  material  is  p re -mixed   or  shaped  in  a  h i g h e r  

s t ress   field,  in  which  case  t h e -  w a t e r / p o w d e r   ratio  may  be  as  low  a s ,  

e . g . ,   0 .08  -   0.13.  Thus ,   e . g . ,   the  cast ing  may  also  be  performed  b y  

ex t rus ion   or  rolling  at  a  shaping   p r e s s u r e   of  up  to  100  kg/cm2,  a n d  

in  special  cases  at  even  h igher   shap ing   p r e s s u r e s .  

The  cast ing  may  also  be  per formed  by  s p r a y i n g ,   painting  or  b r u s h -  

ing,  injection  or  application  of  a  layer  of  the  mass  on  a  s u p p o r t i n g  

sur face   and  shaping  the  mass  so  as  to  obtain  at  least  part  of  sa id  

shaped  sur face   p a r t .  

The  cast ing  may  also  be  per formed  as  cen t r i fuga l   c a s t i n g .  

When  the  DSP  matrix  contains  an  additional  solid  subs tance   in  vo ids  

of  the  s t r u c t u r e   formed  from  the  par t ic les   A  and  B,  this  solid  may  be  

in t roduced   by  partially  or  completely  inf i l t ra t ing  the  solidified  DSP 

material  with  a  liquid  and  t h e r e a f t e r   solidifying  the  l iqu id  ,   such  as  

by  cooling  or  polymer isa t ion ,   to  form  the  solidified  subs tance .   T h e  

liquid  will  usually  show  at  least  one  of  the  following  c h a r a c t e r i s t i c s :  



it  is  capable  of  wet t ing  the  internal   sur face   of  the  s t r u c t u r e  

formed  from  the  par t ic les   A  and  B,  

it  contains  molecules  of  a  size  which  is  at  least  one  o rder   of 

magni tude   smaller  than  the  par t ic les   A,  

on  solidification  by  cooling  or  po lymer i sa t ion ,   it  leaves  a  sol id 

s u b s t a n c e   of  s u b s t a n t i a l l y   the  same  volume  as  the  l i qu id .  

The  eff iciency  of  the  inf i l t ra t ion  with  the  liquid  may  be  enhanced  b y  

one  or  more  of  the  following  m e a s u r e s :  

dry ing   the  article  or  the  par t   the reof   to  be  i m p r e g n a t e d ,  

applying  vaccum  on  the  art icle  or  the  part   the reof   to  be  

inf i l t ra ted   prior  to  the  inf i l t ra t ion  t r e a t m e n t ,  

applying  ex terna l   p r e s s u r e   to  the  in f i l t ra t ing   liquid  after  c o n t a c t -  

ing  the  article  with  the  in f i l t r a t ing   l i qu id .  

Other   materials  which  are  valuable   c o n c r e t e - l i k e   materials  for  the  tools  

of  the  p r e s e n t   invent ion  or  especial ly  for  the  su r faces   thereof ,   wh ich  

subjec t   to  excess ive   s t r e s s   condi t ions  are  cer ta in  c e m e n t - p o l y m e r  

based  materials  (CP  materials   and  DSPP  m a t e r i a l s ) :  

UK  Patent  Application  No.  7905965,  publ icat ion  N o .  2   018  737  A,  

European  Patent  Applicat ion  No.  80301908,  publ ica t ion  No.  0  021  681, 

and  European  Patent   Applicat ion  No.  80301909,  publicat ion  No. 

0  021  682  A1,  disclose  p roduc t ion   of  specimens  of  a  s u b s t a n t i a l l y  

higher   quali ty  than  usual  c e m e n t - b a s e d   p roduc t s   based  on  the  use  of  

far  more  c o n c e n t r a t e d   polymer  solutions  than  those   c o n v e n t i o n a l l y  

combined  with  Port land  cement  in  very  high  c o n c e n t r a t i o n s   and  b a s e d  

on  very  in tens ive   mixing  of  the  components ,   typical ly   in  a  high  s t r e s s  

field.  Such  materials  are  valuable  materials  for  use  as  c o n c r e t e - l i k e  

materials  according  to  the  p r e s e n t   invent ion.   A  pa r t i cu l a r ly   v a l u a b l e  

embodiment  of  such  materials   is  one  in  which  they  are  combined  wi th  

fibers  of  the  a b o v e - m e n t i o n e d   types ,   and /o r   when  their   viscosi ty  ha s  



been  lowered  to  a  sui table   value  for  cast ing  or  molding  by  a  p r e -  
t r ea tmen t   such  as  dilution  with  polymer  solution  or  water  prior   t o  

their   cas t ing ,   in  pa r t i cu l a r   dur ing   high  ' s t ress   field  m i x i n g . E s p e c i a l l y  

in t e re s t ing   p o l y m e r - c o n t a i n i n g   materials  are  DSP  materials  w h i c h  

c o r r e s p o n d   to  the  a b o v e - d e s c r i b e d   DSP  mater ia ls ,   but  in  which  a 

polymer  b inder   is  also  p r e s e n t   (such  materials   can  be  d e s i g n a t e d  
DSPP  mater ials :   Densif ied  Systems  conta in ing   Polymer  and  homo- 

geneous ly   a r r a n g e d   u l t ra f ine   P a r t i c l e s ) .  

The  organic   polymers  contempla ted   for  use  in  CP  or  DSPP  m a t e r i a l s  

comprise,   e . g . ,   the  same  polymers  as  those  mentioned  in  the  a b o v e -  

mentioned  UK  Patent   Application  No.  7905965,  Publication  N o .  2   018 

737  A,  that  is,  w a t e r - d i s p e r s i b l e   polymers  more  or  less  pe r t a in ing   to  

the  following  g roups   (or  mixtures   of  polymers  per ta in ing   to  one  o r  
several  of  the  g r o u p s ) :  

I.  Latexes  (colloidal  aqueous  emulsions  of  e las tomers)   as  defined  in  1) 

Ki rk -Othmer ,   Encyclopedia   of  Chemical  Techno logy ,   7,  pages  676/716) .  

II.  Water  soluble  resins  as  defined  in  r e fe rence   1),  17,  pages  3 9 1  -  

410  or  as  defined  in  3)  Yale  L.  Meltzer:  "Water-Soluble   P o l y m e r s .  

Developments  since  1978",  Chemical  Technology  Review  No.  181, 

Noyes  Data  Corpora t ion ,   Park  Ridge,  New  J e r sey ,   USA  1981,  p a g e s  
1 -  596,  or  resin  de r iva t i ve s   as  defined  in  2)  P.  Ullmann,  12,  p a g e s  
530 -  536. 

According  to  a  pa r t i cu la r   aspect ,   the  polymer  may  be  of  a  spec ia l  

g r o u p :  

lll.  Cement  d i spe r s i ng   agents   known  as  concre te   s u p e r p l a s t i c i z e r s ,  

e . g . ,   medium  molecular  weight  polymers  such  as  alkali  or  a l k a l i n e  

earth  metal  salts  of  su lphona ted   napha tha l ene   or  melamine  f o r m a l d e -  

hyde  condensa tes   or  their   parent   acids  or  higher   molecular  w e i g h t  

polymers  thereof .   Also  amide  de r iva t ives   of  these  polymers  may  be  

u s e d .  



It  is  a  c h a r a c t e r i s t i c   f ea tu re   of  all  of  the  a b o v e - m e n t i o n e d   p o l y m e r  

classes  that   the  polymers  the reof   are  capable   of  forming  film  from  an 

aqueous   d i spe r s ion   t h r o u g h   d e w a t e r i n g   a n d / o r   c r o s s - l i n k i n g .  

Typical   c o n c e n t r a t i o n s   of  polymer  in  the  aqueous  phase   used  f o r  

making  the  c e m e n t - p o l y m e r - c o n t a i n i n g   matr ices  are  in  the  range  of  1  -  

60%.  The  amount  of  aqueous   phase  (water   +  polymer)   used  in  p r e -  

par ing   the  materials  is  in  the  range  of  from  about  10  to  about   70%  b y  

volume,  in  pa r t i cu l a r   in  the  range  of  from  about  20  to  about   50%  b y  

volume,  calculated  on  the  total  c o m p o s i t i o n .  

The  ratio  between  polymer  (solid)  and  cement  will  depend   upon  s e v e -  

ral  fac tors   such  as  the  des i red   s t r e n g t h   of  the  mater ia l ,   the  e x a c t  

c h a r a c t e r   of  the  polymer ,   the  type  and  par t ic le   size  of  the  c e m e n t ,  

the  p r e sence   of  any  o ther   bodies  which  fill  voids  between  the  c e m e n t  

pa r t i c l es ,   etc.  However,   the  volume  ratio  between  polymer  and  c e m e n t  

in  the  matrix  used  in  the  materials   accord ing   to  the  invent ion  will 

normally  be  in  the  range  between  0.1  and  35  per  cent  by  volume  ( b u t  

may  be  between  0  and  40%  by  volume),   and  will  in  many  cases  be  

between  2  and  10  per  cent  by  vo lume .  

In  special  cases,   special  p r ecau t i ons   are  taken  to  obtain  a  p a r t i c u l a r l y  

effect ive   d i s t r ibu t ion   of  the  components   of  the  matrix  by  means  of 

high  shear   t r e a tmen t ,   ex t ended   period  of  milling  or  g r i n d i n g ,   p r e s -  

sure   molding  or  shaping   of  the  art icles  from  the  m a t r i x - c o n t a i n i n g  

material ,   usually  combined  with  main tenance   of  the  shaped   articles  a t  

a  s u p e r a t m o s p h e r i c   p r e s s u r e   for  a  period  after   the  shap ing   p r o c e s s ,  
all  of  which  measures   tend  to  resul t   in  a  material  having  a  small  ra t io  

of  pores  to  matrix  and  a  pore  d i s t r i bu t ion   with  specif ied   maximum 

p e r c e n t a g e s   of  pores  of  specif ied  maximum  sizes  such  as  desc r ibed   in 

European  Patent  Application  No.  80301909,  Publicat ion  No. 

0  021  682  A1.  Another   measure   which  is  taken  to  impart  to  the  ma- 

tr ices  the  special  c h a r a c t e r s   involving  for  example  tensi le   s t r e n g t h   in 

bending  is  the  use  of  p a r t i c u l a r   gap  g rad ing   sys tems  such  as  d i s -  

closed  in  European  Patent   Application  No.  80301908,  Publication  No. 

0  021  681  A1. 



A  very  special  type  of  matrix  of  high  s t r e n g t h   and  especially  a lso 

high  tensile  s t r e n g t h   in  bending  suitable  for  the  tools  of  the  p r e s e n t  

invention  a l though  it  will  often  not  contain  any  polymer  is  a  m a t r i x  

compr i s ing ,   as  its  subs tan t i a l   b inder   component ,   cement,   the  ma te r i a l s  

forming  the  matrix  having  been  subjec ted   to  a  pa r t i cu la r   t r e a t m e n t ,  

that   is,  in tense  g r ind ing   and  shear   inf luence  dur ing   early  stages  of 

the  hydra t ion   of  the  cement,   resul t ing   in  the  formation  of  e x t r e m e l y  

w e l l - d i s t r i b u t e d   colloid  of  cement  hydra t ion   p r o d u c t s   in  a  very  homo- 

geneous  material .   Such  material  may  be  p roduced   by  high  s h e a r  

t r e a t m e n t   and  g r ind ing   of  cement  with  added  water   until  some  h y d r a -  

tion  of  the  cement  has  taken  p l ace .  

The  cement  used  in  these  matrices  of  the  p r e s e n t   invention  is  n o r -  

mally  Portland  cement,   including  any  modifications  of  Portland  cemen t  

such  as  low  heat  cement,  low  alkali  su lpha te   r e s i s t en t   cement,  g y p -  

sum,  p las ter   of  Paris,  calcium  su lpha te ,   high  alumina  cement,  m a g n e -  
sium  oxide  cement,   zinc  oxide  cement,   and,  for  various  special  p u r -  

poses  cements  of  the  silicon  oxide  cement  type  (as  specified  in  e . g .  
US  Patent  N o .  4 , 1 5 4 , 7 1 7 ,   of  May  15,  1979)  and  f l uo roa luminos i l i ca t e  

glass  and  other   types  used  in  dental  t echno logy ,   e .g .   glass  ionomer  

cement  types  and  other   cements  of  types  which  may  deliver  ions 

capable  of  c r o s s - l i n k i n g   the  p o l y m e r .  

On  the  whole,  it  is  i n t e re s t ing   to  note  that  part   of  the  curing  mech-  

anism  in  these  matrices  used  according  to  the  p r e sen t   invention  may 
be  said  to  consist   in  ionic  " c ro s s - l i nk ing"   of  negat ive   sites  on  po ly -  

mers  th rough   di-,  tri-  or  other  polyvalent   posit ive  ions  ( ca t i ons )  

such  as  calcium  ions  or  silicon  ions,  cf. ,   e . g . ,   L.  Holiday,  C h e m i s t r y  

and  I n d u s t r y ,   2nd  December,   1972,  pages  921 -  929. 

In  connection  with  the  ionic  " c ro s s - l i nk ing"   of  polymers,   one  p a r -  

t icular ly   in t e res t ing   group  of  polymers  is  polymers  based  on  a c r y l i c  

acids  and  other   polymers  having  carboxyl ic   acid  groups   or  d e r i v a t i v e s  

thereof   linked  to  a  polymer  backbone.   Examples  of  such  materials  a r e  

listed  on  page  115 -  145  in  "New  Dental  Materials"  edited  by  Paul  G. 

S techer ,   Noyes  Data  Corpora t ion ,   Park  Ridge,  New  Je r sey ,   USA, 

1980.  Most  of  these  polymers  are  classified  in  the  a b o v e - m e n t i o n e d  



group   II,  that   is,  as  w a t e r - s o l u b l e   resins .   P a r t i c u l a r l y   i n t e r e s t i n g  

materials   of  this  type  comprise  mater ials   in  which  the  c a rboxy   g r o u p  
has  been  modified  into  an  amide  g roup .   In  a  basic  e n v i r o n m e n t ,   t h e  

amide  group  will  be  split  off  due  to  alkaline  hyd ro lys i s   and  the  c a r b -  

oxy  g roup   will  be  available  for  c r o s s - l i n k i n g   with  ca t ions ,   n o t a b l y  

ions  re leased  from  the  inorgan ic   par ts   of  the  matrix  material .   Poly- 

mers  which  are  acids  and  which  c ro s s - l i nk   in  the  p r e s e n c e   of  b a s e s  

are  known  in  dental  t e c h n o l o g y .   For  the  pu rpose   of  the  p r e s e n t  

app l ica t ion ,   such  polymers  will  normally  be  too  reac t ive   in  than  t h e y  

react  too  fast  to  allow  shaping   or  molding  of  the  composit ion  a f t e r  

mixing.  However,   by  sui table   use  of  the  inorganic   component   of  t h e  

matr ix ,   it  may  be  possible  to  utilize  such  polymers  c a r r y i n g   ac id ic  

g r o u p s ,   e .g .   by  using  an  inorgan ic   material  which  very   slowly  r e -  

leases  cations  so  that  the  reaction  will  be  limited  by  the  limited  ava i l -  

ability  of  the  cations.   Such  mater ia ls   may  be  p l a s t e r   of  Paris  o r  

f luoroa luminos i l i ca te   g lasses .   In  this  connec t ion ,   it  should  be  men-  

tioned  that   Portland  cement  leaches  ions  of  several   t ypes ,   i n c l u d i n g  

calcium  ions  ( p r e d o m i n a n t l y ) ,   aluminium  ions,  silicon  ions,  m a n g a n e s e  

ions,  magnesium  ions,  and  iron  i o n s .  

CP  or  DSPP  materials  may  be  used  in  the  tools  of  the  invent ion  in  t h e  

same  manner   as  DSP  mater ia ls ,   or  the  CP  or  DSPP  mater ials   may  be  

applied  as,  e . g . ,   s t r ips   or  sheets   on  sur face   areas  of  the  tools  which  

will  be  exposed  to  maximum  s t r e s s e s .  

Whenever   r e fe rence   is  made  to  DSP  materials  in  the  following,  it 

should  be  under s tood   as  also  r e f e r r i ng   to  CP  or  DSPP  ma te r i a l s  

adap ted   to  suit  the  same  p u r p o s e s .  

In  a cco rdance   with  the  p r e s e n t   inven t ion ,   the  c e m e n t - b a s e d   c a s t i n g  

material  for  the  tool  is  d e s i g n e d ,   with  respect   to  its  p a r t i c u l a r   com- 

posi t ion,   in  accordance   with  the  r equ i r emen t s   a ssoc ia ted   with  t h e  

p a r t i c u l a r   use  and  des i red   p e r f o r m a n c e   of  the  tool  in  q u e s t i o n .  

In  p a r t i c u l a r   in  connection  with  tools  which  are  in tended   for  u se  

under   condi t ions  of  elevated  t e m p e r a t u r e ,   it  may  be  of  special  impor-  

tance  to  include  bodies  or  f ibers   of  good  heat  c o n d u c t i v i t y ,   such  as 

metal  bodies  or  metal  f i b e r s .  



When  de s ign ing   the  material  for  male  and  female  press  tool  par ts   f o r  

shaping   ar t ic les   from  materials  of  a  s u b s t a n t i a l l y   plane  c o n f i g u r a t i o n ,  

one  must  take  into  cons idera t ion   the  t h i c k n e s s   of  the  plate  or  s h e e t ,  

the  yield  s t r e n g t h   of  the  plate  or  sheet   material ,   the  r u p t u r e   s t r e n g t h  

of  the  plate  or  sheet  material ,   and  the  radius  of  c u r v a t u r e .   T h e  

r equ i red   s t r e n g t h   of  the  material  for  the  male  and  female  tool  d e p e n d s  

upon  these   pa ramete r s   according  to  an  express ion   which  states  t h a t  

the  s t r e n g t h   of  the  tool  material ,   d ivided  by  the  s t r e n g t h   of  t h e  

sheet   or  panel  to  be  shaped ,   is  p ropor t iona l   to  a  cons tan t   mul t ip l ied  

by  the  t h i c k n e s s   of  the  sheet  or  panel  material  divided  by  the  r a d i u s  

of  c u r v a t u r e ,   the  cons tan t   being  d e p e n d e n t   on  the  direct ion  of  t h e  

p r e s s u r e   forces  and  on  the  friction  coeff icient   between  the  p l a t e  

shaped  and  the  male  and  female  tools  (the  p rope r t i e s   in  the  e x p r e s -  
sion  above  r e fe r r ing   to  the  condit ions  prevai l ing   dur ing  the  s h a p i n g  

opera t ion ,   i . e . ,   shaping  t e m p e r a t u r e ,   shaping   speed,   e t c . ) .  

As  will  appear   from  the  explanat ion  pe r t a in ing   to  the  d rawings ,   t h e r e  

are  several   methods  available  for  utilizing  the  unique  p rope r t i e s   of 

the  new  c e m e n t - b a s e d   material  for  obta in ing  an  accura te   tool  f o r  

p roduc ing   the  des i red   a r t i c l e :  

A  model  may  be  provided  ei ther   as  an  au then t ic   model  of  the  a r t i c l e  

to  be  shaped ,   or  as  a  casting  in  a  sui table   material ,   such  as  g l a s s  

f i b e r / p o l y e s t e r .  

1)  The  male  tool  may  be  cast  d i rect ly   on  the  model.  After  h a r d e n i n g ,  

the  model  is  demounted ,   and  the  male  tool  is  supplied  with  a  t h i c k -  

ness  layer  c o r r e s p o n d i n g   to  the  t h i ckness   of  the  plates  to  be  p r e s s e d .  

(Typica l ly ,   wax  sheets  are  used  as  t h i ckness   l ayers ) .   T h e r e a f t e r ,   t h e  

female  tool  is  cast  over  the  male  tool  covered  with  the  t h i c k n e s s  

layer.  After  h a r d e n i n g ,   the  female  and  male  tools  are  s epa ra ted   a n d  

the  t h i cknes s   layer  is  removed  (in  this  t e chn ique ,   only  a  model  of  one  

side  of  the  des i red  p roduc t   is  u s e d ) .  

2)  The  male  part  may  be  cast  as  explained  above  under  1).  The  model 

remains  on  the  male  part  dur ing  the  h a r d e n i n g ,   and  t h e r e a f t e r ,   t h e  

female  tool  is  cast  as  descr ibed   under   1),  but  d i rect ly   on  the  model.  



In  this  t e c h n i q u e ,   a  model  provided  with  an  exact  copy  of  both  f a c e s  

of  the  article  to  be  made  is  u s e d .  

3)  Male  and  female  tool  par ts   are  cast   s imul taneous ly   around  the  model 

a r r a n g e d   in  a  cas t ing  box  divided  into  two  pa r t s ,   such  as  e x p l a i n e d  

in  connect ion  with  Fig.  10. 

In  all  of  the  cases  1 )  -   3)  a  re leas ing  agent ,   such  as  g raph i t e ,   is 

p r e f e r a b l y   s p r a y e d   on  the  sur face   of  the  model  prior  to  c a s t i n g  

aga ins t   i t .  

In  the  tool  of  the  p r e s e n t   invent ion ,   the  material  comprising  the  DSP 

matrix  may  be  re in forced   according  to  normal  re inforcement   p r i n c i p l e s  

where  steel  bars  and  the  like  may  be  a r r a n g e d   in  c o n f i g u r a t i o n s  

sui table   for  r es i s t ing   tensile  s t r e s s .   Mic ro - re in fo rcement   a g a i n s t  

mic ro -c racks   etc.  and  local  s t r e s s e s   may  be  obtained  by  means  of  

var ious  types  of  f ibe r s ,   such  as  the  ones  mentioned  above  S u c h  

re inforc ing   f ibers   need  not  be  uniformly  d i s t r i b u t e d   in  the  m a t r i x ,  

but  may  in  some  cases  with  a d v a n t a g e   be  c o n c e n t r a t e d   in  tool  s u r f a c e  

parts   or  other   tool  par ts   which  are  exposed  to  especially  high  s t r e s -  

ses  when  the  tool  is  u s e d .  

As  mentioned  above,   the  tool  of  the  invention  may  be  r e i n f o r c e d  

according  to  normal  r e in forcement   p r inc ip l e s .   The.  cha rac te r   a n d  

ex ten t   of  the  r e in fo rcemen t   may  be  p r e - c a l c u l a t e d   on  the  basis  of 

cons ide ra t ions   rotating  to  wh ichever   por t ions   or  sections  of  the  tool  of 

the  invention  that   will  be  pa r t i cu l a r ly   exposed   to  s t r e s ses .   The  r e i n -  

forcement   may  comprise  one  or  more  members  of  steel  or  another   metal 

posit ioned  in  the  tool  so  that  at  least  one  sur face   part  thereof   is 

exposed  and  forms  part   of  the  shaped  sur face   part  of  the  final  tool .  

Such  exposed  re inforc ing   metal  members  are  with  advantage   p o s i t i o n e d  

so  as  to  form  p r o t r u d i n g   edge  por t ions   or  other  p ro t rud ing   parts   of 

the  final  tool  which  are  excess ive ly   s t r e s s e d   dur ing   use  of  the  tool .  

The  surface   par t   of  the  re inforc ing   tool  members  to  be  exposed  is 

shaped  so  as  to  be  exactly  complementary   to  the  respec t ive   c o r r e s -  

ponding  sur face   part   of  the  mold.  These   metal  surface  parts  to  be  

exposed  are  p r e f e r a b l y   also  f inished  by  g r ind ing   and /o r   po l i sh ing .  



The  re inforc ing   metal  members  are  t h e r e a f t e r   placed  in  the  mold, 

which  is  par t ly   defined  by  the  model,  so  that  the  sur face   part  of  t h e  

r e in fo rc ing   members  to  be  exposed  are  in  contact   with  the  c o r r e s -  

ponding  sur face   part   of  the  model.  When  the  total  re inforc ing   s t r u c -  

ture   has  been  a r r a n g e d   in  the  mold,  the  DSP  material  is  cast  as  

d e s c r i b e d   a b o v e .  

One  pa r t i cu l a r   f ea tu re ,   however ,   is  that  the  DSP  material  will  a lso 

permit   very  easy  repair   or  p o s t - s t r e n g t h e n i n g   of  par ts   which,  d u r i n g  

use  of  the  tool,  prove  to  be  exposed  to  too  high  s t r e s s e s .   For  s u c h  

repair   one  may,  e . g . ,   incorpora te   DSP  material  of  the  p a r t i c u l a r  

type ,   or  this  may  be  combined  with  incorporat ion  of  pa r t i cu l a r ly   h a r d  

bodies  such  as  hard  metal  or  steel  bodies  or  bodies  or  s t r ips   of  CP  o r  

DSPP  material ,   especial ly  at  the  sites  where  the  maximum  s t r e s s e s  

occur  dur ing   use  of  the  tool .  

While  the  DSP  material  used  according  to  the  invention  shows  optimum 

p r o p e r t i e s   with  respect   to  easy  casting  to  obtain  economic  tools  even  

for  small  quan t i ty   p r o d u c t i o n s ,   the  material  is  also  optimal  with  r e -  

spect   to  its  surface   p rope r t i e s .   Depending  on  the  quali ty  of  t h e  

model,  the  material  used  according  to  the  invention  may  obtain  a 

su r face   like  polished  metal  or  smooth  plastic,  in  other   words  a  s u r f a c e  

which  is  ideal  for  a  shaping  tool  and  which  minimizes  the  friction  wi th  

the  article  shaped.   It  was  most  su rpr i s ing   that  these   pa r t i cu la r   s u r -  

face  r equ i remen t s   were  found  in  practice  to  be  fulfilled  by  a  material  

based  on  cement.  Thus ,   e . g . ,   the  conditions  r epor ted   in  Example  1 

permi t ted   drawing  of  a  steel  plate  of  a  th ickness   of  0.9  mm  with  a 

radius  of  c u r v a t u r e   of  3  mm  without  any  special  m e a s u r e s .  

Due  to  the  ease  with  which  high  quality  tools  of  the  invention  a r e  

made,  it  is  contemplated  that  the  present   invention  will  make  it  p o s -  
sible  to  enjoy  the  advan tages   of  shaping  by  drawing  or  bending  with 

high  per formance   and  exac t i tude   to  a  much  higher  extent   than  h i t h e r -  

to.  While  high  qual i ty,   prolonged  performance  tools  for  this  p u r p o s e  

usually  had  to  be  made  from  steel  which  made  many  applicat ions  of 

the  t echn ique   p rohib i t ive ly   expensive ,   the  tools  according  to  t h e  

p r e s e n t   invention  can  be  made  quickly  and  cheaply  and  with  even  



higher   f ideli ty  r ep roduc t ion   of  the  sur faces   of  the  models,  t h u s  

p e r m i t t i n g ,   e . g . ,   cheap  p roduc t ion   of  spare  par ts   and  c o n s t r u c t i o n  

elements  for  vehicles  or  o ther   equ ipment   which  is  not  m a s s - p r o d u c e d  

on  a  suf f ic ien t ly   large  scale  to  jus t i fy   the  provis ion  of  steel  t oo l s .  

F u r t h e r m o r e ,   due  to  the  unique  sur face   qual i t ies   of  the  tools  of  t h e  

inven t ion ,   these  a d v a n t a g e s   may  be  obtained  wi thout   any  d e t e r i o r a t i o n  

in  the  quali ty  of  the  ar t icles   p r o d u c e d .  

Hence,  impor tant   types  of  ar t icles   made  by  using  the  tools  of  t h e  

p r e s e n t   invention  are  ar t icles   made  from  metal  sheet   or  panel  ma- 

t e r i a l s ,   e . g . ,   body  or  hull  par ts   for  ships,   a g r i c u l t u r a l   m a c h i n e r y ,  

a i r c r a f t   and  other   t r a n s p o r t   or  t raf f ic   vesse ls ,   in  p a r t i c u l a r   also  b o d y  

par t s   for  automobiles ,   and  especial ly   repair   components   c o r r e s p o n d i n g  

to  body  parts   or  sect ions  of  body  parts   for  automobi les ,   such  as 

hoods  or  f enders   or  par ts   t he reof ,   doors  or  par ts   t he reo f ,   bo t tom 

panels  or  parts   the reof ,   f ront   parts   or  par ts   t he reof ,   etc.  The  s h e e t  

or  panel  materials  used  for  making  such  ar t icles   may  su i tab ly   b e  

blanks  cut  from  cont inuos   sheet   or  panel  materials   by  mechan ica l  

means,   e lectr ic   means,  acoust ic   means,  or  e l ec t romagne t i c   m e a n s ,  

e . g . ,   cu t t ing ,   sawing,  p u n c h i n g ,   wire  cu t t ing   by  means  of  a  w i r e  

cu t t ing   machine,   laser  cu t t ing ,   e t c .  

Due  to  the  possibi l i ty   of  an  economic  product ion   of  tools  of  the  i n v e n -  

tion  in  even  large  sizes  where  all  the  a d v a n t a g e s   of  the  r e i n f o r c i n g  

t e c h n i q u e s   may  be  enjoyed,   the  p r e sen t   invention  makes  the  p r e c i s i o n  

d r a w i n g / b e n d i n g   t echn ique   available  to  new  fields  of  app l ica t ion ,   s u c h  

as  the  p r epa ra t ion   of  large  s t r u c t u r e s   for  ship  hulls,  bu i ld ings ,   l a r g e  

con ta ine r s   and  parts   the reof ,   reaction  vesse ls ,   etc.  The  tools  of  t h e  

invent ion  may  be  made  completely  from  the  new  c e m e n t - b a s e d   m a t e r i a l s ,  

or  they  may  be  made  by  apply ing   more  or  less  thick  su r face   domains  

of  these   materials  to  other   s t r u c t u r e s   showing  su f f ic ien t   s t r e n g t h   f o r  

the  p u r p o s e ,   including  old  d r a w i n g / b e n d i n g   tools  made  for  the  s h a p i n g  

of  a r t ic les   which  have  become  o b s o l e t e .  



The  invention  will  now  be  f u r t h e r   de sc r i bed   with  r e fe rence   to  t h e  

d r a w i n g s ,   w h e r e i n  

Figs.  1  and  2  d iagrammat ica l ly   i l l u s t r a t e   a  method  of  cast ing  a  male 

tool  p a r t ,  

Fig.  3  is  a  d iagrammatic   sectional  view  showing  the  tool  part   made  b y  
the  method  of  Figs.  1  and  2 ,  

Fig.  4  d iagrammat ica l ly   i l lus t ra tes   cas t ing   of  a  female  tool  part   or  d ie  

c o r r e s p o n d i n g   to  the  male  tool  par t   shown  in  Fig.  3 ,  

Figs.  5  and  6  d iagrammatical ly   i l lus t ra te   a  p ress ing   or  drawing  tool 

compris ing  a  male  and  a  female  par t   in  two  d i f fe ren t   o p e r a t i o n a l  

p o s i t i o n s ,  

Figs.  7  and  8  are  p e r s p e c t i v e   views  f u r t h e r   i l lus t ra t ing   the  p r o c e s s  
of  cast ing  a  male  tool  p a r t ,  

Fig.  9  is  a  p e r s p e c t i v e   view  of  a  male  tool  part  cast  by  the  m e t h o d  

i l lus t ra ted   in  Figs.  7  and  8 ,  

Fig.  10  is  a  sectional  view  of  a  mold  in  which  coopera t ing   male  a n d  

female  tool  par ts   may  be  cast  s i m u l t a n e o u s l y ,  

Figs.  11  and  12  are  p e r s p e c t i v e   and  part ial ly   sectional  views  of  a 

vacuum  shaping  mold  made  by  the  method  according  to  the  i n v e n t i o n ,  

Figs.  13  and  14  i l lus t ra te   a  method  of  forming  a  lower  tool  part   f o r  

use  in  making  c o r r u g a t e d   p l a t e s ,  

Fig.  15  is  the  lower  tool  part   with  a  pe r fo r a t ed ,   c o r r u g a t e d   s tee l  

plate  being  placed  the reon ,   a n d  

Fig.  16  is  a  side  view  and  par t ia l ly   a  cross  sectional  view  in  a  com- 

pleted  tool  for  p ress ing   a  c o r r u g a t e d   plate  made  from  a  f iber   c e m e n t  

m a t e r i a l .  

Fig.  1  shows  con ta in iner   10  open  at  the  top,  which  may  be  made  f rom 

any  suff ic ient ly   rigid  material ,   such  as,  e .g.   wood  or  steel.  A  mold-  

able  material  11,  such  as  moldable  resin,   e .g.   a  moldable  composi t ion  

for  making  cellular  p o l y u r e t h a n e   or  p o l y s t y r e n e ,   is  placed  in  t h e  

conta iner   10  in  a  plastic  condi t ion,   and  a  model  12  of  the  articles  to  

be  shaped  is  placed  in  the  moldable  composition  11  with  its  c o n c a v e  

sur face   facing  upwards   as  shown  in  Fig.  1.  When  the  material  11  is 

h a r d e n e d ,   a  suppor t i ng   frame  13  is  placed  on  the  upper  edge  of  t h e  



con ta ine r   10  as  shown  in  Fig.  2  so  as  to  define  a  mold  open  at  t h e  

top,  the  bottom  sur face   of  which  is  the  upper   sur face   of  the  model 

12,  with  a  release  layer,   such  as  g r a p h i t e ,   applied  the reon ,   if  n e c e s -  

sa ry ,   while  the  side  walls  of  the  mold  are  cons t i t u t ed   by  the  f r a m e  

13.  A  re inforc ing   s t r u c t u r e   14,  e .g .   of  steel  rods,  is  provided  in  t h e  

frame  13.  A  c e m e n t - b a s e d   DSP  cast ing  material  15  of  the  type  i d e n t i -  

fied  above  is  poured  into  the  upward ly   open  mold,  while  vibrat ion  of 

the  mold,  if  des i red ,   until  the  upper   sur face   of  the  cast ing  mate r ia l  

is  s ubs t an t i a l l y   on  level  with  the  upper   edge  of  the  frame  13.  When 

the  c emen t -ba sed   DSP  material  has  cured ,   the  frame  13  with  t h e  

resu l t ing   male  tool  16  is  removed  from  the  mold,  as  shown  in  Fig.  3.  

The  male  tool  16  is  then  covered  with  a  layer  17  of  a  plastic  m a t e r i a l ,  

e . g . ,   a  wax  sheet  of  a  t h i cknes s   c o r r e s p o n d i n g   to  the  th ickness   of 

the  plate  or  sheet  material  to  be  shaped  by  means  of  the  tool.  As 

shown  in  Fig.  4,  a  frame  18  with  a  r e in forc ing   s t r u c t u r e   14  is  p l a ced  

on  the  upper   edge  of  the  frame  13,  t h e r e b y   again  providing  a  open  
mold  open  at  the  top,  the  bottom  surface   of  the  mold  being  c o n s t i -  

tu ted   by  the  w a x - c o v e r e d   sur face   of  the  male  part   16.  In  the  same 

manner   as  desc r ibed   above  with  r e fe rence   to  the  male  part ,   a  female  

par t   19  is  now  cast  in  this  mold.  Any  edge  portion  of  the  c a s t i n g  

mold  ex tend ing   outs ide   the  model  contour   is  p las te red   with  a  s u i t a b l e  

material  such  as  wax  to  a  th ickness   which  is  p r e f e r a b l y   g r ea t e r   t h a n  

the  t h i cknes s   of  the  blank  to  be  shaped  in  the  final  tool  a s s e m b l y .  

As  i l lus t ra ted   in  Figs.  5  and  6,  the  male  and  female  tool  parts  a r e  

mounted  in  a  p ress ,   e .g .   a  hydrau l ic   p ress ,   and  a  blank  20  is  i n t r o -  

duced  t h e r e b e t w e e n   and  is  shaped  into  the  conf igura t ion   of  the  model 

12  by  drawing.   In  the  mold  shown  in  Fig.  10,  the  model  12  is  s u s -  

pended   between  two  frames  (13  and  18)  a r r a n g e d   subs tan t i a l ly   v e r -  

tically  between  vert ical   walls  21,  thus  e s t ab l i sh ing   a  dual  mold  in 

which  the  cast ing  material  can  be  i n t roduced ,   t h r o u g h   inlets  22  a n d  

23,  into  two  mold  chambers   24  and  25  for  s imul taneous   casting  of  t h e  

male  and  the  female  tool  parts   agains t   opposi te   sides  of  the  model  12. 

In  this  case,  the  model  12  should  conform,  with  respec t   to  both  of  i ts 

s u r f a c e s ,   with  the  des i red   article  to  be  p r o d u c e d .  



As  shown  in  Fig.  10  the  re inforc ing   s t r u c t u r e   14  may  comprise  r e i n -  

forcing  steel  members  14a  having  surface  parts  placed  in  contact   wi th  

the  model  12.  These  su r face   par ts   are  shaped  so  that  the  i n t e r - e n -  

gaging  surface   par ts   of  the  model  12  and  the  steel  members  14a  a r e  

exactly  complementa ry .   The  steel  members  14a  are  a d v a n t a g e o u s l y  

connected   to  the  o ther   par t   of  the  re inforcing  s t r u c t u r e   14  by  w i r e s  

or  rods  (not  shown)  which  may,  for  example,  be  welded  to  the  s tee l  

members  14a.  In  the  f in ished  male  and  female  tool  parts  the  e x p o s e d  

sur face   parts  of  the  steel  members  14a  will  form  part  of  the  s h a p e d  

tool  sur faces   at  locations  where  the  tool  parts  will  be  exposed  to  

except ional ly   high  s t r e s s e s   dur ing   use,  namely  at  p r o t r u d i n g   e d g e  

port ions  of  the  tool  pa r t s .   The  incorporat ion  of  such  r e i n f o r c i n g  

members  14a  of  steel  or  ano ther   metal  at  excess ively   s t r e s sed   s u r f a c e  

areas  of  the  tool  par ts   may  result   in  a  subs tant ia l   prolongation  of  t h e  

useful  life  of  the  too l .  

Figs.  11  and  12  d iagrammat ica l ly   i l lustrate  vacuum  forming  of  a  d i s h -  

shaped  article  26  such  as  a  lamp  body  for  an  automobile,  from  a 

the rmoplas t i c   plane  sheet   or  plate  27  by  means  of  a  mold  or  die  28 

which  may  be  cast  from  a  cement -based   casting  material  of  the  t y p e  

identif ied  above.  The  mold  28  may  be  made  by  casting  the  c e m e n t -  

based  material  agains t   the  outer   surface  of  a  τnodel  in  the  m a n n e r  

desc r ibed   above.  The  mold  28  has  a  cavity  29  open  at  the  top  which  

may  be  b rough t   into  communication  with  a  vacuum  source,   not  s h o w n ,  

t h rough   suction  pas sages   30  defined  within  the  bottom  wall  of  t h e  

mold  28  and  t h rough   a  vacuum  conduit  31  which  is  provided  with  a 

valve  32. 

The  thermoplas t ic   sheet   or  plate  27  may  be  clamped  between  a  f l a n g e  

33  formed  at  the  upper   end  of  the  mold  28,  and  a  clamping  member  34 

which  contains  electrical   heating  means  35  to  which  power  may  be  

supplied  th rough  a  cable  36.  When  the  thermoplas t ic   plate  27  has  been  

clamped  between  the  f lange  33  and  the  clamping  member  34  and  has  

been  heated  by  the  la t ter ,   the  cavity  29  may  be  connected  to  t h e  

vacuum  source  by  opening  the  valve  32,  whereby  the  heated  t h e r m o -  

plastic  plate  will  be  sucked  into  tight  engagement   with  the  inner  walls 

of  the  cavity  29  so  as  to  form  the  article  26.  When  the  f inished  a r t i c l e  



has  been  suf f ic ien t ly   cooled,  it  may  be  removed  from  the  mold.  In 

o rde r   to  promote  cooling  of  the  shaped  article  the  mold  28  may  be  

p rov ided   with  inner  p a s s a g e s ,   not  shown,  for  c i r cu la t ing   a  cool ing 

medium,  such  as  w a t e r .  

Figs.  13  and  14  i l lus t ra te   the  p roduc t ion   of  a  lower  tool  par t   37  of  a 

p r e s s i n g   tool  to  be  used  for  p r e s s i n g   c o r r u g a t e d   plates  38  made  f rom 

a  f iber   cement  material .   The  tool  par t   37  is  cast  from  a  c e m e n t - b a s e d  

cas t ing  material  15  of  the  type   ident if ied  above  in  a  mold  formed  by  a 

bottom  part   39  and  a  s u r r o u n d i n g   frame  part   40.  The  bottom  part   39 

may  cons is t   of  a  lower  layer  41  made  from  a  moldable  material ,   s u c h  

as  resin,   with  a  c o r r u g a t e d   upper   sur face ,   and  a  c o r r u g a t e d   s tee l  

plate  42  with  a  shape  which  is  complementary   to  the  upper   sur face   of 

the  layer  41.  A  number  of  closely  spaced  s t r ips   or  bands  43  of  r u b b e r  

are  affixed  to  the  upper   su r f ace   of  the  steel  plate  42  by  means  of  a 

su i table   adhes ive ,   so  that   the  s t r ips   extend  t r a n s v e r s e l y   and  p r e f e r -  

ably  at  r ight  angles  to  the  d i rec t ion   of  the  c o r r u g a t i o n s   of  the  p l a t e  

42.  

When  the  r u b b e r   s t r ips   43  have  been  a r r a n g e d   in  mutua l ly   s p a c e d  

re la t ionsh ip   over  the  total  uppe r   sur face   of  the  steel  plate  42,  t h e  

frame  part   40  is  placed  on  top  of  the  bottom  part   39  as  shown  in  Fig .  

14.  This  frame  part   40  is  p rov ided   with  a  number  of  suction  tubes  44 

each  e x t e n d i n g   along  a  r e s p e c t i v e   co r ruga t ion   top  of  the  c o r r u g a t e d  

steel  plate  42.  These  suction  tubes   are  s u p p o r t e d   by  means  of  t r a n s -  

ve r se ly   e x t e n d i n g   s u p p o r t i n g   bars  45,  the  ends  of  which  are  f a s t e n e d  

to  the  frame  part   40.  

The  cast ing  material  15  is  now  poured  into  the  upward ly   open  mold,  

while  v ib ra t ing   of  the  mold,  if  de s i r ed ,   until  the  upper   su r face   of  t h e  

cas t ing  material  is  s u b s t a n t i a l l y   on  level  with  the  uppe r   edge  of  t h e  

frame  part   40.  When  the  material  15  has  cured ,   the  frame  40  with  t h e  

resu l t ing   lower  tool  part   37  is  removed  from  the  bottom  par t   39.  T h e  

tool  part   37  will  form  a  c o r r u g a t e d   upper   sur face   with  a  number   of 

closely  spaced ,   t r a n s v e r s e l y   ex t end ing   grooves  46  formed  by  t h e  

r u b b e r   s t r ips   43,  and  these  grooves   are  in tended  to  serve   as  d r a i n i n g  

g rooves .   T h e r e f o r e ,   the  uppe r   sur face   of  the  lower  tool  part   37  is 



covered  with  a  p e r f o r a t e d ,   c o r r u g a t e d   steel  plate  47  with  a  s h a p e  

which  is  complementa ry   to  the  c o r r u g a t e d   shape  of  the  upper   s u r f a c e  

of  the  tool  part   37  and  the  steel  plate  47  is  p r e f e r a b l y   covered   by  a 

c o r r u g a t e d   wire  gauze  (not  shown) ,   for  example  made  from  b r o n z e .  

Fig.  16  shows  a  complete  p r e s s ing   tool  mounted  in  a  mechanical   o r  

hydrau l i c   p r e s s .   The  tool  comprises   the  lower  tool  par t   37,  which  may 
be  s t a t i o n a r y ,   and  an  upper   tool  part   48,  which  is  f a s t ened   to  a 

ver t ica l ly   movable  part   49  of  the  p res s .   The  upper   tool  par t   48  may 
be  made  in  a  manner  similar  to  that  desc r ibed   above  in  c o n n e c t i o n  

with  the  lower  tool  part .   However,   the  upper   tool  part   may  be  made  

without   the  t r a n s v e r s e l y   e x t e n d i n g   dra in ing   grooves  46,  and  t h e  

p e r f o r a t e d ,   c o r r u g a t e d   steel  plate  47  may  be  replaced  by  a  sol id  

c o r r u g a t e d   steel  plate  50.  In  the  lower  position  of  the  upper   tool  p a r t  

48,  a  c o r r u g a t e d   closed  space  is  defined  between  the  c o r r u g a t e d  

plates  47  and  50.  When  a  p r e - f o r m e d ,   c o r r u g a t e d   plate  or  panel  38 

made  from  wet  fiber  cement  material  is  compressed   between  the  u p p e r  
and  lower  tool  parts   37  and  48,  the  dens i ty   of  the  plate  or  panel  38 

will  be  cons ide r ab ly   increased   while  water  is  exepelled  t h r o u g h   t h e  

pe r fo ra t i ons   of  the  steel  plate  47  and  flows  down  into  the  u n d e r l y i n g  

dra in ing   grooves   46,  whereupon   the  water  will  collect  in  the  lower  

sections  of  these   grooves  posi t ioned  in  the  valleys  of  the  c o r r u g a t e d  

sur face   of  the  lower  tool  part   37.  T h e r e f o r e ,   the  suction  tubes   44  a r e  

connected   to  these  groove  sect ions  t h rough   connect ing   bores  or  t u b e s  

51,  and  the  suction  tubes  44  are  connected   to  a  pump  or  v a c u u m  

source ,   not  shown,  so  that   water  is  sucked  out  from  the  c a v i t y  

defined  between  the  upper   and  lower  tool  parts  while  the  f iber  c e m e n t  

material  is  being  c o m p r e s s e d .  

Example  1. 

The  materials  used  in  this  example  were  as  fol lows:  

Cement:  Low  alkali  su lphate   r e s i s t a n t  

Port land  c emen t .  



Silica  dust :   Fine  spher ical   SiO2-rich  dust .   Spec i f i c  

sur face   ( d e t e r m i n e d   by  BET  t e c h n i q u e )  

about  250,000  cm2/g,   c o r r e s p o n d i n g   t o  

an  ave rage   par t ic le   diameter   of  0.1  µ. 

Densi ty  2.22  g / c m 3 .  

Bauxite:   Re f rac to ry   g rade   calcined  bauxi te ,   85% 

A1203,  dens i ty   3.32  g/cm3,  par t ic le   s i ze  

0  -  4   mm. 

Mighty:  A  so-called  concre te   s u p e r p l a s t i c i s e r ,  

sodium  salt  of  a  highly  c o n d e n s e d  

n a p h t h a l e n e   su lphonic   a c i d / f o r m a l d e -  

hyde  c o n d e n s a t e ,   of  which  t y p i c a l l y  

more  than  70%  consis t   of  molecules  

conta in ing   7  or  more  naph tha l ene   n u c l e i .  

Density  about  1.6  g/cm3.  Ava i l ab le  

ei ther   as  a  solid  powder  or  as  an 

aqueous  solution  (42%  by  weight  of 

Mighty,  58%  by  weight   of  w a t e r ) .  

(Available  under   the  t r a d e m a r k  

CemMix@  from  Aalborg  P o r t l a n d -  

C e m e n t - F a b r i k ,   D e n m a r k ) .  

Steel  f ibers :   Diameter  0.4  mm,  lengths  12  mm 

and  24  mm,  r e spec t i ve ly .   Cut  b y  

means  of  a  b lunt   tool  so  that  t h e  

ends  of  the  f ibers   show  a  s l i g h t  

deformation  enhanc ing   the  a n c h o r i n g  

of  the  c e m e n t - b a s e d   m a t r i x .  

Water:  Common  tap  w a t e r .  

P repara t ion   of  a  tool  for  p roduc ing   an  edge  part   of  a  f ender   for  an  

au tomobi l e :  



A  c e m e n t - b a s e d   casting  material  was  made  from  the  following  compo-  

s i t i on :  

Cement,   silica  dust ,   Mighty,  and  bauxi te   were  mixed  in  a  p a d d l e  

mixer  until  a  uniform  mixture   was  ob ta ined ,   and  the  mixture  was  

packed  in  25  kg  bags.  At  the  tool-making  fac tory ,   a  portion  of  mix-  

ture   was  mixed  with  water  in  the  ratio  c o r r e s p o n d i n g   to  the  a b o v e  

composition  in  a  100  liter  paddle  mixer.  The  mixing  was  c o n t i n u e d  

until  a  fluid  to  plastic  cons i s t ency   had  been  obtained  (about  10  mi- 

nu te s ) .   The  steel  f ibers   were  then  slowly  poured  into  the  mixture   in 

amounts  c o r r e s p o n d i n g   to  the  a b o v e - s t a t e d   compos i t ion .  

The  r esu l t ing   soft  fluid  mixture   was  cast  into  a  mold  as  shown  in 

Figs.  2 - a n d   8  in  which  a  glass  f i b e r - e p o x y   model  12  of  the  f e n d e r  

par t ,   depth  about  5  cm,  a r r a n g e d   in  p o l y u r e t h a n e   foam  in  a  box  10  of  

dimensions  of  approx imate ly   80  cm  by  60  cm,  cons t i tu ted   the  bo t tom 

sur face ,   and  in  which  the  r e in fo rcemen t   in  the  frame  13  cons is ted   of  

1  cm  steel  rods.  The  mold  was  v ib ra ted   by  means  of  a  p n e u m a t i c  

hammer.  The  mold  was  filled  with  the  casting  material  to  the  h i g h e s t  

level  poss ible ,   up  to  or  just  above  the  edge  of  the  steel  frame  13. 

T h e r e a f t e r ,   the  exposed  sur face   of  the  casting  material  was  c o v e r e d  

with  plastic  film  to  avoid  evapora t ion   of  water  theref rom.   The  c a s t i n g  

mass  was  allowed  to  solidify  at  room  t e m p e r a t u r e   for  about  24  h o u r s  

and  was  t h e r e a f t e r   kept  at  about  30  -   35°C  for  about  48  hours .   T h e  

frame  was  then  tu rned   upside  down,  and  the  po lyu re thane   and  t h e  

glass  f i b e r - e p o x y   model  were  removed,   thus  exposing  the  surface   of  

the  cured  cemen t -bonded   material .   On  the  surface  of  the  cured  ce -  

m e n t - b o n d e d   material,   a  0.9  mm  wax  film  was  placed  and  adapted  t o  

conform  exact ly  to  the  conf igura t ion   of  the  surface .   In  the  same 

manner  as  i l lus t ra ted   in  Fig.  4,  another   frame  with  re inforcing  1  cm 



steel  rods  was  placed  on  the  male  tool  par t ,   and  the  female  tool  p a r t  

was  cast  from  the  same  material  as  above  and  in  the  same  manner   as  
above.  The  cur ing   of  the  female  par t   was  per formed  in  the  same 

manner  as  d e s c r i b e d   above,  without   removing  it  from  the  male  p a r t .  

The  male  and  female  tool  par ts   were  mounted  in  a  200  tons  h y d r a u l i c  

p ress ,   and  f ende r   parts  c o r r e s p o n d i n g   to  the  model  were  made  f r o m  

blanks  of  co ld- ro l led   1403  steel  of  a  t h i c k n e s s   of  0.9  mm.  The  d r a w -  

ing  p r e s s u r e   was  50  tons.  The  compress ion   time  was  about  30  s e c o n d s  

per  b lank,   but  using  a  fas te r   h y d r a u l i c   p r e s s ,   it  would  be  possible   t o  

obtain  compress ion   times  of  about   2  -  3   seconds .   The  minimum  r a d i u s  

of  c u r v a t u r e   obta ined  in  this  case  was  3  mm.  In  this  manner ,   a b o u t  

1000  units  were  shaped  without   any  d e t e r i o r a t i o n   of  the  too l .  

Example  2 .  

C o r r u g a t e d   plates  or  panels  p roduced   by  convent ional   methods  w e r e  

exposed  to  a  compression  t r e a t m e n t   by  means  of  a  tool  of  the  t y p e  

shown  in  Fig.  16.  The  overall  d imensions   of  the  lower  tool  part   w e r e  

735  x  1100  x  140  mm.  The  lower  tool  part   was  p rovided   with  f o u r  

suction  tubes   44  with  a  diameter  of  25  mm,  while  the  diameter   of  t h e  

connect ing   bores  51  were  10  mm.  The  tool  par ts   37  and  48  were  c a s t  

from  the  same  DSP  material  as  d e s c r i b e d   in  Example  1  and  in  the  same 

manner  as  de sc r ibed   in  Example  1.  The  width  and  depth  of  t h e  

draining  grooves   were  10  mm  and  8  mm,  r e s p e c t i v e l y ,   and  the  s p a c i n g  

of  the  g rooves   was  15  mm.  The  lower  tool  part   37  was  covered  by  a 

p e r f o r a t e d ,   c o r r u g a t e d   steel  plate  with  a  t h i ckness   of  2  mm,  and  t h e  

diameter  of  the  pe r fo ra t ions   were  2  mm,  and  the  mutual  spacing  of 

the  p e r f o r a t i o n s   was  about  8  -  10   mm.  This  pe r fo ra t ed   steel  plate  was  

covered  by  a  c o r r u g a t e d   wire  gauze  made  from  bronze,   and  the  u p p e r  
tool  part  48  was  covered  by  a  n o n - p e r f o r a t e d ,   c o r r u g a t e d   steel  p l a t e  

50. 

Wet  c o r r u g a t e d   plates  or  panels  made  from  various  fiber  cement  mix-  

tures  were  p roduced   in  a  convent iona l   Magnan i -mach ine .   Each  of  t h e s e  

c o r r u g a t e d   fiber  cement  panels  were  placed  on  the  wire  gauze  of  t h e  

lower  tool  part   37  and  then  compressed   between  the  tool  par ts   for  a 



period  of  2  seconds  at  p r e s s u r e s   vary ing   from  34  to  63  k g / c m 2 ,  

w h e r e b y   the  specific  weight  of  the  plates  or  panels  were  increased   b y  

8 -  14%. 

Other   wet,  c o r r u g a t e d   fiber  cement  plates  or  panels  p roduced   b y  

means  of  a  convent ional   Ha t s chek -mach ine   was  compressed   by  means  

of  the  p re s s ing   tool  just   de sc r ibed .   Each  f iber  cement  panel  was  

sub jec ted   to  a  p r e s s u r e   of  100  kg/cm2  for  45  seconds ,   whereby   t h e  

specific  weight  of  the  panels  were  increased  by  45%.  In  the  l a t t e r  

case,   the  surface   par ts   of  the  lower  tool  part  37  defined  b e t w e e n  

adjacent   dra in ing  grooves  46  were  exposed  to  an  average   p r e s s u r e   of 

about  167  kg/cm2.  However,   the  tool  part  func t ioned   pe r fec t ly   w i t h o u t  

any  c rack ing   or  other   d e t e r i o r a t i o n .  



1.  A  tool  with  at  least  one  shaped  sur face   part   for  shaping   a r t i c l e s  

from  a  basic  material  by  applying  compress ive   forces  t he re to   by  m e a n s  

of  said  shaped  sur face   par t ,   at  least  part   of  the  tool  ad jacent   to  s a id  

shaped   su r face   part   being  made  from  a  material  compr i s ing   a  c o h e r e n t  

m a t r i x ,  

the  matrix  c o m p r i s i n g  

A)  homogeneous ly   a r r a n g e d   solid  par t ic les   of  a  size  of  from  a b o u t  

50A  to  about  0.5  pm,  or  a  coheren t   s t r u c t u r e   formed  from  s u c h  

homogeneous ly   a r r a n g e d   pa r t i c l e s ,   a n d  

B)  densely   packed  solid  par t ic les   having  a  size  of  the  o rder   of 

0 . 5  -   100  µm  and  being  at  least  one  o rder   of  magn i tude   l a r g e r  

than  the  r e spec t ive   par t ic les   s tated  under   A),  or  a  c o h e r e n t  

s t r u c t u r e   formed  from  such  densely  packed  p a r t i c l e s ,  

the  par t ic les   A  or  the  coheren t   s t r u c t u r e   formed  t h e r e f r o m  

being  homogeneous ly   d i s t r i b u t e d   in  the  void  volume  b e t w e e n  

the  par t ic les   B, 

the  dense  packing  being  s u b s t a n t i a l l y   a  packing  c o r r e s p o n -  

ding  to  the  one  obta inable   by  gentle  mechanical  inf luence  on  a 

system  of  geometr ical ly   equally  shaped  large  par t ic les   in 

which  locking  sur face   forces  do  not  have  any  s i g n i f i c a n t  

e f f e c t ,  

opt ional ly   addi t ional ly  compr i s ing ,   embedded  in  the  m a t r i x ,  

C)  c o m p a c t - s h a p e d   solid  par t ic les   of  a  material  having  a  s t r e n g t h  

exceeding   that  of  o rd ina ry   sand  and  stone  used  for  o rd ina ry   con-  

cre te ,   typical ly  a  s t r e n g t h   c o r r e s p o n d i n g   to  at  least  one  of  t h e  

following  c r i t e r i a :  



1)  a  die  p r e s s u r e   of  above  30  MPa  at  a  degree   of  packing  of 

0.70,   above  50  MPa  at  a  degree   of  packing  of  0.75,  and  a b o v e  

90  MPa  at  a  degree   of  packing  of  0.80,  as  a s sessed   (on  p a r -  
ticles  of  the  material  having  a  size  ratio  between  the  l a r g e s t  

and  smallest  part icle  subs t an t i a l l y   not  exceeding   4)  by  t h e  

method  de sc r ibed   in  In te rna t iona l   Patent   Application  No. 

PCT/DK81/00048 ,   Publication  No.  WO  81/03170,  E u r o p e a n  

Patent   Application  No.  81103363.8  and  Danish  Patent  A p p l i c a -  

tion  No.  1957/81, 

2)  a  compress ive   s t r eng th   of  a  composite  material  with  t h e  

par t ic les   embedded  in  a  specif ied  matrix  exceeding   170  MPa 

(in  case  of  a  subs tan t ia l   amount  of  the  par t ic les   being  l a r g e r  

than  4  mm)  and  200  MPa  (in  case  of  s u b s t a n t i a l l y   all  p a r t i c l e s  

being  smaller  than  4  mm),  as  a s s e s s e d   by  the  method  d e -  

scr ibed   in  In terna t ional   Patent  Applicat ion  No.  P C T / D K 8 1 / -  

00048,  Publication  No.  WO  81/03170,  European  Patent  A p p l i -  

cation  No.  81103363.8  and  Danish  Patent   Application  No. 

1957/81, 

3)  a  Moh's  ha rdness   ( r e f e r r i ng   to  the  mineral  cons t i t u t ing   t h e  

par t i c les )   exceeding  7  a n d  

4)  a  Knoop  indentor   ha rdness   ( r e f e r r i n g   to  the  mineral  c o n -  

s t i t u t ing   the  par t ic les)   exceeding  800,  

said  par t ic les   having  a  size  of  100  lim -  0.1  m, 

and  o p t i o n a l l y  

D)  addit ional   bodies  which  have  at  least  one  dimension  which  is  a t  

least  one  o rder   of  magni tude  larger  than  the  par t ic les   A. 

2.  A  tool  as  claimed  in  claim  1  in  which  the  par t ic les   C  are  d e n s e l y  

packed ,   the  dense  packing  being  s u b s t a n t i a l l y   a  packing  c o r r e s -  

ponding  to  the  one  obtainable  by  gentle  mechanical  influence  on  a 

system  of  geometr ical ly   equally  shaped  large  par t ic les   in  which  locking  

sur face   forces  do  not  have  any  s ignif icant   e f f e c t .  



3.  A  tool  as  claimed  in  claim  1  or  2  in  which  the  par t ic les   A  a r e  

densely   packed ,   or  the  coheren t   un i t a ry   s t r u c t u r e   A  is  formed  f r o m  

such  dense ly   packed  p a r t i c l e s .  

4.  A  tool  as  claimed  in  any  of  the  p r e c e d i n g   claims  in  which  t h e  

matrix  compr ises   a  d i s p e r s i n g   a g e n t .  

5.  A  tool  as  claimed  in  any  of  the  p r e c e d i n g   claims  which  c o n t a i n s  

addi t ional   bodies  D  which  are  bodies  of  a  so l id .  

6.  A  tool  as  claimed  in  claim  5  in  which  the  addi t ional   bodies  D  a r e  

selected  from  the  group  consis t ing   of  c o m p a c t - s h a p e d   bodies,   p l a t e -  

shaped  bodies ,   and  e longated   b o d i e s .  

7.  A  tool  as  claimed  in  claim  5  or  6  in  which  the  addit ional   bodies  D 

are  se lec ted   from  the  group  cons is t ing   of  sand,   s tone,   metal  bars  o r  

rods,  inc luding   steel  bars  or  rods  or  f ibe r s ,   inc luding  metal  f i b e r s  

such  as  steel  f ibers ,   plastic  f ibers ,   Kevlar  f ibe r s ,   glass  f i b e r s ,  

a sbes tos   f ibe r s ,   cellulose  f ibers ,   mineral  f ibe r s ,   high  t e m p e r a t u r e  

f ibers ,   w h i s k e r s ,   including  inorganic   non-metal l ic   wh i ske r s   such  as  

g r a p h i t e   and  A I 2 0 3 - w h i s k e r s ,   and  metallic  wh i ske r s   such  as  i ron 

w h i s k e r s .  

8.  A  tool  as  claimed  in  any  of  claims  6  -   8  in  which  the  a d d i t i o n a l  

bodies  D  are  dense ly   p a c k e d .  

9.  A  tool  as  claimed  in  any  of  the  p r e c e d i n g   claims  in  which  t h e  

par t ic les   B  comprise  at  least  50%  by  weight   of  Port land  cement  p a r -  
t i c l e s .  

10.  A  tool  as  claimed  in  claim  9  in  which  the  par t ic les   B  a d d i t i o n a l l y  

comprise  par t ic les   selected  from  fine  sand,   fly  ash  and  fine  c h a l k .  

11.  A  tool  as  claimed  in  any  of  the  p r e c e d i n g   claims  in  which  t h e  

par t ic les   A  are  par t ic les   of  silica  dust   having  a  specific  sur face   a r e a  

of  about   50,000 -   2 ,000,000  cm2/g,  in  p a r t i c u l a r   about  250,000  c m 2 / g .  



12.  A  tool  according  to  claim  11  in  which  the  silica  dust   par t ic les   a r e  

p r e s e n t   in  a  volume  which  is  about  0 . 1  -   50%  by  volume,  p r e f e r a b l y  

5  -   50%  by  volume,  in  p a r t i c u l a r   10  '-  30%  by  volume,  of  the  to ta l  

volume  of  the  par t ic les   A  +  B.  

13.  A  tool  as  claimed  in  any  of  the  p reced ing   claims  in  which  t h e  

par t ic les   C  consist   of  one  or  more  of  the  following  c o m p o n e n t s :  

topaz ,   lawsonite,   diamond,   co rundum,   phenac i t e ,   spinel ,   beryl ,   c h r y -  

sobe ry l ,   tourmal ine ,   g r an i t e ,   anda lus i t e ,   s t au ro l i t e ,   z i rcone,   bo ron  

ca rb ide ,   t u n g s t e n   c a r b i d e .  

14.  A  tool  as  claimed  in  any  of  the  p reced ing   claims  in  which  t h e  

par t ic les   C  consist   of  r e f r a c t o r y   grade  b a u x i t e .  

15.  A  tool  as  claimed  any  of  the  p receding   claims  in  which  the  p a r -  
ticles  C  are  p re sen t   in  a  volume  which  is  about  10 -   90%  by  vo lume,  

p r e f e r a b l y   30 -  80%  by  volume,  and  in  pa r t i cu la r   50 -   70%  by  vo lume,  

of  the  total  volume  of  the  par t ic les   A,  B,  and  C. 

16.  A  tool  as  claimed  in  any  of  the  p receding   claims  in  which  t h e  

material  contains  fibers  as  additional  bodies  D. 

17.  A  tool  as  claimed  in  claim  16  in  which  the  f ibers   are  selected  f rom 

the  group  consis t ing  of  metal  f ibers ,   including  steel  f ibers ,   mineral  

f ibe r s ,   glass  f ibers ,   asbes tos   f ibers ,   high  t e m p e r a t u r e   f ibers ,   c a r b o n  

f ibe r s ,   and  organic  f ibers ,   including  plastic  f i b e r s .  

18.  A  tool  as  claimed  in  any  of  the  preceding   claims  in  which  t h e  

material  addit ional ly  contains  re inforc ing  steel  as  bars  or  r o d s .  

19.  A  tool  according  to  any  of  the  preceding  claims  which  is  a  male 

part   or  a  die  or  female  p a r t .  

20.  A  tool  according  to  claim  19  adapted  for  shaping  articles  from 

subs t an t i a l l y   plane  samples  of  plate  or  sheet  ma te r i a l .  



21.  A  tool  accord ing   to  claim  20  adap ted   for  shap ing   articles  f rom 

s u b s t a n t i a l l y   plane  samples  of  plate  or  sheet   material   having  a  t h i c k -  

ness  not  exceed ing   60  mm,  in  p a r t i c u l a r   a  t h i c k n e s s   not  e x c e e d i n g  

30  mm,  especia l ly   a  t h i c k n e s s   not  exceed ing   10  mm,  and  in  p a r t i c u l a r  

a  t h i c k n e s s   not  exceed ing   3  mm. 

22.  A  tool  accord ing   to  claim  20  or  21  adap t ed   for  shaping  a r t i c l e s  

from  s u b s t a n t i a l l y   plane  metal  blanks  or  s u b s t a n t i a l l y   plane  b l a n k s  

made  from  a  t h e r m o p l a s t i c   m a t e r i a l .  

23.  A  tool  accord ing   to  any  of  the  claims  1  -  22  in  which  l ub r i ca t i on  

pa s sages   are  p rov ided   at  selected  locations  of  the  shaped  surface   p a r t  

of  the  too l .  

24.  A  tool  accord ing   to  any  of  the  p r e c e d i n g   claims  wherein  t h e  

matrix  addi t ional ly   comprises   a  p o l y m e r .  

25.  A  tool  according   to  any  of  claims  1  -  23   with  the  modification  t h a t  

the  material  is  a  CP  material  as  defined  in  the  s p e c i f i c a t i o n .  

26.  A  method  of  making  a  tool  or  tool  part   accord ing   to  any  of  claims 

1  -  25  in  which  said  shaped  sur face   par t   is  formed  by  casting  sa id  

material  compris ing  the  matrix  in  a  mold  which  is  at  least  partly  d e -  

fined  by  a  model  of  the  ar t icles   to  be  p roduced   by  means  of  the  tool .  

27.  A  method  accord ing   to  claim  26  in  which  the  tool  includes  two 

c o - o p e r a t i n g   tool  pa r t s ,   each  compris ing  a  shaped   surface   part ,   t h e  

shaped   sur face   par t   of  said  tool  par t   being  p rov ided   by  casting  t h e  

material  compris ing  the  matrix  in  two  d i f f e r e n t   molds  having  mold 

par t s   defined  by  opposi te   sur face   par ts   of  said  mode l .  

28.  A  method  accord ing   to  claim  26  in  which  said  tool  includes  two 

c o - o p e r a t i n g   tool  par ts   for  shaping  art icles  made  from  plate  or  s h e e t  

material ,   said  method  compris ing  apply ing   a  layer  of  s u b s t a n t i a l l y  

uniform  t h i ckness   to  the  shaped  sur face   par t   of  one  of  the  said  tool 

par ts   and  p roduc ing   a  shaped  sur face   part   of  the  other  tool  part  b y  

cas t ing  the  material  compris ing  said  matrix  in  a  mold  which  is  at  l e a s t  

par t ly   defined  by  the  exposed  sur face   of  said  l a y e r .  



29.  A  method  according   ot  claim  28  in  which  said  layer  is  made  f rom 

an  easily  deformable  plastic  material  such  as  w a x .  

30.  A  method  as  claimed  in  claim  29  in  which  said  layer  is  said  model 

which  is  made  from  a  sheet   or  plate  m a t e r i a l .  

31.  A  method  according  to  claim  26  in  which  said  material  c o m p r i s i n g  
the  matrix  is  poured  into  and  cast  in  a  mold  cavity  which  is  d i v i d e d  

by  means  of  a  model  of  the  article  to  be  p roduced ,   whereby  s h a p e d  

su r f ace   parts   of  a  pair  of  co-opera t ion   tool  parts  are  formed  by  t h e  

opposed   surface   of  said  model .  

32.  A  method  compris ing  shaping  an  article  by  exer t ing   a  p r e s s u r e   to  

a  s t a r t i ng   material  by  means  of  a  tool  according  to  any  of  claims  1  - 

25.  

33.  A  method  according  to  claim  32  in  which  said  s t a r t ing   material  is 

a  con t inuous   solid,  semi-solid  or  liquid  material  which  is  optionally  a 
m i x t u r e .  

34.  A  method  according  to  claim  32  in  which  said  s t a r t ing   material  is 

a  subs t an t i a l l y   plane  sheet   or  plate  ma te r i a l .  

35.  A  method  according  to  any  of  claims  32 -  34  in  which  the  s t a r t i n g  

material  is  a  wet  f ibrous  material  or  pulp  material  which  is  d r a i n e d  

while  p r e s s u r e   is  applied  t h e r e t o .  

36.  A  method  according  to  any  of  claims  32  -   34  in  which  heat  is 

suppl ied   to  said  s ta r t ing   material  so  as  to  bring  it  into  a  p l a s t i c i zed  

condition  at  least  p a r t i a l l y .  

37.  A  method  as  claimed  in  claim  36  in  which  the  heat  is  supplied  to  

the  s t a r t ing   material  by  heating  said  tool  or  part  t h e r e o f .  

38.  A  method  according  to  claim  36  or  37  in  which  the  s tar t ing   ma- 

terial  is  a  plate- l ike  sample  made  from  a  the rmoplas t ic   material  w h i c h ,  

in  its  heated  condit ion,   is  p ressed   into  engagement   with  the  s h a p e d  



su r face   part  of  the  tool  by  p rov id ing   vacuum  between  the  said  s u r -  

face  part   and  the  s t a r t ing   m a t e r i a l .  

39.  A  method  accord ing   to  claim  34  in  which  said  s t a r t ing   material  is 

a  sample  made  from  plate  or  sheet   meta l .  

40.  A  method  according   to  claim  39  in  which  said  article  is  made  b y  

drawing  and /o r   b e n d i n g .  

41.  A  method  according   to  claim  40  wherein  the  s t a r t ing   material  is  a 

s u b s t a n t i a l l y   plane  sample  of  plate  or  sheet  material  having  a  t h i c k -  

ness  not  exceeding  60  mm,  in  pa r t i cu la r   a  t h i ckness   not  e x c e e d i n g  

30  mm,  especially  a  t h i c k n e s s   not  exceeding  10  mm,  and  in  p a r t i c u l a r  

a  t h i cknes s   not  exceeding   3  mm. 

42.  A  method  according  to  claim  41  comprising  shaping  plate  or  s h e e t  

material  of  metal  having  a  t h i c k n e s s   subs tan t i a l ly   not  exceeding  1  mm. 

43.  A  method  according  to  claim  any  of  claims  39  -   42  in  which  t h e  

metal  is  s t e e l .  

44.  A  method  according  to  any  of  claims  39 -   43  in  which  a  l u b r i c a -  

ting  subs t ance   is  suppl ied  to  at  least  one  location  of  said  shaped  s u r -  

face  par t   of  the  too l .  

45.  A  method  according   to  claim  44  in  which  g raph i t e   is  used  as  lu-  

br ica t ing   s u b s t a n c e .  

46.  A  method  according  to  claims  44  and  45  in  which  the  l u b r i c a t i n g  

s u b s t a n c e   is  i nco rpora t ed   in  pores  defined  at  said  locations  of  t h e  

shaped  tool  surface   par t   and  eventual ly   expelled  t h e r e f r o m .  
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