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C h a p t e r  I  

I n t r o d u c t i o n

1.1 tlQ-tlY.ati.Qn 1, Qb.j e c ti ve .น, md.-_S.QQBS

A t  p r e s e n t  T h a i  c e r a m ic  i n d u s t r y  h a s  b e e n  p r o g r e s s e d  t o  a  

c e r t a i n  l e v e l .  I t  i s  n o w  n e c e s s a r y  t h a t ,  t h i s  i n d u s t r i a l  l i n e  
m u s t  b e  d e v e lo p e d  t o  a  h i g h e r  l e v e l  t o  c o m p e te  w i t h  l e a d i n g  

c o u n t r i e s .  M a c h in e s  a n d  t o o l s  a r e  h i g h  i n v e s t m e n t  i f  im p o r t e d ,  

a s  w e l l  a s  k n o w -h o w  t e c h n i q u e .  H o w e v e r ,  h i g h  i n v e s t m e n t  c a n  b e  

s a v e d  i n  t e r m s  o f  f i x e d - a s s e t s  a n d  c o s t  o f  p r o d u c t i o n , i f  m a c h in e s ,  

t o o l s  a n d  k n o w - h o w  a r e  i n v e n t e d  i n  t h e  c o u n t r y .  T h i s  p o l i c y  i s  s o  

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

I n  c e r a m ic  p r o d u c t i o n  p r o c e s s ,  t h e r e  a r e  m a n y  

q u e s t i o n a b l e  t o p i c s  t h a t  a r e  s o  i n t e r e s t i n g  t h a t  o n e  w o u ld  d e s i r e  

t o  s t u d y  a n d  d o i n g  r e s e a r c h  w i t h  t h e  t a r g e t  t o  e n d  u p  w i t h  n e w  

i n v e n t i o n .  O ne  i n t e r e s t i n g  t o p i c  a m o n g  m a n y ,  i s  " T h e  P r o d u c t i o n  

o f  H ig h  A lu m in a  B r i c k s  f o r  L i n i n g  i n  B a l l  M i l l  a n d  o t h e r  

G r i n d i n g  A p p a r a t u s  b y  E x t r u s i o n  F o r m in g  M e t h o d " .

T h e  t h e o r e t i c a l  i n t e r e s t  b e h in d  t h e  t o p i c  i s : -  h i g h  

a l u m in a  b a l l  m i l l  l i n i n g  f u n c t i o n s  t h e  g r i n d i n g  o f  r a w  m a t e r i a l  
b e t t e r  t h a n  t h e  p o r c e l a i n  l i n i n g  o n e .

W i t h  t h e  S i l e x  a n d  p o r c e l a i n  l i n i n g , t h e r e  a r e  l i m i t a t i o n s  
o f  g r i n d i n g  c o m p e te n c e  a n d  a c c u r a c y  o f  t h e  m i x t u r e :  s u c h  a s  i t ' s

u n a b i l i t y  t o  c r u s h  r a w  m a t e r i a l  t o  f i n e  p o w d e r ,  i n s u f f i c i e n t  

h a r d n e s s  t h a t  w i l l  c a u s e  c o r r o s i o n  a n d  c o n t a m i n a t i o n ,  t h e  

i n a c c u r a c y  o f  t h e  m i x t u r e ,  w h i c h  w i l l  c o n s e q u e n t l y  d a m a g e  t h e  
p r o d u c t i o n .
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I n  c o m p a r i s o n ,  t h e  h i g h  a l u m in a  l i n i n g  h a s  a  m o re  
c o n s i s t e n t ,  h a r d n e s s  a n d  a  h i g h e r  d e n s i t y  o r  m o re  w e i g h t .  T h e s e  

p r o p e r t i e s  l e a d  t o  b e t t e r  g r i n d i n g  c o m p e te n c e  t o  f i n e  d e l i c a c y  

w i t h  l e s s  t im e  s p e n t  i n  g r i n d i n g  w h i c h  a r e  p r a c t i c a l  i n d u s t r i a l  

d e s i r e .

A t  p r e s e n t ,  m o s t  g r i n d i n g  m a c h in e s  u s e d  i n  o u r  c o u n t r y ,  

a r e  l i n e d  w i t h  h i g h  s i l i c a ,  h a r d  s t o n e w a r e  a n d  p o r c e l a i n .  T h e s e  

m a c h in e s  t a k e  t im e  i n  g r i n d i n g  a n d  g i v e  i n a c c u r a c y  o f  f i n i s h e d  
m i x t u r e ,  a s  a b o v e  m e n t i o n e d .  I f  o n e  w o u ld  n e e d s  a  d e s i r a b l e  h i g h  

c o m p e t e n t  a n d  a c c u r a t e  g r i n d i n g  m a c h in e ,  o n e  h a s  t o  im p o r t  t h e  

m a c h in e  f r o m  a b r o a d  a n d  p u t  m o r e  i n v e s t m e n t  a n d  h i g h  e x p e n s e  

w i t h  a n  e x p e c t a t i o n  o f  h i g h  t u r n o v e r .

T h i s  b r i n g s  me t o  t h e  i n t e r e s t  o f  s t u d y i n g  d e e p l y  i n  

t h e  t o p i c  o f  h i g h  a l u m in a  l i n i n g . I f  a n  i n v e n t i o n  o f  h i g h  a l u m in a  

l i n i n g  ( a p p .  85%  A I 2O 3 )  i s  r e s e a r c h e d  a n d  p r o d u c e  i n  T h a i l a n d ,  
a  b e t t e r  p r o d u c t i o n  a n d  s a v e r  w i l l  b e  g a i n ,  n o t  o n l y  t h e  c e r a m ic  

i n d u s t r y  b u t  a l s o  t h e  o t h e r  i n d u s t r i e s  t h a t  n e e d  g r i n d i n g  m a c h in e  

w i l l  b e n e f i t  f r o m  t h i s  i n v e n t i o n ,  a n d  a n  e x p e c t a t i o n  o f  h i g h  

t u r n o v e r  i s  s t i l l  i n  t h e  p o s s i b i l i t y .  T h i s  s t u d y  i s  a im e d  

p a r t i c u l a r l y  t o  t h e  h i g h  a l u m in a  m a t e r i a l  t o  u s e  a s  l i n i n g  b r i c k s  

i n  b a l l  m i l l  b y  e x t r u s i o n  f o r m i n g  m e th o d .
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1■ 2 B a i l  M i l l  L ine rs .

B a l l  m i l l  i s  any m i l l  in  which in s id e  o f the  c y lin d e r  is  
l in e d  w ith  l in e r s ,  e i th e r  rubbe r, s i le x ,  p o rc e la in  o r some o th e r  
n o n -m e ta ll ic  l in e r  such as a lum ina l in e r s  e tc .

K inds o f L in e rs .

-  Rubber L in in g  ; are u s u a lly  vu lc a n ize d . N a tu ra l rubber 
is  most g e n e ra lly  used because i t  p ro v id e s  the  g re a te s t  
re s is ta n c e  to  ab ras ion  more than s y n th e t ic  rubbe r, l ik e  Neoprene 
o r Hycar. The rubber l in in g s  are used o n ly  in  wet g r in d in g  
ope ra tio n s  because in  d ry  g r in d in g , the  rubber has the  tendency  
to  abrade e x ce s s ive ly .

-  S i le x  pure f l i n t  l in in g ,  i t  is  one o f the  toughes t 
l in in g  m a te r ia ls  a v a ila b le  f o r  b a l l  m i l l s .  Because o f i t s  
n a tu ra l rough su rfa ce  which he lps p reven t the  charge from  s l id in g  
o r s l ip p in g ,  in su re s  a more e f f i c ie n t  g r in d in g  a c t io n . Belgium  
is  the o n ly  c o un try  in  the  w o rld  where good q u a l i t y  b lo cks  
are a v a ila b le ,  the  s i le x  from  o th e r c o u n tr ie s  such as China o r  
Korea, has lower q u a l i t y .

-  P o rce la in  L in in g  ; a pure w h ite  ceram ic l in in g  which  
has a dense, tough s t ru c tu re ,  w i l l  stand up f o r  many years o f  
s e rv ic e  depending on a lum ina con ten t in  i t .

-  H igh D ens ity  L in in g  ; made w ith  a h ig h  alum ina  
co n te n t, i t  is  the  toughes t and most ab ras ion  re s is ta n t  o f the  
s y n th e t ic  l in in g s ,  to g e th e r w ith  the  c o r re c t dimension  
d e s ig n a tio n  and in s t a l la t io n  to  p ro v id e  the h ig h  p re c is io n ,  
compares w ith  the  n a tu ra l l in in g .
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I n  w e t  g r i n d i n g  ; t h e  v o i d  v o lu m e  b e tw e e n  t h e  g r i n d i n g  

m e d ia ,  w i t h  t h e  m i l l  h a l f  c h a r g e d ,  r e p r e s e n t s  a p p r o x im a t e l y  20%  

o f  t h e  t o t a l  v o lu m e  o f  t h e  m i l l .  F a s t e s t  g r i n d i n g  o c c u r s  w h e r e  

t h e r e  i s  j u s t  s u f f i c i e n t  m a t e r i a l  i n  a  b a t c h  t o  f i l l  a l l  v o i d s  

a n d  s l i g h t l y  c o v e r  w i t h  t h e  g r i n d i n g  m e d ia .  T h e  m o s t  i m p o r t a n t  

e le m e n t  i n  w e t  g r i n d i n g  i s  t h e  c o n s i s t e n c y ,  o r  v i s c o s i t y ,  o f  t h e  

b a t c h .  L o w  v i s c o s i t y  m a t e r i a l s  p e r m i t  t h e  g r i n d i n g  m e d ia  t o  m o ve  

w i t h  e x c e s s i v e  s p e e d  a n d  t h i s  c o m b in e d  w i t h  t h e  t h i n  p r o t e c t i v e  
f i l m  a r o u n d  t h e  m e d ia ,  m a y  c a u s e  a b n o r m a l  w e a r ,  c o n t a m i n a t i o n  

a n d  h e a t  b u i l d - u p .  W i t h  h i g h  v i s c o s i t i e s  f r e e  m o v e m e n t o f  t h e  
g r i n d i n g  m e d ia  i s  im p e d e d .  T h i s  c a n  c a u s e  a  c a r r y i n g  o v e r  a n d  

" t h r o w "  o f  t h e  m e d ia  r e s u l t i n g  i n  i n e f f i c i e n t c y  a n d  c o n t a m i n a t i o n .

B a s e d  o n  a c c e p t e d  m i l l i n g  t e c h n i q u e s ,  t h e  a v i a l a b l e  
b a t c h  v o lu m e  i s  2 0 -2 5 %  o f  m i l l  v o lu m e  a c c o r d i n g  t o  t h e  k i n d  o f  

b a l l s  u s e d  a n d  t h e s e  v o lu m e s  s h o u l d  b e  m u l t i p l i e d  b y  t h e  

s p e c i f i c  g r a v i t y  o f  t h e  c o m p o s i t i o n  t o  b e  t h e  b a t c h  w e i g h t .  B o t h  

w h e n  t o o  m u c h  o r  t o o  l i t t l e  m a t e r i a l  i s  c h a r g e d ,  t h e  g r i n d i n g  

c a p a c i t y  d e c r e s e s .  T h e  c o r r e c t  r a t i o  b e tw e e n  t h e  b a t c h  a n d  t h e  

b a l l  c h a r g e  m u s t  b e  m a i n t a i n e d .  F o r  u n i f o r m  r e s u l t s  n o t  o n l y  t h e  

m i l l  s p e e d  a n d  t h e  g r i n d i n g  t im e  a r e  i m p o r t a n t ,  a l s o  b e tw e e n  t h e  

b a t c h  a r id  t h e  a m o u n t  o f  w a t e r ,  l e a d s  t o  d i f f e r e n c e s  i n  p a r t i c l e  

s i s e  a n d  d i s t r i b u t i o n .

T h e  q u a n t i t y  o f  w a t e r  a f f e c t s  t h e  g r i n d i n g  c a p a c i t y  m o re  
t h a n  o t h e r  f a c t o r .  I n  t o o  t h i n  a  s l i p  o f  p a r t i c l e s  a r e  s w e p t  a w a y  

b y  t h e  w a t e r ,  w h i c h  i s  p u t  a s i d e  b y  t h e  o n c o m in g  b a l l s ,  a n d  s o  

t h e  p a r t i c l e s  e s c a p e  f r o m  t h e  im p a c t .  A  w a t e r y  s l i p  c a n n o t  f o r m  
v i s c o u s  f i l m  a r o u n d  t h e  b a l l s ,  w h i c h  r e s u l t s  i n  l e s s  g r i n d i n g  

a c t i o n .  I n  t o o  t h i c k  a  s l i p  t h e  s t r i k i n g  f o r c e  o f  t h e  b a l l s  i s  
s m o r t h e r e d  ; t h i s  a l s o  l e a d s  t o  a  d e c r e a s e d  g r i n d i n g  a c t i o n .
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Q u a n t i t i e s  o f  w a t e r ,  v a r y i n g  b e tw e e n  4 0 -6 0 %  o f  t h e  b a t c h  

w e i g h t  a r e  b e i n g  re c o m m e n d e d .  W h e n e v e r  t h e  p e r c e n t a g e  o f  c l a y  

a d d i t i o n s  i s  i n c r e a s e d ,  s o m e  m o re  w a t e r  s h o u ld  b e  a d d e d  b e c a u s e  

c l a y  p a r t i c l e s  s u r r o u n d  t h e m s e l v e s  w i t h  a  v i s c o u s  w a t e r - f i l m  a n d  
t h i s  l e a d s  t o  s o m e  i n c r e a s e  o f  t h e  v i s c o s i t y  o f  t h e  s l i p .

B e f o r e  b e g i n i n g  w o r k  o n  t h e  l i n i n g ,  a n y  b r i c k  o r  c e m e n t  

r e s i d u e s  s h a l l  b e  r e m o v e d  f r o m  t h e  i n s i d e  s u r f a c e .  S m o o th  a r e a  

s h a l l  r o u g h e n e d  a n d ,  i f  t h e  i r o n  s h e l l  i s  c o n s i d e r a b l y  w o r i? ,  
i t  s h a l l  b e  s t r e n g t h e n e d  b y  e l e c t r i c  w e l d i n g .

T h e  l i n i n g  p r o c e s s  i s  u s u a l l y  s t a r t e d  o n  t h e  h e a d  

s u r f a c e ,  w h e n  t h e  b r i c k s  a r e  i n s t a l l e d  o n  t h e  f l a t  s u r f a c e s , ,  

w i t h  t h e  u p p e r  b r i c k  o v e r l a p p i n g  t h e  j o i n t  b e tw e e n  t h e  tw o  l o w e r  

b r i c k s .  N a r r o w  j o i n t s  m e a s u r in g  a p p r o x im a t l y  1 mm. s h o u l d  b e  m a d e .

T h e  c y l i n d r i c a l  f a c e  o f  t h e  s h e l l  i s  u s u a l l y  l i n e d  w i t h  
r o w s  o f  w e d g e  b r i c k s  i n t e r s p e r s e d  w i t h  r o w s  o f  r e c t a n g u l a r  b r i c k s  

a t  c e r t a i n  i n t e r v a l .  I f  t h e  d i a m e t e r  o f  t h e  s h e l l  i s  t h e  s a m e  a s  

t h e  c h a r a c t e r i s t i c  d i a m e t e r  o f  t h e  w e d g e  b r i c k s ,  o n l y  w e d g e  
b r i c k s  a l o n e  s h a l l  b e  u s e d .

F i g . l  L i n i n g  i n s t a l l a t i o n



1 . 3 . 1  F ro m  t h e  p r o d u c t  d a t a  s h e e t  o f  l i n e r s ,  T h e  f o r m i n g  

m e th o d  w a s  i s o s t a t i c  p r e s s i n g .  B u t  i n  t h i s  r e s e a r c h , t h e  e x t r u s i o n  

m e th o d  w a s  c o n s i d e r e d  t o  m a k e  t h e  e q u i v a l e n c e  p r o d u c t  w i t h  t h e  

l o w e r  c o s t .

T a b l e  1 T y p i c a l  p h y s i c a l  c h a r a c t e r i s t i c s  o f  h i g h - a l u m i n a  

l i n i n g  p r o d u c t s  f r o m  v a r i o u s  c o m p a n ie s .

T r a d e  n am e  

C o u n t r y

A l u b i t . 9 0

I t a l y

C T I . 

S p a in

A r l c i t e . 

F r a n c e

F o r m in g  m e th o d = = =  I s o s t a t i c  p r e s s i n g  = = =

% A I 2O 3 c o n t e n t 9 0 9 0 8 4

D e n s i t y  [ g m . / e m . 3 ] 3 . 5 7 3 . 6 0 3 . 4 0

H a r d n e s s  [M o h  s c a l e ] 9 9 9

[ R o c w e l l  4 5 N ] 7 8 7 5 - 7 9 -

F l e x u r a l  s t r e n g t h  [ k g . / c m . 2 ] 3 , 2 0 0 3 , 2 0 0 2 , 7 4 0

% W a te r  a b s o r p t i o n 0 0 0

I m p a c t  s t r e n g t h  [ k p c m / c m . 2 ] - 8 -

C o l o r w h i t e w h i t e w h i t e

1 . 3 . 2  S u r d e a n u ,  T u d o r  G h e o r g h e ;  R om , 6 5 , 8 0 7 , 3 0  O c t . 1 9 7 8 .

Brisks.J^-Lining: .B a lL iiill and Grinding_Apparatus.
T h e  t i t l e  b r i c k s  w e r e  e x t r u d e d  f r o m  a  h i g h  a l u m in a  c o m p o s i t i o n  
c o n t a i n i n g  c a l c i n e d  A I 2O3 8 4% , c r u d e  k a o l i n  [ t h i x o t r o p i c  i n d e x  

1 . 2 ]  5 .5 % ,  s t e a t i t e  [ c o n t g . > 3 0 %  M gO ] 4% , N a 2 0 - b e n t o n i t . e  5% ,

a n d  t e c h . - g r a d e  C aC O a [ c o n t g . > 9 7 %  C aC Û 3 ]  1 .5 %  w e r e  g r o u n d  i n  t h e  

p r e s e n c e  o f  w a t e r  t o  g i v e  a  s l u r r y ,  w h i c h  w a s  u s e d  f o r  v a c u u m  
e x t r u s i o n  o f  b r i c k s .  T h e  b r i c k s  a f t e r  f i r i n g  a t  1 5 5 0 - 1 5 7 0  c .  h a d  

M o h . h a r d n e s s  9 , d e n s i t y  3 . 4 5 - 3 . 5 8  g m . / c m . 3 , a n d  w a t e r  a b s o r p t i o n  0% .


	Chapter I Introduction
	1.1 Motivation, Objective, and Scope
	1.2 Ball Mill Liners
	1.3 Literature Survay


