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8.3 BRICKS AND RELATED CLAY PRODUCTS 

8.3.1 Process  D e s c r i p t i o n  

The manufacture of b r i c k  and r e l a t e d  p roduc t s  such a s  c l a y  p ipe ,  p o t t e r y  
and some t y p e s  of r e f r a c t o r y  b r i c k  i n v o l v e s  t h e  mining, g r i n d i n g ,  s c reen ing  and 
blending of t h e  raw m a t e r i a l s ,  and t h e  forming, c u t t i n g  o r  shaping.  d ry ing  o r  
cur ing ,  and f i r i n g  of t h e  t i n a l  product.  

Su r face  c l a y s  and s h a l e s  a r e  mined i n  open p i t s .  Most f i n e  c l a y s  a r e  
found underground. 
is s t i r r e d  b e f o r e  i t  passes onto  s c r e e n s  f o r  s e g r e g a t i o n  by p a r t i c l e  size.  

A f t e r  mining, t h e  m a t e r i a l  is crushed t o  remove s t o n e s  and 

To s t a r t  t h e  forming process ,  c l a y  is mixed wi th  water. u s u a l l y  i n  a pug 
m i l l .  
and dry press .  In t h e  s t i f f  mud process ,  s u f f i c i e n t  wa te r  is added t o  g i v e  t h e  
c l a y  p l a s t i c i t y ,  and b r i c k s  a r e  formed by f o r c i n g  t h e  c l a y  through a d i e .  Wire 
is used in s e p a r a t i n g  b r i c k s .  A l l  s t r u c t u r a l  t i l e  and most b r i c k  a r e  formed by 
t h i s  procesa.  
s t i f f  mud process .  The c l a y  i s  mixed w i t h  water t o  a m o i s t u r e  c o n t e n t  of 20 t o  
30 p e r c e n t ,  and t h e  b r i c k s  a r e  formed in molds. I n  t h e  dry  p r e s s  process ,  c l a y  
is mixed w i t h  a small amount of wa te r  and formed i n  s t e e l  molds by applying 
p r e s s u r e  of 3.43 t o  10.28 megapascals (500 t o  1500 pounds p e r  s q u a r e  i n c h ) .  
t y p i c a l  b r i c k  manufacturing process  is shown in Figure  8.3-1. 

The t h r e e  p r i n c i p a l  p rocesses  f o r  forming b r i c k  are s t i f f  mud, s o f t  mud 

The s o f t  mud process  is u s u a l l y  used w i t h  c l a y  t o o  wet f o r  t h e  

A 

Wet c l a y  u n i t s  t h a t  have been formed a r e  almost completely d r i e d  b e f o r e  
f i r i n g ,  u s u a l l y  w i th  waste hea t  from k i l n s .  
f i r i n g  b r i c k ,  bu t  t h e  most common a r e  t h e  downdraft  p e r i o d i c  k i l n  and t h e  
tunnel k i l n .  
of f i r e h o l e s  where f u e l  e n t e r s  t h e  furnace.  Hot g a s e s  from t h e  f u e l  are drawn 
u p  over  t h e  b r i c k s ,  down through them by underground f l u e s ,  and out  of t h e  oven 
t o  t h e  chimney. 
than  t h e  tunnel  k i l n ,  t h e  uniform t empera tu re  d i s t r i b u t i o n  l e a d s  t o  a good 
q u a l i t y  product.  In most tunnel  k i l n s ,  c a r s  c a r r y i n g  about 1200 b r i c k s  t r a v e l  
on r a i l s  through t h e  k i l n  a t  t h e  r a t e  of one 1.83 meter  ( 6  f o o t )  c a r  p e r  hour. 
The f i r e  zone is l o c a t e d  near t h e  middle of t h e  k i l n  and is s t a t i o n a r y .  

Many types of k i l n s  are used f o r  

The p e r i o d i c  k i l n  is a permanent b r i c k  s t r u c t u r e  w i t h  a number 

Although lower hea t  recovery makes t h i s  t y p e  less e f f i c i e n t  

I n  a l l  k i l n s ,  f i r i n g  t a k e s  p l a c e  in s i x  s t eps :  e v a p o r a t i o n  of f r e e  water .  
dehydra t ion ,  ox ida t ion ,  v i t r i f i c a t i o n ,  f l a s h i n g ,  and cool ing.  Normally, g a s  o r  
r e s i d u a l  o i l  is used f o r  h e a t i n g ,  bu t  coa l  may be used. Tota l  h e a t i n g  t ime 
v a r i e s  w i t h  t h e  type  of product ,  f o r  example, 22.9 c e n t i m e t e r  (9  i n c h )  r e f r a c -  
t o r y  b r i c k s  u s u a l l y  r e q u i r e  50 t o  100 hours  of f i r i n g .  
about 1090°C (2000'F) are used i n  firing common br ick .  

Maximum temperatures  of 
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8 . 3 . 2  Emissions And C o n t r o l s l , 3  
- 

P a r t i c u l a t e  m a t t e r  is t h e  primary emission i n  t h e  manufacture of b r i c k s .  
*e main s o u r c e  of d u s t  is t h e  m a t e r i a l s  handl ing procedure,  which i n c l u d e s  
d r y i q ,  g r i n d i n g ,  screening and s t o r i n g  t h e  raw m a t e r i a l .  Combustion products  
a r e  emi t ted  from t h e  f u e l  consumed in t h e  d r y e r  and t h e  k i l n .  F l u o r i d e s ,  
l a r g e l y  i n  gaseous form, a r e  a l s o  e m i t t e d  from b r i c k  manufactur ing opera t ions .  
S u l f u r  d i o x i d e  may b e  emi t t ed  from t h e  b r i c k s  when temperatures  reach o r  exceed 
137OOC (2500°F),  bu t  no d a t a  on such emissions a r e  ava i l ab le .4  

- , 
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Figure  8.3-1. Basic  f low diagram of b r i c k  manufacturing process .  
(P = a major s o u r c e  of p a r t i c u l a t e  emissions)  

- 

A v a r i e t y  of c o n t r o l  systems may b e  used t o  reduce bo th  p a r t i c u l a t e  and 
gaseous emissions.  Almost any t y p e  of p a r t i c u l a t e  c o n t r o l  system w i l l  reduce 
emissions from t h e  material handl ing p r o c e s s .  b u t  good p l a n t  d e s i g n  and hooding 
are a l s o  r e q u i r e d  t o  keep emissions t o  a n  a c c e p t a b l e  l e v e l .  

The emissions of f l u o r i d e s  can b e  reduced by o p e r a t i n g  t h e  k i l n  a t  tem- 
p e r a t u r e s  below 1090°C (2000'F) and by choosing c l a y s  w i t h  low f l u o r i d e  con- 
t e n t .  
s i n c e  w e t  c y c l o n i c  s c r u b b e r s  can remove f l u o r i d e s  wi th  a n  e f f i c i e n c y  of 95 
percent o r  higher .  

S a t i s f a c t o r y  c o n t r o l  can be achieved by scrubbing k i l n  g a s e s  w i t h  water ,  

Tab le  8.3-1 p r e s e n t s  emission f a c t o r s  f o r  b r i c k  manufacturing wi thou t  
c o n t r o l s .  
f a c t o r s  f o r  u n c o n t r o l l e d  sawdust f i r e d  b r i c k  k i l n s .  Table  8.3-3 p r e s e n t s  d a t a  
on p a r t i c l e  s i z e  d i s t r i b u t i o n  and emiss ion  f a c t o r s  f o r  uncon t ro l l ed  c o a l  f i r e d  
tunnel  b r i c k  kilns. 

Table 8.3-2 p r e s e n t s  d a t a  on p a r t i c l e  s i ze  d i s t r i b u t i o n  and emission 
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TABLE 8.3-2. PARTICLE SIZE DISTRIBUTION AND EMISSION FACTORS FOR 
- UNCONTROLLED SAWDUST FIRED BRICK KILNSa 

EMISSION FACTOR RATING: E 

Aerodynamic p a r t i c l e  Cumulat ive weight  X Emission f a c t o r b  I < s t a t e d  s i z e  (kg/Mg 1 I -  d iame te r  (urn)  
I I 

2 - 5  
6 -0 
10 .o 

36.5 
63.0 
82.5 

0.044 
0.076 
0.099 

Tota l  p a r t i c u l a t e  emiss ion  f a c t o r  0.12C 
I I I 

Reference  13. 

s i z e / u n i t  weight  of b r i c k  produced. 
bExpressed as cumula t ive  weight  of p a r t i c u l a t e  - < corresponding  p a r t i c l e  

CTotal  mass emiss ion  f a c t o r  from T a b l e  8.3-1. 
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Figure  8.3-2. Cumulative weight  pe rcen t  o f  
p a r t i c l e s  less  than  s t a t e d  p a r t i c l e  d iameters  
f o r  uncon t ro l l ed  sawdust f i r e d  b r i c k  k i l n s .  

8.3-4 EMISSION FACTORS 10186 



TABm-8.3-3. PARTICLE SIZE DISTRIBUTION AND EMISSION FACTORS FOR 
UNCONTROLLED COAL FIRED TUNNEL BRICK KILNSa 

EMISSION FACTOR RATING: E 

I Aerodynamic par t ic le  
d iameter  (pm) 

2.5 
6 .O 

10 .o 10 .o I 

Emission f a c t o r b  
(WW I Cumulative weight X 

< s t a t e d  s i z e  - 

24.7 
50.4 
71.0 

0.08A 
0.17A 
0.24A 

I Tota l  p a r t i c u l a t e  emission f a c t o r  0.34AC 
I I I 

aReferences 12. 17. 
bExpressed as cumula t ive  weight of p a r t i c u l a t e  < c o r r e s p o n d i w  p a r t i c l e  

s i z e / u n i t  weight of b r i c k  produced. 
a sh  con ten t  is not  known). 

A = X a s h i n  coa l .  ( U s e  10% i f  

CTotal m a s s  emission f a c t o r  from T a b l e  8.3-1. 

P a r t i c l e  d i ame te r ,  a 

Figure  8.3-3. 
p a r t i c l e s  less than  s t a t e d  p a r t i c l e  d i e t e r s  
f o r  uncon t ro l l ed  c o a l  f i r e d  t u n n e l  b r i c k  k i l n s  

Cumulative weight  percent  of  
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TABLE 8 . 3 - 4 .  PARTICLE SIZE DISTRIBUTION AND EMISSION FACTORS FOR 
- UNCONTROLLED SCREENINC AND GRINDING OF R A W  MATERIALS 

FOR BRICKS AND RELATED CLAY PRODUCTSA 

EMISSION FACTOR RATING: E 

Aerodynamic p a r t i c l e  
d i a m e t e r  (pm) 

Cumulat ive weight  X 1 
- < s t a t e d  s i ze  

2 . 5  
6 .O 

10 .o 

0.2 
0.4 
7 .o 

Emission f a c t o r b  
( W M g )  1 
0.08 
0.15 
2.66 

I Total p a r t i c u l a t e  emiss ion  f a c t o r  3aC 
I 

aReferences 11, 18. 
bExpressed as cumula t ive  weight  of p a r t i c u l a t e  < corresponding  

CTotal  mass emiss ion  f a c t o r  from T a b l e  8.3-1. 

I 
p a r t i c l e  s i z e / u n i t  weight  of raw material processed.  

P a r t i c l e  diameter ,pm 

F igure  8.3-4. 
p a r t i c l e s  less than  s t a t e d  p a r t i c l e  d iameters  
fo r  uncon t ro l l ed  s c r e e n i n g  and g r i n d i n g  of raw 
m a t e r i a l s  fo r  b r i c k s  and r e l a t e d  c l a y  products .  

Cumulative weight  pe rcen t  o f  
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