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@  Apparatus  for  making  cement  composite  materials. 

To  obtain  satisfactory  operation  of  apparatus,  e.g.  of  the 
Hatschek,  Magnani  or  Bell  Flow-on  types,  for  making  cement 
composite  materials  reinforced  with  glass  fibres,  using  an 
aqueous  slurry  of  cement,  glass  fibre,  pulverised  fuel  ash,  fine- 
ly  divided  amorphous  silica,  cellulose  pulp,  flocculant  and 
water  which  is  deposited  on  a  foraminous  surface  such  as  the 
drum  of  a  Hatschek  machine  or  the  felt  belt  of  a  Magnani  or  Bell 
Flow-on  machine,  the  apparatus  is  provided  with  means  for 
controlling  the  temperature  of  the  slurry  before  and  during 
deposition  on  the  foraminous  surface.  The  temperature  control 
means  may  comprise  means  (30  to  38)  for  heating  and  for  cool- 
ing  the  water  in  a  reservoir  (24)  which  supplies  a  slurry  mixer 
(10). 



For  making  cement  composi te   m a t e r i a l s   r e i n f o r c e d   with  a s b e s t o s   f i b r e s ,  

three  p r i n c i p a l   types  of  machine  are  c u r r e n t l y   in  use,  namely  t h e  

Hatschek,  Magnani  and  Bell  Flow-on  machines .   All  of  these  mach ine s  

comprise  means  for  forming  an  aqueous  s l u r r y   of  cement,  a s b e s t o s   and 

water ,   and  a  foraminous  sur face   on  which  a  l aye r   of  the  s l u r r y   can  be 

depos i t ed   and  through  which  water  can  be  removed  to  de-water   the  cement  

composite   m a t e r i a l .   In  the  Hatschek  machine,   a  d i l u t e   s l u r r y   with  a 

so l ids   c o n t e n t   of  around  6  to  10%  by  weight  is  used  and  the  f o r a m i n o u s  

sur face   is  provided  on  the  c i r c u m f e r e n c e   of  a  r o t a t i n g   c y l i n d r i c a l   drum 

which  is  p a r t l y   submerged  in  a  vat  c o n t a i n i n g   the  s l u r r y .   The  l ayer   o f  

s l u r ry   is  d epos i t ed   as  a  film  on  the  su r f ace   of  the  drum  through  which  

a  p r o p o r t i o n   of  the  water  is  removed  and  the  film  is  t r a n s f e r r e d   to  a 

f e l t   be l t   in  c o n t a c t   with  the  emergent  par t   of  the  drum,  f u r t h e r  

de -wate red   by  suc t ion   through  the  be l t   and  t r a n s f e r r e d   to  an 

accumula to r   r o l l e r   on  which  the  de s i r ed   t h i c k n e s s   of  cement  c o m p o s i t e  

ma te r i a l   is  b u i l t   up.  In  the  Magnani  machine,   a  thick  s l u r r y   of  a r o u n d  

45  to  50%  s o l i d s   c o n t e n t   by  weight  is  depos i t ed   on  a  t r a v e l l i n g   f e l t  

be l t   by  means  of  a  r e c i p r o c a t i n g   d i s t r i b u t o r   and  de-wate red   by  s u c t i o n  

through  the  b e l t .   The  Bell  machine  uses  a  s l u r ry   of  a  so l i d s   c o n t e n t  

i n t e r m e d i a t e   between  those  used  in  the  Hatschek  and  Magnani  m a c h i n e s ,  

which  is  fed  to  the  sur face   of  a  t r a v e l l i n g   f e l t   be l t   through  the  n i p  

between  one  of  the  r o l l e r s   around  which  the  be l t   is  t r a i n e d   and  a 

superposed  c o n t r a - r o t a t i n g   r o l l e r .   The  l ayer   of  s lu r ry   on  the  be l t   i s  

de-watered   by  suc t ion   and  t r a n s f e r r e d   to  an  accumulator   r o l l e r   to  b u i l d  

up  the  des i r ed   t h i c k n e s s .  

The  o p e r a t i o n   of  these  three  types  of  machines  with  a sbes tos   f i b r e s   as  

the  r e i n f o r c e m e n t   for  the  cement  is  dependent  upon  the  p roper ty   of  t h e  

asbes tos   l ib res   to  oe  wetted  by  the  cement  s l u r ry   and  to  r e t a in   t h e  

fine  p a r t i c l e s   of  c emen t .  



The  r ep lacemen t   of  a sbe s to s   by  g lass   f i b r e s   has  long  been  r e cogn i s ed   as  

d e s i r a b l e  f r o m   the  po in t   of  view  of  h e a l t h ,   but  it   has  been  found  to  

involve   c o n s i d e r a b l e   p rocess   problems  a r i s i n g   from  the  d i f f e r e n c e s   i n  

behav iour   between  a s b e s t o s   f i b r e s   and  g lass   f i b r e s ,   in  p a r t i c u l a r   t h e  

fac t   t h a t   g lass   f i b r e s   are  not  wetted  by  a  conven t iona l   aqueous  cement  

s l u r ry   and  have  a  tendency  to  clump  t o g e t h e r ,   r e s u l t i n g   in  loss  of  f i n e  

cement  p a r t i c l e s   when  the  mate r ia l   is  de -wate red   and  a  non-homogenous 

s t r u c t u r e   in  the  composi te   m a t e r i a l .   The  use  of  f l o c c u l a n t s   and  o t h e r  

a d d i t i v e s ,   such  as  c e l l u l o s e   pulp,  in  the  s lu r ry   can  improve  t h e  

r e t e n t i o n   of  f ine  p a r t i c l e s ,   e.g.  as  de sc r ibed   in  our  UK  P a t e n t  

S p e c i f i c a t i o n   No.  1543951,  so  as  to  enable  cement  composite   m a t e r i a l s  

to  be  produced  economica l ly   on  appara tus   designed  p r i m a r i l y   f o r  

p roduc t i on   of  a sbe s to s   cement  p roduc t s ,   but  c e r t a i n   i n c o n s i s t e n c i e s   i n  

the  g lass   f i b r e   r e i n f o r c e d   cement  composite  m a t e r i a l s   have  been  found 

in  p r a c t i c e .  

We  have  now  d i s cove red   tha t   these  i n c o n s i s t e n c i e s   a r i s e   from 

t e m p e r a t u r e   v a r i a t i o n s   which  a f f e c t   the  p roduc t ion   process   when  u s i n g  

s l u r r i e s   c o n t a i n i n g   f l o c c u l a n t .   In  p a r t i c u l a r ,   if  the  s l u r r y  

t empera tu re   is  too  low,  f l o c c u l a t i o n   does  not  take  place  e f f e c t i v e l y  

and  e x c e s s i v e   q u a n t i t i e s   of  fine  m a t e r i a l s   pass  through  the  f o r a m i n o u s  

sur face   and  block  i t   so  tha t   f i l t r a t i o n   ceases .   If  the  t empera tu re   i s  

too  high,   the  f l o c c u l a t e d   p a r t i c l e s   tend  to  become  o v e r - l a r g e ,  

r e s u l t i n g   in  an  open  porous  s t r u c t u r e   in  the  composite  mate r ia l   and 

e x c e s s i v e   r e t e n t i o n   of  water ,   r e s u l t i n g   in  poor  green  s t r e n g t h   and  a 

lower  f inal   s t r e n g t h   of  the  composite  m a t e r i a l .  

The  p r e s e n t   i nven t ion   acco rd ing ly   provides   appara tus   for  making  cement  

composi te   m a t e r i a l s   r e i n f o r c e a   with  glass   f i b r e s ,   c o m p r i s i n g : -  

(a)  means  for  f o rming  an  aqueous   s lu r ry   compris ing  cement,  g l a s s  

f i b r e ,   p u l v e r i s e d   fuel  ash,  f i ne ly   divided  amorphous  s i l i c a ,   c e l l u l o s e  

pulp  and  w a t e r ,  



(b)  a  foraminous  su r face   on  which  a  l aye r   of  the  s lu r ry   can  be 

depos i t ed   and  through  which  water  can  be  removed  to  de-water   the  c e m e n t  

composi te   m a t e r i a l ,  

(c)  means  for  adding  a  f l o c c u l a n t   to  the  s l u r r y   a d j a c e n t   to  t h e  

foraminous  s u r f a c e ,   and 

(d)  means  for  c o n t r o l l i n g   the  t e m p e r a t u r e   of  t h e  

f l o c c u l a n t - c o n t a i n i n g   aqueous  s l u r ry   before   and  during  d e p o s i t i o n   on 

the  foraminous  s u r f a c e .  

P r e f e r a b l y   the  means  for  forming  the  aqueous  s l u r r y   comprises   a  w a t e r  

r e s e r v o i r   from  which  water  can  be  supp l i ed   to  a  s l u r ry   mixer,   and  t h e  

means  for  c o n t r o l l i n g   the  t empera tu re   of  the  f l o c c u l a n t - c o n t a i n i n g  

s l u r ry   comprises   means  for  hea t ing   and  for  coo l ing   the  water  in  t h e  

r e s e r v o i r .   The  means  for  hea t ing   the  water   in  the  r e s e r v o i r   may 

comprise  a  steam  g e n e r a t o r   connected   through  a  r e g u l a t o r   valve  which  i s  

c o n t r o l l e d   by  a  t e m p e r a t u r e   c o n t r o l l e r   to  a  pipe  opening  into  the  w a t e r  

in  the  r e s e r v o i r ,   while  the  means  for  coo l ing   the  water  in  t h e  

r e s e r v o i r   may  comprise  a  pump  c o n t r o l l e d   by  the  t empera tu re   c o n t r o l l e r  

and  a r ranged   to  c i r c u l a t e   water   from  the  r e s e r v o i r   to  and  from  a 

coo l ing   lagoon.  The  means  for  c o n t r o l l i n g   the  t empera tu re   of  the  

s l u r ry   may  f u r t h e r   comprise  a  t empera tu re   sensor   in  the  r e s e r v o i r ,  

connected   to  the  t e m p e r a t u r e   c o n t r o l l e r .  

In  a  p a r t i c u l a r   embodiment  of  the  i n v e n t i o n ,   the  s l u r ry   mixer  i s  

a r ranged   to  supply  a  r e l a t i v e l y   thick  s l u r r y   compris ing  water  and 

cement  to  a  o lender   provided  with  means  for  i n t r o d u c i n g   g lass   f i b r e s  

into  the  s l u r r y ,   the  b l ende r   being  in  turn  a r ranged  to  supply  t h e  

g l a s s - f i b r e - c o n t a i n i n g   s lu r ry   to  a  nolding  vessel  which  is  connected   t o  

the  water  r e s e r v o i r   for  supply  of  water  for  d i l u t i n g   t h e  s l u r r y   and  i s  

also  connected   to  the  vat  of  a  Hatschek  type  machine  for  feeding  t h e  

d i l u t e d   s lu r ry   t h e r e t o ,  a   tank  for  c o n t a i n i n g   f l o c c u l a n t   s o l u t i o n   b e i n g  

connected   to  the  l ine  between  the  holding  vessel   and  the  v a t .  



A  s p e c i f i c   embodiment  of  the  i n v e n t i o n ,   as  a p p l i e d   to  a  Hatschek  t ype  

machine,  and  to  a  Bell  Flow-on  machine,   will  now  be  de sc r i bed   by way  o f  

example  and  with  r e f e r e n c e   to  the  accompanying  diagrammatic   drawings  i n  

w h i c h : -  

FIGURE  1  i l l u s t r a t e s   the  l ayou t   of  a  Hatschek  machine  and  the  supply  o f  

t e m p e r a t u r e - c o n t r o l l e d   s l u r ry   t h e r e t o ,   and 

FIGURE  2  i l l u s t r a t e s   a  Bell  Flow-on  machine  in  schematic  side  e l e v a t i o n .  

As  shown  in  Figure  1,  a  conven t iona l   Ha t schek- type   machine  comprises   a 

h o r i z o n t a l ,   hollow  wire  mesh  c y l i n d r i c a l   s ieve  55  mounted  f o r  

a n t i - c l o c k w i s e   r o t a t i o n   about  i t s   c y l i n d r i c a l   axis  56  in  a 

s l u r r y - c o n t a i n i n g   vat  57. 

Above  the  s ieve  55  is  a  con t inuous   moving  woven  f e l t   62  which  is  k e p t  

in  firm  c o n t a c t   with  the  sieve  55  by  means  of  a  r o t a t a b l y   mounted  heavy 

r o l l e r   63  and  is  t r a i n e d   around  f u r t h e r   r o l l e r s   65,  66,  67,  68.  The 

f e l t   62  passes   from  the  sieve  55  to  an  accumula tor   r o l l e r   64  on  t o  

which  a  film  of  s l u r ry   can  be  t r a n s f e r r e d   as  desc r ibed   below.  The  ends  

of  the  sieve  55  are  f i t t e d   with  sea ls   (not  shown)  so  t ha t   water  from 

the  s l u r r y   can  only  flow  through  the  wire  mesh  and  out  t h r o u g h  

d i scha rge   por ts   mounted  through  the  s ea l s .   In  o p e r a t i o n ,   the  sieve  55 

is  r o t a t e d   with  a  sur face   speed  of  the  order   of  45  me t res /min .   and  a 

th in ,   even  film  of  s l u r ry   is  d e p o s i t e d   on  i t s   wire  mesh  sur face   w h i l e  

the  major  par t   of  the  water  is  removed.  The  t h i c k n e s s   of  the  f i l m  

depends  upon  the  s lu r ry   level  in  the  vat  57,  i t s   c o n s i s t e n c y ,   and  t h e  

speed  of  r o t a t i o n   of  the  s ieve  55. 

The  thin  film  of  g lass   f ib re   c o n t a i n i n g   c e m e n t ' s l u r r y   which  i s  

c o l l e c t e d   on  the  wire  mesh  of  the  sieve  55  is  t r a n s f e r r e d   to  the  woven 

f e l t   62.  The  film  is  then  p rocessed   in  the  same  manner  as  is  used  in  

forming  a sbes tos   cement  p roducts   by  Hatschek  machinery,   by  passing  i t  

over  at  l e a s t   one  vacuum  box  72  which  draws  a d d i t i o n a l   water  from  t h e  

fi lm.  The  film  is  then  passed  under  the  iron  or  steel  a c c u m u l a t o r  



r o l l e r   64,  f u r t h e r   removal  of  water  being  caused  by  compress ion  be tween  

r o l l e r s   64  and  66,  and  is  t r a n s f e r r e d   in  a  con t inuous   o p e r a t i o n   to  t h e  

accumula to r   r o l l e r   64  un t i l   a  shee t   is  b u i l t   up  on  the  r o l l e r   64  to  a 

d e s i r e d   t h i c k n e s s .   The  sheet   can  be  kni fed   along  a  groove  in  t h e  

accumula to r   r o l l e r   64  and  peeled  from  i t   on  to  a  conveyor  t ab le   73,  and 

subsequen t ly   trimmed  and  cut  to  d e s i r e d   l eng ths   by  saws  74.  

The  o p e r a t i o n   d e s c r i b e d   so  far  is  conven t iona l   for  p roduc t ion   of  cemen t  

composi te   m a t e r i a l s   on  a  Hatschek  m a c h i n e .  

In  the  p r e sen t   i n v e n t i o n ,   the  s l u r r y   for  supply  to  the  vat  57  is  fo rmed 

by  f i r s t   mixing  a  r e l a t i v e l y   th ick   s l u r r y   of  cement,  p u l v e r i s e d   f u e l  

ash,  v o l a t i l i s e d   s i l i c a ,   c e l l u l o s e   pulp  and  water ,   with  a  s o l i d s  

con ten t   of  40  to  60%.  The  s l u r r y   is  mixed  in  a  high  shear  mixer  10  o f  

conven t iona l   des ign ,   to  which  water   and  a  supply  of  aqueous  c e l l u l o s e  

pulp  are  fed  through  l i ne s   11 ,  12   and  13,  while  cement  and  p u l v e r i s e d  

fuel  ash  are  supp l i ed   through  l ine   14  and  an  aqueous  s l u r ry   o f  

v o l a t i l i s e d   s i l i c a   is  fed  through  l ine   15.  V o l a t i l i s e d   s i l i c a   is  a  form 

of  f i ne ly   d iv ided  amorphous  s i l i c a   produced  as  a  by -p roduc t   in  t h e  

e l e c t r o - r e d u c t i o n   process   for  p roduc t ion   of  s i l i c o n .   If  any  s o l i d  

p r o c e s s i n g   a d d i t i v e s   are  to  De  i n c o r p o r a t e d ,   they  are  d i s p e r s e d   in  t h e  

c e m e n t / p u l v e r i s e d   fuel  ash  mixture   supp l i ed   through  l ine   14.  The 

r e s u l t a n t   thick  s l u r ry   is  fed  to  an  in t e r im  s to rage   tank  16  where  i t   i s  

kept  unaer  a g i t a t i o n   by  means  of  a  r o t a t i n g   mixer  blade  17. 

A l k a l i - r e s i s t a n t   g lass   f i b r e s ,   e . g .   as  de sc r i bed   and  c laimed  in  our  UK 

Pa ten t   S p e c i f i c a t i o n   No.  1 ,290 ,528 ,   are  mixed  into  batches   of  the  t h i c k  

s lu r ry   in  a  o lenaer   18.  The  glass   f i b r e s   are  fed  by  a  v i b r a t i n g   f e e d e r  

19  from  a  hopper  20  and  folded  into  the  s l u r ry   by  ro ta ry   and  v e r t i c a l  

c i r c u l a t i o n   in  the  b lender   18.  

The  batches   of  thick  f i b r e - c o n t a i n i n g   s l u r ry   are  t r a n s f e r r e d   to  a  l a r g e  

holding  vessel   21  which  c o n t a i n s   a  low  shear  ro ta ry   a g i t a t o r   211  and  in  

which  the  s l u r r y   is  d i l u t e d   to  a  so l ids   con ten t   of  6  to  10%,  t y p i c a l l y  

7.5%,  by  weight ,   by  water  supp l i ed   through  line  22.  Line  22  r e c e i v e s  



the  d i l u t i o n   water  from  a  main  conical   r e s e r v o i r   24  which  also  s u p p l i e s  

the  water  through  l ine   11  to  the  high  shear  mixer  10.  The  d i l u t e  

s l u r ry   is  supp l i ed   from  vessel   21  through  l ine   23  to  the  vat  57. 

F l o c c u l a n t   s o l u t i o n   from  tank  25  is  added  to  the  s lu r ry   in  l ine  23  so 

tha t   the  f l o c c u l a n t   is  mixed  into  the  s l u r ry   j u s t   before   i t   passes   i n t o  

the  vat  57. 

The  vat  57  is  provided  with  an  a g i t a t o r   26  in  the  form  of  a  s e r i e s   o f  

s i m i l a r   p a r a l l e l   blades  27  (only  one  of  which  can  be  seen  in  t h e  

Figure)   d i sposed   in  v e r t i c a l   planes  p e r p e n d i c u l a r   to  the  axis  56  of  t h e  

sieve  55  and  spaced  from  one  another   across   the  width  of  the  vat.   The 

blades  are  mounted  on  wheels  28  so  tha t   they  can  be  r e c i p r o c a t e d  

p a r a l l e l   to  the  axis  of  the  s ieve  for  producing  the  des i r ed   a g i t a t i o n  

of  the  s l u r r y .  

For  c o n t r o l l i n g   the  t empera tu re   of  the  s l u r r y ,   a  sensor   29  is  p r o v i d e d  

in  the  conica l   r e s e r v o i r   24  and  connected   to  a  t h e r m o s t a t   device  30 

which  c o n t r o l s   a  valve  31  in  a  steam  supply  l ine   32  which  has  an  o u t l e t  

33  in  the  r e s e r v o i r   24.  A  n o n - r e t u r n   valve  34  is  provided  in  the  s team 

l ine   32  to  vent  the  l ine   32  when  the  steam  supply  is  cut  o f f .  

For  coo l ing   the  water  in  the  r e s e r v o i r   24  when  n e c e s s a r y ,   i n l e t   and 

o u t l e t   l i nes   35,  36  and  a  pump  37  are  provided  for  c i r c u l a t i n g   t h e  

water  to  an  ex te rna l   cool ing   lagoon  38,  again  under  the  control   of  t h e  

t h e r m o s t a t   device  30 .  

As  an  a l t e r n a t i v e   to  the  hea t ing   a r rangement   de sc r i bed   above,  employ ing  

d i r e c t   supply  of  steam  through  l ine  32  into  the  r e s e r v o i r   24,  a  h e a t  

e x c h a n g e r  c o u l d   be  i n c o r p o r a t e d   in  the  l ine   23  before   or  a f t e r   i t s  

j u n c t i o n   with  the  supply  from  the  f l o c c u l a n t - c o n t a i n i n g   tank  25,  u s i n g  

r e c i r c u l a t e d   steam  or  hot  water  as  the  hea t ing   medium.  F u r t h e r m o r e ,  

the  sensor  29  could  De  loca ted   in  the  vat  57  i n s t e a d   of  in  the  w a t e r  

r e s e r v o i r   24. 



In  s p e c i f i c   examples  of  p roduc t i on   of  g lass   f ib re   r e i n f o r c e d   cement  

composi te   m a t e r i a l s   on  the  appa ra tu s   d e s c r i b e d   above  and  i l l u s t r a t e d   in  

Figure  1,  a  s l u r r y   was  used  having  a  s o l i d s   c o n t e n t   of  7.5%  by  w e i g h t ,  

the  s o l i d s   compr i s ing ,   in  weignt   p e r c e n t a g e s : -  

The  t e m p e r a t u r e   of  the  s l u r r y   in  the  vat  57  was  g r a d u a l l y   i n c r e a s e d  

from  a  t empera tu re   of  150C.  At  th i s   low  t e m p e r a t u r e ,   i t   was  n o t  

p o s s i b l e   to  c o l l e c t   ma te r i a l   on  the  r o t a t i n g   s ieve  55  because  t h e  

f l o c c u l a t i n g   ac t ion   was  i n e f f e c t i v e   and  e x c e s s i v e   q u a n t i t i e s   of  f i n e  

cement  p a r t i c l e s   passed  through  the  s ieve .   As  the  t empera tu re   was 

i n c r e a s e d ,   i t   became  p o s s i b l e   to  c o l l e c t   ma te r i a l   from  the  drum  but  i t  

was  c l e a r l y   of  i n f e r i o r   q u a l i t y   and  tne  amount  of  so l i d s   p a s s i n g  

through  the  drum  remained  at  an  unaccep t ab ly   high  level  unt i l   t h e  

t e m p e r a t u r e   of  the  s l u r r y   reached  2 0 0 C .  A t   th i s   t e m p e r a t u r e ,   t h e  

process   began  to  run  wel l ,   in  the  manner  de sc r i bed   above,  and  t h e  

product   was  of  good  q u a l i t y ,   the  best   p r o p e r t i e s   being  achieved  w i t h  

the  s l u r ry   t empera tu re   around  23°C.  Above  25°C,  the  q u a l i t y   began  t o  

d e t e r i o r a t e   and  as  the  t e m p e r a t u r e   was  i n c r e a s e d   beyond  27οC  t h e  

product   was  found  to  have  a  porous  c h a r a c t e r   and  when  cured  gave  a  low 

final  s t r e n g t h .  

The  same  appa ra tus   for  supply ing   s l u r ry   and  c o n t r o l l i n g   i t s   t e m p e r a t u r e  

(items  10 to  25 and  29  to  36 in  Figure  1)  was  also  used  in  c o n j u n c t i o n  

with  a  Bell  Flow-on  machine  modif ied  for  use  with  glass   f ibre   as  

de sc r ibed   in  our  co-opending  B r i t i s h   Pa tent   A p p l i c a t i o n   No.  84  00226 

f i l e d   5th  January  1984.  



As  shown  in  Figure  2,  the  modif ied   Bell  Flow-on  appa ra tus   comprises   a 

vessel   40  for  holding  an  aqueous  f i b r e - c o n t a i n i n g   cement  s l u r r y ,   and 

an  end less   w a t e r - p e r v i o u s   f e l t   be l t   42,  which  is  a r ranged  to  be  d r i v e n  

around  a  s e r i e s   of  guide  r o l l e r s   43,  44,  45.  S lurry   is  d e l i v e r e d   t o  

the  vessel   40  c o n t i n u o u s l y   during  o p e r a t i o n   through  a  supply  pipe  46 

c o r r e s p o n d i n g   to  the  l ine   23  of  Figure  1.  The  r i g h t   hand  end  of  t h e  

vessel  40  is  def ined  p a r t l y   by  the  upper  su r face   of  the  be l t   42  as  i t  

passes  around  the  guide  r o l l e r   43  and  p a r t l y   by  a  superposed  r o l l e r  

47,  which  is  driven  in  the  oppos i t e   sense  to  the  sense  of  r o t a t i o n   o f  

the  guide  r o l l e r   43.  A  small  gap  between  the  upper  su r face   of  t h e  

be l t   42  and  the  lowermost  par t   of  the  pe r i phe ry   of  the  r o l l e r   47 

c o n s t i t u t e s   the  o u t l e t   from  the  vessel  40  and  permits   a  thin  l aye r   49 

of  the  cement  s l u r ry   to  be  depos i t ed   on  the  b e l t .   In  accordance   w i t h  

normal  p r a c t i c e ,   a  ro t a ry   a g i t a t o r   50  is  d i sposed   in  the  vessel   40  t o  

cause  t u rbu l ence   in  the  s l u r r y .  

The  l aye r   49  of  f i b r e - c o n t a i n i n g   cement  s l u r r y   on  the  be l t   42  i s  

de-wate red   in  known  manner  through  the  be l t   using  dra inage   chambers  

51.  After   d e - w a t e r i n g ,   the  l ayer   49  becomes  a  cohes ive   web  52  o f  

f i b r e - r e i n f o r c e d   cement  which  is  picked  up  from  the  be l t   42  and  wound 

on  to  a  r o t a t a b l e   p i v o t a l l y   mounted  r e c e i v i n g   r o l l e r   53.  When  a 

s u f f i c i e n t   t h i cknes s   of  f i b r e - r e i n f o r c e d   cement  has  been  b u i l t   up  on 

the  sur face   of  the  r o l l e r   53,  i t   is  cut  a x i a l l y   of  the  r o l l e r   and  

taken  off  for  p r e s su re   de -wa te r ing   and  c u r i n g .  

An  a d d i t i o n a l   a g i t a t o r   is  provided  in  the  vessel   40,  ex tend ing   i n t o  

the  nip  between  the  r o l l e r   47  and  the  be l t   42,  and  formed  by  a  s e r i e s  

of  s i m i l a r   p a r a l l e l   curved  blades  41  which  are  d isposed   in  v e r t i c a l  

planes  p a r a l l e l   to  the  d i r e c t i o n   of  movement  of  the  be l t   42  ( i . e .   a t  

r i gh t   angles  to  the  axes  of  the  r o l l e r s   43,  47)  and  spaced  from  one 

ano ther   across   the  width  of  the  vessel  40.  The  olades  41  are  s e c u r e d  

to  a  ho r i zon t a l   c a r r i a g e   48  which  extends  across   the  width  of  t h e  

vessel  40  and  which  is  h o r i z o n t a l l y   r e c i p r o c a b l e   by  a  motor  ( n o t  

shown)  between  pairs   of  upper  and  lower  r o l l e r s   54. 



Simi la r   t e s t s   to  those  made  on  the  Hatschek  machine  of  Figure  1  were  

made  on  a  Bell  machine  of  Figure  2.  A  s l u r r y   compos i t ion   was  made  up 

to  have  a  so l i d s   c o n t e n t   of  30%,  and  the  s o l i d s   had  the  f o l l o w i n g  

c o m p o s i t i o n :  

It  was  found  tha t   at  t e m p e r a t u r e s   of  the  order   of  15  to  16°C,  there   was 

very  poor  f l o c c u l a t i o n ,   and  due  to  the  f ine  cement  m a t e r i a l s   c l o g g i n g  

or  b l i n d i n g   the  f e l t   be l t   49,  i t   was  ex t remely   d i f f i c u l t   to  c o l l e c t   any 

m a t e r i a l .   With  a  t empera tu re   of  18  to  19°C,  cement  composi te   m a t e r i a l  

was  c o l l e c t e d   on  the  accumula to r   r o l l e r   53  but  the  water  r e t e n t i o n   was 

e x c e s s i v e .   With  a  s l u r ry   t empera tu re   in  the  region  of  20  to  25°C,  t h e  

machine  ope ra ted   at  maximum  speed  with  good  d e - w a t e r i n g   and  the  f e l t  

be l t   remained  c l ean ,   while  the  p r o p e r t i e s   of  the  cement  c o m p o s i t e  

mate r ia l   were  s a t i s f a c t o r y .   With  a  s l u r r y   t empera tu re   of  270C  t h e  

p r o p e r t i e s   of  the  ma te r i a l   were  found  to  d e t e r i o r a t e   due  to  p o r o s i t y .  

It  is  be l i eved   tha t   the  nature   of  the  f l o c c u l a n t   used  i n f l u e n c e s   t o  

some  e x t e n t   the  a p p r o p r i a t e   t empera tu re   for  o p e r a t i o n .   It  is  c l e a r ,  

however,  tha t   the  p r o v i s i o n   of  means  for  c o n t r o l l i n g   the  t empera tu re   o f  

the  f l o c c u l a n t - c o n t a i n i n g   aqueous  s l u r ry   before   and  during  d e p o s i t i o n  

on  the  foraminous  s u r f a c e ,   in  accordance  with  the  i n v e n t i o n ,   e n a b l e s  

c o n s i s t e n t   p roduc t ion   of  s a t i s f a c t o r y   cement  composi te   mate r ia l   to  be 

a c h i e v e d .  

The  g lass   f ib re   used  is  p r e f e r a b l y   in  the  form  of  chopped  s t r ands   o f  

f i l amen t s   s ized  with  a  size  compos i t ion   such  tha t   the  s t r ands   s e p a r a t e  

or  f i l a m e n t i s e   into  i nd iv idua l   f i l amen t s   in  the  s lu r ry   as  in  t h e  

foregoing   Examples,  but  s t r ands   which  r e t a i n   t h e i r   i n t e g r i t y   may  be 

used  i n s t ead   of  or  in  a d d i t i o n   to  the  d i s p e r s i b l e   f i b r e s .  



1.  Apparatus  for  making  cement  composite  m a t e r i a l s   r e i n f o r c e d   w i t h  

g lass   f i b r e s ,   compris ing  means  for  forming  an  aqueous  s l u r ry   of  c emen t ,  

g lass   f i b r e ,   p u l v e r i s e d   fuel  ash,  f i ne ly   d ivided  amorphous  s i l i c a ,  

c e l l u l o s e   pulp  and  water ;   a  foraminous  sur face   on  which  a  l ayer   of  t h e  

s lu r ry   can  be  depos i t ed   and  through  which  water  can  be  removed  t o  

de-water   the  cement  composite  m a t e r i a l ;   and  means  for  adding  a 

f l o c c u l a n t   to  the  s l u r ry   a d j a c e n t   to  the  foraminous  s u r f a c e ;  

c h a r a c t e r i s e d   by  the  p rov i s ion   of  means  for  c o n t r o l l i n g   the  t e m p e r a t u r e  

of  the  f l o c c u l a n t - c o n t a i n i n g   aqueous  s l u r ry   before  and  d u r i n g  

d e p o s i t i o n   on  the  foraminous  s u r f a c e .  

2.  Apparatus  according   to  Claim  1  c h a r a c t e r i s e d   in  tha t   the  means 

for  forming  the  aqueous  s l u r ry   comprises   d  water  r e s e r v o i r   from  which 

water  can  be  supp l ied   to  a  s l u r r y   mixer,   and  the  means  for  c o n t r o l l i n g  

the  t empera tu re   of  the  f l o c c u l a n t - c o n t a i n i n g   s lu r ry   comprises   means  f o r  

heat ing  and  for  cool ing  the  water  in  the  r e s e r v o i r .  

3.  Apparatus  according  to  Claim  2  c h a r a c t e r i s e d   in  tha t   the  means 

for  hea t ing   the  water  in  the  r e s e r v o i r   comprises  a  steam  g e n e r a t o r  

connected  through  a  r e g u l a t o r   valve  which  is  c o n t r o l l e d   by  a 

t empera tu re   c o n t r o l l e r   to  a  pipe  opening  into  the  water  in  t h e  

r e s e r v o i r .  

4.  Apparatus  a c c o r d i n g  t o   Claim  3  c h a r a c t e r i s e d   in  t ha t   the  means 

for  cool ing   the  water  in  the  r e s e r v o i r   comprises   a  pump  c o n t r o l l e d   by 

the  t empera tu re   c o n t r o l l e r   and  a r ranged  to  c i r c u l a t e   water  from  t h e  

r e s e r v o i r   to  and  from  a  cool ing  l d g o o n .  



5.  Apparatus  accord ing   to  Claim  3  or  4  c h a r a c t e r i s e d   in  t ha t   t h e  

means  for  c o n t r o l l i n g   the  t e m p e r a t u r e   of  the  s l u r ry   f u r t h e r   comprises   a 

t empera tu re   sensor   in  the  r e s e r v o i r ,   connected   to  the  t e m p e r a t u r e  

c o n t r o l l e r .  

6.  Apparatus   accord ing   to  any one  of  Claims  2  to  5  c h a r a c t e r i s e d   i n  

tha t   the  s l u r ry   mixer  is  a r r anged   to  supply  a  r e l a t i v e l y   thick  s l u r r y  

compr i s ing   water  and  cement  to  a  b lender   provided  with  means  f o r  

i n t r o d u c i n g   g lass   f i b r e s   into  the  s l u r r y ,   the  b lender   being  in  t u r n  

a r ranged   to  supply  the  g l a s s - f i b r e - c o n t a i n i n g   s l u r r y   to  a  h o l d i n g  

v e s s e l ,   which  is  connected   to  the  water  r e s e r v o i r   for  supply  of  w a t e r  

for  d i l u t i n g   the  s l u r ry   and  is  also  connected  to  the  vat  of  a  Ha t schek  

type  machine  for  feeding  the  d i l u t e d   s lu r ry   t h e r e t o ,   a  tank  f o r  

c o n t a i n i n g   f l o c c u l a n t   s o l u t i o n   being  connected  to  the  l ine   between  t h e  

holding  tank  and  the  v a t .  
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