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ABSTRACT 

T h i s  r e p o r t  a s s e s s e s  t h e  u s e  o f  a c o a t e d  baghouse  t o  c o n t r o l  e m i s s i c n s  
from c h a r g i n g  and demagging o p e r a t i o n s  a t  a s econdary  aluminum smelter. 
O n - s i t e  s a m p l i n g  was conduc ted  f o r  c h a r a c t e r i z a t i o n  o f  t h e  e m i s s i o n s  gen-  
e r a t e d  by s p e c i f i c  t e s t s  f o r  t o t a l  p a r t i c u l a t e s ,  p a r t i c l e  s i z i n g ,  e l e m e n t a l  
a n a l y s i s  o f  p a r t i c u l a t e s ,  p o l y n u c l e a r  a r o m a t i c s ,  s u l f u r  d i o x i d e ,  s u l f u r  
t r i o x i d e ,  t o t a l  methane h y d r o c a r b o n s ,  t o t a l  c h l o r i d e s ,  a n d . t o t a 1  f l u o r i d e s .  
O p e r a t i n g  d a t a  s u p p l i e d  by t h e  s m e l t e r  i s  e v a l u a t e d  a s  t o  t h e  s y s t e m ' s  
r e 1  i a b i l  i t y  . 

... 

T h e  c o a t e d  bahouse  sys t em was found  t o  be  r e l i a b l e  and v e r y  e f f e c t i v e  
... f o r  r e d u c i n g  e m i s s i o n s  o f  p a r t i c u l a t e  m a t t e r ,  s u l f u r  t r i o x i d e ,  c h l o r i d e s ,  

and f i u o r i d e s .  It  had no e f f e c t  on t h e  t o t a l  methane h y d r o c a r b o n  emis- 
sions. P a r t i c u l a t e  e m i s s i o n s  f rom t h e  baghouse  a r e  c h a r a c t e r i z e d  a s  con-  
t a i n i n g  s m a l l  q u a n t i t i e s  o f  c o p p e r ,  aluminum, sodium, p o t a s s i u m ,  and z i n c .  
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T h i s  r e 9 o r t  was s u b m i t t e d  i n  f u l f i l l m e n t  o f  C o n t r a c t  No. 68-02-1402 by 
... Envi ronmen ta l  S c i e n c e  and E n g i n e e r i n g ,  I n c . ,  unde r  t h e  s p o n s o r s h i p  o f  the  
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SECTION 1 

... 

i' 

INTRODUCTION 

I n  1973,  R o c h e s t e r  S m e l t i n g  and  R e f i n i n g  Co. i n s t a l l e d  a c o a t e d  bag-  
h o u s e ,  d e s i g n e d  by T e l l e r  E n v i r o n m e n t a l  Sys t ems ,  I n c . ,  i n  o r d e r  t o  r e d u c e  
p a r t i c u l a t e  and g a s e o u s  e m i s s i o n s  f rom t h e  c h a r g i n g  we l l s  on t h e i r  t h r e e  
r e v e r b a t o r y  f u r n a c e s .  S u b s e q u e n t l y ,  a U.S. EPA d e m o n s t r a t i b n  c o n t r a c t  was 
o b t a i n e d  by t h e  smel te r  t o  show t h e  e f f e c t i v e n e s s  of t h i s  c o n t r o l  f a c i l i t y  
d u r i n g  t h e i r  c h a r g i n g  and demagging o p e r a t i o n s .  I n  1974 ,  C l a y t o n  Environ:  
m e n t a l  C o n s u l t a n t s ,  I n c . ,  was c o n t r a c t e d  by EPA t o  conduc t  a s e r i e s  of 
er ; . iss ion t e s t s  on t h e  f a c i l i t y  i n  o r d e r  t o  c h a r a c t e r i z e  i t s  m a j o r  p a r t i -  
c u l a t e  and  g a s e o u s  e m i s s i o n s  d u r i n g  o p e r a t i o n s  of f l u o r i d e  f l u x i n g  and  
c h l o r i n e  demagging.  However, t h e  c h l o r i n e  demagging equ ipmen t  w a s . n o t  
i n s t a l l e d ,  t h e r e f o r e ,  t h a t  a s p e c t  of t h e  t e s t i ' n g  program c o u l d  n o t  b e  
comp 1 e t  e d .  

I n  hugust.  of 1 9 7 6 ,  E n v i r o n m e n t a l  S c i e n c e  and E n g i n e e r i n g ,  I n c .  (ESE) 
was a s s i g n e d  Task  Orde r  +@15 of  EPA C o n t r a c t  No. 68-02-1402 t o  p e r f o r m  a 
tes t ing!  and e v a l u a t i o n  program o f  t h e  c o a t e d  baghouse .  The s a m p l i n g  was t o  
be pe r fo rmed  d u r i n g  denagg ing  o p e r a t i o n s  u s i n g  c h l o r i n e  and  t o  i n c l u d e  t h e  
f o l l o w i n g  p a r a m e t e r s :  

1) P a r t i c l e  s i z e  d i s t r i b u t i o n  a t  t h e  i n l e t  and o u t l e t  o f  t h e  
bagh ou se , 

2 )  S i n u l t a n e o c s  xeasu remen t  o f  a v e r a g e  p a r t i c u l a t e  l o a d i n g  a t  t h e  
baghouse  i n i . i r  snd  o u t l e t ,  

3 )  i ' e i o c i i y ,  r e r . ?e i - a tu+e ,  m o i s t u r e ,  f l u e  gas , c o m p o s i t i o n ,  s u l f u r  
d i o x i d e  i n 6  su lc . . -  L,:. t r i o x i d e  d e t e r m i n a c i o n s  a s  r e q u i r e d ,  

& >  C h a r a c t e r i z e t i e c  of t h e  p a r t i c u l a t e  and gas c o n p o s i t i o n  
( c h l o r i d e s ,  p o l y n u c l e a r  a r o m a t i c s ,  c h l o r i n e ,  e t c . ) ,  and 

5)  Analyze  and e v a l n a t e  t h e  t e s t i n g  and  o p e r a t i n g  d a t a  ( c o m p i l e d  by 
R o c h e s t e r  S m e l t i n g  and R e f i n i n g  Co . )  and  p r e p a r e  a f i n a l  r e p o r t  
of t h e  systecs per fo rmance  and  r e l i a b i l i t y .  

D u r i n g  E S E ' r  p r e p a r a t i o n  of  t h e  work p l a n ,  t h e  s c o p e  of work was ex-  
- .  ~ . ~ ' n < c , d  t o  i n c l u d e  c o s s i i j l e  s a m p l i n g  d u r i n g  c h a r g i n g  and f l u o r i n e  demagging  

x r i o d s  i f  c n l o r i n e  cer i sgging  c o u l d  n o t  be pe r fo rmed  c o n t i n u o u s l y .  The 
f i e l d  t e s t i n g  work. was t o  be  pe r fo rmed  d u r i n g  t h e  week o f  O c t o b e r  l @ t h ,  
i47h. Ho-.ever, i t  was pos tponed  u n t i l  t h e  week of O c t o b e r  1 7 t h  due t o  a 
7.. . . . - L L u n z t i s n  1 r o f  a e l e c t r i c a l  t r a n s f o r m e r  a t  t h e  p l a n t .  

1 
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SECTION 2 

CONCLUSIONS 

T h e  r e s u l t s  of t h e  t e s t i n g  p rogram h a v e  d e m o n s t r a t e d  t h a t  t h e  u s e  o f  
a c o a t e d  baghouse  i s  v e r y  e f f e c t i v e  f o r  r e d u c i n g  c e r t a i n  e m i s s i o n s  f rom a 
c h a r g i n g  w e l l  o f  a n  aluminum r e v e r b a t o r y  f u r n a c e .  A s  shown. i n  T a b l e  2-1, 
t h e  t o t a l  p a r t i c u l a t e  e m i s s i o n s  were r e d u c e d  84 p e r c e n t ,  s u l f u r  t r i o x i d e  
e z i s s i o n s  were r e d u c e d  83 p e r c e n t ,  c h l o r i n e  e m i s s i o n s  r educed  84 p e r c e n t ,  
hydrogen  c h l o r i d e  e m i s s i o n s  were r e d u c e d  97 .4  p e r c e n t  and  t o t a l ' f l u o r i d e  
e m i s s i o n s  were r educed  7 5 . 4  p e r c e n t .  

The p a r t i c u l a t e  e m i s s i o n s  were s i z e d  w i t h  an i n - s t a c k  impac to r  and  
found t o  h a v e  a n  a v e r a g e  p a r t i c l e  s i z e  o f  . 4  m i c r o n s  a t  b o t h  t h e  ' i n l e t  a n d  
o u t l e t  l o c a t i o n s .  The p a r t i c u l a r e  c o n t r o l  e f f i c i e n c y  o f  84 p e r c e n t  i s  
w i t h i n  t h e  e x p e c t e d  r a n g e  f o r  a t y p i c a l  baghouse  when the e x h a u s t  g a s e s  
h a v e  p a r t i c l e s  of t h i s  s i z e  r a n g e .  T h e r e f o r e ,  t h e  c o a t i n g  on t h e  b a g s  d o e s  
n o t  a p p e a r  t o  a f f e c t  t:he o v e r a l l  c o l l e c t i o n  e f f i c i e n c y .  

S u r p r i s i n g l y ,  t h e  r e c o r d s  o f  R o c h e s t e r  S m e l t i n g  and  R e f i n i n g  do  n e t  
r e p o r t  a s i g n i f i c a n t  w e i g h t  z a i n  when c o l l e c t i n g  t h e  u s e d  c o a t i n g  m a t e r i a l .  
T h i s  i s  i n t e r e s t i n :  s i n c e  t h e  a v e r a g e  i n l e t  e m i s s i o n  r a t e  was 1 1 . 7 5  I b s / h r  
and t h e  bags  a r e  u s e d  f rom s e v e r a l  d a y s  t o  more t h a n  a week w i t h o u t  
r e c o a t i n g .  

below t h e  t e s t  . n e t h s d ' s  s r a t e d  d e t e c t i o n  l i m i t s .  So,  t h e  s u l f u r  d i o x i d e  
c c i  i?c: icn efficient:: oE ;ne c o a t e d  baghouse  was q u e s t i o n a b l e .  

The s u l f u r  d i o x i d e  e r . i s s i o n s  a t  t h e  i n l e t  and o u t l e t  were c o n s i s t e n r l y  

.. 
-. 
:ne o u r l e t  i e v e l s  o f  s u l f u r  t r i o x i d e  were found t o  be below t h e  t e s t  

m i h o d ' s  d e t e c t a b l e  l i m i t  w h i l e  i n l e t  l e v e l s  were  much h i g h e r .  T h e r e f o r e ,  
t h e  c a l c u l a t e d  e f f i c i e n c y  of 83 p e r c e n t  may be  lower  t h a n  a c t u a l .  In any 
c a s e ,  t i ,e  c o n t r o l  system a p p e a r s  t o  b e  e f f e c t i v e l y  r e d u c i n g  s u l f u r  t r i o x i d e  
m i s s i o n s .  

The e f f i c i e n c i e s  ds t e r rn ined  f o r  c h l o r i n e  and h y d r o g e n  c h l o r i d e  were 64 
p e r c e n t  and 9 7 . 1  p e r c e n t ,  r e s p e c t i v e l y .  These  r e s u l t s  show t h a t  t h e  coa:ed 
~ a z n o u s e  i s  v e r y  e f f e c r i v e  f o r  e m i s s i o n s  d u r i n g  c h l o r i n e  demagging. i t  was 
n o t e ?  t h a t  t h e  c h a r g i n g  r\'ell hoods  and c h l o r i n a t i o n  wel l  d e s i g n s  were i n -  
a s e j c a r e  :o p r e v e n t  se\.'i:? i n - p l a n t  v e n r i l a t i o n  problems d u r i n g  c h l o r i n ?  
. & z s , i n Z .  _ _  T n e  " b e I l "  i roc ld  l e a k  some e m i s s i o n s  a round  t h e  s i d e s  o f  t h e  

i n i s :  f lor; .  

. .  

.. ,.,:s - .  , . I v.:!ere t h e  h c i : ~ l e ~ - ~ i i a n - a i r  g a s e s  would  n o t  be c a p t u r e d  by t h e  hoo6.s '  

.i r e d u c t i o n  o f  7 5 . 4  p e r c e n t  f o r  t o t a l  f l u o r i d e s  was d e m o n s t r a t e d  by 
L S F ' s  t e s t s .  E n i l e  t h i s  i s  n o t  a s  h i g h  a s  some e f f i c i e n c i e s  f o r  o t h e r  
conr; :xinants ,  i t  c o s ?  sio;: a s i g n i f i c a n t  r e d u c t i o n  by p a s s i n g  t h r o u g h  t h e  
? o . - .  ~ r ; . 2 ~  ' . baghouse .  

0:iier t h a n  s u l f u r  d i o x i d e ,  t h e  o n l y  o t h e r  c o n t a n i n a n t  n o t  p o s i t i v e i y  
s i ? 3 x n  t o  be  e f f e c t i v e l y  c o n r r o l l e d  by t h e  s y s t e m  was t o t a l  methane h y d r o -  

- 
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c a r b o n .  
m c g n i t u d e s  o r  f r e q u e n c y  be tween t h e  i n l e t  and t h e  o u t l e t .  

A compar i son  on s t r i p - c h a r t  d a t a  shows no d i f f e r e n c e  i n  peak  

The e l e m e n t a l  a n z l y s i s  of t h e  o u t l e t  d u s t  r e p o r t e d  q u a n t i t i e s  o f  I r o n  
(20?:), Copper  ( 7 . 5 ? : > *  iiluminum ( 3 . 5 X ) ,  Sodium ( 2 % ) ,  P o t a s s i u m  ( 2 % ) ,  Z i n c  
(1x1, and a l l  o t h e r  m e t a l s  ( l e s s  t h a n  1 % ) .  The h i g h  q u a n t i t y  o f  I r o n  is 
b e l i e v e d  t o  be  from c o n t a m i n a t i o n  f rom t h e  s a m p l e r .  

Samples  o f  t h e  p a r t i c u l a t e  c a t c h  were a n a l y z e d  f o r  p o l y n u c l e a r  
~ 

a r o m a c i c s ,  however  none were d e t e c t a b l e .  

T a b l e  2-2 i s  a summary o f  t h e  o p e r a t i o n  l o g  books  of t h e  f o u r  f u r n a c e s  
d u r i n g  t h e  t e s t i n g  program.  Each f u r n a c e  was o p e r a t e d  on i t s  own s c h e d u l e  
cue t o  s p e c i f i c  pr0duc. t  r e q u i r e m e n t s .  E x c e p t  f o r  t h e  t i m e  d u r i n g '  f l u o r i d e  
and c h l o r i d e  t e s t i n g ,  no a:tempt was made t o  a d j u s t  p r o d u c t i o n  w i t h  
s a m p i i n g .  I n  : ac t ,  f l u o r i d e  demagging ,  c h a r g i n g  and i d l e  p e r i o d s  of 
c p e r a t  i n n  were  randomly o c c u r r i n g  d u r i n g  a l l  s a m p l i n g  p e r i o d s .  

A r e v i e w  of  t h e  monthly o p e r a t i n g  r e p o r t s  showed no s e r i o u s  main- 
t e n a n c e  problems w i t h  t h e  baghouse  s y s t e m .  Some bags  h a v e  been  r e p l a c e i  
o v e r  t h e  l a s t  y e a r  hut: t h i s  i s  e x p e c t e d  w i t h  any baghouse  s y s t e m .  

A problem of i n - l e a k a ~ e .  vas a p p a r e n t  d u r i n g  o u r  t e s t i n g  p e r i o d  s i n c e  
f l o w s  were up t o  16,000 DSCX g r e a t e r  a t  t h e  o u t l e t .  T h i s  i s  o n l y  s i g n i f i -  
cint i x  :ha: it r e d u c e s  t h e  e f f e c t i v e  c a p t u r e  zone o f  t h e  e x h a u s t  hood a t  
c h a r g i n g  w e i i s .  

I n  surr.r;ary, :he c o a r .  baghouse  s y s t e m  proved  t o  h a v e  ve ry  e f f e c t i v e  . c c l l e c r i o : .  erriciencies :or n s r t i c u l a t e  e m i s s i o n s ,  s u l f u r  t r i o x i d e s ,  
c h l o r i d e s ,  2nd f l u o r i d e s .  I: was n o t  shown t o  have  good c o l l e c t i o n  
c h a r a c t e r i s t i c s  f o r  t o t a l  methane  h y d r o c a r b o n s .  P a r t i c u a l t e  e m i s s i o n s  
c o n t a i n e d  sna!l q u e n t i t i e s  of  C o p p e r ,  Aluminum, Sodium, P o t a s s i u m ,  and  
Z i n c .  
g m d  a n d  i t s  e f f e c t i v e n e s s  on r e d u c i n g  t h e  e m i s s i o n s  of nost t e s t  c o n t a c i -  
nantzs  i s  a l s o  v e r y  zoo?.  

An o v e r a l l  i s s e s s m e a t  o f  t h e  s y s t e m ' s '  r e l i a b i l i t y  is t h a t  i t  i s  v e ~ y  

4 
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SZCTION 3 

PROCESS DESCRIPTION 

G e n e r a l  

s i m i l a r  t o  t h o s e  a t  R o c h e s t e r  S m e l t e r  and  R e f i n i n g ,  I n c . , . c o n s i s t s  o f  
c h a r g i n g  s c r a p  m e t a l s  w i t h  a h i g h  aluminum c o n t e n t ;  m e l t i n g  t h e  s c r a p  by 
f i r i n g  f u e l  o i l ;  f l u x i n g  f o r  removal  o f  i m p u r i t i e s ;  a l l o y i n g ,  m i x i n g ,  de-  
magging  and  d e g a s s i n g  t o  a c h i e v e  s p e c i f i c a t i o n s ,  and  skimming o f  f l o a t i n g  
i m p u r i t i e s .  F i n a l l y ,  t h e  f u r n a c e  i s  t a p p e d  t o  o b t a i n  mol t en  aluminum. A 
s e c o n d a r y  smel te r  u t i l i z e s  m e t a l  was tes  which c o n t a i n  a h i g h  p e r c e n t a g e  o f  
aluminum and i m p u r i t i e s  o f  magnesium, c o p p e r ,  s i l i c o n ,  z i n c ,  i r o n ,  and  
o t h e r  m e t a l s .  These  a r e  c l a s s i f i e d  a s  c l e a n  o r  d i r t y  d e p e n d i n g ' o n  t h e i r  
p h y s i c a l  s t a t e ;  o i l  c o a t e d ,  p a i n r e d ,  e t c .  The d i r t y  s c r a p s  a r e  n o t  u s u a l l y  
p r e t r e a t e d  o n - s i t e ,  e x c e p t  t h a t  some of t h e  o i l y  s c r a p s  a r e  d e g r e a s e d  by 
p a s s a g e  t h r o u g h  a d i r e c t  f i r e d  r o t a r y  k i l n .  

The o p e r a t i o n  o f  a t y p i c a l  s e c o n d a r y  aluminum r e v e r b a t o r y  f u r n a c e ,  

The c h a r g e  i s  i n t r o d u c e d  i n t o  t h e  f u r n a c e  t h r o u g h  a c h a r g i n g  we l l ,  
where i t  me l t s  and f lows  th rough  a b o t t o m  c o n n e c t i o n  i n t o  t h e  c o m b u s t i c n  
zone  of  t h e  f u r n a c e .  A f l u x  i s  a p p l i e d  t o  f l o a t  some of  t h e  i m p u r i t i e s  and  
a l s o  t o  c r e a t e  a c o v e r  t o  h e l p  p r e v e n t  o x i d a t i o n  w i t h  a i r .  The m o l t e n  
m e t a l  i s  a n a l y z e d  foi- c o m ? p s i t i o n  and i s  a d j u s t e d  t o  s p e c i f i c a t i o n s  by 
a l l o y i n g ,  m i r i n g ,  demagging and d e g a s s i n g .  The demagging p r o c e s s  w h i c h  
redaces  t h e  conten :  0: m g n e s i u m  i n  t h e  m e l t  i s  o f  i n t e r e s t  fo r  t h i s  t e s t -  
i n g  project . .  Essen:ially, t he re  a re  two p r imary  methods of demzggi2g  i n  
U S E .  ? h e  more c o  ?n d e z a g g i n g  p r o c e d u r e  i s  t o  add f l u o r i n e ,  i n  the  f o x  
o f  aluminum f l u o r i d - : ,  t c  f o r n  magnesium f l u o r i d e  which f l o a t s  t o  t h e  t o p  z f  
t h e  n o l t e n  m?:sl .  T h i s  is a r e l a t i v e l y  s i m p l e  o p e r a t i o n  which r e q u i r e s  no 
a d d i t i o n e l  p r o c e s s  equ ipmen t .  

T h e  o t h e r  demagging o p e r a t i o n  i s  p e r f o r m e d  by l a n c i n g  g a s e o u s  c h l o r i n e  
i n t o  t h e  lower  p o r t i o r .  o f  t h e  c h a r g i n g  w e l i  t o  form magnesium c h l o r i d e .  
C h l o r i n e  denaggir.:. i s  s u s c e p t i b l e  t o  o v e r - c h l o y i n a t i o n  which c r e a t e s  ven t - i -  
l a t i o n  p r o b l e n s  w i t h i n  rk,e p l a n t  a s  w e l l  a s  o d o r s  o u t s i d e  t h e  p l a n t .  Due 
10 t i l?  t o x i c  n e f . u r ?  of c i : lo r ine  g a s ,  a s p e c i a l  c h a r g i n g  w e l l  b e l l  a n d  
s c r u b b e r  s y s t e m  i s  r e q u i r e d  t o  t r y  t o  c o n t a i n  t h e  excess c h l o r i n e  gas 2 n d  
c h l o r i d e  e m i s s i o n s ,  a s  shown i n  F i g u r e  3-1. 

?he  s e m i - s o l i 6  i m p u r i t i e s  formed by . t h e  above  men t ioned  s teps  a r e  Kan- 
u a l l y  sk icmed w i t h  i 6 6 i e s  and  p u t  i n t o  c o n t a i n e r s .  The  f i n a l  s t e p  i s  t o  
t a p  t h e  f u r n a c e  and t o  poilr t h e  m o l t e n  m e t a l  i n t o  a " sho t "  machine ( v i b r a -  
t i o n  d i s c )  o r  a b i l l e r  l o g  machine o r  a r e f r a c t o r y  l i n e d  c o n t a i n e r  f o r  
r r s n s f e r  t o  a n e a r b y  foundry .  P r o d u c t i o n  r e c o r d s  a r e  m a i n t a i n e d  to i n d i -  
c ~ t e  t h e  amount and  t y p e  of m a t e r i a l s  i n  t h e  c h a r g e  as w e l l  a s  t h e  amount 
o f  f l u x ,  sk immings ,  and t h e  mol t en  m e t a l  t a p p e d .  

S p e c i f i c  

f u r n a c e s  f o r  s m e l t i n g  o f  elaminum s c r a p s .  Each  f u r n a c e  h a s  two sepa ra t e  

- 
R o c h e s t e r  S m e l t i n g  and R e f i n i n g  Company o p e r a t e s  f o u r  r e v e r b a t o r y  

6 
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... 
ex!!austs a s  shovn i n  F i g u r e  3-2.  The combus t ion  g a s e s . f r o m  f i r i n g  f u e l  o i l  
? r e  e x h a u s t e d  th rough  t h e  combus t ion  z n e  s t a c k .  Due t o  t h e  impingement  o f  
l.!ie f l a x  th rough  part: o f  t h e  s t a c k ,  t h e s e  e x h a u s t  g a s e s . ~ ' d o  no t  a p p e a r  t o  
p r e s e n t  a s i g n i f i c a n t  p a r t i c u l a t e  e m i s s i o n  problem.  The c h a r g i n g  wel l  i s  
s e p a r a t e d  from t h e  c o n S u s t i o n  zone  a s  a r e  i t s  e m i s s i o n s  which a r e  v e n t e d  
i:hroufh a n  a d j a c e n t  hood.  The ma jo r  e m i s s i o n s  from t h e  c h a r g i n g  w e l l  a r e  
caused  d u r i n g  t h e  c h a r g i n g  and demagging p h a s e s  of  t h e  o p e r a t i o n .  Based  on  
r e c e n r  EF'A c o n t r a c t s  s t u d y i n g  t h i s  p r o c e s s ,  e m i s s i o n s  d u r i n g  c h a r g i n g  a r e  

caused  by demagging can  be a m i x t u r e  of  many d i f f e r e n t  g a s e s  and 
a e r o s o i s .  A summary of  t h e  e x p e c t e d  e m i s s i o n s  i s  p r e s e n t e d  i n  T a b l e  3-1. 

g e n e r a l l y  r e l a t e d  t o  a e r o s o l s  o f  unburned  h y d r o c a r b o n s ,  w h i l e  e m i s s i o n s  - 

I n  1973 ,  a c o a t e d  baghouse  s y s t e m ,  d e s i g n e d  by T e l l e r  E n v i r o n m e n t a l  
Sys t ems ,  I n c . ,  was i n s t a l l e d .  The bag  c o a t i n g  known as TESISORX was 
r e p o r t e d  by T e l l e r  t o  a c t  a s  a n  a c i d  g a s  a b s o r b e r  and  n e u t r a l i z e r  a s  we l l  
2s a p r e c o a t  f i l t e r .  Once t h e  c o a t i n g  i s  a p p l i e d ,  t h e  baghouse  i s  o p e r a t e d  
v i t h o u t  a s h a k i n g  c y c l e  t o  c l e a n  t h e  b a g s  u n t i l  t h e  p r e s s u r e  d r o p  a c r o s s  
i h e  baghouse  a p p r o a c h e s  18" T4.C. Depending  on s p e c i f i c  o p e r a t i o n a l  
p a r a n e t e r s  such  a s  t y p e  of c h a r g e  ( d i r t y - o r  c l e a n ) ,  number of f u r n a c e s  
o n - l i n e  and  t y p e  and anoun t  o f  demagging o p e r a t i o n s ,  i t  may t a k e  from 
F e v e r a l  d a y s  t o  more t h a n  a week b e f o r e  a c l e a n i n g  c y c l e ;  i s  needed .  

The e n t i r e  s y s t e m  i s  a v e r y  u n i q u e  a r r a n g e m e n t  of  c h a r g i n g  hoods ,  f l o w  
co r+ ine r s ,  f low s p l i t t e r s ,  d a n p e r s ,  wa te r  s p r a y s ,  an e v a p o r a t o r  chamber ,  
bzyhouse modules  and e x h a u s t  f a n s .  F i g u e s  3-3 and 3-4 show t h e  e s s e n t i e l  
conponen t s .  

T' :be c ! i a r~ in : ,  hoods  of t h e  f o u r  f u r n a c e s  a r e  d u c t e d  t o  above t h e  r o o f ,  
I K ~ S Y S  t h e  o r i g t n a l  s t a c k s  a r e  dampered c l o s e d  and  a h o r i z o n t a l  m a n i f o l d  
c o n n e c t s  a l l  t h e  s t a c k s .  However, t h e  p r e s e n t  c a p a c i t y  of  t h e  c l e a n i n g  
s y s t e n  a l l o w s  f o r  o n l y  t h r e e  f u r n a c e s  t o  be venl:ed a t  a t ime.  The combined  
e x h a c s t  g a s e s  a r e  p a s s e d  th rough  a w a t e r  quench  d u c t  ( s p r a y s  a r e  o n l y  u s e d  
i:iien g a s  t e m p e r a t u r e  i s  above  260OF) and a l a r g e  b a f f l e d  e v a p o r a t o r  chamber  
;or w a t e r  svapoi -a t  ion  and l a r g e r  p a r t i c u l a t e  m a t t e r  removal .  A 2 - foo t  
E i a n e t e r  damper i s  mounted i n  t h e  s i d e  of t h e  e v a p o r a t o r  fo r  emergency 
;en.perat:ure I - e d u c t i o n  by n i x i n g  ambien t  a i r  w i t h  t h e  e x h a u s t  g a s e s .  Next  
t h e  f l o i i  i s  d i v i d e d  f o r  e n t r y  i n t o  t h r e e  s e p a r a t e  baghouse  modules ;  e a c h  
h a s  s e p a r a t e  i n l e t  and o u t l e t  dampers  f o r  f l o w  c o n t r o l  and c o n t a i n s  504 
i j a c r o n  t u b c l a r  b a g s .  \<Ten c o a t e d ,  t h e  b a g s  a r e  r e p o r t e d  t o  have  an o p e r -  
z t i z g  r a n g e  u p  t o  ?50"3. A h o p p e r  c o l l e c t s  t h e  s p e n t  c o a t i n g  and l a r g e r  
! , n r t i c l e s  d u r i n g  n o r a a l  o p e r a t i o n  and t h e  r e m a i n d e r  of  t h e  c o a t i n g  p l u s  
c a p t u r e d  p a r t i c u l a t e s  and  a b s o r b e d  g a s e s  d u r i n g  t h e  bag  s h a k i n g  phase .  
T n i s  n a t e r i a l  i s  p a s s e d  th rough  a r o t a r y  v a l v e  i n t o  a f l e x i b l e  d i s c h a r g e  
iiose f o r  c o l l e c t i o n  i n t o  c o n t a i n e r s  f o r  w e i g h i n g  and removal .  Dur ing  c o a r -  

c p  a f l e x i b l e  h o s e  and th rough  a s p e c i a l  i n l e t  d u c t  i n t o  t h e  d i r t y  s i d e  of 
[.I:? ~ i g h o u s e  by t h e  f a n  sys t em.  The t h r e e  modules  a r e  u s u a l l y  c o a t e d  w i t h  
r. t.ot2.l o f  3 , 0 0 0  pounds  of  m a t e r i a l .  I t  h a s  been  r e p o r t e d  by R o c h e s t e r  
S n e ! t i n g  and R e f i n i n g  Co. t h a t  m a t e r i a l  c o l l e c t e d  a f t e r  t h e  c l e a n i n g  c y c l e  
i ?  a p e r o x i a a t e l y  t h e  same w e i g h t .  

.. I.., /><. o p e r a t i o n s ,  t h e  module i n l e t  damper i s  c l o s e d  and t h e  c o a t i n g  i s  p u l l e d  

. .  
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T a b l e  3-1. Summary o f  E x p e c t e d  E m i s s i o n s  from a Secondary  Aluminum 
Reverba t o r y  Furnace .  

Remarks . .. P r o c e s s  S t e p  C o n p o s i t i o n  

__ _- 
C h a r g i n g  

F l u x i n g ,  
a l  loy  i n g  
and 
m i r i n g  
(?I?. 1 

Der 

D e g a s s i n g  

o r  i?; -Clz  
r i ?: t u r  e 1 

0 2 ,  C l z ,  

S k i n n i n g  

Poi! r i n g  

Fumes and smoke from 
v o l s t i z a t i o n  a n d l o r  combus- 
t i o n  of  s c r a p  c o n t a m i n a n t s .  

- Gases: N i t r o g e n ,  hydrogen  
f l u o r i d e ,  hydrogen  c h l o r i d e ,  
combus t ion  g a s e s ,  and o t h e r  
v o l a t i l e  components .  

P a r t i c u l a t e :  Ha j o r  c o n s t  i- 
t u e n t  vhen  f l u x i n g  w i t h  
s a l t - c r y o l i t e  m i x t u r e  i s  
sodium c h l o r i d e  w i t h  minor  
a n o u n t s  o f  aluminum and 
magnesium compounds. Add i - .  
t i o n a l  compounds o f  Na, A I ,  
Xg, C n ,  Fe,  Pb ,  Mn, R ,  C r ,  
Z n ,  and N i  may a l s o  be 
p r e s  en  t e d . 

___ Gases :  C h l o r i n e ,  hydrogen  
h a l i d e s ,  v o l a t i l e  m e t a l  
c h l o r i d e s ,  c o n 5 u s t i o n  g a s e s  
( i f  t i i e r e  i s  n o t  a s e p a r a t e  
c h l o r i n a t i o n  chamber) .  

P a r t i c u l a r e :  Aluminum 
cii l o i - i d e ,  a luo inum f l u o r i d e ,  
aluminum o x i d e ,  magnesium 
c h l o r i d e ,  magnesium f l u o r i d e ,  
nagnes ium o x i d e ,  c a l c i u m  
ch l o r i d r ,  c a  I c ium f l u o r i d e ,  
sodium c h l o r i d e ,  p l u s  a d d i -  
t i o n a !  conpounds o f  Cu, N i ,  
C d ,  and o t h e r  m e t a l s .  

S e v e r e  fuming r e s u l t s  o n l y  
w i t h  C12 or 1;2-C12 m i x t u r e s .  
Emiss ions  a r e  s i m i l a r  t o  
f h o s e  f rom demagging.  

. I .  :'Linoi- f u g i t i v e  e m i s s i o n s .  

X i n o r  a t m o s p h e r i c  e m i s s i o n s .  

F l u x i n g  fume s a m p l e s  c o l l e c t e d  - 
by t h e r m a l  p r e c i p i t a t i o n  w e r e  
found t o  c o n t a i n  p a r t i c l e s  
smal le r  t h a n  2 m i c r o n s  w i t h  
most  of  t h e  p a r t i c l e s  0.1 
mic ron .  The fumes were 
c h a r a c t e r i z e d  as c o r r o s i v e  p a r -  
t i c u l a r l y  when c o l l e c t e d  w e t .  

These  e m i s s i o n s  a re  c o n v e r t e 2  
t o  a i r  p o l l u t i o n  c o n t r o l  
r e s i d u a l s  ( e i t h e r  w a s t e w a t e r ,  
s l u d g e ,  or s o l i d  w a s t e )  2t 

p l a n t s  where  such  s y s t e m  a r e  
implemented.  S e e  gas  c k a n i n g  
p r o c e s s e s  below.  

The p a r a m e t e r s  which d e r e r m i n e  
q u a n i - i t i o s  of e m i s s i o n s  Fro- 
demagging a r e :  

- m e t a l  t e m p e r a t u r e  
- c h l o r i n e  f low r a t e  
- magnesium c o n t e n t  o f  a l l o y  
- d e p t h  of  c h l o r i n e  i n j e c c i o i i  
- t h i c k n e s s  and c o m p o s i t i c n  

of  d r o s s  

A i r  p o l l u t i o n .  2nd c o n t r o l  
sys t ems  a r e  u s u a l l y  u s e d  t o  
p r o c e s s  demagging e f f l u e n t  
g a s e s .  See  be low.  

T h e  r e s u l t s  o f  one s t u d y  s h a r e d  
t h a t  a l l  fume p a r t i c l e s  fron 
d e g a s s i n g  w i r n  c h l o r i n e  w e r e  
u n d e r  2 m i c r o n s  and  90-952 were 
l e s s  t h a n  1 mic ron .  Mean 
p a r t i c l e  s i z e  a p p e a r e d  t o  be 
0 .7  m i c r o n s .  R e f e r .  to gas 
c l e a n i n g  p r o c e s s e s  beloi;.  

Can be c o n t r o l l e d  by hood. 

Can be  c o n t r o l l e d  by. hood.  
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o r i g i n a l  p l a s t  i c  c o n t a i n e r s  w!iile t h e  .aSe tone  washes were r i n s e d  i n t o  c l e a n  
b o r o s i l i c a t e  g l a s s  b o t t l e s  w i t h  T e f l o n - l i n e d  t o p s .  Samples  were l a b e l e d ,  
l o z g e d  and s t o r e d  f o r  g r a v i m e t r i c  a n a l y s i s  i n  ESE'S G a i n e s v i l l e  l a b o r a t o r y .  

D u e  ?n izli e F a r c  i cu 1 a!. e Em i s  s i on - 
I n  a n  e f f o r t  t o  o b t a i n  a l a r g e r  c a t c h  f o r  t h e  e l e m e n t a l  a n a l y s i s  o f  

t h e  b a g h o u s e ' s  p a r t i c u l a t e  e m i s s i o n ,  a s e r i e s  o f  f o u r  o v e r n i g h t  t es t  r u n s  

f o r e  l e a v i n g  t h e  p l a n t  and s t o p p e d  t h e  n e x t  morning.  Only one  s a m p l i n g  

- 
were  p e r f o r m e d .  The s a m p l i n g  t r a i n s  were s t a r t e d  i n  t h e  e v e n i n g  j u s t  be- 

p o i n t  was u s e d ,  however t h e  i n i t i a l  s a m p l i n g  r a t e  was e s t a b l i s h e d  f o r  c o r -  
r e c r  i s o k i n e t i c  c o n d i t i o n s .  Samples  were r e c o v e r e d  i n  t h e  n o r m a l  manner .  
T h e  p r o b e  and box h e a r e r s  were " o f f "  f o r  t h e s e  r u n s  t o  p r e v e n t  e l e c t r i c a l  
c o m p l i c a c i o n s  w i t h  t h e  i n c l e m e n t  w e a t h e r .  O v e r n i g h t  r u n s  3 and 4 were con-  
d u c t e d  s i m u l t a n e o u s l y ;  t h e  t r a i n  f o r  r u n  4 d i d  n o t  c o n t a i n  a f i l t e r  i n  
o r d e r  f o r  t h e  i m p i n g e r s  t o  c a t c h  t h e  t o t a l  s o l i d  and condensed  p a r t i c u -  
l a t e  mat te r  w i t h o u t  c l o g g i n g  a f i l t e r .  The t o t a l  i m p i n g e r  c a t c h  a s  w e l l  as 
p robe  was a n a l y z e d  v i t h  t h e  o t h e r  s amples .  

T o t a l  F l u o r i d e s  
The t o t a l  p a r t i c u l a t e  t e s t  r u n s  1 and 5 were a l s o  u s e d  for  t o t a y  

f l u o r i d e s  d e t e r m i n a t i o n  p e r  O.S.  EPA Method 13B o f  40 CFRl 60, A p p e n d i x  A .  
'he no rma l  Method 5 t e s t i n g  t r a i n s  were m o d i f i e d  o w t h e s e  r u n s  by u s i n g  
Fharman f i l t e r s  i n s t e a d  of  f i b e r g l a s s  f i l t e r s  and t h e  r e c o v e r y  p r o c e d u r e s  
a l t e r e d  by s a v i n g  t h e  impi .nger  c a t c h  a l o n g  w i t h  a p r e l i m i n a r y  w a t e r  wash 
( n o  b r u s h i n g )  of t h e  p r e f i l t e r  components  ( p r o b e  and f i l t e r  h o l d e r ) .  k 
norxal b r u s h i n g  and ar: a c e t o n e  wash were pe r fo rmed  a f t e r  t h e  wafer  was5; 
:he :i!ter 2nd a c e t o n e  h.ash v e r e  s t o r e d  f o r  a n a l y s i s  w i t h  t h e  o t h e r  U . S .  
:?A ?!?:hods t e s t  r u n s .  Af te r  t h e  f i l t e r  !lad been  a n a l y z e d  f o r  w e i g h t  g a i 2 ,  
i f :  vr'2s pu? i n t o  t h e  c o n t a i n e r  w i t h  i t s  w a t e r  wash and i m p i n g e r  c a t c h  f o r  
:.!?e t o t a l  f l u o r i d e  d e t e r m i n a t i o n  p e r  S e t h o d  138 .  Whi le  i t  i s  r e c o g n i z e d  
r h 2 t  so32 p a r t i c u l a t e  m a t t e r  may have  been  l o s t  due t o  t h e  p r e l i m i n a r y  
r:aI'er wash ,  i t  i s  nor  f e l t  t o  be s i g n i f i c a n t  enough t o  e f f e c t  the  t o t a l  
p a r t i c u i a r e  r e s u l t s .  

i 

- 

P a r t i c l e  S i z i n g  
P a r t i c l e  s i z e  d i s t r i b u t . i o n  of  t h e  u a r t i c u l a t e  m a t t e r  i n  t h e  i n l e t  a n d  

o u t l e t  g a s e s  was measured  w i t h  an Ander sen  Hark  111 Cascade  I m p a c t o r .  
The a p p a r a t u s  u s e d  had a p r e - c u t  c y c l o n e ,  e i g h t  i m p a c t i o n  s t a g e s ,  and  a 
back-up f i l t e r .  D e s s i c a t e d  f i b e r g l a s s  f i l t e r s  were we ighed  b e f o r e  and  
2 2 t e r  s a m p l i n g  u s i n g  a Cahn Model 4400 e l e c t r o b a l a n c e  ( s e n s i t i v i t y  to 0 . 0 0 1  
7: ; ) .  T h e  t e s t i n g  l o c a t i o n s  were t h e  same as t h o s e  used  f o r  t o t a l  
p a r t i c u l a t e  e m i s s i o n  t e s t s ,  however ,  o n l y  one sampl ing  p o i n t  a t  e a c h  
l o c a t i o n  was u s e d .  

T h e  a s sembled  i m p a c t o r  was i n s e r c e d  i n t o  t h e  s t a c k  and a l l o w e d  t o  
!-$acii t h e r m a l  e q u i l i b r i u m  w i t h  t h e  g a s e s .  The n o z z l e  of t h e  i m p a c t o r  was 
Liien t u r n e d  i n t o  t h e  g a s  stream and immedia t e ly  s a m p l i n g  was begun.  

? i - ev ious  v e l o c i t y  measurement  a t  t h e  s i n g l e  p o i n t  where t h e  s a m p l e  was 
t a k e n .  ' However, changes  i n  t h e  s a m p l i n g  r a t e  were no t  made t o  a c c o m n o d a t e  

,r.. >.,=a:. i s o k i n e t i c  s a m p l i n g  was a c h i e v e d  by s a m p l i n g  a t  a r a t e  b a s e d  on a 
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changes  i n  r h e  gas  v e l o c i t y  a s  t h i s  would change  t h e  c u t  p o i n t s  of  the 
i m p a c t o r  s t a g e s .  F i g u r e  4-6 shows a s c h e m a t i c  o f  t h e  s a m p l i n g  t r a i n .  
After s a m p l i n g ,  t h e  i m p a c t o r  was t a k e n  back  t o  t h e  w e i g h i n g  room f o r  s a m p l e  
r e c o v e r y .  T h i s  was pe r fo rmed  by d i s a s s e m b l i n g  t h e  i m p a c t o r ,  removing  t h e  
€ , l a s s - f i b e r  s u b s t r a t e s  and b r u s h i n g  t h e  r e m a i n i n g  p a r t i c u l a t e  m a t t e r  from 
e a c h  s t a g e  i n t o  t h e  sample  c o n t a i n e r  w i t h  t h e  s u b s t r a t e .  Due t o  t h e  

i m p a c t o r  was a b l e  t o  sample  f o r  much l o n g e r  p e r i o d s  a t  t h e  o u t l e t  ( 4  to 5 
d i f f e r e n c e  i n  g r a i n  l o a d i n g s  be tween t h e  i n l e t  and o u t l e t  l o c a t i o n s ,  t h e  ' 1  

h o u r s )  t h a n  a t  t h e  i n l e t  

- 
I (20  t o  60 m i n u t e s ) .  , i 

Gross  S i z e d  P a r t i c u l a t e s  
The sample w e i z h t  o f  t h e  p a r t i c u l a t e  mat ter  c a p t u r e d  i n  t h e  A n d e r s e n  - 

Nark  111 Cascade  I m p a c t o r  i s  so smal l  as t o  p r e c l u d e  e l e m e n t a l  a n a l y s i s  on \ 
t h e  e m i s s i o n s  from t h e  c o a t e d  baghouse .  T h e r e f o r e ,  g r o s s  samples  w e r e  
o b t a i n e d  th rough  t h e  u s e  o f  a t h r e e - s t a g e  c y c l o n e  s a m p l e r  shown i n  F i g u r e  
4 - 7 .  T h i s  s a m p l e r  was bor rowed from t h e  U . S .  EPA I n d u s t r i a l  E n v i r o n m e n t a l  
R e s e a r c h  Lab i n  R a l e i g h ,  Nor th  C a r o l i n a .  The nominal  s a m p l i n g  r a t e  of 
t h e  c y c l o n e s  i s  1.0 CFM which r e q u i r e s  s a m p l i n g  f o r  f a i r l y  l o n g  p e r i o d s  t o  
o b t a i n  l a r g e  enough s a m p l e s  f o r  a n a l y s i s . .  A t  t h e  baghouse  i n l e t ,  t h e  
s a m p l i n g  p e r i o d  r a n g e d  f rom 20 t o  60 m i n u t e s ,  w h i l e  t h e  o u t l e t  s a m p l h g  
p e r i o d  r a n g e d  from 360 t o  809 m i n u t e s .  
c o n d u c t e d  o v e r n i g h t  i n  o r d e r  t o  have  s u f f i c i e n t  t ime  t o  o b t a i n  an a d e q u a t e  
samF1". T e s t s  were r u n  d u r i n g  t.he day a t  t h e  i n l e t  l o c a t i o n  f o r  p o s s i b l e  
compar i son .  

The o u t l e t  t e s t  r u n s  ?2 and $3 were 

A f t e r  t h e  s a m p l i n g  r u n ,  t h e  s a m p l e r  was t a k e n  t o  t h e  we igh ing  room and 
d i s a s s e m b l e d .  Each s t a g e  was b r u s h e d  c l e a n  and  t h e  c a p t u r e d  p a r t i c u l a t e s  
? ? a c e d  i n t o  c o n t a i n e r s .  4 backup f i l t e r  was u s e d  t o  o b t a i n  a cummula t ive  
r e l a t i o n s h i p  oE t h e  sanple  w i g h t s .  T h e s e  samples  were d e s s i c a t e d  and 
v e i g h e d  on  a Cahn !,'lode1 4700 e l ' e c t r o b a l a n c e  h a v i n g  a s e n s i t i v i t y  o f  . 0 0 0 1  
"g . 

I n  c o n j u n c t i o n  w i t h  t h e  e l e m e n t a l  a n a l y s i s  of t h e  e m i t t e d  p a r t i c u -  
l a r e  m a t t e r ,  a s ample  o f  t h e  baghouse  h o p p e r  d u s t  was o b t a i n e d  f o r  a n a l y s i s  
by s p a r k  source s p e c t r o s c o p y .  The c o m p o s i t i o n  of t h e  TESISORB was o b t a i n e d  
i r o n  T e l l e r  E n v i r o n m e n t a l  S y s t e m s ,  I n c . ,  and compared w i t h  t h a t  o f  t h e  
h o p p e r  d u s t .  A f i n a l  s e l e c t i o n  o f  11  e l e m e n t s  was made f o r  q u a n t i f i c a t i o n  
o f  t h e  meta ls  c o n t a i n e d  i n  t h e  baghouse  e m i s s i o n s .  T h i s  was p e r f o r m e d  by 
u s i n g  .an Atomic A b s o r b t i o n  A n a l y z e r  and u s i n g  t h e  p a r t i c u l a t e  c a t c h e s  fror 
rhe t h r e e - s t a g e  c y c l o n e  s a m p l e r ' s  o u t l e t  r u n s  #1 and i k3 .  Due t o  pr 'ob lems 
of h i g h  b l a n k  v a l u e s  f rom f i b e r g l a s s ,  t h e  r e s u l t s  are l i m i t e d  t o  s a m p l e s  
n o t  c o l l e c t e d  on a f i l t e r .  

S u l f u r  Ox ides  
S u l f u r  d i o x i d e  and  s u l f u r  t r i o x i d e  were samples i n  a c c o r d a n c e  w i t h  

U . S .  EPA !.lethod 6 i n  CFR 60 ,  Appendix A .  The method is  based  on t h e  
p r i n c i p l z  t.hat s u l f u r  t r i o x i d e  i s  s e p a r a t e d  from s u l f u r  d i o x i d e  by its 
s e l e c t i v e  a b s o r p t i o n  i n  i s o p r o p y l  a l c o h o l .  The s u l f u r  d i o x i d e  i s  
s u b s e q u e n t l y  a b s o r b e d  i n  hydrogen  p e r o x i d e .  Al though t h e  method was 
w i t t e n  s p e c i f i c a l l y  f o r  s u l f u r  d i o x i d e  d e t e r m i n a t i o n ,  i t  was e x t e n d e d  t o  
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i n c l u d e  s u l f u r  t r i o x i d e  d e t e r m i n a t i o n  by r e c o v e r y  o f  b o t h  a b s o r b i n g  re-  
a g e n t s  and a s s o c i a t e d  washes .  A s c h e k a t i c  o f  t h e  s a m p l i n g  a p p a r a t u s  i s  
presen:.ed i n  F i g u r e  4-4 .  S u l f u r  t r i o x i d e  i s  s c r u b b e d  f r m . ' t h e  g a s  s t r e a m  i n  
t h e  f i r s t  impinge r  which c o n t a i n s  15  m l  o f  80 p e r c e n t  i s o p r o p a n o l ;  t.he 
s u l f u r  d i o x i d e  i s  t h e n  removed i n  two i m p i n g e r s  each  o f  which c o n t a i n  15 m l  
o f  t h r e e  p e r c e n t  hydrogen  p e r o x i d e .  The s u l f u r  d i o x i d e  i s  o x i d i z e d  a n d  
s u b s e q u e n t l y  a n a l y z e d  by t i t r a t i o n  w i t h  b a r i u m  p e r c h l o r a t e  u s i n g  t h o r i n  a s  
a n  i n d i c a t o r .  S i m i l a r l y ,  t h e  g l a s s - w o o l  m i s t  t r a p ,  p r o b e  w a s h i n g s ,  a n d  t h e  

and t h o r i n  i n d i c a t o r .  The samples  were a n a l y z e d  o n - s i t e  a f t e r  c o m p l e t i o n  
of  a 15  m i n u t e  p u r g i n g  w i t h  ambien t  a i r .  Each t es t  r u n  was p e r f o r m e d  a t  
t h e  same s a m p l i n g  l o c a t i o n  a s  were t.he p a r t i c u l a t e  d e t e r m i n a t i o n s  but onlv 
a t  one s a m p l i n g  p o i n t .  

C h l o r i d e s  
C o n c e n t - r a t i o n s  o f  c h l o r i n e  and  h y d r o g e n  c h l o r i d e  were measu red  a t  bo th  

r h e  i n l e t  and o u t l e t  of  t h e  baghouse  t o  d e t e r m i n e  t h e  c o n t r o l  e f f i c i e n c y  o f  
t h e s e  two c h e m i c a l  s p e c i e s .  The method u s e d  was t h a t  p r o p o s e d  by C.E. 
Decker  and C . B .  Hagar  i n  1968, " D e t e r m i n a t i o n  of Hydrogen C h l o r i d e  and 
C h l o r i n e  i n  S t a c k  Gas . "  Gas samples  were e x t r a c t e d  f rom t h e  a p p r o p r i a t e  
l o c a t i o n  and p a s s e d  th rough  a midge t  i m p i n g e r  c o n t a i n i n g : 1 5  m l  o f  a l k a l i n e  
a r s e n i t e  a h s o r b i n g  s o l u t i o n .  The g a s  volume sampled  w a s  t h e n  d e t e r m i n e d  by 
s a s s i n g  t h e  c l e a n  sample  g a s e s  t h r o u g h  a vacuum pump and  d r y  g a s  m e t e r  as 
i l l u s t r a t e d  i n  F i g u r e  4-5. A f t e r  a s u f f i c i e n t  volume o f  g a s  was sampled , ,  
t h e  imp inge r  c o n t e n t s  were r e c o v e r e d  and  a n a l y z e d  f o r  C 1  / H C 1  p e r  t he  
n e t h o d .  C h l o r i n e  was d e f e r r . i n e d  by a n a l y z i n g  t h e  sample  f o r  unconsumed 
z r s e n i c e  vi:h r e d u c e s  t h e  Cl? t o  H C 1 .  The t o t a l  HC1.was t h e n  m e a s u r e d  
u s i n g  [ h e  Vo lha rd  t i t r a t i o n .  The C12 d e t e r m i n e d  i n  t h e  f i r s t  t i t r a t i o n  was 
t n e n  s u b t r a c t e l  f r o n  t h e  t o t a l  c h l o r i n e  found by t h e  V o l h a r d  t i t r a t i o n  t o  
g i v e  t h e  f r e e  c h l o r i n e  c o n c e n t r a t i o n .  A s  w i t h  t h e  s u l f u r  ox ides . ,  each tes t  
r u n  was conduc ted  a t  t h e  same l o c a t i o n s  as were t h e  p a r t i c u l a t e  t e s t s  b u t  
z t  on ly  one s a m p l i n g  p o i n t .  

-. 

f i r s t  i m p i n g e r ' s  c a t c h  and wash a r e  t i t r a t e d  w i t h  t h e  b a r i u m  p e r c h l o r a t e  . 

2 

Gaseous EIethane E y d r o c a r b o n s  
h Beckman Xodel  400 h y d r o c a r b o n  a n a l y z e r  was employed f o r  T o t a l  

Gaseous Hydroca rbon  D c t e r n i n a t i o n s  a s  Methane .  S e p a r a t e  s a m p l i n g  l i n e s  
( r e f l o n )  were employed f o r  i n l e t  and o u t l e t  s a m p l i n g  and  were l oca t ed  a t  
t h e  sarne d u c t  and s t a c k  l o c a t i o n s  a s  for  t h e  p a r t i c u l a t e  s ampl ing .  The 
sample l i n e s  were  a l t e r n a t e l y  pu rged  and c o n n e c t e d  t o  t h e  i n s t r u m e n t  f o r  
Eppros ima te?y  4 5 - n i n u r e  p e r i o d s .  A c h a r t  r e c o r d e r  was c o n n e c t e d  t o  t he  
i n s t r u m e n t ' s  e l e c t r i c a l  t e r i n i n a l s  and  t h e  d a t a  were  r educed  on a t i m e  
v z i g h e d  b a s i s  a r  a l a t e r  t ime.  The s a m p l i n g  times were e s s e n t i a l l y  
c o n t i n u o u s  t h r o u g h o u t  t h e  work h o u r s  o f  t h e  t e s t i n g  program e x c e p t  f o r  
p e r i o d s  o f  c h e c k i n g  the z e r o  and s p a n  and  p u r g i n g  sample  l i n e s .  

F o l y n u c l e a r  A r o n a t i c  Hydroca rbons  
F i l t e r s  f r o n  t h e  t h r e e - s t a g e  c y c l o n e  s a m p l e r ' s  o u t l e t  r u n  #2 a n d  U.S. 

E?.; ? ie thod  5 o u t l e t  r u n s  #4  and #7 were  a n a l y z e d  f o r  p o l y n u c l e a r  a r o m a t i c  
h:\.drocarbons (PNA). T n e  p a r t i c u l a t e  c a t c h  was e x t r a c , t e d  w i t h  m e t h y l e n e  
c h l o r i d e ,  c o n c e n t r a t e d  t o  1 m l  and a n a l y z e d  by a g a s  ch romatograph  w i t h  a 
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f lame i o n i z a t i o n  d e t e c t o r .  
chromatograph  f o r  e -Naph thy l  Amine a P : N . A .  h y d r o c a r b o n .  
d e t e r m i n e  i f  a d d i t i o n a l  a n a l y s e s  on a g a s  chromatograph-mass s p e c t r o s c o p y  
u n i t  would be  b e n e f i c i a l .  

The t h r e e  ch romatographs  were compared w i t h  t h e  
T h i s  was to 

C o p i e s  o f  a l l  t h e  t e s t i n g  a n d / o r  a n a l y t i c a l  p r o c e d u r e s  a r e  i n  
Appendix B .  
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SECTION 5 . .~ 

RESULTS AXD DISCUSSION 

T h e  r e s t i n g  program v a s  conduc ted  on O c t o b e r  1 8 t h ,  1 9 t h ,  2 0 t h ,  2 1 s r ,  
and 22nd o f  1976 w i t h  t h e  a s s i s t a n c e  of  p e r s o n n e l  from R o c h e s t e r  S m e l t i n g  
2 n d  R e f i n i n g  Company. The s c h e d u l e d  work p l a n  was m o d i f i e d  i n  t h e  f i e l d  t o  
o b t a i n  t h a t  which i s  shown i n  T a b l e  5-1. The o v e r a l l  c o n s i d e r a t i o n  was t o  

r e g a r d l e s s  o f  t h e  f u r n a c e  o p e r a t i o n s .  A r e v i e w  o f  t h e  p r o c e s s  d a t a  pre-  
s e n t e d  i n  S e c t i o n  2:  shows t h a t  o n l y  f u r n a c e s  #l, # 3 ,  and  #4 were o p e r a t e d  
d u r i n g  o u r  t e s t i n g  s c h e d u l e .  However, f o r  p r o d u c t i o n  r e a s o n s ,  a d e f i n i t e  
p a t t e r n  o f  a l l  f u r n a c e s  p e r f o r m i n g  t h e  same o p e r a t i o n  c o u l d  n o t  b e  
e s t a b l i s h e d .  
was pe r fo rmed  on f u r n a c e  F3 w h i l e  t h e  o t h e r  two f u r n a c e s  were c h a r g i n g ,  
u s i n g  f l u o r i n e  f o r  f l u x i n g  and demagging,  and  were i d l e  a t  v a r i o u s  times 
d u r i n g  t h e  day .  Throughout  t h e  week o f  t e s t i n g ,  t h i s  p a t t e r n  of random and 
d i f f e r e n t  o p e r a t i o n  on each  o f  t h e  f u r n a c e s  c o n t i n u e d .  T h e r e f o r e ,  i t  would  
be  i n  e r r o r  t o  i n t e r p r e t  t h e  f o l l o w i n g  d a t a  a s  a n y t h i n g  b u t  a s  e m i s s i o n s  
o c c u r i n g  f rom t h r e e  c h a r g i n g  we l l s  d u r i n g  v a r i o u s  p h a s e s  o f  o p e r a r i o n .  

- 
p e r f o r m  t h e  v a r i o u s  t e s t s  ( e x c e p t  for T o t a l  C h l o r i d e s )  on a r e g u l a r  b a s i s  - 

F o r  example ,  on t h e  second  and  f i f t h  day ,  c h l o r i n e  demagging  

P a r t i c u l a t e  E m i s s i o n s  
The t o t a l  p a r t i c u a l t e  r e s u l t s  f rom t h e  U . S .  EPA Method 5 s a m p l i n p  z r e  - 

shown on T a b l e s  5-2, 5-3, an'd 5-4. 

The i n l e t  e m i s s i o n  r a i e s  v a r i e d  f rom 5 . 5 6  l b s / h r  to 17 .06  l b s / h r  w h i l e  
cne o u r l e :  e m i s s i o n  r a f e s  ranged  from 0 . 1 9  I b s / h r  t o  2 6 . 8 5  l b s / h r .  S e v e r z i  
x n s  h a d  h i g h e r  e m i s s i o n  r a t e s  a t  t h e  o u t l e t  t h a n  a t  t h e  i n l e t  d u r i n g  t i e  
Sam? t i m e  p e r i o d .  A r e v i e w  of  t h e  i n d i v i d u a l  f i l t e r  and  probe-wash g r a \ - i -  
m e t r i c  r e s u l t s  show t h a t  f o r  t h e  i n l e t  s a m p l e s  most of  t h e  p a r t i c u l a t e  
m a i t e r  c o l l e c t e d  came from t h e  f i l t e r ,  w h i l e  t h i s  was n o t  t r u e  f o r  t h e  
ou:le; s a m p l e s .  O u t l e t  r u n s  #1 and a 8  h a d  l a r g e r  n e t  w e i g h t  g a i n s  i n  t h e i r  
washes w h i l e  r u n s  %, <&5, 2nd $7 h a d  a l m o s t  a l l  t h e  ca t ch  found on t h e  
f i l t e r s .  A g r e e n  c o l o r a t i o n  o f  t h e  f i l t e r s  was n o t i c e d  a f t e r  o u t l e t  r c n s  
?5 and 
and ?2 .  The c a u s e  of t h i s  c o l o r a t i o n  was n o t  i d e n t i f i e d  b u t  i s  s u s p e c t e d  
t o  be r e l a t e d  t o  ove rn igh r .  p l a n t  o p e r a t i o n s .  O u t l e t  r u n  #2 was i m n e d i e t e l y  
f o l l w d i n g  a c y c l e  o f  c l e a n i n g  2 n d  r e c o a t i n g  o f  t h e  b a g s ,  and  d e m o n s t r a t e ?  a 
h i g h e r  o c t l e :  r h a n  i n l e t  e m i s s i o n  r a t e .  

( c o n d u c t e d  i n  t h e  morning)  and  t h e  p r e c e d i n g  o v e r n i g h t  r u n s  i:l 

k n o t h e r  f a c t o r  t o  c o n s i d e r  when compar ing  t h e  e m i s s i o n  r a t e s  is thz:  
s t a c k  g a s  f low (DSCFtl) h a s  a d i r e c t  r e l a t i o n s h i p  t o  e m i s s i o n  ra tes .  In a l l  
b u t  t h e  f i r s t  rQn ,  
16 ,000  DSCFI.1 d e p e n d i n g  on t h e  s p e c i f i c  r u n .  
3 9 , 0 0 0  SCFN a t  2 p r e s s u r e  d r o p  of  10 t o  22  i n c h e s  w a t e r  column. T h i s  
c o r r e s p o n d s  f a v o r a b l v  w i t h  t h e  a v e r a g e  o u t l e t  f low o f  4 3 , 2 0 2  DSCFM b u t  n o t  
c i t h  t h e  a v e r a g e  i n l e t  f lo r?  o f  3 2 , 0 6 4  DSCFPI. I t  i s  s u s p e c t e d  t h a t  a 
i n - l e a k a g e  e x i s t e d  be tween t h e  two s a m p l i n g  l o c a t i o n s  and  p r o b a b l y  w a s  f r o s  
t h e  e v a p o r a f i n g  c h a m b e r ' s  eoe rgency  damper  or baghouse  p r e - c o a t  i n l e t  
d u c t s .  

t h e  o u t l e t  f low e x c e e d e d  t h e  i n l e t  by from 9 , 0 0 0  t o  
The f a n  s y s t e m  i s  r a t e d  a t  
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ĉ  
m 

m 

In 

+ 
u 

rp, 

u - 

0 

In 
U 

h' 
r. 
L n  r? 

c 

r. 

u 
a 

C 
U 
\I; 

I 
L? 
In 

.. - 

.. 
.? - 
u 
r. . 
m . 
C 

- 
e 

+ 

N 
In 

E. 

r. 

w 
m 
i 

r. 

N 
N 

0 

U u 
3 

r. 

N 

In 

- - 
m 

0 

" - - 
- ... .. 
U 

I 
m 
0 

e 

.. - 
?- 

u 
r- . 
m . 
c 
- 
- 
N 

u' 
3 

3 

r. L 1  

o\ 
3 

4 

In 
N 

w 
CI 
r. 
+ 

0, 
r. 
I. m 

n 

OI 

In 
3 - 
w 
0 .. 
n 
+ 
I 
U 
M 

0 
.. 
?- 

u' 
r. . 
0 
N . 
0 + 

c1 

N 
m 
u' - 

0 

m 
m 
N 

r. 
3 

0 

m 
r. 
u' 
N 

m u .- 
c1 
n 

" 

r. 
N 
n 
c 

tn 
tn 

u' 

l 
m 
m 
M 

.. 
e 

.. 
c 

0 
r. -. 
0 
N . 
C 
e 

U 

m 
N 

0 

m 
w 
m 
c 

U 
w 
3 

U 
0 
r. 
3 

c1 
r. 
ro - 
-3 
N 

u 
CI 

E; 

u' 
In 

N 
i 

I 
r. 
N 

C 

.. 

.. - 
w 
r. . 
c 
N . 
0 - 
m 

r. 
'r. 
0 
e 

m 
u' 

2 

+ 
u' 
In 

I. 

0 m 

n 
0 
n 

Io 
N 

- 

u' 

u' 
m 

w 
(1 

L? 

I a 
0 

-3 

.. 
+ 

.. 
+ 

u' 
r. . 
+ 
N . 
0 
e 

u' 

w 
0 

r. 
3 

N 

u' 

0 
i 

w 
In 
r. 

u' 

0 
.Y 
N 

m 
4 

u 
N 

4 

0 

In ... 
e 

U 
In 

0 

I 
m 
n 

m 
0 

.. 
?- 

.. 

0 
r. . 
N 
N . 
0 + 

h 

;J, 
i 
?- 

m 

m 
0 
N 

m 
0 
0 

Ln 

r. 
r. 
3 

m 
r. 
0 

m 
N 

.. 

CD 

N 
m 

m 
0 

w 
I 

U 
M 

.. 
3 

n .. 
e 

0 
r. . 
N 
N . 
0 
e 

m 

Lo 

' Z  - 
u 
c 
.i 

N 
m 
0. 
N 

-2 
C 
m 
b 

01 
u' 

w 
0 

y: 
C 
0 
.i 
u 
.A 
-c 
C 
0 
u 

30 



... 

... 

... ... 

-c 
W 
- 
v: 
3 

0 
Ly 

h 

E 

VI 

L 
c 

E ., 

. .  
p7 
I 

m 

... 

... 

W - 
n r 
E- 

c 
E 
0 

Y k  
u o  
I C -  

e 
m 
C 
N 

-3 

5 

r. 

L-l 

2 

r- 

v? 
p7 

r, 
0 
cc 
0 

m 
-3 

" 

c\' 

0 

0 
r- 

e 
0 

\n 
I 
N 
N 
*. 

.. - 

.. 
e 

ID 
r. . 
m - . 
C 
c 

i 

m 
N 
i 

-3 

u3 
N 
i 

N 

N 

N 

e 
N 
i 

0 
ln 
d 

I 

Ip 
U 

m 
m 
m 

0 
0 

U 
I e 
0 

1. 

r 

.. 
i 
c 

0 
I. . 
m - . 
c - 
N 

p7 

-3 

m 

m 
r. 
-3 

N 
i 

u3 

u3 
-3 

tn 
G 
r- 

r- 
" 

e 

-3 

m 
m 

N 
N - 
I m 

-3 

0 

.. 
i 

.. 
3 

u3 
r- . 
0 
N . 
0 

m 

h 
r. 
0 

u3 

r. 

m 
N 

m 
U 

r- 

u3 

Ln 
-3 

c - 

U 

0 
m 
3 

N 
-3 

u3 

I 
m 
0 

.. 
3 

.. 
2 

u3 
r. -. 
0 
N . 
0 
3 

-3 

i 

N 
e 
e 

0 

i 
4 
e 

m 
L? w z 

0 

i 
e - 
0. 

0 

-3 

+ 

d 

0 

0 
m 

N 
0 

ci 

I 

N 

0 

.. 
c 

m 
.. 
e 

u3 
r. . 
e 
N . 
2 

m 

.m 
e 

0 

m 
0 

m 
0 

m 

8 z 

N 
0 
0 

N 
U 

- 

U 

,-- 
m 

m 
-3 
L-, 

I 
u3 
N 

.. 
,... 

.. 
2 

u3 
r. -. 
e 
N . 
0 

u3 

YI 
m 
u3 
N 

YI 

-3 
u3 
N 

0 

m 

YI 

YI 
In 
N 

ln 

0 

0 
-3 

- 
_. 

m 
0 

$: 

N 
c 

i 
.. 
e 
I 

03 
0 

m 
0 

.. 

u3 
r. . 
N 
N . 
0 
e 

r. 

N co 
c 

U 

m 
e 

4 

2 

p7 

-3 

0 
u3 
p7 .. 
m 
p7 

N 

ci 
r. 

N 
N 

0 

I 
u3 
U 
ci 
4 

.. 
e 

.. 

u3 
I. . 
N 
N . 
0 
i 

m 

YI 
m 
m 

N 
0 
N 

0 
-3 

r- 

m 
03 

W 
ci 
m 
b 
W > 
4 

. . .  
i N c i  

L 

NL' 
m w  
.e 



c 
0 
u - L 

.i 
d 

rT 
> 
c 

..a 

u3 
m 
C 
N 

a 
Ln 

L1 

C 
=t 

a 
I 

Ln 
Ln 

.* 

.. - 

.. ... 

a 
r. . 
m 

d 

if m 
N 
..d 

CI, 
LT 

c - 

0 
PI 

4 + 
I 
In 
C 

.. 

.. 
3 
r 

w 
r. . 
4 . 
C 

m 

- 

N 

m 
Ln 
Ln 

c? 
m 
if 

ro .- 
3 
?- 

N 
N 

c? 
?- 

I 
4 
0 

0 

.. 

.. 
4 

w 
r. . 
0 
N . 
0 
3 

0 

if 

L-7 

m 

r- 
r. 

0 

N 
m 
ro 
3 

m 
m 
\D 

I 

In 

c? 

.. 
3 

m 
.. ... 
0 
I. . 
0 
N . 
0 
c 

if 

... 
IC 

- a J  
I. 

3 

N ... 
?- 

m 
N 

C 
e 

N 
0 

(? .-- 
I 
r. 
N 

0 

.. 

.. ... 
w 
P- . 
3 
N . 
0 
3 

In 

N 

m m 

m 
c 

0 

r. 
r. 

0 .- 

m 
e 
Ln 
.. ... 
I 

w 
N .. 
5 

ro 
r. . .- 
N . 
2 

ro 

.^ 
L. 
W 
u 

LCI 
a 
ro 
N 

ro 
C 
r. 
+ 

N ... .. .- ... 
I 

0 

m 
C 

m .. 

\D 
r- . 
N 
N . 
0 - 

r. 

v1, 

if m 

N 
4) 

c 

if 
r. ... ... 

N 
N 

ro 
I 
PI 
e 
c? 

.. 
.- 

.. 
4 

ro 
r- . 
N 
N . 
0 - 

m 

m 
c? 
m 

W 
M 
ni 
L. 
W > <' 

32 



.. 
The p a r t i c u l a t e  c o n t r o l  e f f i c i e n c i e s  r a n g e d  from 55 .8  p e r c e n t  t o  98 .2  

p e r c e n t  w i t h  an a v e r a g e  of  83.5 pe rcen t - .  T h i s  i s  somewhat lower  t h a n  
e x p e c t e d  f o r  a baghouse  b u t  does  a g r e e  w i t h  p r e v i o u s  t e s t i n g  on t h i s  u n i t  
by C l a y t o n  E n v i r o n m e n t a l  C o n s u l t a n t s ,  I n c .  

T a b l e  5-5 p r e s e n t s  a summary of  
t h e  o u t l e t  and shows a lower  a v e r a g e  
d u r i n g  t h e  d a y t i m e .  T h i s  may r e l a t e  
t h e  n i g h t ,  when u s u a l l y  two f u r n a c e s  
c h a r g e d .  

The e m i s s i o n  r a t e s  f rom t h e  one  

t h e  o v e r n i g h t  p a r t i c u l a t e  s a m p l i n g  a t  
e m i s s i o n  r a t e ,  2 .47  l b s j h r ,  t h a n  found 
t o  r e d u c e d  f u r n a c e  o p e r a t i o n s  d u r i n g  
were i d l e  and t h e  o t h e r  f u r n a c e  was A 

-. 

p o i n t  s a m D l i w  methods  u s e d  fox t h e  - 
Andersen  Nark 111 Cascade  I m p a c t o r  and t h e  t h r e e - s t a g e  c y c l o n e  s a m p l e r  a r e  
p r e s e n t e d  i n  T a b l e s  5-6 and 5-7, r e s p e c t i v e l y .  T h e  Ander sen  i m p a c t o r ' s  
r e s u l t s  show 2n a v e r a g e  o f  8 . 7 8  l b s / h r  a t  t h e  i n l e t  and  0 . 2 6  I b s / h r  a t  t h e  
o u t l e t .  L i k e w i s e ,  t h e  t h r e e - s t a g e  c y c l o n e  s a m p l e r  had  r e s u l t s  o f  a v e r a g e  
e m i s s i o n  r a t e s  o f  8 . 1 9  I b s / h r  and 0 .09  l b s / h r  f o r  t h e  i n l e t  and o u t l e t ,  
r e s p e c t i v e l y .  

A sumnary o f  a l l  t h e  p a r t i c u l a t e  s a m p l i n g  t r a i n  r e su l t s  i s  p r e s e n t e d  
i n  T a b l e  5-8. The Ander sen  i m p a c t o r  and  t h r e e - s t a g e  c y c l o n e  s a m p l e r  gave  
loider r e s u l t s  a t  b o t h  t h e  i n l e t  ,and o u t l e t  l o c a t i o n s ,  b u t  t h e  d e g r e e  o f  
d i f f e r e n c e  was much g r e a t e r  a t  t h e  o u t l e t .  T h i s  may mean t h a t  t h e  o u t l e t  
e n i s s i o n  l e v e l s  a r e  somewhat lower  t h a n  r e p o r t e d  by t h e  U . S .  EPA Method 5 
t e s t  r u n s ;  o u t l e t  r u n s  05 and ?7 ment ioned  b e f o r e ,  show t h e  g r e a t e s t  
d i f f e r e n c e s  b u t  t h i s  may be e x p l a i n e d  by t h e  a b s e n c e  of t h e  g r e e n  
c o l o r a t i o n  on t h e  f i l t e r s  f rom t h e  Ander sen  I m p a c t o r  .and t h r e e - s t a g , e  
c y c l o n e  sampler.  I t  i s  i m p o r t a n t  t o  n o t e  t h e  d i f f e r e n c e  i n  t h e  merhods  o f  
s a m p l i n g  ( i n - s t a c k  f i l t e r s  v s  o u t - o f - s t a c k  h o t  box ,  one  p o i n t  v s  r m l t i p l e  
p o i n t s ) ,  sample  r e c o v e r y  (no  wash vs  p r o b e  wash ,  dry  b r u s h i n g  o f  s c a g e s  vs  
b r u s h i n g  2nd a c e t o n e  r i n s e )  and a n a l y s e s  ( o n - s i t e  w e i g h i n g s  vs  o f f - s i t e  
w e i g h i n g s )  t h a t  e x i s t  be tween  t h e  Ander sen  I m p a c t o r  and  t h r e e  stage c y c l o n e  
s a m p l e r ,  2nd U . S .  EPA Method 5.  T h e r e f o r e ,  ' d i r e c t  n u m e r i c a l  c o m p a r i s o n s  o f  
t h e  r e s u l t s  may 'be e r r o n e o u s .  However, " b a l l p a r k "  e s t ima tes  and c o m p a r i s o n s  
can  be  made t o  d e t e r m i n e  t h e  p o s s i b i l i t y  o f  g r o s s  e r rors  o r  sample  b ias .  

F o r  example ,  on O c t o b e r  2 1 ,  1976,  t h e  i n l e t  r u n s  show t h e  same " b a P l p a r k "  
of  e m i s s i o n  r a t e s  even  though two o f  t h e  v a l u e s  ( I m p a c t o r  #3 and C y c l o n e  
? Z )  d i f f e r  f rom t h e  o t h e r  t h r e e  v a l u e s  by a m u l t i p l e  of  3. On t h e  same 
d a y ,  t h e  o u t l e t  r u n s  d i f f e r  s i g n i f i c a n t l y  due  CO. t h e  g r e e n  c o l o r a t i o n  on 
5 . S .  EPA Method 5 f i l t e r s  on runs "5 and  o v e r n i g h t  :!2. 

T o t a l  F l u o r i d e s  
The r e s u l t s  o f  t h e  f l u o r i d e  d e t e r m i n a t i o n  on  t h e  samples o b t a i n e d  from 

r h e  U.S. EPA Nethod 5 r u n s  #1 and $15 a r e  p r e s e n t e d  i n  T a b l e  5-9. me 
z v e r a g e  e m i s s i o n s  were found t o  be 1 .23  l b s / h r  a t  t h e  i n l e t  and  0.23 l b s / h r  
ar: t h e  o u t l e t  h , i th  an a v e r a g e  c o l l e c t i o n  e f f i c i e n c y  o f  75 .4  p e r c e n t .  Both 
of  t h e s e  t e s t  r u n s  had  h i g h e r  o u t l e t  t o t a l  p a r t i c u l a t e  e m i s s i o n  r a t e s  t h a n  
found a t  t h e  i n l e t ,  b u t  shoded  a l a r g e  r emova l  o f  f l u o r i d e s  by p a s s i n g  
tn rough  t h e  c o a t e d  baghouse  sys t em.  T h e s e  e m i s s i o n  r e s u l t s  a re  s t i g h r l y  
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h i g h e r  t h a n  t h a t  r e p o r t e d  by C l a y t o n  E n i v o r n m e n t a l  C o n s u l t a n c s ,  I n c . ,  b u t  
t h e  a v e r a g e  e f f i c i e n c y  i s  s i m i l a r .  However, i t  s h o u l d  be n o t e d  t h a t  t h e  
p i - ev ious  t e s t  and a n s l y s i s  m e t h o d o l o g i e s  a r e  unknown and . t h e  r e s u l t s  may 
n o r  be comparab le .  

P a r t i c l e  S i z i n g  

5-10. The D50 i s  t h e  c a l c u l a t e d  p a r t i c l e  d i a m e t e r  i n  m i c r o n s  a t  w h i c h  50 
The r e s u l t s  o f  t h e  Ander sen  I m p a c t o r  t e s t  r u n s  a r e  summarized in T a b l e  

p e r c e n t  o f  p a r t i c l e s  w i l l  be l a r g e r  t h a n  and 50 p e r c e n t  w i l l  be s m a l l e r  L. 

t h a n  t h i s  s i z e .  The " p e r c e n t  less  than"  is  t h e  c u m u l a t i v e  p e r c e n t a g e  o f  
the t o t a l  w e i g h t  c a u g h t  d u r i n g  each  t e s t  r u n ,  fo r  a p a r t i c u l a r  s t a g e  and  
a l l  t h e  s t a g e s  l o c a t e d  downstream o f  i t  i n  t h e  i m p a c t o r ,  and i n c l u d e s  t h e  
back-up f i l t e r .  

The a v e r a g e  D50 f o r  each  t e s t  r u n  and f o r  a l l  t e s t  r u n s  a t  the i n l e t  
and o u t l e t  a r e  p r e s e n t e d .  The a v e r a g e  D50 f o r  a l l  t h e  i n l e t  t e s t  runs was 
d e t e r m i n e d  t o  be  0 .4  m i c r o n s .  I n t e r e s t i n g l y ,  t h e  a v e r a g e  D50 f o r  aPB t h e  
o u t l e t  t e s t s  was a l s o  0 . 4  microns .  
p l o t t i n g  t h e  r e s u l t s  on l o g - p r o b a b i l i t y  p a p e r  and f i n d i n g  t h e  s i z e  for each  
t e s t  r u n  a t  t h e  50 " p e r c e n t  l e s s  than"  v a l u e  a s  shown i n  F i g u r e s  5-1.- 5-2, 
and 5-3. Based on a w e i g h t  r e l a t i o n s h i p ,  t h e s e  D50 r u n  a v e r a g e s  a n d  D50 
i n l e t  and  o u t l e t  a v e r a g e s  r e p r e s e n t  t h a t  p a r t i c l e  s i z e  a t  50 p e r c e n t :  o f  t h e  
c u m u l a t i v e  w e i g h t .  

T h e s e  r u n  a v e r a g e s  were o b t a i n e d  by 

I n l e t  r u n  #3 a n d  o u t l e t  r u n  P2 were pe r fo rmed  d u r i n g  t h e  same t i m e  
p e r i o d  on O c t o b e r  21; 1976 ,  and show much h i g h e r  a v e r a g e  D50 ' s  ( 3 . 6  a n d  2.5 
m i c r o n s  r e s p e c t i v e l y )  t h a n  t h e  o t h e r  r u n s .  

The n a j o r  a s p e c t  o f  r h e  p a r t i c l e  s i z i n g  r e s u l t s  i s  t h a t  t h e  a v e r a g e  
p a r t i c l e  found a t  t h e  i n l e t  i s  t h e  same s i z e  as t h e  a v e r a g e  p a r t i c l e  found 
a f t e r  t h e  c o a t e d  baghouse .  I n  view of  t h i s  and t h e  a v e r a g e  p a r t i c u 1 . a t e  
c o l l e c t i o n  e f f i c i e n c y  o f  83 .5  p e r c e n t  ( T a b l e  5-4) o f  t h e  baghouse ,  tke 
system a p p e a r s  t o  be o p e r a t i n g  i n  t h e  e x p e c t e d  r a n g e  f o r  a normal  b2ghouse  
v i r h  r:he same D50 p a r t i c l e  s i z e .  The h i g h e r  e f f i c i e n c i e s  ( 9 9 %  +) u s u a l l y  
E s s o c i a t e d  w i t h  baghouses  i s  f o r  c o l l e c t i n g  p a r t i c l e s  l a r g e r  t h a n  5 m i c r o n s  

Tnree -S tage  Cyc lone  Sample r  

c y c l o n e s  was p e r f o r n e d  on o u t l e t :  r u n s  b l  and +3 ( r u n  ik2 was r e t a i n e d .  : f o r  
p o s s i b l e  c r y s t a l i n e  a n a l y s i s ) .  T a b l e  5-11 p r e s e n t s  a summary o f  11 
s e p a r a t e  a n a l y s e s  p e r i o r w d  w i t h  a n  a t o m i c  a b s o r p t i o n  u n i t  on t h e  th-mee 
s t a g e s  of  bo th  t e s t  r u n s .  T h e s e  11  were  chosen  f o r  f u r t h e r  invesC, ig .z t ion  
f o l l o w i n g  review of a q u a l i t a t i v e  a n a l y s i s  of  a sample  o f  t h e  b a g h o u s e  
i iopper  d u s t  by s p a r k  s o u r c e  s p e c t r o s c o p y .  The metals o f  i n t e r e s t  a n d  t h e i r  
a v e r a g e  p e r c e n t a g e  i n  t h e  o u t l e t  d u s t  s a m p l e s  i s  g i v e n  on t h e  b o t t o m  o f  the 
c a b l e .  The i r o n  r e s u l t s  a r e  a p p a r e n t l y  i n  e r r o r  due  t o  r u s t  c o n t a m i c l a r i o n  

r:hich c o n c u r s  w i t h  v i s u a l  o b s e r v a t i o n s  d u r i n g  sample  r e c o v e r y .  

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

c -  L i o n  t h e  s a m p l e r .  The c o n t a m i n a t i o n  was a p p a r e n t l y  l e s s  s e v e r e  on r u n  $3 
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FIGURE 5-1. IXLET PARTICLE S I Z E  DISTRIBUTIOSS AT ROCtiESTER SNELTmG 
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FIGURE 5-2.  OUTLET PARTICLE S I Z E  DISTRIBUTIONS AT ROCHESTER SKELTING 
AND REFINING 

~ .. . .. . -~~ ~ ~~~ 

I I I I I I I I i . 

RUN #3 1 0 / 2 2 / 7 6  

A 

A 

. -  

A 

A 

A 

o a  

10.0 

h 

, f I I I I I I I 

10 20  30 40 50 60  70 80 90 

PERCENT SMALLER THAN STATED S I Z E  

4 3  

0.1 

0.01 
100 



F I G U R E  5-3. A\’ErUZGF- I I Z E T  Ah’D AI’EIUGE OUTLET S I Z E  DISTRIBUTIONS AT 
ROCHESTER SFELTING AND REFINING ~. 
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. 
S u l f u r  D iox ide  and S u l f u r  T r i o x i d e  

The r e s u l t s  f o r  s u l f u r  d i o x i d e  and"su1fur  t r i o x i d e  s a m p l i n g  a re  p r e -  
s e n t e d  i n  T a b l e  5-12. 
l b s / h r  and 0 . 0 5  l h s / h r  f o r  t h e  i n l e t  and o u t l e t ,  r e s p e c t i v e l y .  T h e  a v e r a g e  
e f f i c i e n c y  o f  t h e  c o a t e d  baghouse was found t o  be  54 p e r c e n t  f o r  s u l f u r  
d i o x i d e  removal .  

The ave rage  s u l f u r  d i o x i d e  e m i s s i o n - ' r a t e s   were^ 0.07 

- The s u l f u r  t r i o x i d e  e m i s s i o n s  were  d e t e r m i n e d  t o  h a v e  an  a v e r a g e  i n l e t  
'. r a t e  of 1.81 l b s / h r  and an  a v e r a g e  o u t l e t  r a t e  o f  0 . 6  l b s / h r .  T h e  s y s t e m  - 

had an  a v e r a g e  c o l l e c t i o n  e f f i c i e n c y  o f  86 p e r c e n t .  

T h e  r e s u l t s  show some h i g h e r  e m i s s i o n  r a t e s  a t  t h e  o u t l e t  t h a n  a t  t h e  
T h i s  may be due t o  a chromographic  e f f e c t  o f  t h e  bag c o a t i n g  w h e r e  i n l e t .  

i n l e t  c o n c e n t r a t i o n s  may be  de l ayed  o r  r e t a i n e d  by t h e  c o a t i n g  b e f o r e  b e i n g  
r e l e a s e d  sometime l a t e r .  Also ,  t h e  U.S. EPA Method 6 i s  r e p o n e d  t o  h a v e  a 
d e t e c t a b l e  l i m i c  o f  2 . 1  x lO- ' lbs/DSCF f o r  s u l f u r  d i o x i d e ,  and  an e q u i v a -  
l e n t  d e c e c t a b l e  l i m i t  o f  2 .63  x lbs/DSCF f o r  s u l f u r  t r i o x i d e .  S i n c e  
T a b l e  5-12 shows t h a t  a l l  t h e  s u l f u r  d i o x i d e  i n l e t  and  o u t l e t  r e s u l t s  and  
most o f  t h e  s u l f u r  t r i o x i d e  o u t l e t  r e s u l t s , a r e  c o n s i d e r a b l y  be low t h e s e  
l imi t s ,  t h e  r e s u l t s  may ha..-e a d e g r e e  of lower  l i m i t  "bounce". However ,  
sample  volumes were  a p p r o x i m a t e l y  f o u r  t i m e s  t h e  u s u a l  r e q u i r e m e n t s  o f  t h e  
method ( - 3 . 0  DSCF t o  0 . 7 1  DSCF) which might  h a v e  a l o w e r i n g  e f f e c t  on t h e  
d e c e c t i o n  l i m i t s .  

T h e  important .  p o i n t s  o f  t h e  r e s u l t s  a r e  t h a t  s u l f u r  d i o x i d e  is e m i t t e d  
a t  boch t h e  i n l e c  and o u t l e t  i n  ve ry  low c o n c e n t r a t i o n s  and c h a r  s u l f u r  
c r i o x i d e  c o n c e n t r a t i o n s  a r e  r educed  e f f e c t i v e l y  by t h e  c o a t e d  b a g h o u s e .  

Hydroeen C h l o r i d e  and C h l o r i n e  
The a s p e c c  o f  che p o s s i b l e  r e d u c t i o n  o f  c h l o r i n e  g a s  and c h l o r i d e s  was 

~ 

the pr imary  goal of c h i s  c e s t i n g  program. T a b l e  5-13 p r e s e n t s  t h e  r e s u l t s  
of c h l o r i n e  and hydrogen  c h l o r i d e  t e s t i n g  and r e p o r t s  on t h e  c o l l e c c i o n  
e E f i c i e n c i e s .  The a v e r a g e  c h l o r i n e  e m i s s i o n  ' r a t e s  were  7 .66  l b s / h r  a c  t h e  
i n l e c  and 1 .29  l b s / h r  a t  che  o u c l e t ;  che  a v e r a g e  c h l o r i n e  c o l l e c r i o n  e f f i -  
c i e n c y  was 6 4 . k  percenE.  The a v e r a g e  h y d r o g e n  c h l o r i d e  e m i s s i o n  r a c e s  were 
5.06 l b s / h r  and 0 .26  l b s / h r  a c  che i n l e t  and o u t l e c ,  r e s p e c c i v e l y ;  che  
a v e r a g e  c o l l e c c i o n  e f f i c i e n c y  was 97 .4  p e r c e n t .  

These  r e s u l t s  demonscrace t h a c  t h e  c o a r e d  baghouse  was e f f e c t i v e l y  
r e d u c i n g  che  c h l o r i n e / h y d r o g e n  c h l o r i d e  e m i s s i o n s .  

In o r d e r  t o  dece rmine  any r e s i d u a l  e f f e c t  o f  che c h l o r i n e  demagging  
p r o c e s s ,  r u n  #5 was conduc ted  a p p r o x i m a t e l y  two h o u r s  a f c e r  c h l o r i n a c i o n  
v a s  scopped and che " b e l l "  removed from t h e  c h a r g i n g  we l l .  While t h e  
e m i s s i o n  r a c e s  o f  boch g a s e s  d e c r e a s e d  d u r i n g  t h i s  r u n ,  a s  compared t o  r u n  
?i, che  o u t l e c  l e v e l s  o f  c h l o r i n e  i n c r e a s e d  and  h y d r o g e n  c h l o r i d e  was not 
d e t e c c a b l e .  The i n c r e a s e  i n  c h l o r i n e  e m i s s i o n s  may be  r e l a t e d  co a 
ch romacograph ic  e f f e c t  o f  che bag  c o a t i n g  o r  i t s  s a t u r a t i o n  l e v e l .  The 
s i g n i f i c a n t  a s p e c c s  o f  t h e  r e s u l t s  a r e  t h a t  c h l o r i n e  and h y d r o g e n  e m i s s i o n s  
c c n t i n u e d  from bo th  t h e  c h a r g i n g  w e l l  and che  baghouse  f o r  ac  l e a s e  s e v e r a l  
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h o u r s  a f t e r  c h l o r i n e  demagging was compleced  and  that .  t h e  c o a t e d  b s g h o u s e  
s u c c e s s f u l l y  r e d u c e d  b o t h  o f  t h e s e  e m i s s i o n s  by 84 p e r c e n t  and 97  p e r c e n t ,  
r e s p e c t i v e l y .  

Toea1  Methane Hydroca rbons  

h y d r o c a r b o n s  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  by u5e  of  t h e  c o a t e d  baghouse .  
S imulcsneous  s a m p l i n g  was n o t  conduc ted  w h i l e  making t h i s  d e t e r m i n a e i o n ,  

d u r i n g  t h e  c o u r s e  o f  t h e  f o u r  days  i n  o r d e r  t o  c h a r a c t e r i z e  t h e  . e m i s s i o n  
r a t e s .  The i n l e t  and o u t l e t  g a s e s  were sampled  a l t e r n a t e l y  f o r  i n d i v i d u a l  
p e r i o d s  of u p  t o  45 m i n u t e s  t h r o u g h o u t  t h e  t e s t i n g  p e r i o d .  T h i s  c e c h n i q u e  
was d e s i g n e d  eo a d e q u a t e l y  d e s c r i b e  t h e  t o t a l  methane h y d r o c a r b o n  
c o n c e n t r a t i o n s  a t  b o t h  s a m p l i n g  l o c a t i o n s .  

A s  sumnar i ed  i n  T a b l e  5 - 1 4 ,  t h e  e m i s s i o n  l e v e l s  o f  c o t a l  methane  

.. 

however ,  e a c h  l o c a t i o n  was a d e q u a t e l y  sampled  for g r e a t e r  t h a n  800 m i n u t e s  - 

The t ime-weighed a v e r a g e  c o n c e n t r a t i o n s  of t o t a l  methane  h y d r o c a r b o n s ,  
were d e t e r m i n e d  eo be 4 6  ppm a t  t h e  baghouse  i n l e t  and  40 ppm a t  i t s  
o u c l e t .  D u e  co t h e  l a c k  o €  a s i g n i f i c a n t  d i f f e r e n c e  i n  c o n c e n t r a t i o n s ,  a 
c o n c r o l  e f f i c i e n c y  i s  nor g i v e n .  

P o l y n u c l e a r  A r o m a t i c s  I 
The f i l t e r s  f rom che  t h r e e - s t a n e  c y c l o n e  o u t l e t  r u n  82 and U.S. EPA 

... 

-~ 
?iechod 5 o u c l e e  r u n s  !/4 and #7 were a n a l y z e d  on a g a s  ch romatograph  f o r  
p o l y n u c l e a r  a r o n a t i c  h y d r o c a r b o n s  ( P N A ) .  Based on compar i son  w i t h  a sample  
o f  n-Naphthyl  Amine, a known PNA, none were  d e r e c t a b l e .  T h e r e f o r e ,  c h e  
s c h e d u l e d  g a s  ch rocacograph-mass  s p e c e r o s c o p y  a n a l y s i s  was c a n c e l l e d .  
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, .. . .  

: !Ted and construcled to Bilom rncas- 
uremect of eztssians usinc nFPlicable 
tcFt methods and procedures.. 

(E) K h c r c  fmissions fmrr. 5113' E.AF(s) 
are  combined nlih cxkr ions  from facili- 
tics not subjcr t  to til? proriclozs of this 
.sul i jxt  Sut  iontrollcd by a com:non czp- 
:u:e syslhm nnd cmtrol  device. t h e  owner 
or opcrator may use nny of the foliorr- 
ing prccedurcs d s r i m  a performance 
tcst: 

(1) ~ a s e  coxmliance on control of tile 
coinbincd emissions. 

(21 Utilize n mcthod 'acccptnble to 
t he  Administrator which ConPensates 
f0.r the emissions from Uie facilities not 
subject to the provisions of this sub?art. 

131 Any combination of' the  criteria 
of paragraphs (gI (1 )  and (g112) of this 
section. 

ih) Where emissions from any EAFis) 
are  conibined with cmissions from facili- 
tics not subject to l h e  provisions of 
th!s subpart, the  owner or opcratnr may 
use nw of the  following procedures for  
demonstra?ing ccmpliance wlth 8 60272 
( a ) i 3 ) :  

11) Base compllmce on control of the 
combined cmisions. 

(2 )  S h u t  d o m  Operation of facilities 
wt subject to t h e  provisiom of this 
subpart. 

(3)  Any combination of -the crlteria 
of ParnEraphs ih) (1) and (h) (2) of thir 
seetlon. 

(5ecs. 111 me 114 of the C l e m  Alr AC:. M 
cmendcd by I I E C .  4(n) 01 Pub. L. 01-GO4. 04 
Gmt. 1678 ( 4 1  U9.C. 1857C-6. 1857C-9)) 

[40  FR43850, Scptcmbcr 23,19751 

A ~ Y ~ K D I X  A - NI:ERESCE h:CTIiOI;S 

. . . . 

139 FR 20790. luns 14. 19741 
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1 I 

NUhlQER OF DUCT DIAMETERS DOWNSTREAM' 
(DISTANCE 81 

Flwra I-;. hllnlrnum number of traverse'polnts. 

Fi:ure 1.2. Cross sectioil 01 c i r c u l a r  stac'k divided inlo 12 equal 
aieJs. sho;. ing lccalion 0: l taVcrsC pOitl l3 at cciilroid 01 each area. 

F i i ' ic  1.3. C m z ?  sccl io i i  01 reclan?ul3r slhik divided lnlo 12 equal 
arc:?. v:itii IiJ'ierse points 01 ccnirpid 0: E a c h  area. 
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FEDERAL REGULATIONS, 121:0420 

1. Ptinciple  an6 applicability. 
1.1 Prlnci?i~.  S w r k  g m  FelDCiiy Is deter- 

mined fm:n the gas demit? and Ircm mens- 
UremEnt of the re1rxi;y head uslng a T m e  S 
1S:nuseheibe or re?e;se t y p e )  pitot tube. 

L.X .9ppliCsbllifr. This method shallid be 
appiied only when specificd by the test pru- 
C C d m  f ~ r  deIcmlnlng mm?ilance with t h e  
Xew Soa-ce ?e:forsace sc03n:ds. 

2. Ap~crot 'u .  
2.1 pit*: t u b e - v p e  s (Figure 2-l), or 

eqlllvalenz. "8th e ce+Uclent wi;hin ?5% 
ore: the  working range. 

2.2 Dinerentin! prejsu:c gauge-Inclined 
nl.ulomeU?r. 0- Equivalent, to measure veio- 
c i iy  head to r.irwn 10% of the  rmnlmum 
V3i"E. 

2.3 Temperature gau~e--Therrnccoupie 01 
eqGJralent aL.;3Ched to  the pltot tube to  
mcuiue  SLXB temperature M within 1.5% of 
L I X  nllnimum eboluce Stm?: temperacure. 

a.2-er.2: 
c,.,,.,=?ltot tube coemcient cf Type S 

pitot tube. 
 pitot pi tot tube coeficient of standard 

t w e  Pitot rube [If unknown. USe 

ard &e plmt tube. - 

pilot tube. 
Aptrri=Ve!oclty head rnCCSured by Type S 

PIPE COUPLING TUBING ADAPTER 

h!ANOhlETER I 

'Figure 2-1. Pitot lube-manometer assembly. 
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STATIONARY SOURCES 
S-305 

lZl:Oi,TS 

P L A N T  

DATE 

RUN NO. 

STACK DIAI.IETER, in. 

B A E O X T R I C .  PRESSUfiE. in. Hg.  

S i G T I C  PEESSURE IN STACK (Pgl.  in .  biz.  

OPERATORS 

- i J 
SCHEtAAi!C. C,; Si;C5 

CROSS C L t l l ' J i d  

AViWGE: 

Figurs 2-2. Velcilty lraverse data. 



12i:O42G FEDERAL REGULATIONS 

2.2.3 Seedie rzlre-To adlust  Row :ax. 
2.2.4 PumpLezk-f ree .  diaphragm type. 

2.2.5 RLte mete;-To measure 31 Row 
m c g e  from 0 to 0.035 e f m .  

2.2.6 Flexible b&g--Tedlar,' or eqalv.sle:lt. 
with 3. cnpaclty 0; 2 til 3 CII.  it. Leak tes t  the 
bsg in :lie inborato;; be:are uslug. 
2.2.7 Pirot tube-Type S.  or equlvnlent. 

a:rzchCd 10 :he pmbe so tha i  the  snmp1ln.r 
flow rate can be regllllltcd p~oport lonal  M 
t he  stack gcs v e l o ~ l i ~  when re!oc!tr Is Tar?- 
11:g rl:h time 0: . a  sample t m s e i b e  Is 
condccted. 

or cqulcalent. to P"!l gar. 

2.3 Anclysii. 
2.1.1 0:sdi nna:;-zer. or cquiraient, 

FLEXIBLE TUBlNG 
I 

/ 
FILTEP. [GLASS YiOOLi 

I 
SOUEEZE BULB 

figure 2-1. Grab.sampling train. 

RIG1 

Figur2 3-2, lnlegaled g t s  -sampling train. 

. 
L 

c 
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121 :0128 FEDERAL REGULATIONS 

learln,- the impingers. 0.025. 

2.1.4 F l i t e l  Holder-Pyrex 1 g I S  r l t h  2.2.1 P i i h E  bruSh-At I C J I t  a5 long 3s 
heating system eapsble of maln t~ in lng  mlni- 
mum tempern:ore 0: 225. F. 2 3 . 2  G!e~s~.v3sh bottl-no. 

gem mmected  In scrie5 w l t h  glass ball jalnt  2.2.4 Graduated cyllndcr-250 ml. 
firtings. "be  hrst. t?llrd, and.foW.h impln- 2.3 AIwIysLs. 
geiS are of the Greenburg-Smlth design, 2.3.1 Glwr,n'elghlng dishes. 
modffied by replaelng the tip f l t h  B %.-Inch 2.3.2 Ixslccntor. 
ID LI- tube exiendlnc M one-half inch 2.3.3 P . n n l F t l d  bal-To meaSWe to 

probe. 

2.1.5 Impingersl Condenser-Four lmpln- 2.2.3 Glass s ~ m p l e  S t o w e  C O D M I I I C I S .  

~ ~~ 

'fro& che bottom 0: the  f lkk.  The second Im- 
pinger I S  of the Greenburg-Stnlth deslgn 
a l t h  the t : ~ .  A emdenser may be 
used In place of the  Impingcrs prorlded tha t  
the molstwe content 01 the bizck gar can 
RIU be deteimlned. 

2.1.6 hleterlng s)'stem-V3cuum gauge, 
leak-free pump. thermometers enpahlc of 
mevur ing  temperature to wlthln 5 .  F.. d q  
gns meter Xlth 2 %  accuracy. and  related 
equlpment. .or equlrdent.  as requlred to 
mnlnmln an Isoklnetlc ssTplmg rate end to 
deteimlne Ssmple ~ o l u m e .  
2.1.7 Buometer-To mesure  atmospheric 

pressure M k0.l l m h s  Hg. 
2.2 m p l e  recouery. 

3 RFnnrnf l  .. .~ ..=. ~~~. 
3.1 Srunpllng. 
3.1.1 FIIie~5-GIess fibe:. X S A  1106 BX:, 

01 ~oulva len t .  numbered for ldelltlflcntlou 
and preveighed. 

3.1.2 Sil ic3 3'1-Indloltlng trpe. G I 6  
mesh.  &-led a t  175' C. (350' F.) for 2 hours. 

3.1.3 \v*:er. 
3.1.4 Crushed Ice. 

IMPINSE:! TRAIIt OPTlO!+AL. HAY eE REPLACED 
Pi A I  EQUlVALEhT COBDENSER 

I . .  HEATED AREA FILTER HCiDER 1 i!<3rAOmb\ETER CHECK 
\ / I . . . . . . - 

/ 
PIT01 mANO':ETER 

OEIFICE 

. .  

/ 

V A L Y t  

,VACUUM 
LINE 

THERH,O!YETERS 

E n v i r o n m e n t  Reporter [Appendix A I  28 
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container No. 3. Welgh the Spent sillcn gel 

8. Calibrati'm. 
use methoCIi and equlpment whlch hnre 

and repon to the  neared grnm 

been approred by the  AdmlnlSt?StOT tO 
ccllbrilte the O T 1 5 c e  meter. pltot tu-. dIY 
gas meter. Bnd prom heater. Recallbrat0 
nftfr eaeh test serles. 

8 .  C a . h l c t h s .  
6.1 ~ v e r z g e  dry gas meter temperature 

and average orIRce p r e s u e  drop. See da's 
Sheet (PI- 6 2 ) .  

Dry. gar uolume. m m e t  the  Snmple 
rolume me~~uiCd by tho w g~ meter to 
standsrd candltlons (70. P, m.a?.lnches Hg) 
by uslng Equation 5-1. 

6.2 

equation 5-1 

~.,,~=\-'o!ume of ~ j 9  sample through thn 
dry go9 meter ( s t a n w d  condl- 
tions) , c v  I t  

v',-Volume of gns sample through tho 

T,,,=.Abjolute tempernture a t  Stnndzrd 

where: 

dry g*s m e w  (meter condi- 
nons). cu. It. 

COnditloN. 530' R. 

e". f l .  
mi. =0,04i4-- VI. 

?q"nl,on 6-2 

rtjuntion 5-4 



121: 0430 F E D E R A L  R E G U L A T I O N S  

FINAL WEIGHT TARE WEIGHT 

PLANT 

DATE 

RUN NO. 
. .- 

WEIGHT GAIN 

i CONTAINER I 

VOLUME OF LlOUlD 
WATER COLLECTED 

IMPINGER . SILICA GEL 
VOLUME. WEIGHT. 

9 ml - 
FINAL 

INITIAL 

I WEIGHT OF PARTICULATE COLLECTED. 
mg 

LlOUlD COLLECTED 

TOTAL VOLUME COLLECTED 9. ml 

1 

2 

TOTAL 

INCREASE' ' 
I1 g/ml)- 

= VOLUME WATER, rnl 

Figures-3. Analy l ica l  data 

6 .62  Concentration In 1 b . l ~ ~ .  it. 

6.8 Acc?ptable results. T h e  i o l l ~ w l n g  
range BetS t he  l l d t  on acceptable lsoklnetlc 
sampilnn resuit.%: 

I f 9 0 7 0 < l <  110%. the  results arc8ceeptable. 
otherwise. reject the  resuits and repeal 
tiro test. 

7. Rejarence. 
Addendum to Speelflcatlons lor Inelnerator 

Testlng at Federal Fadlltles PES. NCAPC. 
Dec. 6. 1967. 

h l ~ r t l n .  Robert M.. Cmstm~tlon Detalls of 
lroklnetic Source Snmpllng Equipment. En- 
riionmentnl PIDfectlon AgEnCy. -561. 

Rom. Jerome J.. hlalntenance. Callbration. 
and Operailon of 1wklr)ettc Source Sam- 
pling Eq!iiprnent. Envlroamental Roteetlan 
Agency. A P 1 M 5 7 6 .  

Srnlth. 1%'. 5.. R. T. Shlgeehara. and W. F. 
Todd. A Method of Intelprcting Stack Sam- 
PI]% Dlt2. PXpCr presented at the 636 An- 
nual Aleet1::g of the ~ t r  muutlon contra1 
ASSoCI.%tion. St. Louis. BIO.. June 14-19, 1970. 

Srnlth. W. $., et  SI., Stack Gas Sampllnz 
Improved 2nd Simplified with New Equip- 
ment. APCA paper NO. 67-119. 1967. 

Federal Facllltles. PHS. NC.WC. 1967. 

MErHOD 6-DFIERLLINAIIoN DP SDLrnR DlOYlDE 
EM15+10h.S r a O M  S**TlOX*T S O U R C n  

speeincnt1ons for InElneratOr Test1"g a t  

1. Princfp ie  ond appliciibility. 
1.1 Principle. A gm sample 1s extracted 

from the  s m p l l n g  point In t h e  Stack. The 
wid  mist. lncludlng sulfur trlodde. 1s sepa- 
rated from tbe sulfur dioxide. n e  sulfur 
dloalde fraction 1l measured by the badum- 
thorin tltratlon method. 

Ap?l!c~blli t~.  Thb method Is sppli- 
cable for the de te rmln~t lon  ai sulfur dloxlde 
emiss i~ns  fro.= stationmy I O ~ C ~ S  on17 when 
specified by the  test procedures 101 determm- 
Ing co.?pii?.nee wfth Ne% Source Performance 
Standnrds. 

1.2 

2.1 52rnpllng. SeE Fig"= 5 1 .  
2.1.1 P r o b c P s r e X  glass. ~pproXlmately 

5 SO 6 mm. ID. with a heatlng system to 
Prevent cmdenS3tion and 0 fflterlng medium 
to remove pxtlculate matter incluaine sui- - 
furlc ecld mlst. 

2.1.2 Midget  bubbler-One. with gl- 
WD01 packed In top to Pievent Bulfurlc aeld 
mist ~ n r r p v e r .  

2.1.3 GlaES WDOI. 
2.1.4 hlldget i m p l n g e r s u e e .  
2.1.5 Drying tUbCPBCked wlth 6 to 16 

mesh lnd!cnt l l l~- ty l~c  silica gel. or equivalent. 
t o  d v  the samplc. 

2.1.6 1'lli.e-xeedIe valve. or equivnient, 
t o  adjust flow rate. 

2.1.7 PurnpLeak-free.  vacuum tvDe. .. 
2.1.6 ~ n t e  meter-mtameter or equiva- 

lent. tp rnc1jule J. 0-10 s.cJ31. flow range. 
2.1.9 Dry 6" metci--Swmdently accurate 

to measure the s l a p l e  v0I-e xlthln ITa. 
2.1.10 Pitor t u b e - q p e  s. or equivalent. 

)Yi.+$ (P*.+&)](1.667%) 
EV.P.A. 

0.00267 in. Ilg-cu. ft .  
I=T.[( r n l - ~ R  

equation 5-6 1 Trade x m e s .  

i 
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Figure 13k.2. Fluoride Distillation Apparatus 
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DETERMINATION OF HYDROGEN CHLORIDE AND CHLORINE 
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. .. 
~ E R K I K A T I O N  OF HYDFDGEN CHIDRIDE AND CHLORINE I N  STACK GAS 

C. E. Decker 

and 
C. B. b g a r  

U. S. IMAxTMEhT OF HFALTH, EDUCATION, AID b'ELFARE 
Public Health Service 

kreau of Disease Prevention and h v i r o n m n t a l  Control 
National Center for A i r  Pollution Control 

Cincinnati, Ohio 

April, 1960 
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DETEPJXIllATION OF h??)FiOGEJ CHLnFiIDE A N D  CHLORIIE I N  STACK GAS 

... 

. _  
IlirmiLJmIOl~ 

This method is intended f o r  t h e  determhat ion of hydrogen 

chlor ide and chlor ine in s tack  gases, as k w l d  be encountered in 

anissions from hydrochloric ac id  mmfac tu re .  Hy&ogon ch lo r ide  

i s  co l lec ted  from t h e  gas stroam in midget iminzers  or  a grab 

sampling f l a s k  containing sodium hydroldde and determined by t h e  

Volhard Titration.’ If chlor ine is suspected t o  be present i n  t h e  

stack eff luent ,  both gases are col lected i n  t he  m e  m e r ,  except 

that a horn quant i ty  of a lka l ine  arsenite absorbing reagent is 

subs t i tu ted  f o r  t h e  sodium hydroxide. 

- 

Chlorine is reduced t o  ch lor ide  - c 

arseni te ,  and is msasured by t i t r a t i o n  of t h e  unconsumed a r s d t e  

Total  chlor ide content of t h e  s q l e  

b3Lcl. 
h 5 t h  standard iodine solut ion.  

i s  d e t e r z e d  by t he  Volhard Ti t ra t ion .  Iiydrogcn chlor ide conce?tration 

i s  c a l c d a t e a  by subt rac t ion  of t h e  chlor ine conccztratlon f r o n  t o t a l  

chlor ide concentration. This n t h o d  i s  sppl icable  t o  the ds t emina t ion  

of hydrogm chlor ide and ch lor ine  i n  t h e  c o n c a t r a t i o n  range f r o m  10 mrn 
t o  percentage cpantities. 

RE4GEXTS 

All cncLca1s mst be ACS ana ly t i ca l  reagent grade. 

I!Zt& - 
Deionized-disti l led water. 

. .  ... . 



Absorbing &gent 

h .  Sodium hydroxide (1 N )  - Mssolve LO g of sodium hyciroldde 

i n  water and d i lu t e  t o  -1 l i t e r .  Use t h i s  reagent vhen the  

s tack  gas concentration of H C 1  i s  l e s s  th? 1000 ppm. 

B. Sodiun hydroxL.de (2.5 N )  - Mssolve 100 g of s o d i m  hytirox%,de 

i n  water and d i lu t e  t o  1 liter. Use this reagent when the. - 
s tack  gas conceiitration of HC1 is  grea ter  than 1030 ppm. 

C. A l k d i x e  a r s e n i t e  (1 N NaOH - 0.1 N NaAs02) - Dissolve,. 

LO g cf NaOH and 6.5 g of sodium a r s e n i t e  (NaAs02) i n  

water and dilute t o  1 liter i n  a volumetric a s k .  Usor 

t K s  reagent when t h e  s tack  gas concentration of H C 1  and 

C12 i s  lsss than loo0 ppm. 

D. Alkaline a r s e n i t e  (2.5 N NaOIi - 0.5 N NaAs02) - Dissolve 

103 6 of XaOil and 32.5 g of R&sO 

1 Uter in a volumetric ,%al:. 

s tack  gas  concextration of H C 1  and C12  i s  greeter  than 1000. 

PPT. 

i n  wate: and d2utes t o  

Use this reagent when t h e  

2 

< 
Ferric Ind5cator 

Dissolve 28.0 g of f e r r i c  mnonium d a t e  [FeimL(soL)2.iz K2oJ, 
i n  70 nl of ho: water. Cool, filter, add 10 ml of  concentrated 

n i t r i c  a c i d  (HID3), and d i l u t e  t o  100 ml in a v o l ~ t r l c  f lask.  

N i t r i c  Acid (e Xl 
Prepare KOx f r e e  n i t r i c  a c i d  by adding 100 m l  of H:Dj t o  LOCI 

- 2 -  



-~ of water 2nd boi l ing  in a conical  f I i s k ~ u n t i L t h e  so lu t ion  is color- 

l e s s .  Storo in g l a s s  reagent bo t t le .  
. .  

Ilitrobmzene 

Reagent  grade. 

... .. . 

... 

... ... 

... ... 

... 
... 

Sodiwn Chloride (Primry Standards) 

A. NaCl (0.1 I?) - Dissolve 5.8L6 g of dr ied  sodium chlor ide  

(1:aCl) i n  Later and d i l u t e  t o  1 liter in  a volumetric 

f lask.  

B. NaCl (0.01 N) - Dissolve 0.58h6 g of dried N a C l  in water 

and d i l u t e  t o  1 liter in a volumetric f l a s k ,  or  d i l u t e  

100 id of 0.1 N I k C 1  t o  1 liter. 

h o r i m  Tl-ii.oc.n.mte 

k .  I 3  CKS (0.1 it) - Dissolve 8 g of MI CKS i n  water and d i l u t e  L L .  
t o  1 l i t e  ii a rolumGtric f lask .  

C. fXLCi:S (0.01 N )  - Dilute 103 K!- of 0.1 N NHbCNS t o  1 U t e  

i n  2 v o l w c t r i c  f lask ,  o r  dissolve 0.8 g NH CNS in 1 l i t e x  

of d i s t i l l e d  water. 
L 

Si lver  Ni t ra te  

X .  A$D3 (0.1 11) - &solve 17.0 g of silver Ni t ra t e  (Agf\ ’Oj)  

i n  ,rater and dilute  to 1 liter i n  a volumatric , l a s k .  

T n n s f ~ -  t o  an d e r  reagent b o t t l e .  

so lu t ion  against s tendwd 0.1 N NaCl eolution, a c c o r d h g  

td the Volhard T i t r a t i o n . ’  

Skndi rGize  this 

- 3 -  



-B.--AgXO (0.01 E?) - Dissolve 1.7-g -of hgNO i n  ua te r  and d i lu t e  3 3 
t o  1 lit= i n  a volumetric f l a s k .  'hansfer  t o  an amber 

. re?gent  bot t le .  S t a n z r d i z e  t h i s  so lu t ion  aga ins t  standard. 

0.01 Ii KaCl solution, according t o  t he  Volhard Ti t ra t ion.  

S*arch solut ion ( iodine indicator) ,  1.0$ 

*: Fake a t h i n  paste  o f  1 g of soluble  s tarch in cold water and - 
pour i n t o  103 mL of bo i l ing  water while stirrhg. 

ninutes. 

Boil for a few 

Store  i n  a glass s t p p r e d  bot t le .  

Stancitlrd iodine solut ion (0.1 N )  

Dissolve 12.69 g of resublimed iodine (I2) In  25 m l  of a solution 

containing 1s g of iodxte-free potassium i o d i d e  (KI); d i l u t e  t o  1liite.r 

i n  a w l u n e t r i c  A23sl:. Standardize t h i s  solut ion against  a standard 

t h i o s u l f a t e  solut ion using s t a rch  a s  an indicator.  

be s to red  in an &-be- re3ga . t  bot&de and r e f r ige ra t ed  when not i n  use, 

This so lu t ion  shuzld 

AP?L.TUS 

k b s o r b e s  

A. YL&get Lyd.ngers - Kn a l l  g lass  midget h p i n g e r  capable of  

remving i!C1 and C1 

absorbing reagent. 

- 
from an  a i r  sanqle by using 15 rrJ. of  2 

W s  device should be used when s a i i l i n g  

s%ack 92s containing l e s  than 0.1 percent K C 1  o r  C12. 

B. Grab s z q l i n g  f lask - C. 2 - l i t e r  glass bott le  equimed. Kith 

Teflon stc?cocks on e i the r  end. 

when s z g l i n g  percentage q u a t i t i e s  of HC1 or  C12. 

Tnis device ahuuld be used 

Kosorbhg 

- L -  



r e g e n t  i s  added t o  t h e  grab sanqle flask a f t e r  t h e  s a w l e  

h a s  been collected.  

- 
Cisnenscr ( a h o r b i n :  r a c c n t )  - One-hundred m i l l i l i t e r  round-bottoa 

C l a s k ,  modified with a Teflon stopcock and ball j o i n t  extension (see 

?igure 2 ) .  

t he  sawle Ius been collected. 

Use t o  add absorbing reagent t o  grab sanipling b o t t l e  a f t e r  

A.NALYTICW, PrnCEDiTiiZ 

Collection of s m l e s  

A.  Kidget inpingers: The apparatus f o r  sangltng olp H C 1  and 

cI2 cons is t s  of a probe (l), inpingers ( 5 ,  6 ,  7 ,  81, purrp 

( i 2 ) ,  r o t a m t e r  (u), and dry gas t e s t  met- (16). (XgZe 1.) 

Tne ?robe (1) i s  18" long and m d e  from medium ~ 2 l l  >:rex 

glass.  

inches is lhfl OD tube. Rubs a r e  inpressed i n t o  t h e  L r g w  

t u b e  j u s t  before the  contract ion t o  a c t  a s  a s t q  f o r  glass;  

m o l  c:!ich is placed i n  t h e  end of t h e  probe t o  cict as! a 

f j l t e r .  

??e ;:hole g l a s s  tube is hTapped Kith 7 f e e t  of 26 gauge 

nichrome heat- wire (2).  

nected t o  t he  wire controls  t h e  voltage and Serce t h e  teG%-z- 

t.c;.e of probe, The h i r e  i s  covered 1 2 t h  f ibe rg la s s  i n s c h t l o n  

tape and placed i n  a s'tainless s t e e l  probe sheath. 

- - 
Tne first 6 inches i s  5/8" O D  tube 2nd t h e  last 12 - 

The l/hl' end has a male 12/5 .bzll j o i n t  on the  en& 

A variable transformer (3).  con- 

- 5 -  



A-three-r;ay t a l v e  ( h )  x i t h  ba l l  j o k t  connections t o  t h e  probe 

and f i r s t  inpingcr allows the  i c e  bath ( 9 )  (a p l a s t i c  b-acket) 

- 

.and Lrpinzer system t o ' 6 e  sealed of f  2nd removed a f t e r  a xu3 
r 

i s  comlcted.  

to s a q l i r g .  

This w l v e  i s  a l so  used t o  purge the  probe p r io r  - 
h e  t o  t h e  s e n s i t i v i t y  of  t he  analyt ' ical  method, 

only a smll  sample i s  required; therefore,  four miQet @in-  

gers ( 5 ,  6, 7 )  csntain 1 5 o f  t he  absorbing reagent. 

f u u t h  iq inser  (8)  i s  l e f t  dry t o  co l l ec t  any entrained l iqu id .  

T h i s  wing= is  at tached t o  the u m b i l i c a l  cord. 

.- 

- 
The 

The u J h i 1 i c a l  cord (10) leading from t h e  collectLon de,v+ce t o  

t h e  I]'LL~P and metering systen consis ts  of a -i/h" OD - l/%" I D  

polyethylene s q l e  line, and an e l e c t r i c a l  c i r c u i t  for t h e  

probe. The sample l ine is  first connected t o  a dr;ring tube  

(Ill c o n t a L a  s l i i c a  gel,  which reznoves moisture f r o a  t h e  

sar;;r,le g a s .  i'ron t h e  m L ~ g  tube, t he  gas passes throqh a 

t i a p k a p  (12) t o  a gross now control  r o t m e t e r  (U), 

where thc svnpling r a t e  is maintained a t  0.1 CFM with a needle 

n i v e  ( i j j .  The s a q l e d  gas then passes th'oJgh a 0.1 CE3 per  

r e w l c t i o n  dry gas t e s t  meter (161, ;here t h e  sample vol-me i s  

rm6 v i t h  an accuracy of 1 percent. A therimmeter (15) 

-,-laced on the i n l e t  s i d e  of t h e  neter  m e s u e s  t h e  te.Fe?-atcre 

o: t he  gas in the  meter. 

7 

T d s  tezverature  reading is k%c 

used t o  correct  t h e  sanple volume t o  standard conditions. 

n ite e+ipnennt &scribed above i s  lmk t e s t e d  p r io r  t o  s a q l i n g  

by pluggFnr, t h e  end of t h e  probe and then  l e t t i n g  t h e  paq 

- 6  - 



create  a s%cu~~n.on..the syste... ._ If . the C%J t e s t  meter con- 

t h c s  t c  revolve, t h e  syste-n lms a' l eak ;  i f  t h e  meter does 

. n o t  revolve, then the  'sj-sfem i s  t i g h t  a t  operating racuum 
. .  

p r e s s x e s .  

'%en the l e d :  t e s t  has been coTle ted ,  the probe should be 

heated to the desired operating t e q e r a t u r e  (200 t o  ZSI?OF)  

be'ox se;;mllng begins. 

. 
To s a q l e ,  sLrt&- t u r n  on t h e  p . ~  

and adjust  t he  rotameter via the needle xalve t o  t h e  fiesired 

setti?;. 

i n t e n x i s  &r ing  t h e  t e s t .  

This  s e t t i n g  shoulr: be checked a t  10 t o  15 minu te  

Generally, a s a i l i n z  i n t e r i a l  

x h u t e s  i s  used; however, t h i s  nay wry w i t h  t h e  

csnceztrat ioz 02 ZCl present I n  the  source efifluent. k t  t h e  

erid of t he  t e s t  t u rn  o f f   in^^ and disconnect t h e  sa7le co l -  

l ec t ion  u:iit. 

- 
~ i .  SrsS s a ~ l i n g :  Tiie apparatus used f o r  purged iris% gzs  

:c$Li,z cczs i s t s  of an a c m a t e l y  ca l ibra ted  2- l i te r  g:-ass 

b a t t l e  :;ith Teflon s ~ ~ p c o c k s  on e i the r  end. Tne fllzsk, 

. . .  . . ,..-un ., - 

c z ~ l L ? g  l i n e  and s'ack gas (.Aider pos i t ive  p r e z s s e )  1s 

;LG;eci t o  f i m  tkmgh t he  -%sk. 

~ 0 t h  stopcocks in t h e  open posit ion,  i s  placed i n  t h e  

-. ( k  p x g e  m1ur.e 19 t k e s  



- . the- volume-of the . - f lask  should-be used. ) After the--f lask 

The f l a s k  is has been purged, both valves a r e  shut off .  

rmoved from t h e  sampling l i n e  and one valve opened t o  t h e  

abosphere  t o  allow t h e  f l a s k  t o  cone t o  atmospheric pressure. 

Pipet 25 ml of absorbing reagent i n t o  the modified buret  and .. 

connect it t o  t h e  ball j o in t  on one s ide  of t h e  a s k .  Lbsorb- 

i ng  reagent i s  allowed t o  flu& i n t o  the  f l a s k  by opening t h e  

stopcocl:~. R e  reac t ion  of f i C 1  and/or C 1  h-ith t h e  ap?ro?riate 

absorbing reagent c rea tes  a negative pressure in t h e  L'lask and 

pills more reagent i n t o  the  f lask.  

react ion,  %ish a l l  t h e  absorbing reqe;lt i n t o  t h e  f l a s k  k-ith 

2 

After completion of tine 

a mall quant i ty  of water. 

alkaline a r sen i t e  reagent i s  used. amove t h e  buret and shake 

t h e  flask f o r  severa l  minutes t o  irisme zomplete absorption of 

t h e  gzses. 

This s tep  i s  h p o r t a n t  only when 

QJant i 'k t iveu transfer t h e  contents of t h e  grab -ling b o t t l e  

t o  a sarqle container,  such a s  a p o l y e t u l e n e  b a t t l e ,  k i t h  

ceio,nizcd-distilled Later. 

k n l e  3cqzratCon 

K~~sL-c  t n e  ac tua l  volume of t h e  l i q u i d  sample or ad jus t  t o  a 

Im~,m velum using a g r a b t e d  cylinder o r  volumetric f l a sk .  

?ZXEDJ?3 A .  Ia-al~r'sis of Hydroge.? Chloride 

Pipet a n  a l i q u o t  of t h e  saxple i n t o  a 250 nl '&leimieyer A ~ ; s % .  

hucl 25 nl of r a t e r ,  5 nl of n i t r i c  ac id  and srirl t o  nix. Acid 0.1 X 

- 0  .. 



c r  0.01 I silver n i t x t e ,  depending..on..chlorids conten t  

u n t i l  it i s  i n  excess. :Iar t h e  equiva lence .poin t , '  t h e  s i l v e r  c h l c r i d c  

p r e c i p i t a t e  vi11 c o a y l a t e .  1;Pnen coagula t ion  occurs , add an  adr?it<or!!l. 

5 ;;iL of s i l v e r  n i t r a t e .  i.dd 3 nl of ni t robenzene,  2 .d of f e r r i c  i n d i -  

c n t o r ,  and hac!<-titrate with 0.1 N o r  9.01 1.1 amonium thi0cyanaf.e u n t i l  

t h e  f irst  ap;,ea-ancc of t h e  reddish-brmm Fe(CilS)-3 oowlex' .  

det ,ermiwtior! f o r  ch lo r ide  i n  t h e  absorb ing  reagent  should be  m n  s h 1 -  

t a n e m s l y  an6 sub t r ac t ed  from t h e  sample r e m l t s .  

I G  C: iS s o l u t i o n ,  as detcL-nined previmsly by t i t r a t i o n  a g a i n s t  s 'dndard 
ll 

XgXO 

w9ume of A,g!<O 

f r o n  a kr;r~t 

. .  

.. A blqnlc 
i 

6 
I 

From t h e  t i ter  of 

- 
s o l u t i o n  u s i n 2  ferr ic  a lun  as a n  i n d i c a t o r ,  c a l c u l a t e  t h e  net 3 

r equ i r ed  f o r  p r e c i p i t a t i o n  of t h e  ch lo r ide .  3 

CALCULATIONS 

C o q u t e  t h e  nuxber of xilligrams of l i C l  p r e sen t  i n  t h e  sample 

t h e  f o l l u c h g  ecpat ion:  

Xl, ,ng = n e t  m l  kglv'0 x T .x F 3 
T = hylrogen & l o r i d e  e q u i v a l a t  of s t anda rd  Ag!' \O3 

(T  = 3.65 mg ZlhL f o r  0.1 N AgXO ) 

(T = 0.365' rrLg Xl/d f o r  0.01 N AgNO ) 
3 

3 
F ' c  samle  voium, mi 

z l i ~ 0 0 3  volune, rl 

Conve-t t h e  v o h n e  of a i r  sampled t o  t h e  volume a t  stan&rd condi- 

t i o ~  of 70'7 2nd 27.92 in. Hg, 

vs = v x - rY.92 

V - tulune of gas sa .Tled,  CU. ft. 

- 9 -  



. ~~ . 1 .= -barornetrtc - p r e s s u e ,  in. He 
t t a p e r a t w e  of  gas sampled, % 

. .. 

Deternine the concentration of HC1 in the a i r  .?.&le by t h e  

foll~**g forrmila: 

652 = ulhg of HC1 a t  7OoF and 29.92 in. Hg’ 

C = concentration of HC1, rnz 
V s  = voluire of gas sampled in  CU. ft. a t  70°F and 29.92 in. Hg 

28.32 = liters per  CU. f t .  

- 

PZICEIUE 5. kralysis of Hydrogen Chloride i n  t h e  Presence of Chlorine 

Pipet  an a l iquot  of t h e  sample i n t o  a 2 5 0 4 .  Fslen-neyer f l a s k  and 

proceed with t h e  Volhard T i t r a t ion  for t o t a l  chlor ides  as described 

under F’roceh-e A .  

reagenc (aU-ziline a r sen i t e  reagent)  Ehculd be run sirrmltsnemsly arid 

mbt rac t ed  frorn t h e  -1s r e su l t s .  

4. blank detenrinat ion for chlor ide in t h e  absorbing 

Pipe t  another a l iquot  of  t h e  sample into a 250-171 Erlenmeyer 

flask. 

c a r e f u u  w i t h  ccncmtratod hy&rochloric acid,  and cool. 

c i en t  s o l i d  sodiu?- bicarbonate (NdCO ) t o  nea t r a l i ze  any excess 

hydrochloric acid,  then add 2-3 g in excess. Acid 2 m l  of &arch 

ind ica tor  and t i t r a t e  h-lth 0.1 N i o d h o  solution t o  t h e  blue encboint. 

Add 2 few d r o p  of phenolphthalein indicator, neutralize 

Add suffi- 

3 

For t h e  r rsgcnt  blan.., ciettc-r;nine t h e  number of ml of 0.1 I? I2 re+i-ed 

t o  t i t r a t e  25 K L  of a I J a b e - a r s e n i t e  absorbing reagent, a8  described 

above. 

- 10 - 



k t e m i n e  the number of m i l l i l i t e r s  o f  0.1 N I  required t o  2 
L.L.. u i b A a t e  the  c a t i r e  sarple  by t h e  following f o r > m h :  .. 

S a ~ l e  (FA 0.1 ;J I,) = (;nl of 0.1 N I? ' for a l iquo t )  x F 
L 

- volume of sm?le, ml 
i l  

volurne of diquot, m l  

C l z ,  mg = 3 h n k  O.'l  N 12) - Sample (+ 0.1 11 i2) x 3.5L6 

3.5M = chlorine equivalent of 0.1 N I*, mg 

Convert t h e  v o l m e  of gas sampled a t  standard conditions of 

Calculate 70'7, 29.?2 i n .  HE;, using the  formula in Procedure A.  

the  conceptration of  C l Z  i n  t he  sample us inz  the following formula: 

(jL0) (c )  pjn C 1  by volune 
2 VS 

;LD = pl/zz of  G I 2  a t  70'; and 29.92 in.  Eg 

5 = conce-itration cf C12, 
.. 
:is = volume of :as s x v l e d  a t  standard conditions, l i t e r s  

L ueterTLye t h e  r r a h e r  of  milligrams of HC1 present in t he  sa rq l e  

k- subtract ing t!?e mnber of milligrams of C 1 2  present,  a s  deterinined 

t; t h e  %o&n? dA,,2utionl from t h e  t o t a l  nunber of mi l l i g ram of 

crJor ide prescr.', 25 deterrined by the Volhard Titrakion. 

tfic conceif,r;%ion of HC1 i n  p a r t s  per mil l ion using t he  fom& i n  

.Toce&re I,. 

Calculate 

- 



.- DISCUSSION OF PROCEDJKE . .  

The e s t i m t e d  e r r o r  f o r  t h e  conbined samling and ana ly t ica l i  

+ proce5dre. i s  - 10 percent. The @rec is ion  of t h e  ana&%ical metho& 

is 2 percent  on s h n d 3 r d  samples containing NaC1 and XaaAsO2. 

Tne u m a l  vo lune t r i c  e r r o r s  a r e  encountered w i t n  t h e  Volhard 

T i t r a t i o n .  

adcied d-oprrise ncar t h e  eqa i l a l ence  po in t  and t h e  s o l u t i o n  shaken 

before  t h e  next addi t ion .  Nitrobenzene i s  used t o  e f f e c t i v e b  

i ' r ? x t , w e  e n h o i n t s  m y  occur, i f  t h e  Ifi4 C'JS is not L !  
t 

r e m v e  AS1 by for.ning an o i l y  coating on t h e  p r e c i p i t a t e  and pre- 

c vent ing  rwc tLon  Ki th  t'ne thiocyanate.  

Lqsoluble s i l v e r  s a l t s  and b iva len t  mercury, which forms a s t a b l e  

c q l e x  ion I.:ikh t h e  thiocjaanate, i n t e r f e r e  i n  t h e , a n a l p i s  a n d  

mst be absent  f r o 2  t h e  sanple.  

p e x t u r c s  h e l m  25 C, a s  is c u s t o m r y  i n  o the r  t i t r a t i o n s  with. 

Substances which f o r a .  

T i t r a t i o n s  shou ld 'be  rrade a t  t en -  

0 

- 
L &loc; -aa te  ./ 

"ne ch ief  scrdrce of e r r o r  i n  t h e  iodine t i t r a t i o n  of a r s e n i t e  

i s  f a i l u r e  t o  use s c f f i c i e n t  b icarbonate  t o  ncdt ra l ize  a l l  the .  

r?"ress ac id .  I f  I r s L f f i c i e n t  bicarbonate is aeded, serims errors 

a x  i n c u r r e i  &e t o  E fading end7oint. Remicing agents ,  m c h  as 

sui,?;- & o d i e ,  2nd oxid iz izg  agents ,  such as iorSne, nitrog.cn. 

clo:5.de, and ozone, if present  in  t h e  s'dck gas saTle,  would bta- .. 

Cere biith t h e  iodin2 t i t r a t i o n  and y i e l d  Mglh r e s l t s .  

- 12 - 
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2 6  S H E R E R  S T R E E T  ' R O C H E S T E R .  N .  Y.  1 4 6 1 1  T E L E P H O N E  716,528-"740 

MAIL ING A O O P E 5 5 ' .  P . 0 , E O X  547 . R O C H E S T E R . N . Y . 1 4 6 0 Q  

February 31 1977 

1%. ROBERT A .  BAKER, P.  E .  
ENVI IiOhTvENTAL ENGINEER 
ENVIRONMENTAL SCIENCE AND ENGINEERING 1 I N C .  
P. 0. Box 13454 
G a i n e s v i l l e ,  F l o r i d a  32604 

Dear Vr. Baker: 

Znclosed herewi th  i s  t h e  in fo rma t ion  t h a t  you r eques t ed .  

If you have any more q u e s t i o n s  o r  need any f u r t h e r  
i n f o r m a t i o n ,  p l e a s e  do n o t  h e s i t a t e  t o  c a l l .  

C o r d i a l l y  your s ,  

STEVEK R .  SHEPtCU? 

SRS : r d  
Enc  . 
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RCI CH ESTER SM ELTi N G  

T E L E P H O N E  7 1 5 / 3 * e - c 7 m 0  I ..I 

2 5  S H E F I E C  S T R E E T  . R O C H E S T E R .  N .  Y .  1 4 6 1 1  

MAILING A O O R E S S '  P.O.  a o x  5 4 7  . ROCUESTER.N.V.  i 4 s o z  

October 25 ,  1976 

Kr. R o b e r t  A .  Baker 
ENVIROATINTAL SCIENCE A N D  ENGIhEERING, I N C .  
P. 0. Box 13454 
G a i n e s v i l l e ,  Florida 32604 

Dear Kr. Baker I 

If you fiave 2ny f u r t h e r  T u e s t i o n s  r e g a r d i n g  t h i s .  ples se  
60 n c t  h e s i t a t e  t o  c ~ l l  me. 

SRS i r d  
3nc. 
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Aniimony 70 

. ................. 

Sificon ..... /..7O .y. 
Manganese ....... 
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.kfphur .. ............. 
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Cadmium .................................... 

phosphorous ..................  yo 
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Lh.ROR.4TORY ANALYSIS ON CYCLONE CAT(% 
. .. 

... 

... ... 

K i l l 1  S t 2 j i f  - I a r e  F i n a l  Net P e r c e n t a g e  
Weight  Weight  Ga in  O E  T o t a l  

1 ( n g )  (mg) h g )  (Z) 

. 
. .  

I n l e t  1 1 s t  0 . 0 0 0  12 .380  12.3SO 27.9 
2nd 0.080 4 .130  4 .050  ?. 1 
3rd  0. 060 6.280 6 .200  1 4 . 0  

I; i 1 t e r  625 137.425 157 .600  20 .175  49 .0  
F i l t e r  6 3 i  134.200 135.750 1 .550  

TOTAL 44.355 

t 
~ ---_____________________________________---_--____- 

I n l e t  2 1 s t  
2n d 
31-5 

F i l r e r  664 
F i l t e r  G 5 h  
_ _ _ _ _ _ _ _ - _  

TOTAL 

0.080 22.510 
0 .210  0.610 
0 .180  2 .160  

134 :075 147 .900  
140.045 142 .150  

72.43Q 
0 .400  
1.380 

13 .825  
1 .700  

40 .335  
-----___________ 

5 5 . 6  
1 . 0  
4 . ?  

3 s .  5 

I n l e t  3 Is t 0 .160  58.290 56 .130  4 6 . 9  
2nd 0 . 7 5 0  2 .160  1 .910  i . 5  
3 r d  0 .230  5.590 5 . 3 6 0  4 . 3  

F i l t e r  693 13s. G O O  139 .425  0 .825  47 .2  
F i l t e r  69; 136 .275  195 .900 57 .625  

TOThL 123.850 
... 

I n l e c  I 1 s t  0.150 i 4 . 8 0 0  14 .650  
2n d 0 .140  1 .970  1 . 6 3 0  
3 rd  0 . 1 6 0  7 .890  7.730 

f i l t e r  G I G  143 .700  143 .450  -0 .250  
F i  1 r e r  61.2 144 .325  186 .275 41 .950  

TOTAL 66 .410  
________________________________________-_-_--___-_- 

2 2 . 1  
2 . 6  

1 1 . 7  
6 3 . 4  



LABORATORY ANALYSIS ON CYCLONE CATCH ( c o n t i n u e d )  
. .- 

Run S t a g e  T a r e  F i n a l  Net P e r c e n t a g e  
Weight  Weight  Ga in  of T o t a l  

(mg) (mg) (mg) ( X I  

O u t l e t  1 1 s t  
2nd 
3 r d  

F i l t e r  612 
F i l t e r  613 

.- 

TOTAL 

0.000 1.024 1.024 14 .0  
0 . 0 2 7  2 .706  2.679 36 .7  
0 .058  1 . 3 4 6  1 .288  17 .7  

141 .975  144 .125 2.150 31.5 
138.300 138.450 0.150 

7.291 

O u t l e t  2 1st 0 .058  2 .403  2 .345;  
2nd 0 . 1 0 7  0 .710  0.603 
3 r d  0 .082  0 .441  0.359 

F i l t e r  692 141.'950 149 .925  7.975 
F i l t e r  619 138 .500  139.825 1 .325  

TOTAL 12.607 
_ _ ~ _ _ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~ ~ ~ ~ ~ _ _ ~ ~ _ _  

O u t l e t  3 1st  
2nd 
3 r d  

F i l t e r  615 
F i l t e r  609 
-------_______ 

T3TAL 

0 .102  6.167 
0.147 0 .455  
0 .120  0 .592  

140.450 140.475 
143.325 148.100 

._ 

6.065 
0 .308  
0.472 
0 .025  
4 .775  

. -  

18 .6  

2. a 
4 . 8  

73 .8  

52 .1  
2 .6  
4 . 1  

4 1 . 2  

11 .645  
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- ~. . .  

POLXICLEAR AROXATIC HYDROCARBON ANALYSIS 
. .  

The o u t l e t  f i l t e r s  (#417 ,  Method 5,  Run 

4 ;  ?692,  Cyclone  Run 2 ;  # 4 1 0 ,  Eiethod 5 ,  

Run 7 )  were e x t r a c t e d  w i t h  me thy lene  

c h l o r i d e  and c o n c e n t r a t e d  t o  one m l .  A 

g a s  chromatograph  w i t h  a f lame i o n i z a t i o n  

d e t e c t o r  w i t h  a Tenex-GC column was u s e d  

f o r  t h e  a n a l y s i s .  The  , , s a m p l e  c o n t a i n e d  

less  r h a n  1 ug g )  PNA a s  a - n a p h t h y l  

z n i n e ,  and a s  such PNA was n o t  d e t e c t a b l e  

or, t h e  gss chromatograph  n o r  would i t  have  

Seen on t h e  GC/!.IS. 
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CHLORINE/YTDROGEN CHLORIDE 

LABORATORY ANALYSIS 
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