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FOREWORD 

When  energy  and  material  resources  are  extracted,  processed,  converted, 
and  used  the  related  pollutional  impacts  on  our  environment  and  even  on 
our  health  often  require  that  new  and  increasingly  more  efficient  pollution 
control  methods  be  used. The Industrial  Environmental  Research  Laboratory- 
Cincinnati  (IERL-Ci)  assists in  developing  and  demonstrating  new  and  improved 
methodologies  that  will  meet  these  needs  both  efficiently  and  economically. 

This  report  describes  technology  for  in-plant  process  change to remove 
a  major  pollutant  from  tanning  wastewater  and  recovery  and  reuse  of a  chemical. 
The  purpose  of  the  project was to  demonstrate  the  technical  and  economical 
feasihility  of a physical-chemical  process. Also described in  the  report 
is  the  development  of  the  equipment  design. 

The  report will be of interest to  all  tanners who  have  a  beamhouse, 
to  engineering  consultants  and  to  municipalities  that  receive  wastewater 
from beamhouse  operations. 

Further  information  on  the  subject  can  be  obtained  from  the  Food  and  Wood 
Products  Branch,  Corvallis  Field  Station,  Industrial  Environmental  Research 
Laboratory,  Office  of  Research  and  Development, U.S. Environmental  Protection 
Agency,  Corvallis,  Oregon. 

David G. Stephan 
Director 

Industrial  Environmental  Research  Laboratory 
Cincinnati 
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PREFACE 

One of t h e  major componen t s   o f   t he   e f f luen t   f rom  the  
t a n n i n g   i n d u s t r y  i s  s u l f i d e s .  The l e a t h e r   i n d u s t r y   u s e s  large 
q u a n t i t i e s   o f   s u l f i d e s ,  1 - 5% based   on   the   h ide   weight .   These  
s u l f i d e s   p r e s e n t  a s e r i o u s   d i s p o s a l   p r o b l e m .  When d i s c h a r g e d  
i n t o  a r i v e r  or stream, they   cause  a dras t ic  r e d u c t i o n   i n   d i s -  
so lved   oxygen ,   t he   fo rma t ion   o f   da rk -co lo red   p rec ip i t a t e s  w i t h  
i r o n   a n d   o t h e r   m i n e r a l s   p r e s e n t   i n   t h e  water, a n d , i n   a n   a c i d  
media ,cause a d i sag reeab le   odor .   Tox ic   hydrogen   su l f ide  may be  
formed when mixed  with acidic  wastes. 

S u l f i d e   c a n   b e  removed f r o m   t a n n e r y   e f f l u e n t   s l o w l y  by 
a e r a t i o n   o r  more r a p i d l y   b y  a i r  o x i d a t i o n   t h r o u g h   t h e   u s e   o f  a 
manganese s u l f a t e   c a t a l y s t .   S u l f i d e s   i n  a s e c o n d a r y   t r e a t m e n t  
s y s t e m   d e c r e a s e   t h e   e f f e c t i v e n e s s   o f   t h e   a e r a t i o n   d u e   t o   t h e  
consumption  of  oxygen  and may r e s u l t   i n   t h e  release of  hydrogen 
s u l f i d e  t o  t h e  a tmosphe re .   Ca ta ly t i c   chemica l   ox ida t ion   o f   t he  
s u l f i d e   w i t h  a i r  r e s u l t s   i n  a q u a n t i t a t i v e  removal o f   t h e  
s u l f i d e .  The process ,   though effective,  i s  time consuming  and 
expens ive   in   chemica ls   and   power .  

The p u r p o s e   o f   t h i s   d e m o n s t r a t i o n   g r a n t  was t o  de te rmine  
t h e   p r a c t i c a l i t y  of a su l f ide   r emova l - r ecove ry   sys t em.  The 
system is  based   on   t he   r emova l   o f   t he   su l f ide  as h y d r o g e n   s u l f i d e  
gas f r o m   t h e   c l a r i f i e d   a c i d i f i e d  wastewater. The  hydrogen 
s u l f i d e  gas r e l e a s e d  is  absorbed i n  sodium  hydroxide,  forming a 
s o l u t i o n   o f   s o d i u m   s u l f i d e   w h i c h  i s  r e - u s e d   i n   t h e   t a n n e r y ' s  
u n h a i r i n g   p r o c e s s e s .  

The s t u d y  was p r a c t i c a l   i n   n a t u r e   w i t h   d a t a   t a k e n   o n  a f u l l  
p roduc t ion  scale u n i t   c a p a b l e   o f   r e c o v e r i n g  a l l  o f   t h e   s u l f i d e s  
from a 5 , 0 0 0  hides-per-day-tannery. The advan tages   o f   t he  large- 
scale t e s t i n g  was t h e   e l i m i n a t i o n   o f   s c a l e - u p   p r o b l e m s   f o r  
f u t u r e   u n i t s .  The d i sadvan tage   o f   t he   app roach  i s  t h a t   t h e  
system was p a r t   o f   t h e   e n t i r e   o p e r a t i o n a l  scheme of t h e  
p l a n t   a n d   v a r i a b l e s  were r e q u i r e d  t o  b e   k e p t  t o  a few o p e r a t i n g  
limits. 

The B lues ide  Company is  t h e   f i r s t   t a n n e r y   o f  i t s  t y p e   i n  
t h i s   c o u n t r y .   T h i s   t a n n e r y   p r o d u c e s   o n l y   l e a t h e r   i n   t h e   " b l u e "  
s t a t e .  C a t t l e h i d e s  are p u t   t h r o u g h   t h e   u n h a i r i n g   p r o c e s s   a n d  
chrome  tanned as w e t  b l u e   h i d e s .  The  chrome  tanned  hides are 
s h i p p e d   t o   o t h e r   t a n n e r i e s  for  f u r t h e r  w e t  and   d ry   p rocess ing  
i n t o   f i n i s h e d   l e a t h e r s .  
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The s u l f i d e   r e c l a m a t i o n   u n i t  i s  a l s o  a " f i r s t "   a n d  was 
c o n s t r u c t e d  a t  t h e  same t i m e  t h e   t a n n e r y  was b u i l t .  The t anne ry  
grew  from a s t a r t i n g   p r o d u c t i o n   o f  5 , 0 0 0  h i d e s   p e r  week t o  i t s  
p r e s e n t   p r o d u c t i o n   o f  over 2 5 , 0 0 0  h i d e s   p e r  week. Concur ren t ly  
t o   t h i s   g r o w t h ,   t h e   s u l f i d e   r e c o v e r y   u n i t  was b e i n g   o p e r a t e d ,  
modified  and  improved. 

The p r o j e c t   g o a l   t o   d e m o n s t r a t e  a p r a c t i c a l   p l a n t - s c a l e  
method of removal and   r ecove ry   o f   su l f ides   f rom a t a n n e r y  waste 
stream was accomplished. 
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ABSTRACT 

A f u l l   s c a l e   s u l f i d e   r e c l a m a t i o n   p l a n t  was constructed  to  demonstrate 
t h e   f e a s i b i l i t y   o f   r e m o v i n g  and r e c o v e r i n g   f o r   r e u s e   t h e   s u l f i d e s   i n   t h e  
wastewater o f  a la rge   ca t t leh ide   tannery   p roduc ing  25,000 hides  per week, 

The combined t a n n e r y   e f f l u e n t  from  the  soaking,  unhair ing,  bate,  pickle, 
and  chrome tanning  wastes i s  screened  and c l a r i f i e d .  The c l a r i f i e d   e f f l u e n t  
i s  pumped on a cont inuous  bas is   to  a d e g a s i f i e r   i n   w h i c h   a c i d i f i c a t i o n   t o  a 
pH 5.0 - 5.5 u s i n g   s u l f u r i c   a c i d   i s   e f f e c t e d .  The hydrogen s u l f i d e   l i b e r a t e d  
from  the  wastewater i s   c a r r i e d   b y   a i r   s t r e a m   t o  an absorpt ion  tower where 
i s  i s  absorbed i n   r e c i r c u l a t i n g   c a u s t i c  soda u n t i l  a des i red  sodium s u l f i d e  
concent ra t ion   i s   ach ieved.  The sodium s u l f i d e   i s   t h e n   r e u s e d   i n   t h e   t a n n e r y ' s  
unhair ing  process. 

Q u a n t i t a t i v e  removal  and  recovery o f   t h e   s u l f i d e s   i s  accomplished. The 
s u l f i d e   r e c l a m a t i o n   p l a n t   i s   o p e r a t i o n a l  seven  days a week. 

The su l f i de   rec lamat ion  economics i n d i c a t e  a savings i n   m a t e r i a l  and 
f r e i g h t   c o s t s   o f   a p p r o x i m a t e l y  $92,052 pe r   yea r   o r  $84.84 per  1,000 hides. 

An a d d i t i o n a l   b e n e f i t   r e s u l t i n g   f r o m   t h e   a c i d i f i c a t i o n   o f   t h e   t o t a l  
tannery  wastewater i s   t h e   c o a g u l a t i o n   o f   t h e   s o l u b i l i z e d   p r o t e i n s   w h i c h   c o u l d  
be removed by  secondary  sedimentation.  Their  removal will r e s u l t   i n  a s ize-  
a b l e   r e d u c t i o n   o f   t h e   p o l l u t i o n   l o a d  and t h e   r e l a t e d  sewer surcharge. 

T h i s   r e p o r t   i s   s u b m i t t e d  i n  f u l f i l l m e n t   o f   G r a n t  No. 12120 EPC by 
Blues ide Company, Inc. ,   under   the  par t ia l   sponsorship  o f   the U.S. Environ- 
menta l   Protect ion Agency. This   repor t   covers a per iod   f rom March  1970 t o  
A p r i l  1976, and  work was completed  as o f   A p r i l  1976. 
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SECTION 1 

INTRODUCTION 

The largest  s e g m e n t   o f   t h e   l e a t h e r   t a n n i n g   i n d u s t r y   i n   t h e  
U n i t e d   S t a t e s  i s  the   t annage  of c a t t l e h i d e s .   C a t t l e h i d e s  are 
p r i m a r i l y   p r o d u c e d   i n  meat packing  areas in   t he   midwes t .   H ides  
are s a l t  cured   and   sh ipped  t o  t h e   l e a t h e r   t a n n i n g  si tes a t  ea s t ,  
midwest,  and w e s t  coast l o c a t i o n s .   T h e r e  i s  a t r e n d  t o  locate 
t a n n e r i e s   i n   t h e  area n e a r   t h e   s o u r c e   o f   t h e   h i d e s   f o r   f r e i g h t  
economies. 

T r a d i t i o n a l l y ,   h i d e s   h a v e   b e e n   c u r e d   n e a r   t h e   s l a u g h t e r  
house ,   sh ipped  t o  t a n n e r i e s  a t  v a r i e d   l o c a t i o n s ,   t a n n e d  t o  t h e  
b l u e ,   r e t a n n e d ,   a n d   f i n i s h e d   i n t o   l e a t h e r  a t  t h e   s i n g l e   l o c a t i o n .  
Costs t o  s h i p   c u r e d   h i d e s  i s  more t h a n   d o u b l e   t h e   c o s t   o f   s h i p -  
p i n g   p a r t i a l l y   t a n n e d   h i d e s :  i . e . ,  chrome  tanned  blue  s tock.  
New t a n n e r i e s   l o c a t e d   n e a r   t h e   s o u r c e   o f   t h e   h i d e s   c a n   e f f e c t  
t h e s e   s a v i n g s   a n d  move p o l l u t i o n   l o a d i n g s   f r o m   t h e   o l d e r   t a n n e r y  
s i tes .  

The Blues ide   Company ' s   t anning   opera t ion  a t  S t .  Joseph ,  
Missour i ,  i s  one of t h e   f i r s t   o f  a new type   o f   t anne ry .  The 
B lues ide  Company r e c e i v e s   b o t h   f r e s h   a n d   c u r e d   h i d e s  from pack- 
i n g   p l a n t s .   T h e s e  are t h e n   g i v e n   t r e a t m e n t s  of s o a k i n g ,   f l e s h -  
i ng ,   unha i r ing ,   ba t ing ,   p i ck l ing ,   and   ch rome   t annage .  Chrome 
t a n n e d   l e a t h e r  i s  then   wrung ,   pa l l e t i zed ,   and   sh ipped  as 
" l e a t h e r   i n   t h e   b l u e "  t o  o t h e r  factories f o r   f u r t h e r   p r o c e s s i n g  
i n t o   f i n i s h e d   l e a t h e r .  

The t a n n i n g   o f   l e a t h e r   r e s u l t s   i n   v e r y   h i g h   p o l l u t i o n  load- 
i n g   p a r t i c u l a r l y  from t h e  beamhouse  operat ion.   (soaking  and 
u n h a i r i n g )  . Tn t h e   s t u d y  of t h e   l e a t h e r   i n d u s t r y  (1) made under  
t h e   E n v i r o n m e n t a l   P r o t e c t i o n  Agency f o r   t h e   p u r p o s e   o f   d e t e r m i n -  
i n g   t h e   n a t u r e   o f   t a n n e r y  wastes, it was r e p o r t e d   t h a t   t h e r e  
were a p p r o x i m a t e l y   t w o   h u n d r e d   t a n n e r i e s   i n   t h e   U n i t e d  S ta tes  
p r o c e s s i n g   a p p r o x i m a t e l y   n i n e t e e n   m i l l i o n   c a t t l e h i d e s   p e r   y e a r .  

I n d u s t r y   d a t a   o f  wastewater f r o m   t h e s e   t a n n e r i e s ,   p r i o r   t o  
t r e a t m e n t ,   i n d i c a t e d   t h a t   t h e  wastes con ta in   approx ima te ly  8.5 
pounds   o f   su l f ide  as well as 95 pounds  of BOD and  140  pounds  of 
s u s p e n d e d   s o l i d s   p e r  1 , 0 0 0  pounds   o f   h ides   p rocessed .  The 
q u a n t i t y   o f   s u l f i d e   d i s c h a r g e d   i n   t h e  waste stream, on t h e  basis 
o f   n i n e t e e n   m i l l i o n   c a t t l e h i d e s   p e r   y e a r   p r o c e s s e d   t h r o u g h   t h e  
unha i r ing ,   wou ld   be   approx ima te ly   e igh t   mi l l i on   pounds .   Th i s  
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s u l f i d e   i n   t h e   t a n n e r y   e f f l u e n t s  i s  a s o u r c e   f o r   r e c o v e r y .  
( 2 ,  3 ,  4 )  S u l f i d e s  are o b j e c t i o n a b l e   f o r   d i r e c t   d i s c h a r g e   i n t o  

waterways  because of t h e i r   t o x i c i t y  t o  w i l d l i f e   a n d   a q u a t i c  
organisms.  

S u l f i d e s  consume  oxygen i n   t h e  stream. They can   gene ra t e  
undes i r eab le   odor s   wh ich  become a publ ic   nu isance .   Hydrogen  
s u l f i d e   g a s   g e n e r a t e d   i n  a sewer o r   i n   c o n c e n t r a t i o n s   a b o v e  
1 , 5 0 0  mg/m i s  a dead ly   po i son .   Hydrogen   su l f ide   i n  sewers can 
c a u s e   c o r r o s i o n   o f   i r o n   p i p e s ,   a n d   d e c r e a s e   t h e   e f f i c i e n c y   o f  
s econdary   t r ea tmen t .  

The r emova l   o f   su l f ide   f rom  the  waste, p r i o r   t o   d i s c h a r g e ,  
can  be  done by a e r a t i o n   i n   t h e   s e c o n d a r y   t r e a t m e n t .   T h e r e  i s  
o b j e c t i o n   t o   u s i n g   t h e   s u l f i d e   o x i d a t i o n  by a e r a t i o n   i n   t h e  
s e c o n d a r y   t r e a t m e n t   s i n c e   t h e r e  i s  some loss o f   s u l f i d e   d i r e c t l y  
i n t o   t h e   a t m o s p h e r e .  The s u l f i d e   i n   t h e  aerator w i l l  consume 
some o f   t h e   o x y g e n   t h u s   r e d u c e s   t h e   e f f e c t i v e n e s s   o f   t h e  
secondary   t r ea tmen t .  

S u l f i d e   c a n  a l so  be   r emoved   by   t he   ox ida t ion   o f   t he   su l f ide  
t o  s u l f a t e  by a i r  u s i n g  a manganese s u l f a t e   c a t a l y s t .   I n   t h i s  
s y s t e m ,   t h e   s u l f i d e   b e a r i n g  wastes are p l a c e d  i n  a t a n k ,  
manganese s u l f a t e  i s  added as t h e   c a t a l y s t ,   a n d   t h e  wastes are 
a e r a t e d   f o r   f o u r   t o   s i x   h o u r s .   T h i s   s y s t e m  i s  conducted  on a 
b a t c h   b a s i s .  I t  i s  c o s t l y   i n  terms of  power  and  can  not  be 
adap ted  t o  a con t inuous   p rocess  as is  t h e   s y s t e m   t h a t  i s  used 
a t  The B l u e s i d e  Company. ( 5 ,  6 ,  7 ,  8, 9) 

I n   t h e   B l u e s i d e   s y s t e m ,   t h e   s u l f i d e  i s  removed  by a c i d i f i c a -  
t i o n   o f   t h e  wastes t o  form  hydrogen   su l f ide .   Hydrogen   su l f ide  
w i t h  i t s  l i m i t e d   s o l u b i l i t y  a t  t h e  l o w  pH i s  then  removed by an 
a i r  stream. 

The a i r  stream i s  then  conveyed t o  a g a s   s c r u b b e r   w i t h i n  
which  sodium  hydroxide i s  r e c i r c u l a t e d .  The  sodium  hydroxide 
reacts w i t h   t h e   h y d r o g e n   s u l f i d e  t o  form a so lu t ion   o f   sod ium 
s u l f i d e   i n   t h e   s o d i u m   h y d r o x i d e   w h i c h   c a n   b e   r e u s e d   i n   t h e  
t a n n e r y   p r o c e s s e s .  

The o b j e c t i v e s   o f   t h i s   d e m o n s t r a t i o n   g r a n t  was t o   d e t e r m i n e  
t h e   o p e r a t i n g   c h a r a c t e r i s t i c s   a n d   e c o n o m i c s   o f   t h e  wastewater 
t r ea tmen t   sys t em  and   t he   su l f ide   r emova l - r ecove ry   sys t em.  

A s t u d y  was c o n d u c t e d   o n   t h e   f u l l   f l o w   o f  wastes f rom  the  
t anne ry .   Sma l l  scale l a b o r a t o r y   s t u d i e s   o n   t h e   r e c o v e r y   o f  
wastes are known n o t  t o  p r o v i d e  a r e p r e s e n t a t i o n   o f   p l a n t  
c o n d i t i o n s .  The eng inee r ing   o f   t he   equ ipmen t   and   t he   e f f ec t ive -  
n e s s   o f   t h e   p r e s e n t   d e s i g n  i s  of pr ime  impor tance .  
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The chemis t ry   o f   su l f ide   r emova l - r ecove ry  s y s t e m  i s  well 
unders tood .  A d i s c u s s i o n  i.s p r e s e n t e d   i n  t h e  Appendix, 

Ou t s ide  t h e  scope  of t h i s   p r o j e c t ,   b u t   i n i t i a t e d  by t h e  
i n t e r e s t  created by t h e   p r o j e c t ,  t he  B l u e s i d e  Company undertook 
t w o  a d d i t i o n a l   s t u d i e s .  The  company i n v e s t i g a t e d   t h e   f e a s i b i l i t y  
of s e c o n d a r y   s e d i m e n t a t i o n   o f   t h e   c o a g u l a t e d   p r o t e i n   r e s u l t i n g  
fron the  a c i d i f i c a t i o n  of t h e i r   e f f l u e n t   d u r i n g   t h e   s u l f i d e  
removal .   Secondary   sed imenta t ion   would   fur ther   reduce  sewer s u r -  
charges   on BOD5 a n d   s o l i d s   d i s c h a r g e d .  The f e a s i b i l i t y  of a sys tem 
f o r  chrome recove ry   and   r euse  was also i n v e s t i g a t e d .  

All data p r e s e n t e d   u s e s   E n g l i s h  wi ts  of  measurements  except 
f o r   l a b o r a t o r y   d a t a .   T h i s   f o l l o w s   i r _ d u s t r y   p r a c t i c e .  
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SECTION 2 

CONCLUSIONS 

T h i s   p r o j e c t   h a s  shown t h a t   t h e   s u l f i d e s  f r o m   t h e   s u l f i d e  
b e a r i n g  wastewater of a l a r g e   c a t t l e h i d e   t a n n e r y   c a n   b e   r e c l a i m e d  
f o r   r e u s e   i n   t h e   t a n n e r y ' s   u n h a i r i n g   p r o c e s s .  The system 
produces a c o m m e r c i a l l y   a c c e p t a b l e   g r a d e   o f   s o d i - m   s i i l f i d e   i n  
c a u s t i c   s o d a  a t  a 15% s o d i u m   s u l f i d e   c m c e n t r a t i o n   w i t h  a 
r e s i d u a l  2 %  c a u s t i c   s o d a .  

The r e s u l t s   o f   t h i s   i n v e s t i g a t i o n  show t h a t   t h e   s u l f i d e  i s  
coI?.pletely  removed from t h e  wastewater by a c i d i f i c a t i o n  t o  a 
5.0-5.5 p H .  The r ecove ry  ra te  f rom  the '  wastewater i s  
apprbximate ly  98%.  

W i t h   a d e q u a t e   a c i d i f i c a t i o n   o f  t h e  s u l f i d e   b e a r i n g  waste- 
wa te r ,   comple t e   r emova l   o f   t he   su l f ides  i s  as su red   and   expens ive  
c h l o r i n a t i o n  or o x i d a t i o n   o f ' r e s i d u a l   s u l f i d e  i s  n o t   n e c e s s a r y .  

The d e s i g n   e x p e c t a t i o n s  of t h e   s u l f i d e  reclamatioc have  been 
exceeded. The s y s t e m   h a s   s a t i s f a c t o r i l y   a l l o w e d   t h e   r e c c v e r y  
of su l f ide   f rom  t an f i e ry   was t ewa te r   con ta in ing  1 , 4 0 0  mg/l c f  
s u l f i d e s .  

The o p e r a t i o n a l   c h a r a c t e r i s t i c s   o f   t h e   s y s t e m  as r e l a t e d  
t o  l i q u i d   a n d   v a p o r  flows have   been   e s t ab l i shed  t o  e n s u r e  a 
s a f e   o p e r a t i o n .  

Three   des ign   p rob lems   w i th   t he   s . ; l f i de   sys t em  r ema in   t o   be  
s o l v e d .   F i r s t ,   t h e  a i r  d i f f u s e r s   i n   t h e   d e g a s i f i e r   t r a y s  become 
c l o g g e d   w i t h   p r o t e i n s   t h a t   p r e c i p i t a t e   d u r i n g   a c i d i f i c a t i o n  
c a u s i n g   d o w n t i m e   f o r   c l e a n i n g   e v e r y   f i f t e e n   d a y s   f o r  a twelve  
hour   per iod .   Second,   the   a i r   b lower   should   be   changed  t o  i n c l u d e  
a v a r i a b l e   d r i v e ,   t h e r e b y ,   a l l o w i n g   g r e a t e r   c o n t r o l   o f   t h e   a i r  
f low  which   se rves  t o  d i l u t e   t h e   h y d r o g e n   s u l f i d e   e n r o u t e   t o   t h e  
a b s o r b e r .  A t  l o w e r   i n f l u e n t   f l o w s ,  a lower a i r  volume is  d e s i r -  
a b l e .  A t  h i g h e r   i n f l u e n t   f l o w s ,   h i g h e r   a i r  flDw t o  a maximum 
of 800 CFM i s  d e s i r A b l e .   C o n t r o l   o f  a i r  f low is  needed t o  e n s u r e  
t h a t   t h e   h y d r o g e n   s u l f i d e   c c n c c n t r a t i o n   e n r o u t e  t o  t h e   a b s o r b e r  
remains  below  the lower e x p l o s i o n  l i m i t  of 4 %  H2S i n  a i r .  T h i r d ,  
a d d i t i o n a l   a b s o r b e r   c a p a c i t y  i s  r e q u i r e d .  

Economic e v a l u a t i o n  shows t h a t   t h e   s u l f i d e   r e c o v e r y - r e u s e  
system was p r o f i t a b l e .  T o t a l   a n n u a l  costs f o r   t h e   s y s t e m ' s  
ope ra t ion ,   ma in tenance ,  a n d   d e p r e c i a t i c n  of equipment a t  1 9 7 6  
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p r i c e s  was $3C5 ,000 .   The   annua l   s av ing   i n   cos t   fo r   Su l f ide  
chemica ls  was $397,009. The n e t   s a v i n g   a m o u n t e d   t o  $85 p e r  
1,000 h i d e s   p r o c e s s e d .  

The s u l f i d e   r e c o v e r y - r e u s e   s y s t e m   r e d u c e d   t h e   d i s c h a r g e  
o f   s a l f i d e   t o  meet the   mun ic ipa l   o rd inance   and   t he  EODc o f  
t h e  wastewater. T h e s e   r e d u c t i o n s   i n   p o l l u t i o n   l o a d i n g 4 d e c r e a s e d  
the   mun ic ipa l   su rcha rges   wh ich  are based  on EODg, f low,   and 
s u s p e n d e d   s o l i d s   d i s c h a r g e d  t o  t h e  sewer. 

S e c o n d a r y   s e d i m e n t a t i o n   o f   t h e   c o a g u l a t e d   p r o t e i n s ,   r e s u l t -  
i n g   f r o n   t h e   a c i d i f i c a t i o n   n e c e s s a r y   f o r   s u l f i d e   r e c l a m a t i a n ,  
w i l l  r e s u l t   i n   a p p r o x i m a t e l y  80% reduc t io r ,   o f   t he   suspended  
so l ids ,  and 60% o f   r e d u c t i o n   c f   t h e  BOD5 p o l l u t i o n   l o a d i n g s .  
These   reduct ions   would   e f fec t   an   es t imated   ecznony  of  $ 8 7 , 0 0 0  
ir, sewer s u r c h a r g e s .  Chrome reclamatioz a n 5   r e u s e   i n d i c a t e   a n  
estimated economy of  $150,000. Once t h e s e   s y s t e m s  are on strcam, 
t h e i r   e c o n o m i e s   w o u l d   r e d u c e   t h e   t o t a l  wastewater  treatmefit ccst 
a t  B l u e s i d r  Company t o   a n   a n n u a l   o p e r a t i n g   c o s t   o f   $ 1 2 0 , 2 7 1  
based on 350 d a y s   p e r   y e a r .  A t  2 1 , 7 0 0  h ides   pe r   week ,   t he  t o t z l  
wastewater t r e a t m e n t   c o s t  w i l l  e q u a t e   t o   $ 9 5 / 1 , 0 0 9   h i 2 e s  
p rocessed .  
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SECTION 3 

RECOMMZNDATIONS 

I n   o r d e r  t c  m i n i m i z e   s o l i d s   c a r r y   c v e r  i n t o  t h e   d e g a s i f i e r ,  
add i t iona l   emphas i s   mus t   be   p l aced  on t h e  c l a r i f i e r  t o  e n s u r e  
t h a t   s h o r t - c i r c u i t i n g   o f  c l a r i f i e r  flows fcr p r o p e r   s e t t l i n g  of 
s o l i d s   d o e s  n o t  occu r .  The i n f l u e n t  flow i n t o   t h e   c l a r i f i e r  
c e n t e r   s h o u l d   b e   b a f f l e d   b e l o w   t h e   o u t f l o w   t o   s p r e a d   o u t   t h e  
f low  caus ing   t he   i n f low t o  t h e   b a s i n  t o  be more quiescent and 
b e t t e r   d i s t r i b u t e d   f o r  i t s  downward! f l c w   i n t o   t h e   s e t t l i n g   z o n e .  
( 1 2 )  Continuous  grease  skixrming  and  removal  should  be  maintained 
t 6  k e e p   t h e   c l a r i f i e r   s u r f a c e   c l e a n .   T u r b i n e   s p e e d   s h o u l d   b e  
a d j u s t e d   t o  a speed  which will allow q u i e s c e n t   m i x i n g   o f   t h e  
in f low.   S ludge   r emova l   f rom  the   bo t tom  o f   t he   c l a r i f i e r   shou ld  
b e   c o n t r o l l e d  so t h a t   s l u d g e   d e p t h  i s  maintained  below 2 9  i n c h e s  
a t  a l l  times e n s u r i n g   s u f f i c i e n t   d e p t h   s p a c e   a b o v e   t h e   s l u d g e  
level f o r   s e t t l e a b i l i t y  of s o l i d s .  A f l o a t   a c t i v a t i n g   s w i t c h  
should   be  i n s t a l l s d  i n  t b e  r i m  t o  s i g n a l   t h e   s u l f i d e   r e c l a m a t i o n  
sys t em  ope ra to r   t ha t   t he   uppe r   and   l ower   l eve l s   o f   was t ewa te r  
a v a i l a b l e   f o r   t h e   s u l f i d e   s y s t e m   h z v e   b e e n   r e a c h e d .  

O p e r a t i o n   o f   t h e   s u l f i d e  reclamatim system  has  been  manaal 
r a the r   t han   au tomated   t h rough  most of t h e   i n v e s t i g a t i o n s   r e q u i r e d  
i n   t h e   p r o j e c t   s t u d i e s .   A u t o n a t i o n   s h o u l d   b e   r e f u r b i s h e d   a n d  
s i m p l i f i e d .   S e n s i n g  pH e l e c t r o d e s   s h o u l d   b e   i n s t a l l e d   i n   t h e  
t o p   t r a y   o f   t h e   d e g a s i f i e r   a n d   i n   t h e   o v e r f 1 o . d  tower. A record-  
i n g   c o n t r o l l e r  would n o t  on ly   p rov ide  a r e c o r d   o f   t h e  pH d u r i n g  
t h e   o p e r z t i o n   b u t   c o n t r o l   t h e   a c i d   f e e d   p u p   r u n n i n g  time 
m a i n t a i n i n g   a c i d i f i c a t i o n   w i t h i n   t h e   h i g h / l o w   o f  5 .5  -. 5.C pH. 
The s e n s i n g   e l e c t r o d e   i n   t h e   t o p   t r a y  would  be a f l o w  through 
type  t o  p reven t   c logg ing .  The s e n s i n g   e l e c t r o d e   i n   t h e   s v e r f l c w  
tower  would Se an  immersion  type  acd  would  recor2  the pH zf t h e  
d e g a s i f i e r   e f f l u e n t   t o   t h e   c i t y  sewer l i n e .  The high-low l i m i t  
c o n t r o l l i n g   r e l a y  for  t h i s   e l e c t r o d e  would  scund  an  alarm i f  
t h e  pH was c u t  of   range.   While  it i s  recogn ized  t h a t  t h z  
d e g a s i f i e r   i n f l u e n t   a v e r a g e s  to pE 8 .5 ,  a change i n   t h e   f l o w  r a t e  
i n  o r d e r   t o   m a i n t a i n   c o n t i n u o u s   o p e r a t i o n   o f   t h e   s y s t e m   c u r r e n t l y  
r e q u i r e s  a manual   change  of   the  acid  feed pump. 
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A v a r i a b l e   d r i v e  a i r  blower  having a i r  d isp lacement   capa-  
b i l i t y   i n  tiie 1 3 0  t o  80C cfrr; r a n g e   s h o u l d   b e   i n s t a l l e d  as a 
rep lacement   o f   the  1,000 cfm  blower i n   u s e .   I f   t h e   c u r r e n t  
blowzr i s  re’iailled, it should  have a 3 i n c h   v a l v e   o u t l e t   i n s t a l l -  
e6 a t  a p o i n t   p r i o r   t o   e n t r y   i n t o   t h e  plenum a t  t h e  base o f   t h e  
d e g a s i f i e r .   O p e n i n g  or c l o s i n g   o f   t h i s   v a l v e   w o u l d   a l l o w  Lhe 
o p e r a t o r  t a  a d j u s t   t h e  r a t e  of a i r  f low i c t o  t h e   d e g a s i f i e r  
a t  t h e   n e c e s s a r y  level r e q u i r e d   f o r   t h e   s u l f i d e   c o n t e n t   b e i n g  
r ec l a imed .  

I n   t h e   s y s t e m  as s t g d i e d   t h e   c o n c e n t r a t i o n   o f   t h e   c a u s t i c  
soda  was l i m i t e d   t o  1 0 %  t o   p r e v e n t   t h e   f o r m a t i o n   o f   s o d i u m  
s u l f i d e   s o l u t i o n   i n   e x c e s s   o f  15%.  Fac i l i t i e s  s h o s l d   b e   w i n t e r -  
i z e d  t o   a l l o w   t h e   u s e  of 25% c a u s t i c   S o d a .  The i n c o r p o r a t i o n   o f  
a s e c o f i d   a b s o r b e r   o f   t h e   p r e s e n t   t y p e   i i i s t a l l e d   i n  series w i t h  
t h e   f i r s t  would   a l low  the   format ion  of sod iun   su l fhydra t e   wh ich  
i s  n o t   s u b j e c t e d  t o  as l o w  f r e e z i n g   p o i n t s  as sod ium  su l f ide . ,  
The  method  would  involve  the tise of   two  absorber   towers   in  
series. The e x i t  gas stream f r o m   t h e   f i r s t  tower would be 
pass‘ed t o   t h e   b o t t o m   o f   t h e   s e c o n d   t o w e r .   I n i t i a l l y ,   b o t h   t o w e r s  
wculz be f i l l e d   w i t h   c a u s t i c   s o d a   s o l u t i o n .  Hydrogen s u l f i d e  
would  be  passed t o  t h e   f i r s t  tower, forming TJa2S f i r s t  and  then 
N a S H .  A s  t h e   p r o d s c t i o n   o f -  NaSH n e a r s   c o m p l e t i o n ,   t h e  H2S t h a t  
i s  n o t  consulxed  would be passed  t o  the   s econd   t ower ,   fo rn ing  
Na2S i n   t h a t  tawer. Once t h e  NaSiI was formed i n   t h e   f i r s t  
r e c i r c u l a t i n g  Lank, t h e  H2S f l o w   f r o x   t h e   d e g a s i f i e r   w o u l d   b e  
p a s s e d   f r o x   t h e   d e y a s i f i e r   t o   t h e   s e c o n d  tower t o  comple t e   t he  
formation  of  Na2S and   subsequent ly  N a S H .  Meanwhile t h e  NaSH i n  
t h e   f i r s t  tower wou ld   be   r ep laced   w i th   f r e sh  cadstic soda  
s o l u t i o n .  The gas stream from  the  second  tower  would  then  be 
passed  t o  t h e   f i r s t  tower. T h i s  p r o c e s s   o f   a l t e r n a t i n g   a b s o r b e r  
t o w e r s   f o r   t h e   p r o d u c t i o n  of NaSH would be r e p e a t e d .  A system 
of  this t y p e   w o u l d   e l i m i n a t e   f l u e   e m i s s i o n   i n   t h e   c u r r e n t   s u l f i d e  
rec lamat ion   sys tem.  

Future   sys tems should c o n s i d e r  a lower l i q u i d  level i n   t h e  
d e g a s i f i e r   t r a y   a n d   p o s s i b l y   t h e   u s e   o f   v a l v e   t y p e   t r a y s  as 
des igned  by Koch Engineer ing  Company. The valve t y p e   t r a y s  
ccns j~s t   o f   per fora ted   decks   on   which   round  movable   zaps  are 
mounted. The caps   wh ich   ope ra t e   l i ke   check   va lves  are approxi -  
a a t e l y  2 inches   in   d ia r r te te r   and   have  2 l imi ted  l i f t  .c-,.hich i s  
a c c o m p l i s h e d   e i t h e r  by a hold-dowr, cage o r  by i n t s g r a l   g u i d c  
l e q s   a n d   l i f t  stops. The valves &re mad& i n   d i f f e r e n t  metal 
gzugcs  and are n o r m a l l y   i n s t a l l e d   i n   a l t e r n a t i n g  raws c;f l i g h t  
and   heavy  va lves ,   para l le l .  t o  t h e   o u t l e t  weir to provide  good 
v a p o r   d i s t r i b u t i o n  Over a wide range  of a i r  f low rates.  A t  
lower sir f l o w  ra tes ,  t h e   l i g h t e r   v a l v e s  are l i f t e d .  t c  an  open 
p o s i t i o n .  A s  t h e  flox ra te  i n c r e a s e s ,   t h e   l i g h t e r   w e i g h t   a n d  
t h e n   t h e   h e a v i e r   w e i g h t  valves opea   p rog res s ive ly   w lde r  t o  t h e i r  
f u l l  a p e n   p o s i t i o n .  Even a t  t h e  lowest l o a d i n g s ,  a i r  w o s l d   f l o x  
upward t h r o u g h   t h e   s l i g h t e s t  crevice thus   p reven t i cg   any   l eak2ge  
and  making t ray   gaske t ing   unnecessary .   Tray   gaskc t ing ,   however ,  I 
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i s  a v a i l a b l e .  The p o s s i b i l i t y  i s  t h a t   t h i s   v a l v e   t r a y   t y p e  
d e s i g n   u s i n g  low l i q u i d   l e v e l s   I n   e a c h   t r a y   w o n l d   e l i m i n a t e   t h e  
d o w a t i n e   f o r   c l e a n - u p   t h a t  i s  r e q u i r e d   i n   t h e   p r e s e n t   s y s t e m .  
Low l i q u i d   l e v e l s   i n   t h e   t r a y s   w i t h  a i r  flox mixing  woEld.  keep 
s o l i d s   i n   t h e  wastewater i n   s u s p e n s i o n   d u r i n g  i t s  f low  through 
t h e   d e g a s i f i e r .  (16, 1 7 )  The  number  of t r a y s   r e q u i r e d   w o u l d  be 
inc reased   dependen t  on r e t e n t i o n  time r e q u i r e d .  The same type   of  
t ower   o f   p rope r   d imens ion   and   necessa ry   t r ays   cou ld   be   u sed  as 
a n   a b s o r b e r .   F r e s h   c a u s t i c   s o d a   w o u l d   f l o w   i n t o   t h e   t o p   t r a y   o f  
t h i s   u n i t   a n d   f l o w   c o u n t e r c u r r e r t  t o  t h e  H2S/air  vapor .  The 
e rne rgen t   so lu t ion  a t  t he   bn t tom of t h e   u n i t  wc?ul4 move t o  tank-  
I g e  2.s s c d i u m   s u l f h y d r a t e  o r  s o d i u m   s u l f i d e   s o l . u t i o n   i n   c a u s t i c  
soda  dependent   on  the  number  nf   t rays   used.  

F o r   t h e   p r e s e n t   s u l f i d e   r e c l a m a t i o n  a t  Rluesicie Company, a 
s e c o n d   f v l l  se t  of   check   va lve   type  a i r  d i f f u s e r s   s h o u l d .   b e   i n  
s t o c k   f o r   u s e  as r ep lacemen t s  when the   t ower  i s  opened   fo r   c l ean -  
i n g .  The  4owntime f c r   t h e   s y s t e m   w o u l d   b e   r e d u c e d   t o  ti hours  s 
The d i r t y   d i f f u s e r s   t a k e n   f r o m   t h e  tower would be c l e a n e d   d u r i n g  
the in t e r im   pe r iod   be tween  tower c l e a n - o u t s .  The s i z e  o f   t h e  
d r a i n - o u t   p i p e   f r o m   e a c h   d e g a s i f i e r   t r a y   s h o u l d   b e   i n c r e a s e d   f r o m  
1% i n c h  I . D .  tr? 3 i n c h  L.D. The l e v e l   o f   t h e   d r a i n   p i p e   s h o u l d  
be s u c h   t h a t   f u l l   d r z i n   b u t   o f   t h e   t r a y  i s  p o s s i b l e .  The 
p r e s e n t   d r a i n   p i p e   o u t l e t  on e a c h   t r a y   a l l o w s   o n e   i n c h   r e s i d u a l  
o f   l i q u i d   i n   t h e   t r a y s   a n d  makes  wash-out of s o l i d s   d l f f i c u l t .  
With a l a r g e   d r a i n   p i p e   a n d   z d d i t i o n a l   s p r a y   h e a d s   i n   t h e  water 
l i n e  a t  t h e   t o p   o f   e a c h   t r a y   s e c t i e n ,   s p r a y   w a s h i n g   o f   t h e  tower 
w o u l d   b e   s a f e r   f o r   t h e   o p e r a t o r .  

S e c o n d a r y   s e d i m e n t a t i o n   o f   t h e   d e c j a s i f i e r   e f f l u e n t  i s  
recanmended f c r   t h e   r e m o v a l  cf t h e   c o a g u l a t e d   p r o t e i c s   r e s u l t i p g  
f r o m   a c i d i f i c a t i o n   o f   t h e   t a n n e r y  wastewater t o  5.5 - 5.0  pEI. 
The r e m o v a l   o f   t h e s e   s o l i d s  w i l l  r e d u c e   p o l l u t i n n   l o a d i n g s   b y  
80% f o r   s u s p e n d e d   s o l i d s   a n d  60% f o r  BOD5 r e s u l t - i n g   i n  
s u b s t e n t i a l   e c o n o m i e s   i n  sewer s u r c h a r g e s .  

The s u l f i d e   r e c l a n a t i . o n   s y s t e m  i.s r e c o m e n d e c !   f o r   u s e   i n  
t h e   t r e a t m e n t   o f   s u l f i d e   b e a r i n g  wastewaters. Waste stream 
s e g r e g z t i o n   o f   t h e   s u l f i d e   b e a r i n g  wastes coup led   w i th   p re -  
t r e a t m e n t  t o  m i n i m i z e   s o l i d s  i s  n e c e s s a r y .  The s u l f i d e   s y s t e m ' s  
u s e a g e   r e f l e c t s  cost  s a v i n g s .  
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SECTION 4 

HISTORY O F  THE PROJECT 

T h i s   p r o j e c t  was des igned  by Camp, Dresser and McKee Qf 
Bos ton ,   Massachuse t t s   and  was proposed  by The B l u e s i d e  Company of 
S t ,  Joseph ,   Mis sour i  t o  t h e  Federal Water P o l l u t i o n   C o n t r o l  
A d m i n i s t r a t i o n   i n  19702 A g r a n t  w a s  awarded   cove r ing   t he   des ign ,  
c o n s t r u c t i o n ,   a n d   o p e r a t i o n   o f  a s u l f i d e   r e c o v e r y   F r o c e s s  t o  
h a n d l e   t a n n e r y  waste.. The p l a n t  vas t o  b e   f u l l  scale,  h i n d l i n g  
a l l  waste from a major t a n n e r y .  

P r e l i m i n a r y   e x p e r i m e n t s   i n   t h e   l a b o r a t o r y   d e m o n s t r a t e d  
t h a t   S u l f i d e s  were released from t a n n e r y  waste wher, s u l f u r i c  
a c i d  was added. A i r  was p a s s e d   t h r o u g h   t h e   m i x t u r e  t o  d r i v e   t h e  
hydro7en  sulf ide  out .   of   %he  l iquid  media .   The a i r  H 2 S  mix%ure 
w a s  t hen   run   i n to   zn   abso rbek   where   t he  H2S was c o n v e r t e d  t o  a 
s o d i u m   s u l f i d e   s o l u t i o n   i n  a reac t ion   wi th   sodium  hyi r roxide .  

Labora tory  t r i a l s  u s i n g   t h i s   p r i r x i p l e  c?f s u c c e s s i v e  
chemica l  reactior,s r e s u l t e d   i n   c o m p l e t e   r e m o v a l  sf t h e   s u l f i d e  
f r o m   t h e   l i q u i d   a n d   t h e   a b s o r p t i o n   i n   s o d i u m   h y d r o x i d e   s o l u t i . o n ,  
The r e s u l t i n g   s o 3 i u - p   s u l f i d e   s e l u t i o n  was s u i t e d   f o r   u n h a i r i n g  
reuse .   Based  c?n t h e   l a b o r a t o r y  tests a p i l o t   p l a n t  was dec igced .  

A p i l o t   p l a n t  was f i r s t   i n s t a l l e d  a t  t h e  Pr ime Tanning 
Company, Berwick,  Maine. Tests were conducted   over  a two week 
p e r i o d   d u r i n g   w h i c h   t h e   d e g r e e   o f   a c i d i f i c a t i o n   a n d   v a r i o c s   f l o w  
rates were t r i e d .  I t  snon became a p p a r e n t   t h a t   a l t h o u q h   a c i d i -  
f i c a t i o n  was r e l e a s i n g   s u l f i d e   g a s ,  it a l s o  was c a u s i n g  a 
p r e c i p i t a t e   t o  form. The p r e c i p i t a t e  was t h e   r e s u l t   o f   l o w e r i n g  
t h e  isoelectric p o i n t  of t h e   p r o t e i n s  as t h e  pH was changed  from 
1 2 . 0  t o  5 .0 .  The proposed.  design  used a packed  column  in   the 
a e r a t i o n   s t e p  it was a n t i c i p a t e d   t h a t   t h e   p r o t e i n s   w o u l d   s o o n  
p l u g   t h e  c o l m .  

The n e x t   m o d i f i c a t i o n   t r i e d  WAS t n   u s e  a d i f f l x i o n   t e c h n i q u e  
by bubb l ing  a i r  t h r m g h   t h e   a c i d i f i e d  waste !.rater. T h r c u g h   t h i s  
wmki  ra tes  were de te r r r . i ned   fo r   comple t e   su l f ide  release and f o r  
t h e   a p p r o p r i a t e  a i r  r a t e  t o  s c r u h   t h e   s u l f i d e   o u t   o f   t h e  water, 
C a l c u l a t i o n s  were made f o r   s c a l i n g - u p   t h e   p i l o t   p l a n t   t o  a f u l l  
p r o d u c t i o n   s i z e d   u n i t .  

The d e g a s i f i e r   s e c t i o n   d e s i g n  was based  on p i l o t  scale work 
and   an   absorber  was s e l e c t e d   f r o m   c o m ? . e r c i a l l y   a v a i l a b l e  
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Figure 1. Waste  water  treatment,  original design. 
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The ope rc t ion   o f   t h i s   equ ipmef i t  WBS f i r s t   p l a n n e d   t o   f o l l o w  
t h e  scheme i l l u s t r a t e d  by F i g u r e  N o .  1. Th i s   i nvo lved  a Fre-  
t r c a t n e n t   s t e p   o f   e q u a l i z a t i o n  and! s e t t l i n g   b e f o r e   a c i d i f i c a t i o n .  
T h i s  would  reduce  the  amount of s o l i d s   i n   t h e   a c i d i f i c a t i o n /  
d e g a s i f i e r   s e c t i o n .  The d e s i r e   t o  remove a l l  t h e  a v a i l a b l e  
s u l f i d e  wculc! n o t   p e r m i t   s e p a r a t i o n  a t  t h e   f i r s t   s t e p   i n  t h e  
p r o c e s s .  

The a l t e r n a t e   s e q u e n c e   a d c p t e d  w a s  to f i rs t  mix i n  a w e t  
w e l l ,  e q u a l i z e  ani! c l a r i f y   i n   t h e   r r e x t   s t e p .  The c l a r i f i ed  
s u p e r n a t a n t  w a s  t h e n   s e n t   t o   t h e   d e g a s i f i e r .  The s l u d g e  was tc 
b e   s e n t   t o  a l a E d f i l l .  The r e s u l t i n g   d e s i g r ,  i s  i l l u s t r a t s d   i n  
F i g u r e s  N o .  2 and 3 .  

The f i r s t   p l a n t   r u n s   o f   t h e   s u l f i d e   r e c l a m a t i o n   s y s t e m  
p r o v e d   t o  be f r o u g h t   w i t h  many p r o b l e m s   a n d   d i f f i c u l t i e s .  
S o l i d s   b u i l d - u p   o c c u r r e d   a r o u r , d   t h e   d i f f u s e r  c a p  and a t  t h e  
b o t t o m   o f   t h e   o v e r f l o w   d r a i n .   F l o o d i n g ,   c a r r y - o v e r   o f   l i q u i d  
i n t o   t h e   a b s o r b e r   a n d   g e n e r a l   i m b a l a n c e   o f   t h e   h y d r a u l i c s   i n  
t h e   t o w e r s   a l s o   o c c u r r e d .  

The o r i g i z a l   c o n s t r u c t i o n  was l a c k i n g   a n c i l l a r y   u n i t s  Sy 
which t o   m e a s u r e  a i r  f low,   sample   the  a i r  3r l i q u i d   d u r i n g  a 
run  and to a d e q u a t e l y   c o n t r o l   t h z   p r o c e s s .  

I t  h a d   b e e n   r e c o g n i z e d   t h a t   t h e   s o l i d s   c o u l d   i n c r e a s e  
d u r i n g   t h e   p r o c e s s i n g   a n d   b u b b l e   c a p s  were j u d g e d   n e c e s s a r y   t o  
i n s u r e   m i x i n g .   S o l i d s   d e p o s i t i o n   o c c u r r e d   o n   e a c h   l e v e l  of t h 2  
d e g a s i f i e r   a n d  a t  t h e   d r a i n   f r o m   t h e   o u t e r   s h e l l   d u r i n g   t h e  
f i r s t  series of   runs .  

The ac id   n ix ing   zone  was o n   t h e   t o p   t r a y   a n d   t h e   g a s   e x i t e d  
a t  t h e   s i d e .  The ra te  o f   a i r /gas   f l ow  caused  material t o  be 
e n t r a i n e d   f r o m   t h e   t o p   o f   t h e  tower i n t o   t h e   a b s o r b e r .   T h i s  
caused  chrome t o   r e a c h   t h e   c i r c u l a t i n g   c a u s t i c   a l c m g   x i t h   o t h e r  
waste water a n d   r e d u c e d   t h e   e f f e c t i v e n e s s   o f   t h e   a b s o r p t i o n .  

Thc c a r r y o v e r   d e f e c t  was n o t   i m q e d i a t e l y   a p p a r e n t   b e c a u s e  
o f   s eeming ly   no rma l   ope ra t ion   fo r  few hours   each   day .  The back 
p res su re   i n   t he   b lower   wou ld   i nc rease   f rom 6 . 5  - 7 . 5  p s i g   t o  a 
f lood ing   r ange   o f  9 - 1 0  p s i g .  The p r o g r e s s i v e   i n c r e a s e   i n  
pressure   would   a l low  only  a few h o u r s   o f   o p e r a t i o n   b e f c r e   t h e r e  
was a zeed  t o  c l e a n   o u t   t h e   u n i t .  I t  was d u r i n g  a c l e a n i n g  
s e s s i o n   t h a t   t h e   c a r r y o v e r  was i d e n t i f i e d .  

The c o r r e c t i o n   o f   t h e   p o o r l y   l o c a t e d   g m   o u t l e t   p i p e  xas 
a t tempted   by  adding  a s o c k   f i l t e r   i n   t h e   p i p i n g  t o  t h e   a b s o r b e r .  
A l thcugh   t he  sock removed material i n   e x c e s s   o f  1 m i c r o n   i n  
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diametsr, t h e   i n s t a l l a t i o n  was d i f f i c u l t  to m a i n t a i n   r e q u i r i n g  
f r equen t   c l eanou t   and   r ep lacemen t .  

Data en a i r  f low was n n n - e x i s t a n t   i n   e a r l y   e x p e r i m e n t s   a n d  
w i t h   c e r t a i n   a s s u m p t i o n s  made, was l a b e l e d  as 700 cfm. Later 
work was t o  d e t e r m i n e   t h a t   t h e  f lov was i n   e x c e s s  of l i O O O  cfrn. 

The i n s t a l l a t i o n   o f   s i g h t   g l a s s e s   a n d   p r e s s u r e   q a u g e s   g a v e  
f u r t h e r   i n s i g h t  t o  what was o c c u r r i n g   i n   t h e  tower. Wi th   these  
a c d   o t h e r   c o r r e c t i o n s  i t  was then  assume? p o s s i b l e   t o   m o n i t o r   t h e  
y r o c e s s .  Flow ra tes ,  f i l l i n g  t ines ,  l i q u i d  levels and   p re s su res  
cou ld  ROW be   ob ta ined   and   more   s ign i f i can t   runs  made, 

The u n i t  was modi f ied  t o  correct en t r a inmen t  by  moving t h e  
g a s   o u t l e t   f r o m   t h e   s i d e  t o  t h e   c e n t e r  of t h e   r o o f   o f   t h e  
d e g a s i f i e r .  A two f o o t   d i a m e t e r   c o l u m n ,   f o u r   f e e t   h i g h  was 
i n s t a l l e d  as a d e m i s t e r   s e c t i o n .  A g r a t i n g   o f   p l a s t i c   m o d u l e s  
were igc luded  f o r  gas d i f f u s i o n .   T h i s  was followed  by a water 
s p r a y   o f   a b o u t   f i v e   g p n ,   e i g h t e e n   i n c h e s   a b o v e   t h e   d i f f u s i o n  
l a y e r .  A s i x   i n c h   t h i c k   d e m i s t e r   p a d  was p laced   above   t he   sp ray  
s e c t i o n  ar,d j l x t  b e f o r e   t h e   e x i t   t o   t h e   g a s   l i n e .  

An U-shaped p ipe l ine   connec t ion   be tween   t he   bo t tom le17el 
downcomer p i p e  ani! t h e   o v e r f l o w  was i n s t a l l e d  t o  i n s u r e   a d e q u a t e  
water p r e s s u r e  between t h e   d e g a s i f i e r   a n d   t h e   a b s o r b e r  a t  t h e  
moment t h e  a i r  blower was s t a r t e d .  Withol-lt t h i s   b a l a n c i n g ,   t h e  
a i r  strearn woc ld   fo l low  the   Fa th  of l eas t  r e s i s t a n c e  end  create 
d i f f i c u l t i e s .   P r c p e r  operation, based   on   expe r imen ta t ion ,  
c a l l e d   f o r   t u r n i n g  on t h e  a i r  blower when t h e   l o w e r   s i g h t  glass 
i r . d i ca t ed  a dep th  of 46  i n c h e s   o f   l i q u i d   i n   t h e   v e s s e l .  

A g a t e  valve was i n s t a l l e d   b e t w e e n   t h e   d e g a s i f i e r   a z d   t h e  
over f low tower t o  allow s t and-by   ope ra t ion   w i th   t he   b lQwer   on .  
The d e g a s i f i e r   w o u l d   t h e n  be f u l l  of e f f l u e n t   w i t h   e f f l u e n t  pumps 
o f f  ar.d acid a d d i t i o n   s t o p p e d .   T h i s  was t h e  mode o f   o p e r a t i o n  
used wher, e f f l u e n t   s u p p l y  was exhaus ted .  The o p e r a t i o r ,   o f   t h e  
b l o w e r   k e p t   t h e   d i f f u s e r   c a p s   f r c m   c l o g g i n g  and. s a v e d   f i l l i n g  
time when p r o c e s s i n g  was resumed. 

A d i f f e r e n t   t y p e  of bubb le   cap  was d e s i g n e d   u t i l i z i n g  a 
f l a t   s h e e t  of zeoprene   wi th  cross s l i t s  a n 6  he ld   by  a ha l f   un ion .  
Th i s  was t o  minimize  c loggin?.  Tr ia l s  were made i n   t h e   t o p   t r a y ,  
and   whi le  i t  d i d   n o t  clog, t h e   n e o p r e n e   f l a p s  were s o o n   d i s t o r t e d  
and  allowed severe leakage .  

The d i f f u s e r   d e s i g n   h a s   n o t   b e e n   s o l v e d   s i n c e   t h e   u n i t  still 
r e q u i r e s   c l e a n i n g   e v e r y   t e n  t o  f i f t e e n   d a y s .   T h i s   m a i n t e n a n c e  
consumes  about twelve man-hours.  The l o c a t i o n   o f   d i f f u s e r s  
immediately  below  the downcomer p i p e   c a u s e d   b y p a s s i n g   o f   t h e  a i r .  
T h i s   i n   t u r n   r e s t r i c t e d   t h e   e f f l u e n t   f l o w   a n d   c o n t r i b u t e d  t o  
the   ove r f low  cond i t ion .  Selected d i f f u s e r s  were p l u g g e d   a n d   t h i s  
problem was reduced.  
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A v e n t   c o n s i s t i n g   o f  a twc? i nch   open ing  was i n s t a l l e d   t o  
a l l o w   t r a p p e d  a i r  t o  e s c a p e .  T h i s  also a i d e d   i n  t h e  c g r r e c t i n g  
o f   t he   ove r f low  cond i t ion .  

I n b a l a n c e   e x i s t e d   i n   t h e   a b s o r b e r   a n d   c a u s e d   f l o o d i n g  t o -  
a h e i g h t   o f   s i x t e e n   i n c h e s   a b o v e   t h e   c a u s t i c   r e t u r n   l i n e .  The 
f l o o d i n g   c a u s e d   h e a v y   m i s t i n g   o f   t h e   c a u s t i c   s o l u t i o n   i n t o   t h e  
t o w e r   f l u e .   E x a m i n a t i o n   d i s c l o s e d   t h a t   t h e   p l a s t i c   p a c k i n g  was 
i n   c o m p l e t e   d i s a r r a y   a n d   t h e  lower s u p p o r t   g r a t i n g   o u t   o f   p l a c e .  
The  movement o f   t h e   p a c k i n g   i n t o   t h e   r e c i r c u l a t i o n   l i n e   c a u s e d  a 
p a r t i a l   b l o c k a g e .  The c o n d i t i o n  may h a v e   e x i s t e d   f r o m   t h e   f i r s t  
d a y   o f   i n s t a l l a t i o n  or could   have   been   caused   by   severe   f looding .  

Repacking  of   the absorber so lved   t he   f l ood ing   p rob lem.   In  
a d d i t i o n ,   t h e   c a u s t i c   s p r a y   m a n i f o l d   h a d   b e e n   i n s t a l l e d  so  as t o  
aim a t  t h e  demister pad. When t h i s  was t u r n e d  downward t h e  
c a u s t i c   f l o w   i n t o   t h e   f l u e  ceased. A t  t h e  same t i m e  the h igh  a i r  
f low r a t e ,  1 , 0 0 0  c fm,   had   cont r ibu ted  t o  c a r r y i n g   l a r g e   d r o p l e t s  
i n t o   t h e   s t a c k .  The lower f low rates t r i e d   f u r t h e r   r e d u c e d   t h e  
c a r r y o v e r .  

The u n i t  was i n s t a l l e d   o u t  of d o o r s   w i t h   n o   w i n t e r i z i n g .  
T h i s   r e s u l t e d   i n   f r o z e n   p i p e s ,   b r o k e n   f i t t i n g s   a n d   t h e   u n h e a t e d  
c a u s t i c / s u l f i d e   s o l u t i o n s   s o l i d i f i e d  t o  cause   b lockage .   S ludge  
b u i l d - u p   i n  pumps whenever  they were s t o p p e d   w i t h o u t   f l u s h i n g  
hampered   the   sys tems  opera t ion .   Corros ion   in   the   so lenoid  
va lves ,   au tomat ic   console   components   and  e lectr ical  s h o r t  
c i r c u i t s   c a u s e d   e x c e s s i v e   m a i n t e n a n c e  a n d  consumed time. A s  
e a c h   r e p a i r  w a s  made a s o l u t i o n  was t r i e d   w h i c h   e v e n t u a l l y  
r e d u c e d   t h e s e   b o t t l e n e c k s   t o  a r e a s o n a b l e   l e v e l .   I n s u l a t i o n ,  
h e a t i n g  of s o l u t i o n s   a n d   t r a c i n g   o f   l i n e s   w i t h  steam s o l v e d  
many o f   t h e   d e f e c t s .  

The o r i g i n a l   s y s t e m   s p e c i f i c a t i o n   c a l l e d   f o r   t h e   u s e  of 1 0 %  
c a u s t i c   s o d a   i n   t h e   r e c i r c u l a t i n g   t a n k s   i n  order t o  form a 15% 
s o d i u m   s u l f i d e   s o l u t i o n   s u i t a b l e   f o r   r e - c y c l i n g  as an   unha i r ing  
l i q u o r .  The  low c o n c e n t r a t i o n s  were necessary   because   o f  
f r e e z i n g   c h a r a c t e r i s t i c   o f   t h e   s o l u t i o n s .  An 8% t o  12% sodium 
s u l f i d e   s o l u t i o r ,  w i l l  f r e e z e  a t  150F as w i l l  a 1 0 %  c a u s t i c   s o d a  
s o l u t i o ? .   H i g h e r   c o n c e n t r a t i o n s   f r e e z e  a t  h igh .e r   t empera tures  
and make p u n p i n g   d i f f i c u l t .  The a d d i t i o n   o f   h e a t e d   l i n e s ,   t a n k s  
a n d   l i n e s  woulc? allow h ighe r   caus t i c   concen t r a t ions   and   min imize  
f l u e   g a s   e m i s s i o n s ,  

When t h e   B l u e s i d e   p l a n t   f i r s t   s t a r t e d   t h e   u s e   o f   t h e   s u l f i d e  
r eccve ry   sys t em,   t he   p roduc t ion   r anged   be tween  5 , 0 0 9  t o  1 0 , 0 0 0  
h i d e s  a week. The e f f l u e n t   c o n t a i n e d   b e t w e e n  200  t o  400  ppm of 
s u l f i d e .  The i n c r e a s e  t o  2 0 , 0 0 0  p l l x   h i d e s  a week r a i s e d   t h e  
s u l f i d e   c o z t e n t   o f   t h e   e f f l u e n t   t o   o v e r  1 , 3 0 0  ppm. 

Cor ros ion  was one   o f   t he  major d e t e r r e n t s  t o  p r o g r e s s   i n  
the sE l f ide   r ecove ry   sys t em.  The c e n t e r  co lumn  o f   t he   degas i f i e r  
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s u p p o r t i n g   t h e   b u b b l e r   c a p   t r a y s  was fcunc? t o   e x p e r i e n c e  
c o r r o s i o z  a t  the   we lds .  Seams requi red   re -weld ing   and   cement ing  
t o  p r e v e n t   f u r t h e r   c o r r o s i o n .  The b l a c k  irm s u l f u r i c  acid l i n e  
r equ i r ed   r ep lacemen t   on  t w o  s e p a r a t e   o c c a s i c n s .  A check   va lve  
a r rangement   should   e l imina te   c loggin?   and   syphor . ing   dur ing  
i n t e r m i t t e n t   r u n n i n g .   I f   d i l u t e  waste a c i d  becoRes a v a i l a b l e  
then  a p o l y p r o p y l e n e   a c i d   r e s i s t a n t   p i p i n g   w o u l d   b e   r e q u i r e d .  

The acid p r o p o r t i o n i n g  pump e x p e r i e n c e d  a broken elastomeric 
diaphram  on  numerous  occasions.   Replacement   of   the   diaphragm 
p r o v i d e d   n o   r e l i e f   a n d  a punp   r ep lacemen t   p re sen ted   t he  same 
problem. 

A rubber   expans ion   boot   be tween  the  a i r  blower  and i t s  
m u f f l e r   h a r d e n e d   w i t h   a g e   a n d   b r o k e   a p a r t .   C o n d e n s a t i o n   i n   t h e  
n u f f l e r   c a u s e d  corrosior, and a i r  l eaks . ,  The s o u n d   l e v e l  a t  1 , 0 0 0  
cfm  measured  95  decibels   and  required ear p r o t e c t i o n ,  Lower a i r  
v e l o c i t i e s  were accommodated  without ear p r o t e c t i o n .  

The f i r s t   p l a n s   c a l l e d   f o r  a c e ~ t r i f u g e  t o  be used  t o  
c b n c e n t r a t e  8% s o l i d s   f r o m   t h e   b o t t o m  of t h e   c l a r i f i e r .   T h i s  
was a poor   choice   and  was soon   d i sca rded .  The 1 5 %   l e v e l   c o u l d  
n o t   b e   o b t a i n e d  as t h i s  was t h e   l o w e s t   a c c e p t a b l e   i n  a l a n d f i l l .  

The c l a r i f i e r   i n   t u r n  was f o u n d   m a b l e   t o   c o p e   w i t h   t h e  
h e a v y   s o l i d s  load. N o  b a f f l e  was p rov ided  a t  t he   cen te r   wh ich  
would d i r e c t   t h e   s o l i d s   i n  a dowcward d i r e c t i o n .   T h e r e  w 3 s  no 
skimmer t o  remove  grease  and  soap s, rum. 

With a l l  o f   t h e   s y s t e n   d i f f i c u l t i e s ,  it became n e c e s s a r y   t o  
u t i l i z e   t h e   c l a r i f i e r  as a s e t t l i n g   b a s i n   i n   o r d e r  t o  produce 
t h e  15% sol ids  c o n c e n t r a t i o n   r e q u i r e d   b y   t h e   l a n d f i l l   o p e r a t o r .  
T h i s   m e a n t   t h a t  a s ludge   dep th   o f  2 4  - 36 i n c h e s  was n e c e s s a r y  t o  
r e a c h   t h e  15% content.   Cozpanior,  t o  t h i s   d i f f i c u l t y ,   e n t r a n c e  
r o a d s  a t  t h e   o n l y   a v a i l a b l e   l a n d f i l l  became impassab le   du r ing  
win ter   months .  The c l a r i f i e r   r a k e s  were s topped   and   t he   s ludge  
d e p t h   i n c r e a s e d  a t  t h e  ra te  of 0 .75  i n c h e s   p e r  2 0 , 0 0 0  pounds of 
b lues tock   produced .  The f a c t   t h a t   n o   o t h e r   c o n t r a c t o r   w o u l d  
t a k e   t h e   s l u d g e   d u e  t o  h a u l i n g   d i s t a n c e s   a n d   w i t h o u t   a d e q u a t e  
c l a r i f i c a t i o n ,   t h e   e v a l u a t i o n   o f   t h e   s u l f i d e   r e c l a m a t i o n  came t o  
a s t a n d s t i l l   d u r i n g   t h e   w i n t e r s   o f   1 9 7 3 / 7 4   a n d   1 9 7 5 / 7 6 .  

The p o l l u t i o n   l o a d i n g ,   g e n e r a t e d   b y   t h e   p r o c e s s i n g  of 
2 0 , 0 0 0  h ides   pe r   week ,  i s  c o m p a r a t i v e l y   v e r y   h i g h -   I n   o r d e r   t o  
s t a y   i n   p r o d u c t i o n ,   t h e   c l a r i f i e r  w a s  mod i f i ed  t o  pump t h e   s l u d g e  
o u t  of t h e  botton o f   t h e   b a s i n  t o  t h e   c l a r i f i e r  r i m .  Here it 
was allowed t o  concent ra te   for   manual   removal .  I t  was t h i s  
i n g e n i o u s   a r r a n g e m e n t   t h a t   a l l o w e d   p r o d u c t i o n  t o  c o n t i n u e  as w e l l  
as c l a r i f i e r   r e p a i r   i n  1 9 7 4  and major p l a n t   m o d i f i c a t i o n s   i n  
1975.   The   pre t rea tment   and   su l f ide   recovery   sys tem  has   been  
modi f ied  ar,d expanded t o  avo id  a l l  t h e   p r o b l e m s   r e l a t e d   i n   t h i s  
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h i s t o r y  of t h e   p r o j e c t .   O t h e r   s e c t i o n s  of t h i s  r e p o r t   d e t a i l  
t h e  p r e s e n t  systerc!  and  explain how the   p roblems of t h e   p a s t  
a r e  now avoided .  
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SECTION 5 

TEE MANUFACTURING PROCESS AND POLLUTIOP;! LOADIYG 

MANUFACTURING PROCESS 
The E l u e s i d e  Company i n  S t .   J o s e p h ,   X i s e o u r i ,  i s  a wholly 

swned s c b s i d i a r y  of P r ime  Tanning Ccmpany of B e r w i c k ,  Maine. The 
B l u e s i d e  Company i s  engaged i n  the  manufecture   of  chrorne tanned  
l e a t h e r .  The l e a t h e r  i s  n o t   p r o c e s s e d   i n t o   f i n i s h e d .   l e a t h e r ;  
it i s  s h i p p e d   t o   c u s t o m e r s  as chrome  tanned  hides (or  sides) a t  
an  approximate 58% m o i s t u r e   c o n t e n t .  

The l ea the r   p roduced  i s  b e s t   i d e n t i f i e d  by t h e  term " l e a t h e r  
i'n t h e  wet b l u e  s ta te" ,  or b l u e s i d e s .  

A l l  h i d e s  are r e c e i v e d   p r e - f l e s h e d .  The h i d e s  may be  
c o n v e n t i o n a l l y   s a l t e d ,   b r i n e   c u r e d   o r   f r e s h   [ w i t h o - c t  s a l t  c u r e ) .  
F r e s h   h i d e s  are processed   immedia te ly  as  received.  Cured  hic?es 
a r e   p r o c e s s e d   a s   n e e d e d   f o r   p r o d u c t i o n   s c h e d u l i n g .  

Process   seqnence  i s  shown i n   F i g u r e  4 and  proceeds i n  t h e  
f o l l o w i n q   o r d e r .  A l l  w e t  p rccess i r .g  i s  c o p d u c t e d   i n  h i d e  
processors   o f   the   cement   mixer   type .  

?.ECEIVING: Hides are unloaded  from rail-cars a n d   t r u c k s  
da i ly .   Hide   bundle   ropes  are removed  and t h e   h i d e s   c o u n t e d  as 
they  are p l x e d   i n  pre-weighed  nwnbered p l a s t i c   c o a t e d   " h i d e  
c a n s "   a f f i x e d  t o  p a l l e t s .  When each   h ide   can  i s  f u l l ,  i t  i s  
re-weighed.  Batch  weights are made up i n  a s t a g i n g  area f o r  
l o a d i n g   i n t o   t h e   s 0 a k i r . g   h i d e   p r o c e s s o r s .  

SOAKING: H i d e s   a r e   s o a k e d   i n   w a t e r   c o n t a i n i n g  a s u r f a c t a n t  
and a l k a l i  t o  allow r e h y d r a t i o n   t o   t h a t   s t a t e   e x i s t i n g  when t h e  
h i d e s  were f i r s t   f l a y e d  from  the  animal .  The soak waters, 
pH: 9 . 0 ,  are d r a i n e d  upor! u n l o a d i n g   t o   t h e  "common d r a i n   p i t "  
i n to   wh ich  a l l  t h e   t a n n e r y  wastes f l o w   w i t h i n   t h e   p l a n t .  

FLESHING: A s  t h e   h i d e s  are e m p t i e d   f r o 9   t h e   s o a k e r ,   t h e y  
a r e   i n d i v i d u a l l y   c l a m p e d   t o  a c a b l e   c o n v e y o r   f o r   t r a n s f e r  t o  a 
who le   h ide   f l e sh ing   mach ins .  

The f l e s h i n g s   a r e   c a u g h t   i n  a box  ar,d t h e   w a t e r  f r Q m  t h e  
f l e s h i n r ;   o p e r a t i o n   d r a i n s   i n t o   t h e  "common d r a i n   p i t " .  The 
f l e s h i n g s  when d r a i n e d  are removed t o  l a n d f i l l .  



PREFLESHED HIDES c=-----=- 

I Receiving I c 1 

I Count/Weighing 1 
I I Soak 

I Flesh 

I load ing  1 
I Hairburn 

Rel ime 1 
I Washes I t 

Bate  
I 

I Wash I 

Pick le  I 

I Tan I 

I Neutral ization I 
t 

Unloading I 
+- 

Wringing I 
t 

Sort I 

S i d i n g K o u n t  1 

I Pal le t i ze /Weigh  I 
t 
I Shipping I 

Figure  4 .  Process flow diagram, Bluesicie Lo. 
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HAIRBURN: The u n h a i r i n g   o f   t h e   h i d e  i s  conducted   =s ing  a 
h a i r   d e s t r u c t i o n   s y s t e m   c o n s i s t i n g   o f   s u l f i d e   a n 5  l i m e .  Drain 
s o l u t i o n  i s  a t  a pH of 1 2 . 3  - 1 2 . 5 .  

RELIME: The h i d e s  are c o n d i t i o n e d   i n  limewater. S o l u b i l i z -  
i ng   o f   unwan ted   p ro t e ins ,   s cud ,   and   p igmen ta t ion  i s  c o n d u c t e d   i n  
t h i s   c y c l e .   D r a i n   s o l u t i o n  i s  a t  a pH of   12 .3  - 12 4. 

WASHES: De l iming   and   t he   e l imina t ion   o f  waste p r o d u c t s  i s  
conduc ted   by   ba t ch   wash ing   fo r   t he  most economica l   use  of water. 
Drain  solLztion i s  a t  a pH o f  1 2 . 3  - 1 1 . 9 .  

BATE: A d d i t i o n a l   d e l i m i n g  s a l t  s o l u t i o n ,  a p a n c r e a t i c  
er-zyxe,  2nd a s u r f a c t a n t  are addec? t o   f u r t h e r  elimir,ate unwanted 
p r o t e i n   a n d   a n i m a l   f a t s   f r o m   t h e   l e a t h e r   m a k i n g   c o l l a g e n   f i b e r s .  
D r a i n   s o l u t i o n  i s  a t  a pH of 8.0 - 9.3 .  

WASH: A f i n a l  water wash t o   e l i m i n a t e   t h e  waste p r o d u c t s  
o f   t he   ba t in . ;   cyc le .   Dra in   so lu t ion  is a t  a pH of  8.0 - 9 . 3 .  

PICKLE: S a l t  i s  added t o   p r o v i d e   a n  8 O  Baume s o l u t i o n   o f  
b r ine   wh ich  will p r o t e c t   t h e   h i d e s   f r o m   a c i d   h y d r o l y s i s .  
S u l f u r i c   a c i d  i s  then   added  t o  lower t h e  pH t o  a range   of  1 = 8  - 
2.0 i n   p r e p a r a t i o n   f o r  chrome t a m i n g .  

CHRDME TAN: Sodium. formate  and  chrome  tan i s  added t~ t h e  
p i c k l e   s o l u t i o n   a n d   h i d e   s t o c k .  The pH r a n g e ' s  2 . 8  - 3 . 2 .  

UNLOADING: A s  each  of t h e   h i d e   p r o c e s s o r s  are unloaded 
i n   t u r n ,   t h e  chrome  tanned   h ides   d rop   on to   an   open   xesh  
conveyor.  The p r o c e s s e d   t a n   s t o c k  i s  t r a n s p o r t e d   t o  a l a r g e  
c o l l . e c t i o n   t u b   w h e r e   t h e   h i d e s  are s p r e a d   o u t   w i t h   t h e   h i d e  
t a i l  ends  a t  t h e   i n p u t   s i d e  of a whole  hide  wringing  machir,e.  

WRINGIFIG: The h i d e s  are wrung t o  a 58%  moi s tu re   con ten t .  
A s  t h e   h i d e s   p a s s   t h r o u g h   t h e   w r i n q i n g   m a c h i n e ,   t h e y   f a l l   o r . t o  
a conveyor   where  they may b e   s o r t e d  as whole   h ides  or a l l o w e d   t o  
be c u t   l n t o  sides by a s i d i n g   r o t a r y   k n i f e  blade. 

The  chrome l i q u o r   f r o m   t h e   w r i n g i n g  i s  d r a i n e d  t o  t h e  
"common d r a i n   p i t "  . 

PALLETIZING: Hides o r   s i d e s  are counted ,   fo lded   and  
p a l l e t i z e d .  The p a l l e t s  are cove red   w i th  a p l a s t i c   s h e e t .  
Pa l l e t s  are w e i g h e d   p r i o r  t o  s h i 2 p i n g .  
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... " . - .... - ....... "I ....... " ......... 

. . . . . . .  

PARAMETER 

. " ......... - -. . . .  - . . .  

Flow 

BOD5 

To ta l  S u s p e n d e d  
. S o l i d s  

COD 

O i l  & Grease 

C h l o r i d e s  

S u l f i d e  

S u l f a t e  

Total  N i t r o g e n  

Ammonia Ni t rogen  

A l k a l i n i t y  

Total  S o l i d s  
As C a C 0 3  

Calc ium 

Cr203 

PH 
_ "  _ -. . .  

* G a l l o n s  

* *  S t a n d a r d  U n i t s  

t. 
I 

WEEKLY PRODUCTION: 21,700 HIDES * * *  

. . . . .  . . . . . .  - . . . . . .  -. . . . .  . " . - _ ~ .  

CONCENTRATION 
- . . . . . . . . . . . . . .  
P a r t s   P e r  
M i l l i o n  (p.p.m.:  

4 , 800 

5,020 

1.3,160 

1,500 

7,970 

1,395 

4,802 

1 , 350 

600 

1-, 110 

26,783 

340 

350 

8.9** 
. . . . . .  

* * *  60% S a l t   C u r e d   H i d e s ;  40% F r e s h   H i d e s  

Lbs'. /1 00  0 
l b s .  H i d e s  

1500* 

60.0 

62.8 

164.6 

18.8 

99.7 

17.5 

60.1 

16.9 

7.5 

13.9 

335 

4.2 

4.4 

- 
. . . . . . .  

. "". . . . .  

Lbs ./Day 
~ . " 

3OO,O@O* 

1 2  , 010 

12,560 

32,926 

3,753 

19,941 

3,490 

12,015 

3,378 

1,501 

2,777 

67,012 

851 

876 
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POLLUTION LOADING 

The t a n n e r y   o p e r a t e s  2 4  hours  a day .   H ide   p rocesso r s  a re  
loaded as they  are emptied.  A s  a resalt ,  t h 2   e f f l u e n t  is m3re 
s t eady   i n   vc lune   and   ccmpos i t ion   t han  i s  u s u a l l y   f o u n d   i n -  
t a n n e r i e s .  N o r m a l  p roduc t ion  i s  20r3,000 pc?unds of h i d e s   p e r  
d a y   u t i l i z i n g  300 ,000  g a l l o n s  of water. The a v e r a g e   d i s c h a r g e  i s  
1 , 5 0 0   q a l l o n s   p e r  1 , 0 0 0  pounds of h i d e s  a t  2 0 8  qa l l .ons   per  
minute .  

The water used   in   housekeeping   measures ,   domest ic   sewage ,  
p o l l u t i o r ,   p r o c e s s i n g ,  sewer f l u s h i n g ,   a n d  boi ler  blow-down i s  
i n c l u d e d   i n   t h e  1 , 5 0 0  g a l l o n s   p e r  1,000 pounds o f  hides. 

A composi te  made frDm grab   samples   t aken   every  30 minutes  
over  a 2 4  hour   pe r iod  was ana lyzed  t o  i n d i c a t e   p o l l u t i o n   l o a d i n g  
r e m a i n i n g   i n   t h e   t a n n e r y  wastewater a f t e r   t h e   c l a r i f i e r .  The 
samples were t aken  a t  t h e   m a n h o l e   t o   t h e   c i t y  sewer. Table  N o .  1 
l i s t s  t h e   p o l l u t i o n   p a r a m e t e r   t e s t e d   a n d   t h e   r e s u l t s   o b t a i n e d .  

The s u l f i d e   r e c l a m a t i o n   s y s t e n  was n o t   i n   u s e   d u r i n g   t h e  
aamplir ,g  period. 

The m u n i c i p a l   o r d i n a n c e   g o v e r n i n g   i n d u s t r i a l  wastewater 
p o l l u t i o n  limits a t  S t .  Joseph ,   Mis sour i   a l l ows  a maximum 
s u l f i d e   c o n t e n t  of 1 0  p a r t s   p e r   m i l l i o n  t o  f l o w   i n t c   t h e  
m u n i c i p a l   p r i m a r y   t r e a t m e n t   p l a n t .  

E v a l u a t i o n   o f   t h e   t a n n e r y ' s   p r o c e s s   c y c l e s   i d e n t i f i e s   t h e  
d i s t r i b u t i o n   o f   s u l f i d e   b e a r i n g  waste l i q u o r s   i n   e a c h   b a t c h   o f  
h i d e s   t o   b e  as i n   T a b l e  N o .  2. 
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TAELE !TO. 2 

SULFIDE  P?!ESENT AFTER EACH PROCESS CYCLE 
I 

Produc+ion. c:7cle Useage S u l f i d e  S u l f X e  
Drain Waste Wster P r e s e n t  f sr 
Sequence Vclume-gallons s=, ppm Recovery , % - 

Hairburn  1,400  9 ,535  33 .0  

Chemical R e l i m e  - I  1 400   4 ,893   16 .9  

5 , 1 6 0   1 7 . 8  

2 ,407   8 .3  

Wash 1 ,400  1 , 5 6 0  5.4 

Sate 1,000 2,013  6 .9  

Bate Wash 1,400 1 , 0 0 0  3.5 

B r i n z  - P i c k l e  1,700 1 ,030  3 .6  

i2 , 500 28,928 100.0 
- 

The waste streams a t  B l u e s i d e  Company are n o t   s e g r e g a t e d .  
A l l  o f   t h e   p r o c e s s   c y c l e s   d r a i n   i n t o  a common p i t  which flows 
f r o m   t h e   p l a n t   i n t o  a w e t - w e l l .  T h i s   i n c l u d e s   t h e   p i c k l e   a n d  
chrome t a n   l i q u o r s  when t h e   h i d e   p r o c e s s o r s   ( c e m e n t   m i x e r   t y p e )  
are unloaded  on  complet ion  of   bluestock  processing.   The  chrome 
t a n   l i q u o r s   f r o m   t h e   w r i n g i n g   o p e r a t i o n   a l . s o   f l o w   I n t o   t . h e  
common d r a i n   p i t .  Soak l iquors   and   housekeeping  water r e q u i r e -  
ments a l so  f low t o  t h e  same p i t .  

A s  t h i s   r e p o r t  i s  w r i t t e n ,  a chrome recovery and   r ecyc l ing  
sys tem i s  i n  i t s  second  month  of t r ia ls .  Dur ing   t he   cour se  of 
s t u d i e s   f o r   t h e   s u l f i d e   r e c l a m a t i o n   s y s t e m ,  a l l  p r o c e s s   c y c l e  
d r a i n s  were i n t o   t h e  comnon p i t .  With  chrome  recovery  and 
r e c y c l e ,   t h e  chrome t a n   l i q u o r s  are h a n d l e d   s e p a r a t e l y .  

The p r o c e s s   c y c l e s   l i s t e d   i n  Table N o .  2 are a l l  s u l f i d e  
b e a r i n g .  A l e a d  acetate d rop  t e s t  on a h i d e  a t  t h e  end o f   t h e  
p i c k l e   c y c l e  w i l l  i n d i c a t e   t h a t   t h e   r e s i d u a l   s u l f i d e   p r e s e n t  a t  
t h e  s t a r t  has  been  removed. The a c i d i f i c a t i o n  of the   p i . ck le  
c y c l e   c o n v e r t s   t h e   s u l f i d e   p r e s e n t   t o   h y d r o g e n   s u l f i d e .  Each of 
t h e   h i d e   p r o c e s s o r s  are ven ted  t o  the   a tmosphe re  by roof t o p   f a n s  
and   t he   hydrogen   su l f ide  i s  pu l l ed   f r cm  the   mixe r  as i t  i s  formed. 
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TABLE N o .  3 

SLUDGE  ANALYSES 

LIQUID PORTION 

PARAMETER 
". - ." . " _. .. -. . .- 

T o t a l  Dissolved 
So l ids  

C h s m i c a l   G x y y e n  
Demand 

k l k a l i n i  t y  as 
ZaC03 

Chlor ides  

B i c a r b o n a t e  

C a r b o n a t e  

Cr203  

T o t a l  Nitrogen 

Nitrates 

C a l c i u m  

S u l f a t e s  

Sodium 

S u l f i d e  

PH 

-_I_ "" 

* Standard U n i t  

P a r t s  p e r  
M i l l i o n  (ppm 
"_L_"I 

5 7 , 3 7 2  

15 , 8 4 0  

5 , 000  

1 9  , 60C 

3 , 9 4 4  

1 , 0 5 6  

2.8 

2 , 300 

L e s s  t h a n  
0 . 0 1  

300  

1 0  , 800 

15, 0 0 0  

L e s s  than 
0 . 0 1  

8.6* 

"- 

SOLIDS PORTION 
"_ ~ __ 

PARAMETER 

C h e m i c a l  Oxygen 
Demand 

T- 

i 
I t 
I 
I 

I i 
I 

Chromium Cr203 

T o t a l  Ni t rogen 

S u l f i d e  

- 

P a r t s  per 
M i l l i o n  (ppm) 

2 4 1 , 6 0 0  

1 2  , 500 

31 , 4 0 8  

80 
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The s u l f i d e   b e a r i n g  wastes t o t a l   t o  1 2 , 5 0 9   g a i l o n s   p e r  
b a t c h .   C o u p l e d   w i t h   s o a k i n g   l i q u c r s ,   b o i l e r  blowdown,  chemical 
mixing water, and  general   hot isekeeping water useage;   the  amount  
of wastewater t o   b e   p r o c e s s e d   t h r o u g h   t h e   s u l f i d e   r e c l a a a t i o n  
system  amounts t o  3 0 0 , 0 0 0  g a l l o n s / d a y .  

The s u l f i d e   r e c l a m a t i o n   s y s t e m   p r o v i d e s   t h e   m e a n s  for  
r emov ing   and   r ecove r ing   t he   su l f ide  from t h e  t o t a l  e f f l u e n t  on 
a con t inuous  basis f o r   r e u s e   i n   p r o c e s s .  The c l a r i f i e r   i n t o  
w h i c h   t h e   p l a n t   e f f l u e n t   f l o w s  allows se t t leab le  s o l i d s  t o  
produce a s ludge   tha t   mus t   be   removed  on  a d a i l y  basis t o  a 
s a n i t a r y   l a n d f i l l .  

The s e t t l e d   s o l i d s   f o r m   a n  8% s o l i d s   s l u r r y   i n   t h e   b o t t o m  
of t h e   b a s i n   w h i c h  i s  pumped t o  f l o w   e q u a l i z i n g   t a n k s .  I t  i s  
then  pumped t o  f i l t e r   p r e s s e s   f o r   d e w a t e r i n g  t o  a 5 0 %   s o l i d s  
c o n t e n t   f o r   r e m o v a l   t o   l a n d f i l l .  

The q u a n t i t y   o f   s l u d g e  a t  50% s o l i d s  t o  be  removed  dai ly  
amounts to approximate ly  4 3 , 0 0 0  pounds   fo r  200,000 pounds  of 
h i d e s   p r o c e s s e d .  Table N o .  3 shows the   ana lyses   conduc ted   on  
a compos i t e   s ample   o f   s ludge   r ep resen ta t ive   o f  t w o  d a y s   s l u a g e  
r e m o v a l .   T h e   p o l l u t a n t s   a n d   q u a n t i t i e s  shown i n d i c a t e   t h e  
e f f e c t s   o f   t h e   s e t t l i n g   i n   t h e   c l a r i f i e f .  The s l u d g e  sol ids  
and i t s  l i q u i d   p o r t i o n  show a t o t a l  of  257,440 mg/’l of COD 
p r e s e n t   i n   t h e   s l u d g e   w h e r e a s   T a b l e  N o .  1 shows t h a t   t h e  
c l a r i f i e r   e f f l u e n t   h a s   1 3 , 1 6 0   m g / l .  The same b e n e f i c i a l  
r e d u c t i o n   o f   q u a n t i t i e s   f o r   o t h e r   p a r a m e t e r s  i s  a f f e c t e d   b y  
s e d i m e n t a t i o n   i n   t h e   c l a r i f i e r .  
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SECTION 6 

WASTE ST'RZAM PROCESSING 
PRE-TREATMENT PRIOR TO SULFIDE RECOVERY 

Tile e f f l u e n t   t r e a t m e n t   s y s t e m  as f i r s t  conce ived  a t  t h e  
i i l i t i a t i o n   o f   t h i s   p r o j e c k  i s  o u t l i n e d   i n   t h e   f l o w   c h a r t ,  
F igu re  N o .  1. 

The i n i t i a l   d e s i g n  w a s  modi f ied   because  of t h e   b e l i e f   t h a t  
as Blues ide   Company ' s   p roduct ion   increased   dur ing  i t s  fo rma t ive  
y e a r s ,  wastewater technology  would a l so  advance. The advances 
i n  wastewater t e c h n o l o g y   w o u l d ,   p o t e n t i a l l y ,   r e q u i r e   t h e   d i s -  
m a p t l i n g   o f   a n t i q u a t e d   e q u i p m e n t ,   t h e r e b y ,   i n c r e a s i n g   t h e  costs 
o f   m o d i f i c a t i o n s .   E s s e n t i a l l y ,  it i s  cheaper   and easier t o  add 
t o  a basic f a c i l i t y   t h a n  t o  correct w h a t   a p p e a r s   t o   b e  a complete  
package. I t  was a wise dec i s ion   based   on   t he   p rog res s ive   changes  
tha t   have   been   and  are  o c c u r r i n g   i n   t h e   t a n n e r y ' s   e f f l u e n t  
t r ea tmen t   sys t em.  

A basic t r e a t m e n t   s y s t e m ,   c o n s t r u c t e d   i n  1 9 7 0 ,  was i n  
acco rd   w i th   t he   s chemat i c  diagram i n   F i g u r e s  No. 2 and 3, and 
began   ope ra t ion   i n   t he   mid -yea r  of 1 9 7 1 .  

The i n i t i a l  wastewater t r e a t m e n t  starts o u t   w i t h   t h e  w e t  
well i n t o   w h i c h   t h e   t a n n e f y  wastewater flows and w i l l  v a r y  
chemica l ly   t h roughou t   t he   day .  A t  some p o i n t   i n  time, it w i l l  
b e   a l k a l i n e  t o  a pH of  12.5  and a t  o t h e r  times, it w i l l  be a c i d  
t o  a 3.0 pH. The w e t  w e l l  i s  covered and i s  exhaus ted   by   be ing  
t h e   s o u r c e   o f  a i r  f o r   t h e   a i r - b l o w e r .   S u l f i d e  gases forming i n  
t h e  w e t  w e l l  are: t h e r e f o r e ,  drawn i n t o   t h e   d e g a s i f i e r   t o w e r .  
F igu re  No. 5 i s  a photograph of t h e  w e t  w e i l .  

Two pumps remove t h e  wastewater c o l l e c t e d   i n   t h e  w e t  well 
t o   t h e   c e n t e r  of t h e  c l a r i f i e r .  The pumps are e l e c t r i c a l l y  
c o n t r o l l e d  by probe ievels. A t  a g iven  level ,  one pump i s  
a c t i v a t e d :  a t  a n   i n c r e a s e d   l e v e l ,  when wastewater f low is h i g h e r ,  
two pumps arc o p e r a t i n q .  

A s  t h e  wastewater flows i n t o   t h e   c e n t e r  of t h e   c l a r i f i e r ,  
it i s  c a u s e d   t o   f l o w  downward and towavd t h e   b o t t o m   o f   t h e  
b a s i n  by a r o t a t i n g   t z r b i n e .   T h i s  downward f low assists i n   t h e  
s e t t i i n q   o f   s l u d g e   s o l i d s .  The  downward f low is  also outward 
t o w a r d   t h e   b a s i n  wai l  t h e n  upward t o  a p o i n t   o f   o u t f l o w   i n t o   t h e  
c l a r i f i e r  r i m .  
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Figure 5. Wet well. 
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WASTEWATER TREATMNT SYSTEM SVALUATION, 1 9  7 3  

WEEKLY PRODUCTION: _" .. . . ~  .- - -. - .- . . .~ .-  .- - - " - - .  ". - ". .- - - --  " -___- 1 6 , 2 0 0  HIDES 

P a r a m e t e r  I n f l u e n t  E f f l u e n t  P e r c e n t  
U n i t :  m g / l  Composite Composite R e d u c t i o n  
" ._~ . . - - . .. - "" . .. ~ .. - .. . - .. - ". - . . - - " " . - " ~ - " 

pH* 9 . 7   9 . 8  

BOD5 

.COD 

9 , 1 3 3  5 , 1 2 3  

1 9 , 8 6 7  1 3 ,  16'7 

43 .9  

33.7 

S e t t l e a b l e   S o l i d s  1 0 , 6 0 0  300   97 .2  

T o t a l   S o l i d s  4 8 , 9.0 0 25 ,400   48 .0  

S u s p e n d e d   S o l i d s  9 , 0 6 7  2 , 7 6 7   6 9 . 5  

S u l f i d e  250** 264** - 

A l k a l i n i t y   2 , 8 9 6   2 , 6 6 0  

O i l  & Grease 5 7 0   2 1  

Cr2 0 3 

NH 3N 

TKN 

295  

520 

1 , 1 0 1  

1 9 0  

517 

954 

8 . 1  

9 6 . 3  

35 .6  

- 

1 3 . 4  

T o t a l   P h o s p h o r u s  4 0  20   50 .0  

* S t a n d a r d   U n i t  
* * S u l f i d e   R e c l a m a t i o n   n o t   o p e r a t i o n a l  

__,__. . ,. . - . - . .-  . . . - . . ~ . . . ., . , , . _ _  . .. . . . - . I -- - 

P o l l u t i o n   l o a d i n g   r e d - u c t i o n s   o f   4 3 . 9 %   i n  BOD5, 3 3 . 7 %   i n  

COD, 97% i n   S e t t l e a b l e  Solids, 4 8 %   i n   S u s p e n d e d   S o l i d s ,  

3 6 - 3 % i n  O i l  a n d  Grease, 3 5 . 6 %   i n   C r 2 @ 3 ,   1 3 . 4 %   i n   K j e l d a h l  

N i t r o g e n ,   a n d  5r)% i n   T o t a l   P h o s p h o r u s  are r e f l e c t e d   i n   t h e  

tes t  r e s u l t s .  
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The c l a r i f i e r  i s  5 7  f e e t   i n   d i a m e t e r   a n d   h a s  a normai   depth 
of 1 C  f e e t .  The c a p a c i t y  i s  approximate ly  3 4 0 , 0 0 0  g a l l o n s .  T n e  
s l u d g e   c o l l e c t i n g   i n   t h e   b o t t o m  i s  con t inua l ly   r aked   t oward   t he  
c e n t e r  sump for   removal  t o  a dewater ing   sys tem.  A pumping 
s t a t i o n   h o u s e s   t h e   e f f l u e n t  pumps which  draw  from  the w e t  w e l l ,  
as w e l l  a s   t h e   s l u d g e  pumps from  the  bot tom sump t o  t h e  de- 
w a t e r i n g   s t e p .  

The c l a r i f i e r  i s  an essent ia l  p a r t   o f   t h e   s u l f i d e   r e c c v e r y  
system. I t ' s  purpose i s  t o  remove l a r q e   s o l i d s   w h i c h   m i g h t  
i n t e r f e r e   w i t h   t h e   o p e r a t i o n  of t h e   d e g a s i f i e r   t o w e r   a n d   t o   a c t  
as a r e s e r v o i r   t o  smooth o u t   t h e   f l u c t u a t i o n s  i n  f low  and  the 
qua l i t y   o f   was t ewa te r   f rom  the   t anne ry .  A more or less c e n s t a n t  
q u a l i t y   o f   w a s t e w a t e r   c a n   b e  pumped a t  a c o c s t a n t  ra te  t o  t h e  
d e g a s i f i e r .  

The l i q u i d   s u r f a c e   l e v e l   o f   t h e   c l a r i f i e r  i s  des igned  t o  
f l u c t u a t e   o v e r  a r ange   o f   one   foo t   s ix   i nches .  The  volume i n  
t h i s   r a n g e  i s  abou t  2 9 , 0 0 0  g a l l o n s  or about  2 . 1  hour s  a t  t h e  
d e s i g n  ra te  of   f low t o  t h e   d e g a s i f i e r .  

The c l a r i f i e r  r i m  weir s e p a r a t i n g   t h e   c e n t e r   f r o m   t h e  r i m  
( i n  t h e   i n i t i a l   d e s i g n )   h a d   D n e - h a l f   i n c h   d i a m e t e r   h o l e s   e v e r y  
1 8  i n c h e s  a l l  a round   t he  r i m .  The h o l e s  were p o s i t i o n e d  
approximate ly  1 8  inches   be low  the   t op   o f   t he  r i m  weir. The 
l i q u i d   l e v e l  was h e l d  a t  a b o u t   s i x   i n c h e s   a b o v e   t h e   h o l e s .   I f  
t h e   l e v e l   d r o p p e d   t o   t h r e e   i n c h e s   a b o v e   t h e   h o l e s ,   t h e  pump ( s )  
f r o m   t h e   c l a r i f i e r  r i m  t o  t h e   d e g a s i f i e r  were t h r o t t l e d   s l i g h t l y .  
I f   t h e   l e v e l   r o s e  more t h a n   t w e l v e   i n c h e s   a b o v e   t h e   h o l e s ,   t h e  
f low ra te  of  the  p-mps was i n c r e a s e d   s u f f i c i e n t l y  t o  compensate 
f o r   t h e   h i g h e r   l i q u i d   l e v e l .   A d j u s t m e n t   o f   t h e   f l o w  rate  was 
n o t   f r e q u e n t   i n   t h e   s u l f i d e   r e c o v e r y   r u n s .  

Adjustment   of   the   f low rate f r o m   t h e   c l a r i f i e r  r i m  t o  t h e  
d e g a s i f i e r  i s  k e p t  t o  a minimum because   each  time t h e  Wastewater 
f low ra te  is  a d j u s t e d ,  it i s  n e c e s s a r y  t o  a d j u s t   t h e   a c i d   f e e d  
system t o  t h e   d e g a s i f i e r .  

E v a l u a t i o n   o f   t h e   b a s i c  wastewater t r e a t m e n t   s y s t e m   f o r  
i t s  e f f i c i e n c y   o f   r e d z c i n g   p o l l u t i o n   l o a d i n g  was c o n d u c t e d   i n  
May, 1 9 7 3 .   C o m p o s i t e   s a m p l e s   o f   t h e   i n f l u e n t   t o   t h e   c l a r i f i e r  
as w e l l  a s   t o   t h e   m u n i c i p a l  sewer were averaged  t o  y i e l d   t h e  
d a t a  shown i n   T a b l e  N o .  4 .  

Grab  samples   of   the   tannery wastewater f lowing   i r , t o   t he  
w e t  well were t aken   eve ry  30 minutes   th rcugh a 2 4  h o u r   p e r i c d  
and  composited.  Grab  samples were a l so  t a k e n   o f   t h e   c l a r i f i e r  
e f f l u e n t   a t   t h e  same time i n t e r v a l   a n d   c o m p o s i t e d .  

For t h i s   e v a l u a t i o n ,   t h e   s u l f i d e   r e c l a m a t i o n   s y s t e m  w a s  
non-ope ra t iona l .  
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Figure 6. Waste  water  treatment,  as  modified (1975). 
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Three  d e f e c t s  i n  t h e   s y s t e m ' s   o p e r a t i o n  became a p p a r e n t  
a s  t h e  t a n n e r y ' s   p r o d u c t i v i t y   i n c r e a s e d ;   f a i l u r e  of t h e  
c e n t r i f u g e  t c  de-water, c l a r i f i e r   n o t   s e t t l i n g   a n d   r a k e  arm 
b r e a k a g e   a n d   f a i l u r e   o f   i n t e r n a l   b a f f l i n g .  

The c e n t r i f u g e   p r o v e d   w o r t h l e s s  as a means of dewa te r ing  
t h e   s l u d g e   g e n e r a t e d   i n ' t h e   c l a r i f i e r .  The c e n t r i f u g e ' s   i n n e r  
c o n e   w o r e   o u t   f r e q u e n t l y   r e q u i r i n g   c o n s t a n t   a n d   c o s t l y   r e p a i r s .  
Under t h e   b e s t   o p e r z t i n g   c o n d i t i o n s ,   t h e   s l u d g e   c o n c e n t r a t e  
produced was seldom  dewatered t o  15% s o l i d s   a n d   s a t i s f a c t o r y   f o r  
removal t o  l a n d f i l l .  The c e n t r a t e   r e t u r n i n g  t o  t h e   b a s i n  was 
p r a c t i c a l l y   t h e  same c o n c e n t r a t i o n  as t h e   s l u d g e   s o l i d s   d e l i v e r e d  
to   t he   dumps te r   fo r   r emova l .  I t  was n e c e s s a r y   t o   a l l o w   w a t e r  
s e p a r a t i o n   t o   o c c u r   i n   t h e   d u m p s t e r   a n d  remove t h e   w a t e r   w i t h  a 
sump pump b e f o r e   t h e   c o n t r a c t o r   w o u l d   a c c e p t   t h c   s l u d g e   f o r  
d i s p o s a l   i n   t h e   s a n i t a r y   l a n d f i l l .  

The s t r e n g t h   o f   t h e  rake arm as sembly   i n   t he   bas in   p roved  
i n a d e q u a t e   t o  move t h e   s l u d q e   c o l l e c t i n g   i n   t h e   b o t t o m  of t h e  
b a s i n  t o  t h e  center sump.  The r a k e s  became d i s t o r t e d   r e s u l t i n g  
i n  a pfolonqed  break-down. 

W i t h i n   t h r e e   y e a r s ,  a 1 0  f o o t   d e e p   p o l y - v i n y l   b a f f l e ,  
i n i t i a l l y   i n s t a l l e d   p e r i p h e r a i l y   w i t h i n   t h e   c l a r i f i e r ,  1 0  f e e t  
i n  f rom  the  r i m ,  became embr i t t l ed   and   c rumbled .  The purpsse   o f  
t h i s   b a f f l e  was t o   i n s u r e  a downward f l o w   o f   t h e   i n f l u e f i t   i n  i t s  
p a t h   t o   t h e   c l a r i f i e r  r i m .  The  dswnward f l s w  i s  needed t o  
enhance   s ed imen ta t ion  of t h e   s e t t l e a b l e   s o l i d s .  

T h i s   b a f f l e  was r e b u i l t   u s i n g  s teel  p l a t e .  Two y e a r s   l a t e r  
t h i s   b a f f l e   c o l l a p s e d   d u r i n g  a shut-down i n s p e c t i o n .  The 
i n s p e c t i o n  team, w h i l e  pumping  from t h e   c l a r i f i e r   t o  lower t h e  
l i q u i d   l e v e l  were n o t  aware o f   t he   unequa l   p re s su res   ex i s t ing   on  
b o t h   s i d e s   o f   t h e  steel  b a f f l e .  The s ludge   bu i ld -up  w a s  
c o n s i d e r a b l y   h i g h e r  on t h e   o u t s i d e  of t h e   b a f f l e   t h a n   i n   t h e  
c e n t e r   o f   t h e   b a s i n .  When t h e   l i q u i d  was lowered  below  the 
s l u d g e   l e v e l  on t h e   o u t s i d e   o f   t h e   b a f f l e ,   t h e   p r e s s u r e   o f   t h e  
s l u d g e   a g a i n s t   t h e   b o t t o m   h a l f   o f   t h e   b a f f l e   c a u s e d   t h e   p a f f l e  
t o  c o l l a p s e   i n w a r d   t o w a r d   t h e   c e n t e r .   T h i s   i n d i c a t e d   t h a t  a 
g r e a t   d e a l  of s l u d g e   s e t t l i n g  w a s  c c c u r r i n g   b e y o n d   t h e   b a f f l e .  
S t r e s s   i n c r e a s e d  on the   ends   o f   t he   r ake  arms i n   t h e   a b s e n c e  of 
a proper   s ludge   removal  t o  l a n d f i l l   o p e r a t i o n   a n d   c o n t r i b u t e d  t o  
b a f f l e  a n d   r a k e   f a i l u r e .  

A major r e d e s i g n i n g   a n d   e x p a n s i o n   o f   t h e   w a s t e w a t e r   t r e a t -  
ment  system was made i n  1975.  The schemat i c   d i ag ram,   F igu re  
N o .  6 ,  i l l u s t r a t e s   t h e   c u r r e n t   p r o c e s s .   S u f f i c i e n t   f l e x i b i l i t y  
i n   t h e   p i p i n g   a n d   d e s i g n   l a y - o u t   o f   t h i s   s y s t e m   h a s   b e e n  
i n c o r p o r a t e d  t o  allaw other   planned  improvements  t u  be 
i n c o r p o r a t e d .  
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TABLE NO. 5 

WASTEWATER  TREATMENT  SYSTEM. EVALUATION, 1 9 7 6  

( P o l l u t i o n   L o a d i n g   R e d u c t i o n s  of t h e   1 9 7 3  
s y s t e m  are f r o m  Table N o .  4 - 'r!eekly 
F r o d u c t i o n :   2 1 , 7 0 0  Hides? 

P a r a m e t e r  I n f l u e n t  E f f l u e n t  P e r c e n t  
U n i t :   m g / l  Composite Composite R e d u c t i o n  
"" - " " - " - ""_-,l - - - "_ , - " - - ." " -. -. . " - - - " - .. .. - . " .- 

(1-9-7-6-j" f1973) 
pH * 8 . 8  8 . 7  - 

BOD5 7 , 5 8 6   4 , 5 9 0   3 9 . 5   4 3 . 9  

CdD 2 0 , 2 8 6  

S e t t l e a b l e   S o l i d s   7 , 6 7 6  

8 , 4 8 5  

3 , 2 5 0  

To ta l  S o l i d s  3 6 , 2 8 2  2 7 , 6 4 4  

S u s p e n d e d  S o l i d s  7 , 6 7 5  3 , 2 5 6  

5 8 . 2  3 3 . 7  

5 7 . 7  9 7 . 2  

2 3 . 8  4 8 . 0  

5 7 . 6  6 9 . 5  

S u l f i d e   9 1 5   9 3 0  - - 

A l k a l i n i t y   3 , 9 4 6  

O i l  & Grease 1 , 1 4 0  

NH3N 

TKN 

242 

5 4 0  

1 , 3 9 5  

3 , 8 4 0  

9 8 5  

1 5 0  

532  

8 5 0  

2 . 7  8 . 1  

1 3 . 6  9 6 . 3  

3 8 . 0  3 5 . 6  

- - 

3 9 . 1   1 3 . 4  

T o t a l   P h o s p h o r u s  1 5  - 5 0 . 0  

P h e n o l  

C h l o r i d e s   1 1 , 0 3 0  

1 3  

8 , 9 5 0  

- 

1 8 . 8  

* S t a n d a r d   U n i t s  
NOTE: S a m p l i n g   a c c o m p l i s h e d   w h e n   t u r b i n e   n o t   r u n n i n g ,   g r e a s e  

s k i m m e r   n o t   o p e r a t i o n a l ,   s u l f i d e   s y s t e m   n c t   o p e r a t i o n a l  
a n d   h a i r   s c r e e n   o p e r a t i o n a l .  
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I n n o v a t i o n s   b u i l t   i n t o   t h e   c l a r i f i e r   i n c l x d e d   i n c r e a s i n g  
t h e  slope a t  the   bo t tom t o  p rov ide  easier f low of t h e   s l u d g e  t o  
t h e   c e n t e r  sump. The r a k e s  were r e i n f o r c e d   a n d   r e b u i l t   i n t o  a 
t r i - f o r k ,  i . e . ,  t h r e e   r a k e   b r a n c h e s   i n s t e a d   o f  two. S h e a r   s t r i p s  
were i n s t a l l e d   i n   t h e   r a k e   d r i v e  mechanism.   These   shear   s t r ips  
a re   qauqed   t o   b reak   unde r  known t o r q u e ,   t h e r e b y ,   p r e v e n t i n g  
d i s t o r t i o n   o f   t h e   r a k e s   u n d e r  major stress. A b a f f l e  was 
i n s t a l l e d   i m m e d i a t e l y   p e r i p h e r a l   t o   t h e   c e n t e r   t u r b i n e  t o  allow 
d i r e c t  downward f l o w   f o r   t h e   s e t t l e a b l e   s o l i d s   a n d   p r o v i d e  
s t r e n g t h   t o   t h e   b a f f l e   s t r u c t u r e .  A g r e a s e   t r a p  was i n s t a l l e d  
f r o m   t h e   l i q u i d   s u r f a c e   t h r o u g h   t h e   c l a r i f i e r   w a l l .  A g r e a s e  
skimmer w a s  i n s t a l l e d  on t h e   r a k e   a r n   e n d s  t c  came greases   and  
f a t s  f l o a t i n g  on t h e   l i q u i d   s u r f a c e  t o  b e   p u s h e d   i n t o   t h e  
g r e a s e   t r a p .  

Wastewater f l o w   a f t e r   t h e  1975  m o d i f i c a t i o n s  as shcwn i n  
F i g u r e  N o .  6 ,  s t i l l  f l o w s   i n t o   t h e  wet well. A b a r   r a k e  screen, 
i n s t a l l e d   a t   t h e  w e t  w e l l ,  s c r e e n s   t h e  wastewater for   removal   o f  
f l e s h i n g s   a n d   l a r g e   p a r t i c l e s   o f   f o r e i g n  matter (mctal, p l a s t i c ,  
e t c . ) ;  t h e s e  are c o l l e c t e d   i n  a dumpster   for   removal  t o  a 
s a n i t a r y   l a n d f i l l .  

The wastewater i s  then  pu-ped t o  two 17,000 g a l l o n 5   e q u a l -  
i z a t i o n   t a n k s  i n  a new p o l l u t i o n   t r c a t z e n t   b u i l d i n g .  From these 
t a n k s ,   t h e  wastewater i s  pumped t h r o u g h   n c z z l e s  t o  impact  on a 
h a i r   s c r e e n  ( .020"  gauge  mesh) t o  r e m s v e   t h e   p u l p e d   h a i r   r e s i d u e .  
The h a i r   f r e e   w a s t e w a t e r  i s  t h e n  pumped i n t o   t h z   e q Q a l i z a t i o n  
s e d i m e n t a t i o n   c l a r i f i e r  where s e t t l e a b l e   s o l i d s   f o r m   s l u d g e   i n  
the   bo t tom.  

The s ludge   f rom  the   bo t tom i s  pumped i n t o  t w o  1 7 , 0 0 0  
g a l l o n s   h o l d i n g   t a n k s   i n   t h e   p o l l u t i o n   t r e a t m e n t   b u i l d i n g .  The 
s l u d g e  i s  t h e n  pmTped i n t o  one  of two f i l t e r   p r e s s e s   w h i c h  
de -wa te r   t he   s ludge  t o  a 50 - 60% s o l i d s   c o n c e n t r a t i o n   f o r  
removal t o  s a n i t a r y   l a n d f i l l .  The l i q u i d  removed  from t h e   s l u d g e  
i s  pumped t o  t h e   c l a r i f i e r .  

The new sys tem was e v a l u a t e d   f o r  i t s  e f f i c i e n c y   i n   r e d u c i n g  
t h e   t a n n e r y ' s   p o l l u t i o n   l o a d i n g   i n   S e p t e m b e r  1 9 7 6 .  Composite 
s amples   o f   t he   i n f luen t  t o  t h e  w e t  w e l l  and tc  t h e   m u n i c i p a l  
sewer were a n a l y z e d   t o   y i e l d   t h e   d a t a   p r e s e n t e d   i n   T a b l e  N o .  5 .  

The c o m p o s i t e   o f   t h e   i n f l u e n t   c o n s i s t e d  of mixing   grab  
samples   o f   t he   t anne ry  wastewater t aken  a t  t h e  w e t  w e l l  eve ry  30 
m i n u t e s   f o r  a twenty- four   hour   per iod .  The e f f l u e n t   c o m p o s i t e  
c o n s i s t e d   o f   t a k i n g   g r a b   s a m p l e s  a t  the  manhole t o  t h e   m u n i c i p a l  
sewer a t  t h e  same time i n t e r v a l s  as t h a t   o f   t h e   s a m p l i n g  a t  t h e  
w e t  w e l l .  A t  t h e  time o f   s a m p l i n g ,   t h c   t u r b i n e   i n   t h e   c l a r i f i e r ,  
t h e   g r e a s e   s k i m m e r ,   a n d   t h e   s u l f i d e   r e c l a m a t i o n   s y s t e m  were 
n o n - o p e r a t i o n a l ,   t h e   h a i r   s c r e e n  was i n   u s e .  
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Figure 7 .  Degasifier and absorber towers. 
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Taznery  process   changes,   occurr i r ,g   between May sf 1973  and 
t h e  1 9 7 6  wastewater t r e a t m e n t   s y s t e m   e v a l c a t i o n ,   i n v o l v e d  
r e d u c t i o n   i n   t h e   u s e   o f  l ine i n  t h e   h a i r b c r n   a n d  relime p r o c e s s  
c y c l e s   p l u s  a r e d u c t i o n   i n   t h e   u s e  of ammonium s u l f a t e   i n   t h e  
delime c y c l e s   a n d   r e d u c t i o n s   i n   t h e   u s e   o f   p i c k l e   a c i d   a n d  
chrcme t a n .   T a n n e r y   p r o d u c t i v i t y   d u r i n g   t h e  same p e r i o d   i n -  
creased f rom  16 ,200   h ides   per  week t c  2 1 , 7 0 9  h i d e s   p e r  week. 
Water c o n s e r v a t i o n   m e a s u r e s   a f f e c t e d   d u r i n g   t h i s   p e r i o d   r e s u l t e d  
i n   t o t a l  water useage  of  300,000 g a l l m s  per  day  and  remained 
r z l a t i v e l y   s t a b l e .  

Compar i son   o f   t he   i n f luen t   compos i t e s   fo r   t he  t w c  e v a l x a t i o n  
p e r i o d s   r e v e a l e d   t h a t   t h e   p o l l u t i o n   l o a d i n g   i n  1 9 7 6  had  16.9% 
less BODS, 2 . 1 %  mcre COD, 27.5% less S e t t l c a b l e  S o l i d s ,  2 5 . 8 %  
less T o t a l   S o l i d s ,   1 5 . 3 %  less Suspended   So l ids ,  2 6 6 %  mcre 
S u l f i d e ,  100% more O i l  and Grsase, 1 7 . 9 %  less Cr2O3,  3.8%  more 
Amnonia Ni t rogen ,   and  2 6 . 7 %  more   Kje ldahl   Ni t rogen ,  as r e l a t e d  
t o  a 3 3 . 9 %   i n c r e a s e   i n   t a n n e r y   p r o d u c t i v i t y .  

‘The p e r c e n t   e f f i c i e n c y  of r educ t ion   coEpar i son ,   be tween   t he  
1973  and  1976 wastewater t r e a t m e n t   s y s t e m ,  shows t h a t   t h e   1 9 7 5  
sys tem  has  4 . 4 %  less r e d u c t i o n   c a p a b i l i t y   i n  BODS, 39.5% less 
r e d u c t i c n  in Sett leable  S o l i d s ,   a n d  8 2 . 7 %  less r e d u c t i o n   i n  O i l  
and Grease. These lower e f f i c i e n c i e s  are r e l a t e d  t c  t h s  non- 
o p e r a t i c n a l   t u r b i n e   a n d  grease skimner .  

I t  s h o u l d   b e   n o t e d   t h a t   t h e   1 9 7 6   e f f l u e n t   c o m p o s i t e  
con ta ined  10.4% less BODS, 983% mcre S e t t l e a b l z   S o l i d s ,  1?.5% 
more  Suspended  Solids,  and  4590% more O i l  and Srease t h a n   t h e  
1973  szmple.  The  1976 wastexatcr trea+Jnent  system  showed 
i m p r o v e d   e f f i c i e n c i e s   o f   r e d u c t i o n  by  removing  24.5% more COD, 
and  25.7% more K j e l d a h l   N i t r o g e n .   T h i s   b e n e f i t  i s  related t o  
ha i r   r emova l  by s c r e e n i n g .  

WASTEWATER TREATMENT THROUGH THE SULFIDE RECOVERY SYSTEM 

As w i t h   t h e   i n i t i a l  wastewater t r ea tmen t   sys t em,  wastewater 
f r o m   t h e   c l a r i f i c r  r i m  i s  pulrtped t o  t h e   s u l f i d e   r e c l a m a t i o n  
system; i .e . ,  t o  t h e   d e g a s i f i e r .  

The  punps t o  t h e   d e g a s i f i e r  are l o c a t e d   i n   t h e   c h e m i c a l  
c c n t r o l  area o f   t h e   t a n n e r y   a d j a c e n t  t o  t h e   a u t o m a t i o n   c o n s o l e .  
The s u l f i d e   r e c o v e r y   s y s t e m   c a n  be c o n t r o l l e d   f r o m   t h i s   p o i n t .  
The s u l f i d e   r e c o v e r y   s y s t e m  is  s c h e m a t i c a l l y   o u t l i n e d   i n  
F igu re  No. 3 .  The d e g a s i f i e r  i s  shown  on t h e   l e f t   i n   F i g u r e  
No. 7 a n d   t h e   a b s o r b e r  3n t h e   r i g h t .  

The d e g a s i f i e r  tower h a s  t w o  f u n c t i o n s ,   a c i d i f i c a t i o n   a n d  
a i r  s t r i p p i n g   o f   h y d r o g e n   s u l f i d e   g a s   r e l e a s e d   f r o m   t h e  
a c i d i f i e d   t a n n e r y  wastewater. S u l f u r i c   a c i d  i s  added t o   t h e  
wastewater u n t i l  5 .0  2nd 5 . 5  pH is reached .  
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The d e g a s i f i e r  tower c c n s i s t s  of f o u r   t r a y s ,   e a c h  6 f e e t  
deep,  and 1 0  f e e t  i n  d i ame te r .  The t r a y s  are p l a c e d  on top   o f  
e s c h   s t h c r   t o  form t h e  tower.  The t r a y s  are c o n n e c t e d   t o  cach 
o t h e r  by 80 a i r   d i f f u s e r s   i n   t h e   b o t t o m   o f   e a c h   t r a y   a n d  a 1 2  
i nch   d i ame te r  dovncomer f o r   t h e   l i q u i d .  The l i q u i d  i s  pumped 
i n t o   t h e   t o p   t r a y   a n d   f l o w s  downward a n d   o u t   o f   t h c   b o t t o m   t r a y .  
A i r  is blown i n t o  a two foo t   h igh   p l enum  undm  the   bo t tom  t r ay  
and  bubbles  up t h r o u g h   e a c h   t r a y   a n d   e x i s t s   a t   t h e   t o p   t h r c u g h  a 
scrubber   and  m i s t  e l i m i n a t o r .  The l i q u i d   d e p t h   i n   e a c h   t r a y  i s  
n a i n t a i n e d   a t  39 i n c h e s  by the   over f low  leve l   o f   the   downconer .  

T h s   l i q u i d   v o l u m e   i n   e a c h   t r a y  i s  n o r m a l l y  1 , 9 1 5   g a l l o n s ,   o r  
7,600 g a l l o n s   t o t a l  ir, thn, tower. A t  des ign   capac i ty   o f  23C gpm, 
t h e  f l o w  th rcugh  t ine  is  a b c u t  33 minutes .  The d e s i g n  a i r  f low 
i s  70C cfm. 

A i r  p r e s s u r e  i s  r r a i n t a i n e d   i n   t h e  tower by  a l i q u i d   t r a p  
formed  by the over f low  tower .  The over f low towsr c c n s i s t s   o f  
a n   o u t e r   s h e l l   f o u r  fee t  i n   d i a m e t e r   a n d   a n   i n n e r   o v e r f l o w   c u t -  
let p i p e  IC i n c h e s   i n   d i a m e t e r ,   w i t h  a seven   i nch   d i ame te r  
a d j u s t a b l e   o v e r f l o w  sec t izn .  The a d j u s t s b l a   o v e r f l o w   p i p c  can 
be set  f r o n  a maximum h e i g h t  cf 1 5  feet  11 i n c h e s   t o  a minimum 
of 11 feet  11 i n c h e s  above t h e  o v e r f l o x   l e v e l  9f  t h e   l o w e s t  
downcomer i n  t h e   d e g a s i f i e r   t o w e r .   L i q u i d  flow i s  frorr t h e   t o p  
t r z y   w h e r c   a c i d i f i c a t i o n   o c c u r s ,  downward throngh  the  tower  and 
c o u n t e r c u r r e n t   t o  a i r  f lox  through e x h  downcomer i n   t h e   d r g a s i -  
f y i n g  tcwer i n t o   t h e   o u t e r   s h e l l   s f   t h e   o v e r f l o w   t o w e r   a n d   t h e n  
down t h e   i n n e r   o u t l e t   p i p e  t o  t h e  sewer. 

The g a s   e x i t  from t h e   d e g a s i f i e r  tower i s  f rom  the   top  
c e n t e r   o f   t h e  tcwer through a t h r e e   f o o t   d i a m e t e r   s c r u b b e r   a n d  
d e m i s t e r .  The s c r u b b e r   s e c t i o n   c o n s i s t s   o f  a two foo t   deep   bed  
s f   o n e   i n c h   d i a m e t e r   p l a s t i c   s h a p e s  (Koch r i n g s ) .   F o u r   n o z z l e s  
l c c a t e d   a b o u t  19 i nches   above   t he   bed   con t inuous ly   sp ray   t he   bed  
wi th   abou t  5 gprn o f   f r e s h  water t o  wash t h z   e x i t   g a s  free from 
e n t r a i n e d   p a r t i c l e s   o f   s o l i d s  cr l iqu ids .   Loca ted   above   t he  
s p r a y  n o z z l e s  i s  a f o u r   i n c h   t h i c k   p a d  of p o l y p r o p y l e n e   f i b e r s  
w h i c h   s e r v e   t o   f i l t e r   o u t   a n y  water d r o p l e t s   s i c k e d   u p  f.rom t h e  
s p r a y   s y s  tcm. 

The d e m i s t e d   g a s   t h e n   p a s s e s  t o  t h e   a d s o r p t i o n   t o w e r .  

The a d s c r p t i o n  tower i s  a s t a n d a r d   f a n e   s c r u b b e r ,  Model 
731.5 produced by t h e  H e i l  Process Equipment   Ccrpcrat ion.   This  
scrlubbcr i s  gua ran teed  t c  remove 99% o f   t he  H2S f rom  thc   gas  
stxezm i f   t h e  a i r  f l ew  i s  l i m i t e d   t o  700 c f m  and  the  sodium 
h y d r o x i d e   s o l u t i o n   n a i n t a i n e d   a b c v e  pH 10. The r e c i r c u l a t i o n  
r a t e   t h r o u g h   t h e   s c r u b b e r   s h o u l d   b e   n o   g r e a t e r   t h a n  20  qpm a t  
a p r e s s u r e  of 20  p s i g .  As t h e  a i r  f low i s  i n c r e a s e d   t o  1 , 0 0 0  
cfm, t h e   a d s o r p t i o n   c a p a b i l i t y  w i l l  d r o p   s i g n i f i c a n t l y  ts a 
r a g e  of 80 - 90%.  Two s o l u t i o n   t a n k s   e q u i p p e d   w i t h   s e n s i n g  
probes  allow t h e  p r e p a r a t i o z  of a known concent ra t ion   of   sodium 
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h y d r c x i d e   s c l u t i o n   f o r   u s e   i n   c i r c u l a t i o n .  E a c h   t a n k ,   i n   t u r n ,  
i s  a l lowed ts c i r c u l a t e   t h r o u g h   t h e   a d s o r p t i o n  tower t c  a p c i n t  
of s u l f i d e   s a t u r a t i o n .  The s a t u r a t i o r ;   p o i n t  is scnscd  by a 
c c n t i n o u s   s a m p l i n g   o f   t h e   a d s o r p t i o n  t D w e r  f l u e   e x h a u s t   f o r   t h e  
p re sence  of H2S g a s .  A t  t h e   f i r s t   e m i s s i c n  of HzS, an alarm 
s o u n d s   i n d i c a t i n g   t h a t   t h e   s o l u t i o n   t a n k s   s h o u l d   b e   s w i t c h e d .  
The f i r s t   t a n k ,   a f t e r   a n a l y s i s ,  i s  s e n t  t o  s t c r a g e   a n d  a f r e s h  
s c l u t i o n   o f   c a u s t i c  soda i s  r o u t i n e l y  made up. 

3 7  



EQTJIP3mNT DESIGN  FACTORS 

Basic d e s i g n   d a t a   f o r   t h e   d c g a s i f i e r  a d  a b s o r b e r  t D w e r s  
requires   knowledge  of  t h e  l i q u i d   a n d   v a p o r   c h a r s c t c r i s t i c s  
t h a t  w i l l  b e   p r e s e n t   t h e r e i n .  The d a t a   r e q u i r e d   i n c l u d e s   t h e  
fo l lowing :  

a. Flow r a t e  p e r   u n i t  time 
5 .  D e n s i t y ,   l b s / f t 3  
c. P r e s s u r e ,   p s i g  
d .   Temperature ,  OF 
e .  T o t a l  wastewater volurce t c  b e   t r e a t e d   d a i l y  
f. C z r r o s i c n   r c s i s t a n c e  
2. pB c o n d i t i o m  

The d e n s i t i e s   o f   l i q u i d   a n d   v a p o r   l o a d i n g s  are r e q u i r e d  a t  
a c t u a l   i n s i d e   t o w e r   c c n d i t i o n s   o f   t s m p r r a t u r c   a n d   p r e s s u r e .  
D e s i g n   S p e c i f i c a t i o n s   f o r   t h e   s u l f i d e   r e c l a m a t i o n   s y s t e m  weir? 
2 3 0  gpm or  less o f   l i q u i d   f l o w   i n t o   t h e   t o p   t r a y   o f  a f o u r   t r a y  
t o w e r   w i t h   e a c h   t r a y   i n t e r c o n n e c t e d  by a 1 2  i n c h  diameter down- 
cozer   and 80 check valve type  a i r  d i f f u s e r s   p e r   t r a y .  A i r  w a s  
t o  be prcvided   by  a pos i t i ve   d i sp l acemen t   b lower  a t  700  cfm a t  
a maxim-m of 1 0  Fsicj i n t o  a plenum a t  t h e  bzse o f   t he   t ower .  
The l i q u i d   d e p t h   i n   e a c h   t r a y  was s p e c i f i e d  a t  39 i n c h e s .  The 
downcomers were t c  be immersed   deep   enough  in to   the   l iqu id   o f  
t h e   n e x t   t r a y  sc t h a t  a i r  c o u l d   n o t   e s c a p e  upward  through  them. 
A i r  was t o  flow upward  through  the a i r  d i f f u s e r s   c o u n t e r c u r r e n t  
t o  t h e   l i q u i d   f l o w .  The l i q u i d  w a s  t o  leave t h e   h o t t o m   t r a y  
and   f l ow  in to   an   ove r f low tower h a v i n g   a n   a d j u s t a b l e   o u t l e t   p i p e  
f o r   r e g u l a t i n g   l i q u i d   l e v e l s   a n d   F r e s s u r e s   i n   t h e   d e g a s i f i e r .  
The l i q u i d  wou ld   l eave   t he   ove r f low tower a n d   f l o w   t o   t h e   c i t y  
sewer. I t  was a n t i c i p a t e d   t h a t   t h e  wastewater e n t e r i n g   t h e  
tower   waul5   range   in   t empera ture   f rom 5G°F t o  8Q°F. The l i q u i d  
would  have a maximum 1 . 2  s p e c i f i c   g r a v i t y .  

The mechanica l   requi rements  of t h e   d e g a s i f i c r   c a n   b e  
c a l c u l a t e d   f r o m   t h e   s p e c i f i c a t i o n s .  The i n t e r n a l   l i q u i d   a n d  
vapor   loadings  are r e q u i r e d  t o  e n s u r e   p r o p e r   t r a y   d e s i g n .  

The m e c h a n i c a l   d a t a   r e q u i r i n g   c a l c u l a t i o n   i n c l u d e   t h e  
fo l lowing:  
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a. 
5. 

d .  
e .  
f .  
9. 
h .  
i. 

C .  

j. 
A .  
1, 

1. 

W ~ 1 1  a n d   t r a y   t h i c k n e s s e s  
Tower c a p  
Manholes 
T r a y   s u p p c r t   r i n g s  
Down c ome r 
Vapor i n l e t s   a n d   o u t l e t s  
L i q u i d   i n l e t s   a n d   o u t l e t  
Holddown 
Nuts  and bol t s  
Number of t r a y s  
Vapor d i f fus ion   me thod  
Corros ion   a l lowance  

The e n g i n e c r i n g   c a l c u l a t i o n s   r e l a t i n g   t o   t h e   d e g a s i f i c r  a t  
Bl..;eside Company arc shcwn i n   t h e   A p p e n d i x .  The c u r r e n t   s u l f i d e  
r e c l a x a t i o n  was s c a l e d  up t o  a f u l l   p r o d u c t i o n   u n i t  by Cazp, 
Dresser, McKee, Inc . ,   o f   Bos ton ,   Massachuse t t s .  

Zegas i fy ing  or  s t r i p p i n c ;  i s  t h e  release of  a gas   f rom a 
s c l c t i o n  by c o n t a c t i x g   t h e   l i q u i d   w i t h   a n   i n e r t  gas. I n  
s u l f i d e   r e c l a m a t i o n ,   a c i d i f i c a t i o n   t o  5 . 0  - 5.5  pH lcwers t h e  
s z l u b i l i t y   o f   t h e   h y d r c g e n - s u l f i d e   i n   t h e  waste;$ater c a u s i n g  i t s  
relcasc f rom  so lu t ior , .  A i r  serves as t h e   i n e r t  gas t o   s t r i p   t h e  
gas  and move it t o   t h e   a b s o r b e r .  

Gas a b s o r p t i o n  i s  t h e   o p p o s i t e   o f   s t r i p p i n g ;  i . e . ,  i n  
a b s c r p t i o n ,   t h e   g a s  i s  caused t o  d i s s o l v e   i n t o  a l i q u i d   o r  
r eac t  w i t h   t h e   l i q u i d .  

The l i m i t i n g  amount of a gas d i s s o l v i n g   i n  a l i q u i d  
a t  a g iven   t empera tu re   and   p re s su re  i s  termed i t s  s o l u b i l i t y .  
The methcd of d e t e r m i n i n g   t h e  l i n i t  i s  t o   e x p o s e   t h e   l i q u i d !  t o  
t h e   g a s   f o r  a s u f f i c i e n t   l e n g t h  of time so t h a t   n c  more g a s  
d i s s o l v e s  a t  t h e   g i v e n   t e m p e r a t u r e  cr p r e s s u r e .   I n   o r d e r  t o  
make t h e  time as s h o r t  as p o s s i b l e ,   v i g o r o u s   m i x i n g   o f   t h e  
s o l u t i o n  i s  n e c e s s a r y  as w e l l  as a r e l a t i v e l y   l a r g e  area o f  
con tac t   be tween   t he  gas a n d   t h e   l i q u i d .  

I n   t h e   s a l u t i o n   o f l o r   t h e   r e a c t i o n  of a g a s   w i t h  a l i q u i d ,  
t h e  p r i n c i p l e  of c o u n t e r c u r r e n t   f l o w  i s  used. The 93s i s  passed  
f i r s t   t h r o u g h   t h e   a l m o s t   s a t u r a t e d   s o l u t i o n   a n d   c o n s e c u t i v e l y  
through less and less s a t u r a t e d   s o l u t i o n   a n d   f i n a l l y   t h r o u g h   t h e  
pu re  l i q u i d .  The g a s  i s  commonly i n t r z d u c e d  a t  the   bo t tom of 
t h e  tower, i n t o   t h e   t o p  of w h i c h   t h e   l i q u i d  i s  f e d .  

The tower may b e   p a c k e d   w i t h   i n e r t   d i s p e r s i o n   p l a s t i c   r i n g s  
i n   r a n d o n   f a s h i o n  or c o n t a i n   b u b b l i n g   p l a t e s   t o   f u r n i s h   t h e  
d e s i r e d   s u r f a c c   o f   c o n t a c t   a n d   t h e   n e c e s s a r y   m i x i n g .  

A heat   change  a lways  accompanies   solut ion of a g a s   i n  a 
l i q u i d .  
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The p r o c e s s   o f   s e l e c t i v e   g a s   a b s o r p t i o n  i s  t y p i f i e d  by t h e  
s u l f i d e   r e c l a m a t i o n   s y s t e m .  The a b s o r p t i o n   o f   h y d r o g e n   s u l f i d e  
from a h y d r o g e n   s u l f i d e / a i r   m i x t u r e   o c c u r s   i n   t h e   a b s o r p t i o n  
tower   us ing  a sodiurn  hydroxidz  solut ion.  The a i r  i s  t h e   i n e r t  
gas   and   f lows   th rough  the  tower w i t h o u t   r e a c t i o n .  

The absorp t ion   tower   mus t  be t a l l  enough so t h a t   t h e r e  i s  
s u f f i c i e n t   c o n t a c t  time be tween  the  gas a n d   t h e   l i q u i d   a n d  
l a r g e   e n c u g h   i n   c r o s s   s e c t i o n a l  area so t h a t   t h e   r e q u i r e d  
vclume of f lcw  can  be accormodated. I f  too much l i q u i d  i s  r u n  
doxn for  t h e  s i z e  o f   t h e   t o w e r ,   t h e n  t h e  upward  f low  of  gas 
w i l l  h o l d  up t h z   l i q u i d ,   c a u s i n g   t h e   t o w e r   t o   f l o o d .  

The  amount  of  gas t h a t  a l i q u i d   c a n   d i s s o l v e  a t  a g i v e n  
t empera tu re  i s  determined  by  Henry 's  Law, which states t h a t  the 
p a r t i a l   p r e s s u r e   s f  a g a s   i n   e q u i l i b r i u m   w i t h  a s o l u t i s n  i s  
e q u a l   t o  a c o n s t a n t  times i t s  c o n c e n t r a t i o n   i n   t h e   s o l u t i o n  sr 

Tha c o n c e n t r a t i o n   o f   t h e   h y d r o g e n   s u l f i d e   i n  t h e  f l u e  
emis s ion   f rom  the   abso rp t ion  tswer must be less t h a n  t h e  concen- 
t r a t i c n   i n  the sodim-  hydroxidc. The d i f f e r e n c e   b e t w e e n   t h e  
a c t u a l   c o n c z n t r a t i o n   a n d   t h e   e q u i l i b r i x n   c o n c e n t r a t i o n  i s  
n e c e s s a r y   i n   o r d e r   t h a t   t h e r e   b e  a d r i v i c g   f s r c e   t o   c a u s e  
a b s o r p t i o n  t o  t a k e   p l a c e .  

For e a c h   t y p e  of a b s o r p t i o n  tower and se t  o f   o p e r a t i n g  
c o n d i t i o n s ,   t h e r e  i s  a s p e c i f i c   a b s o r p t i o n   c o e f f i c i e n t .   T h i s  
c o e f f i c i e n t ,  I(, depends   on   the   type   and   composi t icn  of t h e   g a s  
a n d   s o l u t i o n   i n v o l v e d ,   t h e   t y p e   o f   p a c k i n g ,   t h e   t e m p e r a t u r e ,  
a n d   t h e   g a s   a n d   l i q u i d   f l o w  rates.  The c o e f f i c i e n t  i s  d e f i n e d  
as t h e  amount  of material a b s o r b e d   p e r   u n i t  time, p e r   u n i t  
c c n t a c t  area, p e r   u n i t   o f   d r i v i n g   f o r c e .  The area o f   c o n t a c t  
th rough  which   thc   gas  i s  be ing   abso rbed   canno t  be measur?d; 
t h e r e f o r e ,   t h e  unknown area i s  i n c l u d e d   w i t h   t h e   c o e f f i c i e n t ,  K ,  
and   de te rmincd   exper imenta l ly  as c o e f f i c i e n t  times t h e  area, K a .  
A f t e r   t h e  amount of material a b s o r b e d   p e r   u n i t  time i s  Zetermined 
f o r   t h e   w h o l e  tower by d i r ec t   measu remen t ,  it is  d i v i d e d  by t h e  
tcwer v o l u m e ,   a n d   b y   t h e   d r i v i n g   f o r c e   g i v i n g   t h e   f i n a l   f o r m  

K a  = Material Absorbed (lbs) 
T i m e  ( h r )  x Tower  volume  (cu f t )  X A x 

where A x is  t h e   d r i v i n g   f o r c e .  The A x d r i v i n g   f o r c e  i s  t h e  
d i f f e r e n c e   b e t w e e n   t h e   a c t u a l   c o n c e n t r a t i o n   o f   t h e   l i q u i d   a n d  
t h a t   w h i c h  it wculd  have i f  i t  were i n   e q u i l i b r i u n   w i t h   t h e   q a s .  
S i n c e  A x ma:? v a r y   t h r o u g h o u t   t h e   t o w e r ,  3n ave rage  may be  used.  
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F o r   a n y   g i v r n   i n s t a l l a t i o n ,   t h e   a b s c r p t i o n   c o c f f i c i c n t  
depcnds   on   t he   l i qu id  f l o x  r a t e ,  t h e   g a s   f l o w  r a t e ,  the  temper-  
a t u r e   a n d   c o n c e n t r a t i o n   o f   t h e   l i q u i d  2nd gas .   Because   t he  
open   c ros s - sec t iona l  area of   the  packed  tower i s  n o t  kncwn, t h e  
gas   and   l iqu ic?  rates are u s u a l l ; y   g i v e n   i n   s u p e r f i c i a l   v e l o c i t i e s .  
T h i s   v e l o c i t y  is  d e f i n e d  as t h e   v e l o c i t y   t h e   l i q u i d   w o u l d   h a v e   i f  
i t  were f l o w i n g   t h r o u g h   a n d   c c m p l e t e l y   f i l l i n g   t h e   t o w e r  wher, 
empty of packing .  (15 ,  17) 

When t h e   g a s   b e i n g   a b s o r b e d  i s  v e r y   s o l u b l e  or reacts 
c o m p l e t e l y ,   t h e   l i q u i d  ra te  is  n o t   i m p c r t a n t   a n d   t h e   c o e f f i c i e n t  
i s  a f f e c t e d   m o s t   b y   t h e   g a s  ra te .  

Absorp t ion   need   no t  be p e r f o r m e d   i n  a packed  tower.  I t  
may b e   d o n e   i n  a b u b b l e   c a p   t o w e r   o r   i n  a tank   where   the   gas  i s  
bubb led   t h rcugh  a l i q u i d .   I f  a t a n k  i s  used ,   good  d i spers ion  
o f   t h e   g a s   i n   t h e   l i q u i d  i s  necessa ry   and  may b e   c b t a i n c d  by 
v i c l e n t   a g i t a t i o n   o f   t h e   l i q u i d   w i t h  a stirrer or i n t r o d u c t i o n   o f  
t h e   g a s   i n t o   t h e   l i q u i d   t h r o u g h  a p o r o u s   p l a t e .  

One o f   t h e   f i r s t   s t e p s   i n   t h e   d e s i g r ,   o f  a d e g a s i f i e r   o r   a n  
a b s c r b e r  i s  t o  de te rmine  how many t h e o r e t i c a l  trays are r e q u i r e d  
t o   a c h i e v e   f u l l   l i b e r a t i o n  of t h e  H2S t o   t h e  a i r  f l c w   f c r   t h e  
d e g a s i f i e r   o r   f u l l   a b s o r p t i o n   o f   t h e  H 2 S  i n t o   t h e   s o d i u m  
h y d r o x i d e   f o r   t h e   a b s a r b z r .  On a t h e o r e t i c a l   t r a y ,   t h e   c o n c e n -  
t r a t i o n   o f   t h e  H2S i s  i n   e q u i l i b r i u m   w i t h   t h e  H2S d i s s o l v e d  
i n   t h e   l i q u i d ;   H e n r y ' s  Law, pa = H X a  

Where:  pa = p a r t i a l   p r e s s u r e   i n   t h e   a t m o s p h e r e   o f   t h e  
h y d r o g e n   s u l f i d e  

X a  = mole f r a c t i o n   o f   h y d r o g e n   s u l f i d e   i n   t h e  
l i q u i d  

H = Henry 's  Law c o n s t a n t  

P e r r y ' s   C h e x i c a l   E n g i n e e r i n g  Handbcok l ists  d a t a   f o r  32s i n  Hz0 
s o l u t i o r ,   e q u i l i b r i u m  a t  d i f f e r e n t   t e m p e r a t u r o s .  ( 1 0 ,  11) 
Henry ' s  Law c o n s t a n t   f o r  H2S & i n  3 2 0  a t  290C is  g i v e n  as  

H = 4'.-82 x 104: 

A l t h o u g h   t h e   d e g a s i f i e r   h a s  a chemical  phenomena  associated 
t h e r e w i t h ;  i . e . ,  

E f f l u e n t   S u l f i d e s  + H2SO4 - ) E f f l u e n t   S u l f a t e s  +H2S 

t h e   r e a c t i o n   k i n e t i c s   c a n  be assurned  instantaneous when 
ccmpared t o  t h e  time t o  a c h i e v e   v a p o r - l i q u i d   e q u i l i b r i u m .  

The f i f t h   d a t a   p o i n t  i n  Table No. 2 1  shows t h a t  2 . 2 1  pounds/minute 
of H28 were f e d   t o   t h e   d e g a s i f i e r  and 0.02 
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psunds/minute   f loxed t o  t h e  sewer i n   t h e   d e g a s i f i e l i   e f f l u c n t  
l e a v i n q  2 . 1 9  pcunds/minute  of H2S l i b e r a t e d  from the wastewater  
f o r  movement t o  t h e   a b s o r b e r .  A t  a mc lecu la r   we igh t  of 34, 
t h e  2 . 1 9  paunds   r ep resen t s  6 . 4 4  x moles/minute  cf H2S.  

A t  an a i r  f l cw  ra te  cf 320 cfm  havinq a s p e c i f i c  volume of 
13.5 c'c? f t / l b ,   t h e  a i r  ra te  i s  23.7  pcunds/mincte.   Considering 
an   average   molecular   weight   for  a i r  of   29 ,   the  a i r  provides   0 .817  
moles /n inute .  

The mole   f r ac t ion   o f  H2S and a i r  i s  7.33 x 10-2 and 0 . 9 2 7  
moles /minc te   r e spec t ive ly .   The re fo re ,   t he  t o t a l  moles/minute 
f o r   t h e   o v e r h e a d   g a s  i s  0.872  moles/minutr.  Allowing 2 F s i g  
f o r   p r e s s u r e  d r o p  th rough   t he   demis t e r   pad ,   p ip ing   and   absz rbe r ,  
t h e   i n t e r n a l   p r e s s u r e  a t  t h e   t o p   c f   t h e   d e g a s i f i e r  i s  1 .15  
a t m o s p h e r e   ( a k s o l u t e ) .   T h u s ,   t h e   p a r t i a l   p r e s s u r e   f o r   t h e  H2S 
i s  7.33 x x 1.15 a tmcspheres  or 

pa 5= 8.43 x atmospheres  

C a l c u l a t i n g   f c r   H e n r y ' s  Law: 

pa = H Xa 

X a  = pa/H 

Xa = 8.43 x 1OW2/4.82 x lo4 

Xa = 1 . 7 4  x 10-6  mole f r a c t i o n s   o f  H2S i n   t h e   l i q u i d  

DetermiKing   the   weight  of H2S r e m a i n i n g   i n   t h e   s c l u t i o n  on t h e  
t h e o r e t i c a l   t r a y   r e q u i r e s   t h e   c a l c u l a t i o n   o f   t h e   t o t a l  mcles on 
t h e   t r a y .  A t  240 gpm o f   i n f l u e n t   f l o w  a t  8 .5  l b s / g a l l o n ,   t h e  
t h e o r e t i c a l   t r a y   h o l d s   a b o u t   2 , 0 4 0  pounds/min of so lu t ion .  Using 
t h e   m c l e c u l a r   w e i g h t  of t h e   p r i n c i p a l   c o m p o n e n t ,  i . e . ,  water a t  
18  lbs/mole as a basis f o r   c a l c u l a t i o n ,   t h e r e  are 113.3 moles 
on t h e   t r a y .  For 113.3 m c l e d m i n  of water on the t r a y ,  there would 
be : 

113.3 moles/min x 1 .74  x 10" mole fractions of H2S 

1.98 x 10-4  mcles of  H2S i n   t h e   l i q u i d  

A t  a molecu la r   we igh t  of- 34 f o r  H2S, 1 .98 x 10-4 moles r e p r e s e n t s  
6.72 x 10-3 or 0.  00672  pounds/min of s u l f i d e  remaining i n  the  tray's  
s o l u t i o n .  

S i n c e   t h e   a c t u a l   d a t a  shows  0.02  poundsiminutc  of H2S i n  
t h e   d c g a s i f i e r   e f f l u e n t ,  EO f z r t h e r   t r a y   c a l c u l a t i o n s  are 
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necessa ry .  The d a t a  shows t h z t   o n e   t h e o r e t i c a l   e q u i l i b r i u m  
t r a y  is  r e q u i r e d  ir, t h z   d e g a s i f i e r .  

T o  d e s i g n   f o r   o n e   t h e o r e t i c a l   t r a y   w i t h   v i g s r o u s   a g i t a t i o n  
a n d   e x p e c t   e q u i l i b r i u m  t o  be achieved  momentar i ly  is i zconce iv -  
z b l e .  The d e s i g n   p h i l o s o p h y   p r o v i d e d   o n e   t r a y   f o r   a c i d i f i c a t i o n ,  
m i x i n g ,   a n d   d i s t r i b u t i o n ,   a n o t h e r   t r a y  a t  t h e   b o t t o m   f o r  2ir 
f l o w   d i s t r i b u t i o n ,  ar,d t x o  c e n t e r   t r a y s  of t h e  samc d e s i g n  a t  nn 
a s sumed   c f f i c i zncy  of 50% t o  do "the  work".  

The a b s o r b e r   u s e d   i n   t h e   p r e s e n t   s u l f i d e   r e c l a m s t i c n  
sys tem is  a commerc ia l ly   ava i l ab le   un i t .   However ,   t hc  saze 
c z l c u l a t i o n s   u s i n g   H e n r y ' s  Law may be a p p l i e d  t z  de t e rminc  
i t s  adequacy. Data r e l a t i n g  t o  the   l i qu id -vapor   sys t em  o f   t he  
absorber   would be used.  The c a l c u l a t i o n s   f o r  t h e  p r e s e n t  
a b s o r b e r   i n d i c a t e s  i t s  adeqzacy a t  d e s i g n   s p e c i f i c a t i o n s .   I f  
f l u e   c m i s s i c n  i s  t o  b e   e l i m i n a t e d  fo r  h i g h e r   s u l f i d e   i n p u t ,  
a d d i t i o n a l   a b s o r p t i o n   c a p a b i l i t y  i s  needed. 
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SECTION 8 

OPERATIONAL CHARACTERISTICS OF THE SULFIDE RECLAMATIO?J SYSTEX 

The s u l f i d e   r e c l a m a t i o n   s y s t e m  has t h e   f o l l o w i n g   p r o c e s s  
v a r i a b l e s   t h a t  rnus t   be   r ecogn ized   fo r   p rope r   ope ra t ion :  

a.  

5. 

d. 
e. 
f .  
g -  

h. 

C. 

1. 

j .  
k. 

S u l f i d e   c o n t e n t  of t h e   d e g a s i f i e r   i n f l u e n t   a n d  

T o t a l  wastewater voluze  tc  be p r o c e s s e d   d a i l y  
I n f l u e n t   f l o w  rate,  gpm 
A i r  f l o w  ra te ,  cfm 
Acid f low rate ,  m l / l  f o r   a c i d i f i c a t i o n  t o  5 .0  - 5.5 pH 
L i q u i d   l e v e l s   e x i s t i n g   w i t h i n   t h e   d e g a s i f i e r   t r a y s  
Overflow tower o u t l e t   s e t t i n g   f o r   c o n t r o l l i n g   l i q u i d  

Absorber   type   and   capac i ty  
C a u s t i c   s o d a   c o n c e n t r a t i o n  
C a u s t i c  soda r e c i r c u l a t i o n  rates t h r o u g h   t h e  absorber 
Basic knowledge   o f   su l f ide   chemis t ry   ( cove red   i n  t h e  

e f f l u e n t ,  mg/l 

l e v e l s  

a p p e n d i x   s e c t i o n   o f   t h i s   r e p o r t )  

S a f e t y  of o p e r a t i o n   i n   m a i n t a i n i n g  a mixture   of   hydrogen 
s u l f i d e   g a s   i n  a i r  below t h e  lower e x p l o s i v e  limit of 4 %  i s  a 
govern ing  factor  i n  t h e  o p e r a t i o n   o f   t h e   s u l f i d e   r e c l a m a t i o n  
system. 

The s u l f i d e   c o n t e n t   i n   t h e   c l a r i f i e d  wastewater rnust be 
known a n d   c h e c k e d   s e r i o d i c a l l y   p r i o r  t o  and   du r ing   ope ra t io r ,   o f  
t h e  system. The s u l f i d e   c o n t e n t   d e t e r m i n e s   t h e   i n f l u e n t  flow 
r a t e  t o  be msed i n   r e l a t i o n  t o  t h e  a i r  f low rate .  The i n f l u e n t  
flow rate  governs t h e  amomt o f   hydrc rgm  su l f ide   gas  t h a t  will 
b e   l i b e r a t e d  by a c i d i f i c a t i o n  t o  a 5.0 - 5 . 5  pH. 

The a i r  f low ra te  should   p rovide   the   amount  of d i l u t i o n  a i r  
t o  kee? t h e  c o n c e g t r a t i o n   o f   h y d r o g e n   s u l f i d e  gas below  the 
lower e x p l o s i o n  l i m i t  as i t  f lows  t o  t h e   a b s o r b e r .  The r e l a t i o n -  
s h i p  o€ t he  i n f l u e n t  flow r a t e  and a i r  f low rate  i s  t h a t  t h e  
i n f l u e n t  flows g o v e r n s   - t h e   s u l f i d e   i n p u t   i n t o   t h e   d e g a s i f i e r  
w h i l e   t h e   a i r  flow s e r v e s  t o  d i l u t e   t h e   h y d r o g e n   s u l f i d e   g a s  
t o  a s a f e   c o n c e n t r a t i o n   f o r  reclmatio2. 

The t c t a l  wastewater volune  t o  be p r o c e s s e d   d a i l y  
e s t a b l i s h e s  t he  s i z i n g   o f  t h e   s u l f i d e   r e c l a m a t i o n  equipment  and 
t h e   d e g a s i f i e r   f l o w  rste. A c i d i f i c a t i o n  t o  a 5.0 - 5.5 ?H is  a 

4 4  

c 



cn 
I- z 
W 
I- 
Z 
0 
0 
W 

LL 
J 
3 cn 
I- 
Z 
W 
3 
J 
LL 
Z 

n - 

- 

W 
(3 
Z 
U 
W > 
cn 
0 
J a 
X 
W 
LL 

a 

- 

0 
W 

cn 
I- 
3 
0 
cn 
W 
I- 

U 

n - 

a 

3 
0 
J 
LL 

U - a 

0 1  0 r l l  rl 0 .  

- 
: r -  

O l d  

r l ; o  
o i  . 

I 

i 

N 
w o c o c n r l w m ~  

I o w m m w c L n m  r l r l  

r; m r- r- w w ~ m  Ln 

. . . . . . . .  

. . . . . . .  

2 1 G i o  0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0  

r l c v m ~ l n w r - 0 3  

45 



f u r , c t i o n   c f   t h e   a c i d  pump s e t t i n g  and  running timc. 0 . 8  m l / l  
cf a c i d   p e r   l i t z r   o f   i n f l u c n t   f o r  cach 1.C pH s n i t  decrcas:: i s  
r e q u i r e d .  The wastewster a t  s l u e s i d e   C c m p x y   h a s  z n  averzqz- pH 
of  8 . 5  a n d   r e q u i r e s  2 . 7  ml/l <sf 6 6 0  Bsume s u l f u r i c  zcid t o   l o w e r  
to 5 . 0  - 5.5 pH. 

The s u l f i d e   c o n t e n t   i n   t h e   i n f l u c n t ,   t h e   i n f l u e n t   f l o w  
r a t e ,  t h e  a i r  f l o w   d i l u t i o n  rates a n d   t h e   c o n c e n t r a t i o n   c f  
h;ldrcger, sulfic7,e iT! a i r  e n r o u t e  t o  t h c   a b s o r b e r  i s  shown i n  
Table  N o .  6 .  Th i s  t ab le  d e f i n e s   s u l f i d e   r e c l a m a t i o n   r a n g e s  
of  low t o   h i g h   s u l f i d e   b e a r i n g  wastewater w i t h i c   v a r y i p g   i r , f l l J e n t  
f l sw  a r ,d /c r   the  a i r  f l o w   f o r   c o n t r o l l i n g   t h e   p e r c e n t   h y d r o g e n  
s u l f i d e   i n  a i r  tc? a pc in t   be low  t . he   l ower   exp lc s ive  l i m i t .  

The d e s i g n   s p e c i f i c a t i o n s   f o r   t h e   s u l f i d e   r e c l a m a t i o z  
system s e t  700  c f n   o f   z i r  flow w i t h  a zaximun  su l f ide   cap t i - re  
of 700 mq/l f r o m   d e g a s i f i e r   i r , f l l l e n t   f l o w  of 230 gpz o r  less. 
The pour.ds c f  sl -?l f i .de   Fer   minute   for  3. d e q a s i f i e r   i z f l l ? e n t   o f  
230 3pm c a l c u l a t e s  t o  1 . 3 4  pounds, or 1 . 4 2  pounds of hyc?rogen 
s u l f i d e   g a s  when t h e   e f f l l l e n t  i s  a c i d i f i e d   t o  5,O - 5.5 pH. 
Ah a i r   f l o w   o f  700 cfm a t  13.5  ctlbic: f e e t  per   psund  of  a i r  
c a l c u l a t e s   t o   5 1 . 8 5  pounc?s per   minute   o f  a i r .  The p e r c c n t   c f  
HzS i n  a i r  f lowizg  te  the  absorber   each  mir ,ute   equ-als  : 

1 . 4 2  lbs/H2S x 1 0 0  
(51 .85  lbs  of a i r  + 1 . 4 2  l b s  H2S) = 2 . 6 7 %  HpS 

The p e r c e n t   c o n c e n t r a t i o n   o f   h y d r o g e n   s u l f i d e   i n   t h e   a i r   f l o w  
i s  well be low  the   lower   explos ive  l j - m i t .  Table  N o .  6 shows 
t h l t  a h i g h   s u l f i d e   b e a r i n g   i n f l u e n t  ha.ving 1 , 6 0 0  mg/l can be 
p rocessed   t h rou r jh   t he   s t l l f i de   r ec l amz t ion   sys t em a t  1 0 0  gpp. 
of i n f l u e n t   f l o w   a n d  an a i r  f!.ow of 700 t o  800  c f n   o f   d . i l u t i r ; g  
a i r  a l l o w i n g   f o r   p r o p e r   r e c l a m a t i o n   b e l o w  t h e  lower e x r l o s i v e  
l i m i t ,  

Lower s u l f i d e  c o n t e n t  i n  t h e   i n f l u e n t  will a l l o w   t h e  a i r  
f low r a t e  t o  be reducei?. A lower a i r  f l .ow would illcrease t h e  
c o n t a c t  t i m e  i n   t h e   a b s o r b e r .  The effective a b s c r b i n g   z o n e   i n  
t h e   p r e s e n t   a b s o r b e r  i s  1 1 . 2  cubic f e e t .  The c a l c u l a t e d   c o n t a c t  
time f o r   t h e   v a r i o u s  a i r  f low rates is showx: i n  TabCe N r .  7 .  
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TABLE F!o. ? 

ABSOFSER CONTACT TIPIE AS RELATED TO A I R  FLOW RTTES 

A i r  Flow, 
cfm 

1 0 0  
200  
3QO 
4 0 0  
500 
6 0 0  
700 
800 
900 

1, O O Q  

Contac t  T h e ,  
Seconds 

6.?2 
3 . 3 6  
2 . 2 4  
1 .68  
1.34 
1.12 
0 . 9 6  
0.84 
0.75 
0 . 6 7  

The a b s o r b e r   i n   t h e   p r e s e n t   s y s t e m  w a s  b u i l t  by t h e  H e i l  
Process   Equipment   Corporat ion  and i s  l i s t e d  as t h e i r  Model 7 3 1 . 5 .  
The h l g h   s u l f i d e   r e c l a m a t i o n   o f   t h i s   u n i t  i s  made p o s s i b l e  by 
i t s  des ign .  The a i r  h y d r o g e n   s u l f i d e  stream e n t e r s   t h e   a b s o r b e r  
near the   bo t tom  and  i s  con tac t ed   by  a c a u s t i c   s o d a   s o l u t i o r .  
d r a i n i n g   f r o m   t h e   p a c k i n g   w i t h i n  the a b s o r b e r .  The a i r  tl?en 
e n t e r s   t h e   p a c k i n g  ar,d rises c o u n t e r c u r r e n t  t o  t h e   f l o w  of t h e  
c a u s t i c   s o ~ a   s c l u t i o n .  The r o u t e   t h r o u q h   t h e   p a c k i n g   i n c r e a s e s  
t h e   c o n t a c t   b e t w e e n   t h e  a i r  s t r e B m  slid t h e   c a u s t i c  soda. f o r  
maximum abso rp t ion   n f   t he   hydrcgen   su l f ide .  The a i r  stream i s  
g iven  a f i n a l   c a u s t i c   s o d a  wash as it passes   th rov-gh   the   sprays  
used f o r   d i s t r i b u t i n g   t h e   c a u s t i c  sc?da s o l n t i o n   o v e r   t h e   p a c k i n g .  

The c l e a n  a i r  pas ses   t h rough  a mist e l i m i n a t o r   b e f o r e  leav- 
ing   t he   abso rbe r   wh ich  renoves 99% of t h e   e n t r a i n e d   m o i s t u r e .  
The a b s o r b e r   h a s   t h e   c a p s b i l i t y  t o  remove 99% of   the   hydrogen  
s u l f i d e   p r o v i d i n g   t h e  a i r  f low is no greater than  700 cfm  and 
t h e   r e c i r c u l a t i o n   o f   t h e   c a u s t i c   s o d a   s o l u t i o n  i s  20 gpm a t  2 0  
p s i   w i t h  a minimnun of  1 0 . 0  pH. The a b s o r b e r   h a s  a maximum a i r  
f low ra te  of  9 0 0  cfm. 

The a i r  b l o w e r   i n s t a l l e d   i n   t h e   s u l f i d e   r e c l a m a t i o n  
system  can deliver 1 , 0 0 0  cfm  of a i r .  However, f u l l   u s e  w i l l  
create a n   i m b a l a n c e   i n   t h e   t o t a l   s y s t e m .  A variable  d r i v e   t y p e  
of  a i r  blower having  a maximiim a i r  o u t p u t  of 800 cfm  would  be 
p r e f e r r e d  when d e g a s i f i e r   i n f l u e n t   a n d   t h e  a i r  f low d i l u t i o n  
are c o n s i d e r e d .   P r o p e r   a n d   c o n t i n u o u s   o p e r a t i o n   o f   t h e   s y s t e m  
r e q u i r e s   t h e  a i r  f low t G  b e   r e a s o n a b l y   u n r e s t r i c t e d   i n  i t s  flow 
t h r o u g h   t h e   d e g a s i f i e r  t o  t h e   a b s o r b e r .  The a i r  f lows   f rom  the  
a i r  blower  through a s i x   i n c h   d i a m e t e r   p i p e   t o   t h e  a i r  plenum 
a t  t h e   b o t t o m   o f   t h e   d e g a s i f i e r .  The a i r  flows  thrGugh 80 
a i r  d i f f u s e r s   i n   e a c h  of t h e   f o u r   t r a y s   i n   t h e   d e g a s i f i e r .  Each 
d i f f u s e r   h a s  1 2  o r i f i c e   o p e n i n g s   f o r  a i r  passage .  The t o t a l   a r e a  
o f   t h e   o r i f i c e   o p e n i n g s   i n   t h e  80 d i f f u s e r s  on a t r a y  i s  e q u a l  
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t o  t h e   c r o s s - s e c t i o n a l  area o f   t h e  s i x  inch   d i a i i i e t e r   a i r   i l l puk .  
The o r i f i c e   o p e n i n y s  in t h e   d i f f u s e r s  w i l l  b e g i n   t o   g e t  
c lGgged   w i th   so l id s   f rom  the   i nz luen t   and  a b a c k - p r e s s u r e   c r e a t e d .  
A s  more o r i f i c e   o p e n i n g s   p l u g   u p ,   t h e   p r e s s u r e   b u i l d s   t o  1 2  p s i g  
s i g n a l l i n g   t h e   n e e d   f o r   a n   i n t e r n a l   c l e a n i n g  of t h e   d e g a s i f i e r .  
The section of d i f f u s e r s   w i t h   l o l i g e r   s e r v i c e   l i f e   h a s  n o t  been 
achieved .  

Th? o p e r a t i n g   s t e p   f o r   s t a r t i n g   t h e   s u l f i d e   r e c l a m a t i o n  
sys t em  bey ins   w i th   t he  pumping sf t h e   c l a r i f i e d   e f f l u e n t   t o  
f i l l   t h e   d e g a s i f i s r .  The d e g a s i f i e r  a t  s ta r t  up w i l l  h&ve 46 
i n c h e s  of e f f l u e n t   s h o w i n g   i n   t h e   b o t t o m   t r a y ' s   s i g h t   g l a s s .  
Dur ing   con t inuous   ope ra t ion ,   t he   c l a r i f i e r   l eve l   change   pe r   u i l i t  
t i m e  i s  u s e d   t o   d e t e r m i n e  f low ra te .  

The a i r  i s  provided  a t  a c o n s t a n t  rate and is l i m i t e d   b y  
t h e   s i z e   o f  khe a i r   b l o w e r ,   t h e   s p e e d   a n d   t h e   p r e s s u r e   u n d e r  
which it o p e r a t e s .  When t h e   i n f l u e n t   f l o w   a n d  a i r  ra tes  a r e  
c o n s t a n t ,   t h e   d e g a s i f i e r  w i l l  s t a b i l i z e   w i t h   l e v e l s  a t  each  
t r a y   i n   a c c o r d a n c e   w i t h   t h e   p r e s s u r e   i n   e a c h   t r a y .   T a b l e  N o .  8 
c o m p a r e s   t h e   t h e o r e t i c a l   c o n d i t i o n s   o f   o p e r a t i o n s  as well a s   t h e  
a c t - d a l   c o n d i t i o n s   e x i s t i n g   d u r i n g   s y s t e m   o p e r a t i o n .  The 
t h e o r e t i c a l   p r e s s u r e   d r o p   f r o m   t h e   b o t t o n   t r a y  t o  t h e  top  w a s  
c a l c u l a t e d   t o   b e  1 . 8  p s i g   p e r   t r a y .  12 a c t u a l   o p e r a t i o i l ,   t h e  
p r e s s u r e   d r o p   f o r   t h e  bottcrm t r a y  was 2 . 5 ,   f o r   t h e   s e c o n d   t r a y ,  
it was 1 . 5 ,   f o r   t h e   t h i r d   t r a y ,  i t  was 1 .5 ,   and   t he   p re s su re  
d r o p   i n   t h e   t o p  t r a y  was 2 . 5  p s i g  or an   average   o f  2 p s i g   p e r  
t r a y .  The d e s i g n   p r e s s u r e   d r o p   p e r   t r a y  i s  e s s e n t i a l l y   a c c u r a t e .  
k t  t h e  time Lhese  measurements were made, t h e   a i r   f l o w  ra te  was 
1,C80 cfm,  and  three a i r  d i f f u s e r s  were s t i l l  l o c a t e d   b e l o w   t h e  
downcomer i n   e a c h   t r a y .  

The l i q u i d   l e v e l s  as shown  by t h e   s i g h t   g l a s s   r e a d i n g s   f o r  
e a c h   t r a y   i n d i c a t e  a v a r i a t i o n   i n   t h e  downward f low of t h e  
i n f l u e n t .   F l o o d i n g  i s  o c c u r r i n g   w i t h   t h e   t o p   t r a y   h o l d i n g  46 
i n c h e s   o f   l i q u i d   ( a f t e r  60 m i n u t e s   o f   o p e r d t i o n )   t h e   t h i r d  
l e v e l  4 9  i n c h e s ,   t h e   s e c o n d   l e v e l  43.5 inches  and  the  bot tom 
l e v e l  a t  39 i n c h e s .  The h e i g h t  of t h e  downcomer i n  each t r a y  
i s  39 i n c h e s .  

The l o w e r   t r a y   r e f l e c t e d  a condi t ion   where  some a i r   f l o w  
was p a s s i n g   i n t o   t h e  doxncomer  and  flvwiilg i n   p a r t   t h r o u g h   t h e  
over f low tower. The m a j o r i t y   o f   t h e  a i r  f low is  c o u n t e r c u r r e n t  
t o   t h e  downward ?low of  khe e f f l u e n t .  

The t ' o t a l  of t h e   s i g h t   g l a s s   r e a d i n g s  i s  178 .5  i n c h e s .  The 
p r e s s u r e   r e a d i n g   o f   t h e   a i r   b l o w e r  was 7.5 p s i g  and co r re sponds  
t o  2 0 7  i n c h e s  of waker   p re s su re   fo r   t he   ove r f low tower s e t t i n g .  
Tile a c t u a l   o v e r f l o w  tower s e t t i n g  was 1 9 8  i n c h e s .  The 
d i f f e r e n c e   b e t w e e n   t h e   t h e o r e t i c a l   a n d   t h e  act-aal i s  w i t h i n   t h e  
c a l i b r a t i o n   o f   t h e   p r e s s u r e   g a u g e s .   Z o w e v e r ,   s i n c e   f l o o d i n g  %as 
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o c z u r r i n q ,   t h e   o v e r f l o w   t o w e r   s e t k i n g   s h o u l d   h a v e   b e e n   i n c r e a s e d  
to cGmpensate. 

The le9els o f   s o l u t i o n   i n   t h e   d e c j a s i f i s r  are c o n t r o l l e d   b y  
the   ove r f low tower o u t l e t   p i p e   s e t t i n g .   I n   t h e  overflow tower, 
t h e   o u t l e i   p i p e  i s  s l e e v e d   i n t o  a s t a n d   p i p e   a l l o w i n y  i t  t o  be  
raised cr l o w e r e d .   T h i s   a d j u s t m m t   c a p a b i l i t y   p e r m i t s   t h e  
d e g a s i f i e r  t o  be  operaked a t  v a r y i n g   p r e s s u r e s .  

For t h e   s t a d i e s  ii-1 t h i s   r e p o r t ,   t h e  level  w a s  e s t a b l i s h e d  
a t  a s teady   f lcw  and   remained   cons tan t .  When t h e   d i f f u s e r s   i n  
t h e   d e y a s i f i e r  are c l e a n ,   t h e   h e i g h t   o f   t h e   o v e r f l o w  tower 
o u t l e t  i s  set  f o r   a n   o p e r a t i n g   p r e s s u r e  of 7 ps ig   wh ich   conve r t s  
t o  193 .7   inches  of h e i g h t   o r ,  2 7 . 6 7  i nches   o f  water p e r   p s i g .  
When c l o g g i n g   o c c u r s   t h i s   h e i g h t  i s  reset  t o  a maximum of  1 2  
p s i g .  

The l i q u i d   e f f l u e n t   f r o m   t h e   d e g a s i f i e r   f l o w s   d i r e c t l y  t o  
t h e   c i t y  sewer s y s t e m .   I n i t i a l l y   p r o v i s i o n  w a s  made f o r  
c h l o 2 i n a t i o n   o f  unremoved sulEide.  Hydrogen  peiroxide i s  a l so  
s u i t a b l e   f o r   t h e  trace s u l f i d e  removal. P r e s e n t  costs i n d i c a t e  
that   oxidat ioi .1   using  hydrogen  peroxide i s  nore  economical   on a 
s t a n d b y   b a s i s .  Under no rma l   ope ra t ion  a t  a 5.0 - 5.5 pH, data 
shows t h a t   t h e   s u l f i d e   r e m a i n i n g  i s  e s s e n t i a l l y  z e r o .  The  need 
f o r   s x i d a t i o n  i s ,  t h e r e f o r e ,  l imited a n d   t h e  cost f o r   o x i d a t i o n  
i s  n e g l i g i b l e   u n d e r   p r o p e r   o p e r a t i o n .  Under u p s e t   o p e r a t i o n ,  
t h e   q c a n k i t y   o f   o x i d i z i n g   a g e n t   n e e d e d   i n c r e a s e s   v e r y   s i g n i f i -  
c a n t l y .   T h i s  w i l i  b e   d i s c u s s e d  l a t e r  i n  a s e p a r a t e   a n a l y s i s   o f  
t o t a l   c o s t s .  

The s u l f i d e   b e a r i n g   i n f l u e n t   e n t e r i n g   t h e   d e y a s i f i e r  i s  
a c i d i f i e d   w i - t h   s u l f i l r i c   a c i d .  The s u l f u r i c   a c i d  i s  f e d  a @  a 
c o n s t a n t  r a t e  by pump under   manual   operat ion.  The o p e r a t o r  
measures   the pH of t h e   e f f l u e n t  and a d j u s t s   t h e  pumping ra te  of  
t h e  ac id .  From t h e  pH o f   t h e   i i i f l u e n t ,   t h e   o p e r a t o r   c a n  make 
d e s i r e d   s e t t i n g   o n   t h e   a c i d   p u i p  as shown i n  Table No. 9 .  The 
a c i d   e n t e r s   t h e   t o p   o f   t h e   d e g a s i f i e r   a n d  mixes w i t h   t h e  
i n c o m i n g   s u l f i d e   b e a r i n g  wastes w i t h i n   t h e   l i q u i d   z o n e .   C o m p l e t e  
mixing i s  o b t a i n e d  by t h e   t u r b u l e n c e   i n   t h e   s o l u t i o n   c a u s e d  by 
t h s   b u b b l e s  of a i r .  The s z l f i d e  i s  conve r t ed  t o  h y d r o g e n   s u l f i d e  
i n  a c c o r d a n c e   w i t h   t h e   e q u a t i o n :  

E f f l u e n t   S u l f i d e s  -k H2SO4 3 E f f l u e n t   S u l f a t e s  4. H2S T 

The i o n i z a t i o n   o f   h y d r o g e n   s u l f i d e  a t  pH 5.5 i s  less t h a n  
5% a s s u r i n g  95% of t h e   h y d r o g e n   s u l f i d e  as t h e   m o l e c u l e   r a t h e r  
t h a n   t h e   i o n .  The  hydrogen s u l f i d e   t h e n   m i x e s   w i t h   t h e  a i r  
sti-earn and i s  c a r r i e d  t o  t h e   a b s o r b e r .  The d e g a s i f i e i -   h a s   f o u r  
t r a y s .   A c i d i f i c a t i o n   t a k e s   p l a c e   o n   t h e   t o p   t r a y .  Two c e n t r a l  
t r a y s   p r o v i d e   f u r t h e r   d i f f u s i o r l  of t h e  112s. The b o t t o m   t r a y  i s  
used as a d i s - e n g a g i n g   z o n e   f o r   t h e   l i q u i d   a n d  a i r  stream. 

51  



9 

a 

7 

6 

z 
" 5  c 
4 
PC 
c 
Ly 
z 
V z 
s4 
x 

3 

2 

1 

I 

+ H2S - 2NaSH 

X-N aOH 

I c 
\ 

'\ 
-\ 

NaOH + H2S - NaSH + H20 
& 

A 
I 
I 
I 

=I 

"I 
-I 

I 
L 
I 
I 
I 
I 
I 

rr) 

I 
I 
I 
A 

Figure  8. Absorber   su l f ide   cap ture   p rogress ion .  

52 



The d e g a s i f i e r   i l i f   l u e n t  flGws  dowaward  throizgh i h e  
d e g a s i f i e r ,   c o u n t e r c u r r e n t   t o   t h e  a i r .  The f o u r   t r a y   d e g a s i f i e r  
tower   assures  a good  removal of t h e   h y d r o g e n   s u l f i d e .  A d e m i s t e r  
above   t he   t op   L ray   p reven t s   t he   ca r ry   ove r   o f  acid wastes Lo t h e  
a b s o r b e r .  

The a b s o r b e r ,  as p r e v i c u s l y   d e s c r i b e d ,   h a s   c a u s t i c   s o d a  
s o l u t i o n   r e c i r c u l a t i n g   f r o m  a b a t c h   t a n k   t h r o u g h   t h e   a b s o r b e r .  
The h y d r o g e n   s u l f i d e  i s  a b s o r b e d   b y   t h e   c a u s t i c   s o d a   i n  ac- 
co rdance   w i th  Lhe fo l lowing   equa t ions   wh ich   occu r   s imu l t aneous ly  
i n   t h e   p r e s e n c e  of e x c e s s   c a u s t i c   s o d a :  

€ISH i N a 3 H  3 NaSH + H20 

and 
Excess  

NaSH + NaOH "3 Na2S 9 2 H20 

When i h e   c a u s t i c   s o d a   s o l u k i o n  i s  dep le t ed   hav ing   abso rbed  
hydro.gen s u l f i d e  t o  w h e r e   t h e   e f f i c i e n c y   a f   t h e   a b s o r p t i o n  
p r o c e s s  i s  d e c r e a s e d ,  a d i s c h a r g e  of h y d r o g e n   s u l f i d e  w i l l  occu r  
f r s m   t h e   a b s o r b e r   f l a e .   C o n t r o l   a n a l y s e s  were coi lduc ted   dur ing  
sys t em  ope ra t ion  on t h e  caus.i;ic r e c i r c u l a t i o n   t a n k  a t  r e g u l a r  
i n t e r v a l s .  When t h e   a n a l y s i s   i n d i c a t e s  2 %  r e s i d u a l   c a u s t i c  
soda ,  a change i s  made t o  t h e  otner b a t c h   t a n k   c o n t a i n i n g   f r e s h  
c a u s t i c   s o d a .  The s a t u r a t e d   t a n k  i s  a n a l y z e d   f o r   s o d i u m   s u l f i d e  
conten t   and  i s  s e n t   t o   s t o r a g e   f o r   t a n n e r y   r e c y c l e .  

I f   t h e   t a n k  a t  2 %  c a u s t i c   s o d a   r e s i d u a l  was a l l o w e d   t o  
recircdlate t n r o u g h   t h e   a b s o r b e r   f o r  a p ro longed   pe r iod   o f  time 
i n   t h e   p r e s e n c e   o f   e x c e s s   h y d r o g e n   s u l f i d e  (as i n d i c a t e d  Ly H2S 
e m i t t i n g   t h r o u g h   t h e   a b s o r b e r   f l u e )   t h e   r e a c t i o n   w o u l d   p r o c e e d  as 
f o i l o w s   i n   t h e   a b s e n c e  of c a u s t i c   s o d a ,   r e s u l t i n g   i n   t h e  
fo rma t ion  of sodium s u l f h y d r a t e :  

Na2S + IiSH 3 2 N a S H  

Table  No. io shows t h e   p r o g r e s s i v e   c h a n g e   i n   c h e m i c a l   c o m p o s i t i o n  
o f   t h e   c a u s t i c  soda i n   t h e   t a n k  as i t  i s  c i r c u l a t e d   t h r o u g h   t h e  
absorber. The data i s  a l s o   p r e s e n t e d   i n   F i y u r e  N o .  8 .  

F i g u r e  KO. 8 i l i u s t r a t e s   t h e   f o r m a t i o n   o f   s o d i u m   s u l f i d e  
p r o c e e d i n g   g r a d u a l l y   u n t i l   a p p r o x i m a t e l y  2 %  c a u s t i c   s o d a   r e m a i n s .  
From t h i s   p o i n t  on, hydrogen   su i f ide   r ead i ly   consumes   t he  
r e s i d u a l   c a u s t i c   s o d a   a n d   p r o c e e d s  t o  react wi th   t he   sod ium 
s u l f i d e  t o  form  sodium  su l€hydra te .   This   reac t ion   of  
s u l f h y d r a t e   f o r m a t i o n   r e q u i r e s   a n  excess of h y d r o g e n   s u i f i d e  t o  
e x i s t .   T h i s  i s  n o t  a d e s i r a b l e  mode o f   o p e r a t i c n  as hydrogen 
s u l f i d e  i s  d i s c h a r g e d  frc;m t h e   a b s o r b e r   f l u e .  The f l u e   e m i s s i o n  
becomes e x c e s s i v e   a f t e r   a p p r o x i m a t e l y   t w o   h o u r s   o f   s u l f i d e  
r e c l a m a t i o n   f o r   e a c h   f r e s h   t a n k   c f   c a u s t i c .   T a n k s   o f   c i r c u l a t i n g  
c a u s t i c  are r o u t i n e l y   s w i t c h e d   e a c h  two h o u r s   o f   o p e r a t i o n  
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TABLE NO. 1 3  

ANALYSIS G F  CAUSTIC SODA SOLUTION TANK 

AS SULFIDE ABSORPTION  PROCEEDS 
" 

COMPONENT ANALYSIS,  P e r c e n t  
__. .- ." 

" Elapsed  T i m e  Na2S XaHS NaOH 
0 mins.  2.35 - "" 6 . 2  

15  mins. 
30 mins. 
55 mins.  
75 mins. 

1 0 5  Inins. 
135 mins. 
150 mins. 

4.68 
6.13 
6.75 
6 . 9 1  
7 . 3  
6.56 
2 . 2  

- 
- 
- 

2.35 
6.84 

4.08 
3.36  
2.72 
2.56 
2 . 1 2  
- 

The f l u e   e m i s s i o n   a n a l y s e s   f a r   s u l f i d e s   f r o m   s e v e r a l  t r ial  
r u n s  w a s  a l so  c o r r e l a t e d   w i t h   t h e   a n a l y s e s   o f   t h e   c a u s t i c   s o d a  
c o n c e n t r a t i o n .  The data  r e l a t i o n s h i p   w h i c h  i s  shotjn i i l  F i g u r e  
No. 9 .  

The e f f e c t i v e n e s s   o f   t h e   a b s o r b e r  i s  d i r e c t l y  related t o  
t h e  c o n c e n t r a t i o n  of t h e   c a u s t i c  soda c i r c u l a t i n g   t h r o u g h   t h e  
abso rbe r .  A t  h i g h e r   c a u s t i c   s o d a   c o n c e n t r a t i o n s ,   t h e   f l u e  
el-niss ion  decreases .  A s  t h e  cailstic s o d a   c o n c e n t r a t i o n   d e c r e a s e s ,  
t h e   f l u e   e m i s s i o n   o f   h y d r o g e n   s u l f i d e  gas i n c r e a s e s .  

There are sevsral  f a c t o r s   t h a t   c o n t r i b u t e  t o  t h e   e f f e c t i v e -  
n e s s  05 t h e   a b s o r b e r .  A t  h i g h   a l k a l i n e  pH, t h e   h y d r o g e n   s u l f i d e  
p r e s e n t   a b o v e   s o l u t i o n s   c a n  be c a l c u l a t e d   u s i n g   H e n z y ' s  Law. 
An example   o f   t he   ca l cu la t ion  i s  made p a r t  of the  Appendix  of  
t h i s   r e p o r t .   S p e c i f i c a l l y ,  i f  t h e   c a u s t i c   s o l u t i o n   h a d  a 1 2 . 2 4  
pH, and   con ta ined  10% sodium. s u l f i d e ,   t h e r e   s h o u l d   o n l y  be 190 
ppm of h y d r o g e n   s u l f i d e   e x i s t i n g  above t h e   s u r f a c e   o f   t h e  
s a l u t i o n .   I n   a c t u a l  t r i a l  r u n s ,   t h i s  was n o t   t h e  case. A pH 
of   13.2  a l lowed  for  400  ppm o f   s u l f i d e   e m i s s i o n   t o   t h e   a t m o s p h e r e  
Which w o d d   r e f l e c t   t h e  a i r  f l o w   i n f l u e n c e  011 t h e   a b s o r p t i o n  
c a p a c i t y .  The e f f i c i e n c y   o f   t h e   c a u s - t i c   s p r a y   t o  coat  a l l  of 
t h e   p a c k i n g   i n   t h e   a b s o r b e r  is n e c e s s a r y   t o   e n s u r e   i n t i m a t e  
c o n t a c t   w i t h   t h e  avai lable  c a u s t i c   s o d a   s o l u t i o n .   I n   t h e   p r e s e n t  
a b s o r b e r ,   t h e r e  i s  no   spray   head  t o  coat t h e   p a c k i n g .  The 
c a u s t i c   s o d a  i s  caused t o  f l o w   o n t o   t h e   p a c k i n g   t h r o u g h   a n   1 8  
i n c h   l o n g   p i p e   t h a t   h a s   0 . 2 5   i n c h   h o l e s   e v e r y  2 i n c h e s .  The 
c a u s t i c   s o d a   f l o w s   t h r o u g h   t h e   h o l e s  t o  t h e   p a c k i n g .  A 
p o s s i b i l i t y   t h a t   t h e   f u l l   p a c k i n g  i s  n o t   u n i f o r m i l y   c o a t e d   w i t h  
c a u s t i c   s o d a   e x i s t s .  The r e c i r c u l a t i o n  ra te  of t h e   c a u s t i c  
s o d a   t h r o a g h   t h e   a b s o r b e r   i n   r e l a t i o n  t o  t h e   h y d r o g e n   s u l f i d e  
flow i s  i m p o r t a n t .   D e s i g n   s p e c i f i c a t i o n s   c a l l s d   f a r  a 
r e c i r c u l a t i o n  rate of 20 gpm. D u r i n g   t h e   c o u r s e   o f   t h e   p r o j e c t ,  
t h e   m o t o r   o n   t h e   r e c i r c u l a t i o n  pump s h o r e - c i r c u i t e d   a n d  was 
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changed .   The   ava i l aS le   no to r   i r l s t a l l ed  or1 t h e  pump had a 
d i f f e r e n t   s p e e d .  The r e c i r c u l a t i o n  ra te  dropped to 1 6  gpa. 
Table N o .  11 relates  t h s   r e c i r c u l a t i o n  rates t o  t h e   s u l f i d e  
a n d   c a u s t i c   s o d a   p r e s e n t   i n   t h e   a b s o r b e r   e a c h   n i n i l t e  a t  v a r i c u s  
i n f l u e n t   f l o w  rates.  

A d e g a s i f i e r   i n f l u e n t   s u l f i d e   c o n t e n t   o f  800  mg/l xas 
c o n s i d e r e d  a t  i n f luen t   f l ows   o f   230 ,   150 ,   and  100 gpm. Table 
N o .  ll l ists  the   pounds   o f   caus t ic   soda   tha t   would  be p r e s e n t   i f  
a 1 0 %  o r  2% c o n c e n t r a t i o n  w a s  r e c i r c u l a t e d   t h r G u g h   t h e   a b s o r b e r .  
The r e c i r c u l a t i o n  rates c o n s i d e r e d  are 5 ,  10, 15,  and 2 0  ypm. 
The   pounds   o f   hydrogen   s a l f ide   p re sen t   i n   t he   abso rbe r   fo r   t he  
v a r i o u s   i n f l u e n t   f l o w s  are shown. 

To s i m p l i f y   r e c i r c u l a t i o n  ra te  a n a l y s i s ,  Table N o .  12 
shows t h e  ra-t io Gf c a u s t i c  soda t o  132s a t  t h e  two c a u s t i c  soda 
c o n c e n t r a t i o n s   a n d   d e g a s i f i e r   i n f l u e n t  flows. A s  t h e   r e c i r c u l a -  
t i o n  ra te  i n c r e a s e s ,   t h e   a v a i l a b l e   c a u s t i c   s o d a   i n c r z a s e s   r e g a r d -  
less o f   i n f l u e n t   f l o w s .  A s  t h e   i n f l u e n t  flox decreases, t h e  
s u l f i d e   i n p u t   d e c r e a s e s   a n d   t h e  r a t i o  o f   c a u s t i c   s o d a   i n c r e a s e s  
r e g a r d l e s s   o f   r e c i r c u l a t i o n  rates.  

4 h i g h e r  r a t io  o f   c a u s t i c   s o d a   t o   h y d r o g e n   s u l f i d e   b e y c n d  
t h e   s t o i c h i o m s t r i c   r a q u i r e m e n t   e n s u r e s  bet ter  a b s o r p t i o n .  A 
p r i o r  series o f   e x p e r i m e n t s   r s l a t i n g   c a u s t i c   c o n c e n t r a t i o n s  t o  
H2S emissicrn  f rom  the  absorber   f lue  showed  that  emissim was 
m i n i m i z e d   b y   h i g h   c a u s t i c   a v a i l a b i l i t y   i n   t h e   a b s o r b e r .  

The 2 %  caastic s o d a   x e s i d u & l   i n   s o d i u m   s u l f i d e  i s  c o n s i d e r e d  
t h e  eiid p o i n t   f o r   c h a n g e o v e r  ts a f r e s h  1 0 %  c o n c e n t r a t i o n .  A t  
t h e  5 gpm r e c i r c u l a t i o n  r a t e ,  i n s u f f i c i e n t   c a u s t i c   s o d a  i s  
a v a i l a b l e  a t  230 and 150 gpm of i n f l u e n t   f l o w .  When t h e   c a u s t i c  
soda   r eaches  0 . 7 % ,  H2S would b e   e m i t t i n g   f r e e l y  a t  1 0 0  gpm. 
A t  15  gpm, H2S w o u l d   b e   e m i t t i n g   f r e e l y  a t  1 .55,   1 .05,  aild  0.75% 
c a u s t i c   s o d a   c o n c e n t r a t i o n s  a t  i n f l u e n t  flows of 239, 150, and 
100 ypm r e s p e c t i v e l y .  A t  20  gpm, 132s would be e m i t t i n g   5 r e e l y  
a t  1.65, 1.08,   and 0 . 8 %  c a u s t i c   s o d a   c o n c e n t r a t i o n s  a t  i n f l u e n t  
f lows  of 23C, 150, and 1 0 0  gpm r e s p e c t i v e l y .  
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DATA ANALYSIS 

INITIAL OBSERVATIONS 
I n i t i a l   e v a l u a t i o n s   d u r i n g  1971 - 72 of t h e   s u l f i d e  

r e c l a m a t i o l i   s y s t e x  were condxc ted   fo r   s eve ra l   hour s   each   day  
s u b j e c - t  t o  sys t em  p rob lems   ex i s t ing  a t  t h e  time. Minimal   data  
w a s  o b t a i n e d   d u r i n g   t h e s e   e a r l y  t r ials.  Only  one a i r  f low r a t e  
of 1,060 cfm was used.  The d a t a   c o n s i s t e d  of r e c o r d i n ?   t h z  
s u l f i d e   c d n t e n t   o f   t h e   d e g a s i f i e r   i n f l u e n t   a n d   e f f l u e n t   o n c e  
p e r  t r ial  r u n .   T h i s   d a t a   d i d   n o t   p r o v i d e   a n   a d e q u a t e   a n a l y s i s  
of the   sys t em.  

Data r e l a t i n g  t o  t h e s e   e a r l y  t r ia ls  is  t y p i f i e d  by Table  
NG. 13  which relates t o  the   end   of   1971  and   the   beginning   of  
1 9 7 2 .  The t a n n e r y ' s   p r o d u c t i o n   d u r i n g   t h i s  time p e r i o d  was 
5 , 0 0 0  t o  6 , 0 0 0  h i d e s   p e r  week. 

The test method f o r   s u l f i d e s  iised i n i t i a l l y   i n d i c a t e d  
r e s i d u a l   s u l f i d e   p r e s e n t   i n   t h e   d e g a s i f i e r   e f f l d e n t  a t  l e v e l s  
of 4 - 5.5 pH. Th i s  i s  n o t   t h e o r e t i c a l l y  correc'i. In la te r  
e v a l u a t i o r i s ,   t h e  t es t  method was c h a n g e d   b e c a m e   o f   i n t e r f e r e n c e  
a t t r i b u t e d  Lo t h e   i a d i n e  demand of t h e   c o a g u l a t e d   p r o t e i n .  

Test runs   conduc ted   i n   1975  - 1 9 7 6  wsre s p e c i f i c a l l y  
d e s i g n e d   t o   o b t a i n   d a t a   t h a t  wou ld   p rov ide   sys t em  eva lua t ion .  
Samples were c o l l e c t e d  a t  30 minute  time i n t e r v a l s  foi- t h e  
d e g a s i f i e r   i n f l u e n t   a n d   e f f l u e n t s   a n d  a t  t h e   c a u s t i c   s o d a  
r e c i r c u l a t i o n   t a n k s  t o  t h e   a b s o r b e r .  A i r  f l o w   a n d   i n f l u e n t  
flow  measurements were made a n d   t h e   s u l f i d e   e a i s s i o n   l e v e l s  a t  
t h e   a b s o r b e r   f l u e  were e v a l u a t e d .  

TEST RUNS AFTER  MODIFICATIONS OF THE WASTEWATER  TREATMENT SYSTEM 

Table  N o .  1 4  l ists  d a t a   c o l l e c t e d   f r o m   t y p i c a l   d a i l y   r u n s  
i n  1 9 7 6 .  

The t a n n e r y ' s   p r o d u c t i o i l   d u r i n g   t h i s  time pe r iod   ave raged  
2 1 , 7 0 0  h i d e s   p e r  week or  3,517  per   day.  

The d a t a   i n   T a b l e  1 4  shows t h a t   t h e   e f f e c t i v e   r e m o v a l   o f  
s u l f i d e  is  dspendent  upon t h e  pH of t h e   e f f l u e n t  f rom  the  
d e g a s i f i e r .   E f f e c t i v e   s u l f i d e   r e n o v a l  w a s  a t t a i n e d  a t  pH's  of 
5 . 9  and  below. A t  pH above 6 ,  t h e   e f f e c t i v e n e s s   o f   s u l f i d e  
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removal was no t   a s s i l r ed   and  a t  pH 6 . 8 ,  t h e   s u l f i d e   r e z o v d l  w a s  
poor .  The g r a p h ,   F i g u r e  NG.  1C i s  t h e c r e t i c a l   r e l a t i o i l s h i p  oZ 
t h e   e f f e c t   o f   a c i d i f i c a t i o n   a n d   t h e   l i b e r a t i o n  of hydrogen 
s u l f i d e   f r o m   s u l f i d e   s o l n t i o n s  a t  v a r i m s  2H l eve l s .   Cor re spond-  
i i i g l y ,   t h e   g r a p h   r e l a t i n g  t o  s u l f i d e   r e m a i n i n g   i n   t l l e   d e g a a i f i e r  
z f  f i u e n t  correlates r e a s o n a b l y  well. 

A t  pH of  6 . 0 ,  89% of t h e   h y d r o g e n   s u l f i d e   s h o u l d  be 
l i b e r a t e d   f r o m   t h e   s u l f i d e   e f f l u e n t .  The a c t u a l  data shows t h a t  
91% has  been  removed. A t  pH 6.8,  55% s h o u l d  be l i b e r a t e d   f r o m  
t h e   s o l u t i o n ,   t h e   a c t u a l   d a t a  shows 76% s u l f i d e   h a s   b e e n  
r e n o v e d   f r o m   t h e   e f f l u e n t .  

The a c i d i f i c a t i o n   i n c r e a s e d   g r e a t l y   t h e  set t leable  s o l i d s ,  
suspended  so l id s ,  a n d   t h e  t o t a l  s o l i d s .   T h i s  i s  dae t o   t h e  
p r e c i p i t a t i o n  of t h e   s o l u b i l i z e d   p r o t e i n .   ( Z e f e r e n c e  Table 
N o .  1 5 ,   F i g u r e s  11, 1 2 ,  13 )  . The f low r a t e  Gf t h e   d e g a s i f i e r  
e f f luen t ,   w i th in   t he   t e s t ed   r ange ,   has  no e f f e c t  on   t he   e f f i c i encv  of s u l f i d e  
removal.  Complete  removal  of t h e   s u l f i d e  from t h e   e f f l u e n t   c a n  be 
ach ieved  by t h e   s y s t e n .  

S p e c i f i c  t r i a l  r u n s  were made f o r   t h e   a n a l y s i s   o f   t h e  
o v e r a l l   e f f i c i e n c y   o f   t h e   c o m p o n e n t   p a r t s   o f   t h e   s y s t e m ;  i . e . ,  
t h e   d e g a s i f i e r ,   t h e   a b s o r b e r ,   t h e   r e c i r c u l a t i n g   c a u s t i c   s o d a  
s a 1 u i ; i o n   c o n c e n t r a t i o n s ,   t h e   i n f l u e n t   f l o w ,   t h e  a i r  f low,   and 
t h e   a b s o r b e r   f l u e   e m i s s i o n .  

The test  t o  d e m o n s t r a t e   t h e   e f f e c t i v e n e s s  of t h e   a b s o r p t i o n  
as the   sod ium  hydrox ide   so lu t ion   r eached   t he  l i m i t  o f   abso rp t ion  
c a p a c i t y  i s  summarized i n   T a b l e  No. 16.  The i n f i u e a t   d a t a  shows 
t h e   v a r i a t i o n s   i n   t h e   s u l f i d e   d u r i n g   t h e   d a y .   T h s   a m o u n t   o f  
s u l f i d e   c a n  be c a l c u l a t e d  as: 

Flow  (gpm) x 8 .3  x time ( n i n u t e s )  x s u l f i d e  (mg/l; = l'us s u l f i d e  

The s u l f i d e   i n   t h e   e f f l u e n t   c a n  be c a l c u l a t e d   b y   t h e  same 
f o r m u l a .   T h e   d i f f e r e n c e   b e t w s e n   t h e   s u l f i d e   i n   t h e   i n f l u e n t  
a n d   t h e   s u l f i d e   i n   t h e   e f f l u e n t  i s  t h e  amount of s u l f i d e   i n  
t h e  a i r  go ing  t o  t h e  absorber. 

I n   t h e  absorber, t he   r eac t ion   be tween   hydroge r l   su l f ide   and  
sodi-un  hydroxide i s  as fo l lows :  

H2S + NaOH + XaSH + H20 

T h e r e f o r e ,   t h e  decrease i n   t h e  sodium hydroxide  i s  e q u a l   t o  
t h e   s u l f i d e   a b s o r b e d   o n  a mole t o  mole r a t i o .  From t h e  
a n a l y s i s  of t h e   c a u s t i c   s o d a   s o l a t i o n   t h e   a n o u n t  of s u l f i d e  
removed  from t h e  a i r  is determined.   The  difference  between 
t h e  amoun t   o f   su l f ide   r ece ived  by t h e  absorber a n d   t h a t  foui-ld 
i n   t h e   c a u s t i c   s o d a   s o l u t i o n  i s  t h e  amount l o s t  t o  t h e  
a tmosphere   f rom  the   absorp t ion  tower f l u e .  
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TABLE NO. 1 5  

SUMMARY OF SOLIDS DATA 

. ~ . _ _  - ~ " ~. 

T o t a l  
PH S e t t l e a b l e   S u s p e n d e d  To ta l  

S o l i d s ,  mg/l S o l i d s ,  mg/l S o l i d s ,  mg/l 
"" -~ ""__.""""__I ~ "- 

3 . 1  " 1 , 5 5 0   2 0 , 9 5 C  

8 . 9   1 7 . 5   3 , 3 0 0   2 8 , 2 0 0  

8 . 8  

8 . 7  

8 . 6  

3 . 5  

6 . 8  

5 . 7  

6 . 2  

5 . 9  

5 . 8  

1 8 . 5  

1 0  

1 7  

9 . 9  

5 1 5  

1 8 0  

462 

210  

260 

5 . 6   5 8 8  

5 . 5   2 8 3  

5 . 0   2 7 5  

4.: 4 0 0  

4 . 0  317  

3 .6   380  

64 

2 , 6 5 0  

3 , 2 3 0  

2 , 1 6 0  

1 , 9 5 0  

2 , 6 2 5  

3 , 8 5 0  

3 , 5 0 0  

2 , 2 5 0  

3 , 7 5 0  

2 7 , 5 1 7  

2 0 , 6 5 0  

2 8 , 4 7 5  

2 6 , 1 3 3  

2 5 , 2 0 0  

2 5 , 6 0 0  

2 5 , 1 0 0  

2 9 , 8 5 0  

2 9 , 5 5 9  

5 , 1 0 0   3 2 , 0 5 0  

5 , 1 2 2   3 0 , 7 5 0  

3 , 2 0 0   2 8 , 9 5 0  

6 , 8 5 0   3 3 , 3 9 0  

2 , 6 9 0   3 1 , 8 5 9  

1 , 8 0 0   3 1 , 8 0 9  
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TABLE NO. 1 6  

DEGASIFIEK INFLUENT AND EFFLUENT DATA 

INFLUENT 
~ ~- . .  . "  ~~~ 

Time  (mins .  ) 0 6 0  1 2 0   1 8 0  2 4 0  300 

PH * 8 .9   8 .9  8 .9  8 . 8  8 .9   8 .9  

Suspended 
S o l i d s  (mg/l> 2,500 2 , 7 0 0  2 ,600  2,500 3 , 3 0 0  3 , 2 0 C  

' T o t a l  So l id s  30 ,300   30 ,803   30 ,700   30 ,700   31 ,200   31 ,309  
(mg/ 1) 

Sett leable  
S o l i d s  (mg/l> . 5  .1 5 4 E 7 

S u l f i d e  (mg/l) 1 , 2 8 0  1 ,240 1 , 0 4 0   9 6 0  1,C40 9 2 0  

EFFLUENT 

PH* 4.5  4.9  4.5  3.75  3.9 

Suspended 
S o l i d s  (mg/l> 3,930  3 ,700  4 ,470  3 ,800  .3 ,900 

T o t a l  S o l i d s  (mg/l) 33 ,400   33 ,600   34 ,400   34 ,400   34 ,600  

Set t leab le  
S o l i d s  (mg/l> 3 9 0   4 0 9   6 6 0   3 0 0  300 

* Standard U n i t  
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TABLE NO.. 1 7  

ABSORBER DATA 

Time,   min  0 6 0   1 2 0   1 8 0   2 4 0   3 0 0  
Spec i f ic  
G r a d i t y  1 . 1 2 0   1 . 1 6   1 . 1 1 4   1 . 1 1 2  1.111 1.10 
NaOH , 
volume, g a l  466 4 7 4  4 8 3  4 9 1  499  510 

NaOH 4 , 355 4 , 414 4 , 4 3 0  4 , 5 5 6   4 , 6 2 6   4 , 6 S 1  
S o l u t i o n ,  l b s  

PH * 1 3 . 4  1 3 . 3  1 3 . 2   1 2 . 8   1 2 . 7   1 2 . 1  

N a O H ,  % 1 3 . 2   9 . 5  6 . 5  4 . 2 6   2 . 4   1 . 7  

N a O H ,  l b s  5 7 4 . 8   4 1 9 . 6   2 9 1 . 8   1 9 4 . 0   1 1 0 . 0   7 9 . 6  

NaOH , l b s / h r  1 5 5 . 2   1 2 7 . 8   9 7 . 8   8 4 . 0   3 0 . 4  
b' -"."A " ____ /"-/ LV- \"e. 

S u l f i d e  , l b s / h r  1 2 4 . 2   1 0 2 . 2   7 8 . 2   6 7 . 2   2 4 . 3  

S u l f i d e  , lbs/hr 
from Degasifier - 1 0 4 . 5  111.3 1 2 2 . 4   1 2 0 . 0  

S u l f i d e  
Absorbed, 8 - 9 7 . 8   7 0 . 3   5 4 . 9   2 0 . 2  

S u l f i d e  l o s t  
t o  atmosphere,  % 2 . 2   2 9 . 7   4 5 . 1   7 9 . 8  

*Standard  units 
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T i m e  

4Sulf ide 
I n f l u e n t  
Rate, l b  /min 

Average 

S u l f i d e  
E f f l u e n t  
R a t  e, l b  /min 

Average 

TABLE NO. 18 

DEGASIFIER  SULFIDE RATES 

0 6 0   1 2 0   1 8 0   2 4 0  300  

2 . 3 7   2 . 3 0   1 . 9 3   1 . 7 8  2 . 3 0  1 . 7 0  

2 . 3 3 5   2 . 1 1 2   1 . 8 5 5   2 . 0 4  2 . 0 0  

2 . 3 7   0 . 7 4  0 0 0 

1 . 6 3   3 . 3 7  0 0 0 

S u l f i d e  
I n f l u e n t ,  lbs  

S u l f i d e  
E f f l u e n t ,  l b s  

S u l f i d e  
t o  A b s o r b e r ,  lbs  

1 2 6 . 7  111.3 1 2 2 . 4   1 2 0 . 0  

2 2 . 2  0 0 0 

1 0 4 . 5  1 1 1 . 3  1 2 2 . 4   1 2 0 . 0  

0 
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N o  m e t h o d   o f   a n a l y s i s   f o r   t h e   e x h a u s t  a i r  was a v a i l a b l e  
r e s u l t i n g   i n   t h e   n e e d  ts d e t e r m i n e   f i s e   e m i s s i o f i  on a sub- 
t r a c t i v e   b a s i s .  The s u l f i d e   r e c l a m a t i o n   e q u i p m e n t  as iiOW i n   u s e  
w i l l  r e m a v e   e s s e n t i a l l y  a l l  h y d r o g e n   s u l f i d e   g e n e r a t e d .  As 
t h e   c a u s t i c  becomes   dep le t ed   t he   e f f i c i ency   o f   t he   hydrogen  
s u l f i d e   a b s o r p t i o n  w i l l  r a p i d l y   a p p r o a c h   z e r o .  

The  amount o f   s u l f i d e   a b s o r b e d  a t  ally time can   be   de te rmin-  
e d   f r o m   t h e   s t r e n g t h   o f   t h e   c a u s t i c  sod3 s o l u t i o n .   D u r i n g   t h e  
second  hour,   froxt  Table No. 1 7 ,  t he   amoan t   o f   caus t i c  soda 
used w a s  1 2 7 . 5   l b s ,  or 3.195  moles ( l b   m o l e s ) .  The s u l f i d e  
absorbed  vias also 3.195 l b   m o l e s   o r  1 0 2 . 2  l b s   o f   s u l f i d e .  

From t h e   i n f l u e n t   a n d   e f f l u e n t   d s t a ,   t h e  amount of hydrogen 
s u l f i d e   f l o w i n g  frcrm t h e   d e g a s i f i e r  i s :  

S u l f i d e  r a t e  = Average   mg j l   su l f ide  x f low (gpm) x 
8 .345   lbs /ga l .  

= 1 , 1 4 0  x 2 2 2  x 8.345 = 2 . 1 1 2  lbs /min  or 
1 2 5 . 7   l b s j h r .  

Based  on t h i s   m e t h o d ,   t h e   h o u r l y  rates f o r   s u l f i d e   f l o w  aiid 
a b s o r p t i o n  were c a l c u l a t e d .   T a b l e  N o .  1 8  and   F igure  N o .  1 4  
p r o v i d e   t h e   r e s u l t s .  

The d a t a  shows the   sys t em is  working w e l l  d u r i n g   t h e   f i r s t  
two hour s   w i th   ve ry  l i t t l e  loss t o  the   a tmosphe re .  A s  t h e  
c a u s t i c   s o d a  is  d e p l e t e d   t h e r e  is  less e f f i c i e n c y   i n   t h e  
take-up. 

I n   t h e   e x i s t i n g   s y s t e m ,   h y d r o g e n   s u l f i d e   g a s  w i l l  be 
f o u n d   i n   t h e   a b s o r p t i o n   t o w e r   f l u e   e m i s s i o n  when t h e   c a u s t i c  
soda  i s  approx ima te ly  7% concen t r a t ion .   Th i s   emphas izes   t he  
need  of a c o r r e c t i o n   i n   t h e   p r e s e n t   d e s i g n   o f   t h e   s y s t e m .  More 
a b s o r p t i o n   c a p a c i t y ,  o r  p o s s i b l y  a second absorber would correct 
t h i s   p r o b l e m .  

The d a t a   f o r  material balance  (Tables  1 9 ,  20, 21) was ob ta ined   du r ing  a 
test run  where  analyses  of a l l  flows were made a t  s p e c i f i c  time 
i n t e r v a l s   o f  30 m i n u t e s   f o r  a du ra t ion   o f   fou r   hour s .   Chemica l  
a n a l y s e s  were conducted Oil t h e   i n f l u e n t   a n d   e f f l u e n t   f o r  pH, 
A l k a l i n i t y  t o  pH 5 .5 ,  Suspended   So l ids ,  Total  S o l i d s ,  Sett le- 
able S o l i d s ,   S u l f a t e ,   a n d   S u l f i d e .  

The i n f l u e n t  flow r a t e  w a s  de t e rmined  by t h e  time needed 
t o  f i l l   t h e   d e g a s i f i e r .  The flow r a t e  was found t o  be 2 4 7  
g a l l o n s   p e r   m i n u t e .  

S u l f i d e   c o n c e n t r a t i o n  of t h e   i n f l a e n t   a n d   e f f l u e n t  as 
r e l a t e d  t o  t h e   i n f l i l e n t   f l o w  ra te  allow t h e   p o u n d s   o f   s u l f i d e  
removed  front t h e   i n f l u e n t   t o  be c a l c u l a t e d .  A s l i g h t  error i n  

7 2  
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ths: c a l c u l a t e d   v a l u e s  i s  p r e s e n t   a n d  i s  related tcr a d w e l l  time 
of 0 . 7 5  h G U r s  f o r   t h e   i n f l u e n t   p a s s a g e   t h r o u g h   t h e   d e g a s i f i e r .  
S i n c e   t h e   s u l f i d e   c o n c e n t r a t i o n  of t h e   i n f l u e n t  i s  changing 
s l o w l y   d u r i n g   t h e  t e s t  p e r i o d ,   t h e  errar a t t r i b u t e d  by t h e  
&del l  time s h o u l d   n c t  be pronounced  enough t o   a f f e c t   t h e  
mzterial b a l a n c e   c a l c u l a t i o n s .  

The inf luent   analysis   remained  constant   in   composi t ion  with  regard 
t o  pH, S e t t l e a b l e   S o l i d s ,  and Total   Sol ids .   During  the test pe r iod ,   t he  
a l k a l i n i t y  of the   so lu t ion   decreased  and t h e   s u l f i d e   i n   t h e   i n f l u e n t  
increased.  These  changes were a t t r i b u t e d   t o   h i g h e r   s t r e n g t h   t a n n i n g  
wastes coming  from t h e   c l a r i f i e r   t h a n  was p resen t   du r ing   t he   ea r ly   s t ages  
of t h e  test. The feed ra te  of t h e   s u l f u r i c   a c i d  was cons tan t   dur ing   the  
tes t  run. A s  t h e   a l k a l i n i t y  of t he   i n f luen t   dec reased ,   t he  pH of t he   e f -  
f l uen t   a l so   dec reased  and a greater   removal   of   sulf ide was achieved. 

The data  on   the   suspended  so l id s  i n   t h e   e f f l u e n t  i s  
i n c o h s i s t e n t   w i t h   t h a t   o b s e r v e d   i n   o t h e r   r u n s .  A p o s s i b l e  
e x p l a n a t i o n  of t h i s   c o u l d  be i n   t h e  amount of lime c a r r i e d   w i t h  
t h e   i n f l u e n t .   P a r t i c u l a t e  line upon r e a c t i o n   w i t h   t h e   s u l f u r i c  
acid would become s o l u b i l i z e d   r e s u l t i n g   i n  a n e t   d e c r e a s e   i n  
s u s p e n d e d   s o l i d s .  Table N o .  1 9  shows data  f o r   t h e   d e g a s i f i e r  
i n f l u e n t   r e l a t i n g  t o  suspended so l id s ,  set t leable  s o l i d s ,   t o t a l  
s o l i d s ,   a n d   s u l f i d e   c o n t e n t  as measured  every 30 minu tes   du r ing  
t h e  material b a l a n c e   r u n .  Table No. 20  shows d a t a   f o r   t h e  
same p a r a m e k e r s   r e l a t i n g  t o  t h e   d e g a s i f i e r   e f  f l u e n t   a n d   t a k e n  
a t  t h e  same t i m e  i n t e r v a l s .  

The d e g a s i f i e r   i n f l u e n t   a n d   e f f l u e n t   s u l f i d e   r a t e s / m i n u t e s  
were c a l c u l a t e d   f o r   e a c h  30 m i n u t e   i n t e r v a l .  Table N o .  2 1  
l ists  t h e   s u l f i d e  rates o f   t h e   i n f l u e n t ,   t h e   e € f l u e n t ,   a n d   f o r  
t h e   s u l f i d e   e n r o u t e  t o  t h e  absorber by d i f f e r e n c e .  

Samples   f rom  the   caus t i c  soda s o l u t i o n   i n   t h e   r e c i r c u l a t i o n  
tank   and  a t  t h e  absorber f l u e  were t a k e n  a t  t h e  same time 
i n t e r v a l s  as f r o m   t h e   d e g a s i f i e r   i n f l u e n t   a n d   e f f l u e n t .  
Analyses  were made f o r   s p e c i f i c   g r a v i t y ,   t e m p e r a t u r e ,  pH, 
percen t   sod ium  hydrox ide ,   and   pe rcen t   su l f ide .  The a n a l y t i c a l  
results are  i n   T a b l e  No. 2 2 .  From t h i s  data,  the   pounds   o f  
sod i -m  hydrox ide   u sed   and   t he   pounds   o f   su l f ide   abso rbed  were 
de termined  . 

A t  t h e  s tar t  o f   t h e  t e s t  r u n ,   t h e r e  w a s  some s u l f i d e  
p r e s e n t   i n   t h e   c a u s t i c  soda s o l u t i o n .   T h i s  i s  d u e   t o   t h e  
m e c h a n i c a l   c o n f i g u r a t i o n   o f   t h e   t a n k s .  Some c a u s t i c  soda- 
sod im s u l f i d e   s o l u t i o n   r e m a i n s   i n   t h e   t a n k s   a f t e r   e m p t y i n g   a n d  
i s  p r e s e i l t   f o r   t h e   n e x t   r u n .   D e n s i t y ,   t e m p e r a t u r e   a n d   v o l u m e  
measurements  can be u s e d   i n   c a l c u l a t i n g   t h e   p o u n d s  of caust ic  
s o d a   a n d   s u l f i d e   i n   t h e   s y s t e m .  The data on t h e   s u l f i d e  
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TABLE NO. 24 

MATERLAL  BALANCE OF THE SULFIDE  RECLAMATION SYSTEM 

Calculated Calculated 
TJsing Average From Data 
Sulfide Tables 

Sulfide in 
Degasifier 
Influent , 1bs  548.77 

Sulfide  in 
Degasifier 
Effluent , ibs  14.23 

Sulfide to 
Absorber  by 
Difference , 1bs  534.54 

Sulfide  Absorbed 
by Analysis, lbs  526.4 

Sulfide Flue 
Emission, lbs  8.14 

(by  difference) 

Sulfide 
Recovered  by 
Absorption, % 95.9 

Sulfide  in 
Flue Emission, % 1.48 

Sulfide in 
Degasifier Efflue.nt,% - - " 2.59 ." 

Total % = 99.97 

538.0 

14.7 

523.3 

526.4 

2.2  (by analyses) 

97.8 

0.4 

2.7 

8 0  
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t ake -up   and   t he   dec rease   i n  t h e  cautstic Soda  conforms t o  a 
n e a r   s t o c h i o m e t r l c  ra-t io.  

The a i r  d i s c h a r g e  frcrm t h e   a b s o r b e r  was sampled  and  analyz- 
ed   u s ing  the same time schedu le .  A i r  f low  and  temperature  
r e a d i n g s  were a l so  made.  The a n a l y s i s   f o r   s u l f i d e   i n   t h e  a i r  
d i s c h a r g e  was o b t a i n e d  a t  s e v e r a l   b u t   n o t  a l l  d a t a   p o i n t s .  The 
m i s s i n g   d a t a   p o i n t s  were estimated and shown a l o n g   w i t h  other 
d a t a   i n  Table N o .  2 3 .  A t  t he   end  of t h e   f o u r   h o u r  t e s t  t h e  
c o n c e n t r a t i o n   o f   t h e   c a u s t i c   s o d a  i s  dec reased  t o  t h e   e x t e n t  
t h a t   t h e  amount   of   hydrogen  s i i l f ide  being  discharged w i t h  t h e  
a i r  ana lyzes  to  b e   i n   e x c e s s   o f  1,OOC mgjl .  

Data on  t.he  hydrogen  scrlfide i n   t h e   e x h a u s t  a i r  was 
measured by chemica l   ana lys i s   u s ing   t he   Z inc  Acetate Absorpt ion 
Method and a lso us ing   t he   Resea rch   App l i ance   Su l f ide   Ana lyze r .  
The chemica l   da t a  was ccns i s t en t ly   l ower   and  was cons ide red  t o  
be more a c c u r a t e .  The Research   Appl iance   appara tus  i s  
s a t i s f a c t o r y   f o r   o p e r a t i c m a 1   c o n t r o l .  

F i g u r e  N o .  1 5  i l l u s t r a t e s   t h e   d e c r e a s e   i n  sodium  hydroxide,  
t h e   i n c r e a s e   i n   s u l f i d e   a b s o r b e d ,   a n d   t h e   d e c r e a s e   i n   t h e  pH 
of t h e   r e c i r c u l a t i o n   c a u s t i c   s o d a   u s e d   d u r i n g   t h e  material 
ba l ance   run .  

The Inaterial b a l a n c e   d a t a   s u r m a r i z e d   i n  Table No. 2 4 ,  shows 
t h a t   t h e   s u l f i d e   c a n  be removed  from t h e   d e g a s i f i e r   i n f l u e n t  
when a c i d i f i e d  t o  a 5 .0  - 5.5  pH. Approximately 98% of t h e  
s u l f i d e   i n   t h e   t a n n e r y  wastewater i s  r e c o v e r a b l e   f o r  reme 
i n   t h e   u n h a i r i n g   p r o c e s s .  The small amount  of e f f l u e n t  
r e f l e c t e d   i n   t h e   d a t a  i s  due t o  improper pH l e v e l s   o f  6 . 3  t o  7 . 3  
a t  the ,   beginning  of t h e   r u n .   S u l f a t e s   i n   t h e   e f f l u e n t  show an 
i n c r e a s e   d u e  t o  t h e   a d d i t i o n   o f   s u l f u r i c   a c i d   f o r  pH adjus tment .  
The loss of s u l f i d e  t o  t h e   a t m o s p h e r e   a n d   t h e   e f f e c t i v e n e s s  of 
t h e   c a u s t i c   s o d a   a b s o r p t i o n   c o u l d  be improved  by t h e   u s e   o f  
a larq-er absorpt ion  column,  a l a r g e r   c a u s t i c  soda r e c i r c u l a t i o n  
t a n k ,   h i g h e r   c a u s t i c   c o n c e n t r a t i o n ,  or by u s e  of t w o  a b s o r p t i o n  
columns i n  series. 
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PROTEIN COAGULATION AND SEDIMENTATION: 

EFFECT oru' POSLUTIOPJ LOADING 

A c i d i f i c a t i o n   s f   t h e   d e g a s i f i e r   i n f l u e x t   t o  a 5.0 - 5.5 
2;H which i s  n e c e s s a r y   f o r   s u l f i d e   r e c l a m a t i o n   c a u s e s   c o a g u l a t i o n  
of s o l u b i l i z e d   p r o t e i n s .   D u r i n g   t h e   e v a l u a t i o n s   o f   t h e   s u l f i d e  
sys tem,   ccmpara t ive   ana lyses  were made o f   t h e   p o l l u t i o n   l o a d i n g  
b e n e f i t s   o f   r e m o v i n g   t h e   c o a g u l a t e d   p r o t e i n s   b y   s e d i m e n t a t i c n  
of t h e  d e g a s i f i e r   e f f l u e n t .  The i n i t i a l   d e s i g n   f o r   t h e  waste- 
water t r e a t m e n t   p l a n t  a t  B lues ide  Ccmpany had  scheduled  second- 
ary  kedimentat ion;   however ,  i t  was n o t   i n c o r p o r a t e 2   i n t o   t h e  
p l a n t  as c o n s t r u c t e d .  

Table  No. 2 5  shows t h e   r e d u c t i o n s   t o  be a c h i e v e d   o v e r   t h e  
time pe r iods   i nvo lved  as related t o  the   t anne ry ' s   week ly  
p roduc t ion   o f   h ides .  The 1 9 7 6  d a t a  sh9ws a 25% BOD5 r c d u c t i c n  
by su l f ide   r emova l .   Fu r the r   p ro t e in   r emova l  effects  a t o t a l  6 0 %  
BOD5 r e d u c t i o n   i n   p o l l u t i o n   l o a d i n g .   C o m p o s i t e   s a m p l e s  of t h e  
d e g a s i f i e r   i n f l u e n t   a n d   e f f l u e n t  were ans lyzed .  The composite 
s amples   ccns i s t ed   o f   g rab   s amples   t aken   eve ry   t h i r ty   minu te s  
d u r i a g  a f o u r   h o u r   s u l f i d e   r e c l a m a t i o n   r u n .  The d e g a s i f i e r  
e f f l u e n t   s a m p l e  was s p l i t   i n t o  t w o  samples.  One was u s e d   f o r  
ana lys i s   immedia t e ly ,   t he   s econd  was al lowed to set t le  f o r   f c u r  
hours .  The s u p e r n a t a n t   l i q u i d  was drawn o f f   f o r   a n a l y s i s .  The 
r e s i d u a l   p r o t e i n   s o l i d s  were b l o t t e d   w i t h   a b s o r b e n t   p a p e r ,  
a i r  d r i ed   and   t hen   ana lyzed .  

The r educ t ions   i n   po l lu t ion   l oad ing   by   t he   r emova l   o f  
c o a g u l a t e d   p r o t e i n s   r e p r e s e n t s   l a r g e   s a v i n g s  t o  t h e  compar,y 
as a n   i n d i r e c t   d i s c h a r g e r .   C o r r e s p o n d i n g l y ,   f o r  a t a n n e r y   w i t h  
a similar s u l f i d e   s y s t e m  as a direct  d i s c h a r g e r ,   t h e   d e c r e a s e s  
i n   t h e   p o l l u t i o n   p a r a m e t e r s  would g r e a t l y   s i m p l i f y  a secondary 
t r e a t m e n t   p r o c e s s .  

The sale o f   t h e   r e c c v e r e d   p r o t e i n  may be doubt fu l ,   however ,  
the   s ludge   produced   by   sed imenta t ion   could   have   va lue  as a 
f e r t i l i z e r .  A s  wastewater t reaCaent   sys tem  expands   and  
chromium r e c y c l e  is a r e a l i t y ,   t h e   p r o t e i n  would  perhaps  have  an 
economic  value.  The p r o t e i n   s e d i m e n t a t i o n  a t  t h e   E l u e s i d e  
Ccmpany r ep resen t s   r emova l  of coagu la t ed   p ro t e ins   f rom the 
t o t a l  t z n n e r y   e f f l u e n t .  
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TABLE NO. 2G 

EFFECT OF pH ON PROTEIN  SEDIFINTATION 

AND 

ANALYSIS OF PilOTEIN SEDIYENT 

U n i t :  m q / l  un!ess o t h e r w i s e  stated _____ ." - "" ___"___"__ 

E f f e c t  of pH on P r o t e i n   S e d i m e n t a t i o n  
___" . 

P a r a m e t e r   C o n t r o l  4 

"" ___ __ * I 

PH 9 . 2   6 . 0  I 5 . 0  4 . 0  ; 3.0 ; 2.0 1 1-01 

. S u p e r n a t a n t   I , i u u o r  

D e n s i t y  I I 
OBaume, 72OF/  

I 

i I 
I 1 i 
i 

2 . c  j 2 . 0  2 . 5   2 . 5 '  
I I 

I i i L~i ' "_ ~" -I"-! 
* s tandard  u n i t s  

TABLE NO. 2 7  

ANALYSIS OF PROTEIN SEDIMENT 

" " - P a r a m e t e r  % - 
M o i s t u r e  ( a i r  dry b a s i s )  , 95.2 
T o t a l   S o l i d s  I 4.8 

2.5! 3.0 5.0 
I 

51 44 
1 

2 5  

Solids Composition ( a i r  dry basis) 
Mitroaen K i e l d a h l  
P r o t e i n   E q u i v a l e n t  
O i l  & Grease 
S u l f a t e s  
C h l o r i d e s  
Ca lc iun  

"~ - -" - "" % - 
3 . 3 8  

1 9 . 0  
1 0 . 0  
2.61 
0 . 6 0  
1 . 6 4  
2 . 7 4  
N i  1 

8 4  



Research  conducted on p r o t e i n   r e c o v e r y  ( 1 9 ;  showeci that one 
pound  of  pro’ceiil  could  be  recovered  from  each 7 to 9 g a l l o n s  
of   unhair ing  l iquor   sampled  f rom a h ide   p rocesso r   t anne ry  
p rocess .   Cons ide r ing   1 ,203   ga l lons  of unha i r iny   l i quor   f rom 
each  of  1 2  p rocess   ba t ches   pe r   day  a t  one  pound  of   protein 
y i e l d   f o r   e a c h   e i y h t   g a l l o n s   o f   l i q u o r ,   t h e  amount  of p r o t e i n  
s e d i m e n t   a t t r i b u t a b l e  t o  t h e   h a i r b u r n   l i q u o r s  would  be 1,830 
pounds  per  day. 

P r o t e i n   p r e c i p i t a t i o n  as repor ted   began  a t  6 . 0  pH and 
c o n t i n u e d   p r e c i p i t a t i o n  down t o   a b o u t  3 . 8  pH. Most. p r o t e i n s  
p r e c i p i t a t e d   b e t w e e n  4 and 5 pH. A t  pi3 4 . 2 ,  t h e   p i - o t e i n  
s o l u t i o n   a p p e a r e d  t o  a c t  as a b u f f e r .   F u r t h e r  acid a d d i t i o n  
d i d   n o t   p r e c i p i t a t e   t h e   p r o t e i n s   c o m p l e t e l y   w i t h  small amounts 
remaining ii? t he   supe r f i a t an t   so l i i t i on .  

I n   o r d e r   t o   d e t e r m i n e   t h e   e f f e c t  c?f pH on p r o t e i n  
sec imen ta t ion ,  l i ter  q u a n k i t i e s   o f   t h e   c l a r i f i e r   e f f l u e n t  were 
a c i d i f i e d   u s i n g   s u l f u r i c   a c i d  t o  vary ing   degrees   ranging   f rom 
6 . 0  t o  1 . 0  pH and  allowed t o  s e t t l e  i n   a n  Imhof f corle.  The 
se t t leab le  s o l i d s  were recorded .  The s u p e r n a t a n t   l i q u o r  w a s  
decanted   and   ana lyzed   for  t o t a l  so l id s ,   suspended   so l id s ,   and  
chrome c o n t e n t .  The p r o t e i n   s e c l i m s n t   f r o n   a n   a c i d i f i c a t i a n  t o  
5 .3  pH w a s  b lo t t ed   w i th   abso rben t   pape r   and  a i r  d r i e d .  The 
p ro te in   s ed imen t  w a s  a n a l y z e d   f o r   K j e l d a h l   n i t r a g e n   a n d   f a c t o r e d  
to d e t e r m i n e   p r o t e i n   c o n t e n t .  The a i r  d r i ed   s ed imen t  was 
a n a l y z e d   f o r  o i l  and   grease ,   su l fa tes ,   ch lor ides ,   and   chroniur rL.  

Tables 26 and 27 show t h e   r e s u l t s  of pH variat ion  on  sedimentat ion 
and a pro te in   s ludge   ana lyses ,   respec t ive ly .  The d a t a   r e s u l t s  
f rom  tak ing  a f i v e   g a l l o n   s a m p l e  of t h e   c l a r i f i e r   e f f l u e n t  
which was k e p t   u n d e r   a g i t a t i o n  t o  a l l o w   r e p r e s e n t a t i v s  l i t e r  
samples t o  be t aken  for t he   expe r imen t .   Fo l lowing   ac id i f i ca t ion  
t o   t h e   v a r i o u s  pH l e v e l s ,   t h e   s a m p l e s  were a l l o w e d   t o  s e t t l e  
f o r   f o u r   h o u r s .  

A s  Lhe pH d e c r e a s c s ,   t h e   s e t t l e a b l e   s o l i d s  w i l l  i n c r e a s e  
u n t i l  a 4 . 0  pH is  a c h i e v e d .   F a r t h e r   a c i d i f i c a t i o n   c a u s e s  a 
d e c r e a s e   i n   s e t t l e a b l e   s o l i d s .   T h i s  may be  due Lo h y d r o l y s i s  
of the   p r -o t e in   wh ich  OCCUL‘S a t  2 . 0  pH i n   t h e   a b s e n c e   o f   s u f -  
f i c i e n t  sa l ts  to p r e v e n t   a c i d   s w e l l i n g   f r o m   o c c u r r i n g .  The 
d e n s i t y  of t h e   s u p e r n a t a n t   l i q u o r  i s  2O Baume a n d   s a l i n i t y  
c o n c e n t r a t i o n s  of 6 0  Baume are r e q u i r e d   t o   p r e v e n t   h y d r o l y s i s  oLC 
p r o t e i n s  a t  2 . 0  pii.  The OBaume o f   t h e   c l a r i f i e d   e f f l u e n t  
i nc reases   f rom 2 . 0 0  a t  a - 9 . 2  pH t o  5 . 0  OBaume a t  a 1.9 pH. The 
s u p e r n a t a n t   l i q u o r  becomes clearer up t o  a 4.3 pH and  pro- 
g r e s s i v e l y   m i l k i e r   i n   a p p e a r a n c e  as 1.0 pH is  approached. The 
t o t a l  so l ids  i n   t h e   s u p e r n a t a n t   l i q u o r  w i l l  i n c r e a s e   t o  5 .0  pH, 
dec rease  t o  a minimum a t  4 . 0  pH, ar:d i x r e a s e  t o  a maximum a t  
1 . 0  pH. T h i s   i n d i c a t e s   t h a t   p r o t e i n   s e d i m e n t a t i o n  would  be 
optimun a t  4 . 0  pH a n d   t h a t   h y d r o l y s i s  of t h e   p r o t e i n  i s  
o c c u r r i n g  a t  1 . 0  pis. The pH of t h e   s u p e r n a t a n t   l i q u o r  was 
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r e c h e c k e d   f o u r   h o u r s   a f t e r   a c i d i f i c a t i o n   a n d  shows s l i g h t  
r e d u c t i o n s   i n   a c i d i t y .  The suspended   so l id s   and   t he  chrome 
c o n t e n t   i n   t h e   s u p e r n a t a n t   l i q u o r  are s u b s t a n t i a l l y   r e d u c e d  by 
a c i d i f i c a t i o n   a n d   s e t t l i n g .  

The c o a g u l a t e d   p r o t e i n  i s  amber i n  color a t  6 .0  pH and 
changes   p rog res s ive ly  t o  a w h i t e r   p r o d u c t  as a c i d i f i c a t i o n  t o  
1 . 0  pH p roceeds .   Ana lyses   conduc ted   on   t he   p ro t e in   s ed imen t  
show 1 9 %   p r o t e i n ,  10.0% O i l  and Grease, 2 . 6 1 %  Su l fa t e ,   0 .60% 
Chlo r ide ,  1 . 6 4 %  Calcium, and 2 . 7 4 %  Chromium, as C r 2 0 3 .  

S e d i m e n t a t i o n   o f   t h e   p r o t e i n   w o u l d   i n c r e a s e   t h e   s l u d g e  
so l ids  q u a n t i t i e s   f o r  removal t o  l a n d f i l l  by approximate ly  
2,150  pounds.   Current   dai ly   s ludge  removal  t o  l a n d f i l l   r e q u i r e s  
43,000  pounds a t  50% s o l i d s   t o   b e  removed.  The s ludge  i s  
d e w a t e r e d   i n   f i l t e r   p r e s s e s .  The s l u d g e   r e s u l t s   f r o m   t h e  
p rocess ing   o f  2 0 0 , 0 0 0  pounds  of   hides/day.   Protein  sedimenta-  
t i o n   f o r   r e m o v a l   w o u l d   i n c r e a s e   t h e   s l u d g e   s o l i d s  t o  45,150 
pqunds.   Since a d u m p s t e r   o f   s l u d g e   f o r   l a n d f i l l   c o n t a i n s  
15,000  pounds,   there  should be n o   a d d i t i o n a l   l a n d f i l l  costs. 

Using  the  1976  data-from Table N o .  25,   the  economies 
shown i n  Table N o .  28 cou ld  be e f f e c t e d  by pro te in   removal .  
C r e d i t  i s  t a k e n   f o r  sewer surcharges  based  on  f low,  BOD5, and 
Suspended  Sol ids .  

TABLE NO. 28 

ECONOMIC EVALUATION OF  PROTEIN SEDIMENTATION 
ON MUNICIPAL SEWER SURCHARGE 

Surcharge   wi th  
Surcha rge   w i thou t  Sul f ide   Rec lamat ion  

Parameter Su l f ide   Rec lama t ion  And P r o t e i n  Removal 

Flow $ 3,550 $ 3,550 

BOD5 2 , 358 910  

Suspended Sol ids  7,190 1,306 

Monthly  Surcharge $ 13,098 $ 5,766 

ANNUAL SURCHARGE $157 , 176 $69 , 1 9 2  

NET SAVINGS: $87,984 

86  



SECTION 11 

ECONONIC EVALUATION OF THE SULFIDE RECLAMATION SYSTEM 

AND WASTEWATER TFEATYSNT PR0GRP-A 

The su l f ide   r ec l ama t ion   equ ipmen t  cost e s t i m a t e d   i n   1 9 6 8  
i s  e s s e n t i a l l y   a c c u r a t e   a n d   l i s t e d   i n   T a b l e  N o .  2 9 .  Today's 
casts wou ld   be   subs t an t i a l ly   h ighe r   based  on t h e   i n f l a t i o l ?  
t r c n d   o f   t h e  l a s t  few yea r s .   Tab le  No. 30 i s  a comparison of 
t h e  1 9 7 0  economies   o f   the   su l f ide   sys tem  wi th   the   es t imated  
economic   eva lua t ion   fo r  1 9 7 6 .  

The o r i g i n a l   l a b o r  cost estimates of 1970 were l o w .  They 
ind ica t ed   l zbo r   r equ i r emrn t s   o f  300 man--days f o r  a 250  day 
y e a r   o p e r a t i o n   w i t h  a n  annua-l   cost  estimate of $ 6 , 0 0 0  or 1 . 2  
men pe r   yea r .  

Supe rv i s ion   and   f r i f i ge   bene f i t s  were n o t  i n c l u d e d   i n   t h e  
o v e r a l l   l a b o r   c o s t  estimates, nor  was the   expense   o f   hea t ing  
t h e  sl-stem inc luded .  The e s t i m a t e d   c o s t   f o r  e lectr ical  useage 
was a l s o   t o o  low.  Depreciation of equipment was e s t i m a t e d  a t  
$15,380 p c r   y e a r   i n   t h e  1 9 7 0  e v a l u a t i o n .  The e s t i m a t e d  c5emical 
coa ts   and   zsesge   requi rements  were low, and i n   a d d i t i o n ,   t h e  
e x p e n s e   f o r   f r e i g h t  was zo t  cons idere2 .  

A n e t   o p e r a t i n g  cost f o r   t h e   s u l f i d e   r e c l a m a t i o n - r e u s e  
s y s t e m  i n  1 9 7 0  was set  a t  $37,70C w i t h o a t   c o n s i d e r a t i o n  cf 
f r e i g h t  ccsts. When r e c a l c u l a t e d   w i t h  a 350 day   yea r ,   t he  c o s t  
i s  e q u i v a l e n t   t o  $25 p e r  1,000 h ides   p rocessed .  

The 1 9 7 6  economic   eva lua t ion   o f   t he   su l f ide   r ec l ama t ion  
systcm  shows  higher   labor  costs r e s u l t i n g   f r o m   s i x   y e a r s   c f  
i n f l a t i o n  and a change   to   an   a round- the-c lock   opera t ion   of   the  
s y s t e x   o v s r  a 350 d a y   y e a r ,   r e q u i r i n g  2 . 4  man-years   for  i t s  
o p e r a t i o n .  

C o s t s   f o r   s u p e r v i s i o n ,   f r i n g e   b e n e f i t s ,  more expensive 
r ep lacemen t   pa r t s ,   ma in tenance ,   hea t ing ,   an2   g rea t e r  e lectr ical  
requi rements  are i n c l u d e d   i n   t h e  1 9 7 6  e v a l u a t i o n .  An i n c r e a s e  
i n  dep rec i a t ion   expense  is  a l so  indica ted   and   based   on   the  
replacement  of c a p i t a l  items d u r i n g  t h e  p a s t   t h r e e   y e a r s .  The 
c h e m i c a l   q u a n t i t i e s  and! c o s t  are shown i n   t h e  1975   eva lua t ion  
wi th   and   w i thou t   f r e igh t   expenses   i nc luded .  
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TPBLE NO. 2 9  

SULFIDE RECLANATION SYSTEM EQUIPMENT COSTS 

EQUIPMENT AND MATERIALS AMOUNT 

Feed pumps t o  d e g a s i f i e r  (2) 

Acid  feed pump 

R e c i r c u l a t i o n  pump 

Caus t i c   soda   f eed  purnp 

D e g a s i f i e r  Tower 

Absorber Tower  

Au tma t ion   Con t ro l   Sys t em 

Chemical  Storagz  Tanks 

Air B l o w e r s  ( 2 )  

Dah1 tube  a d  f l o v   i n d i c a t o r  

TOTAL COSTS 

$ 7 , 0 0 0  

2 , 0 0 0  

1,500 

1,500 

25,000 

5,900 

7 , 0 0 0  

10,900 

10 ,000 

3.900 

$ 7 2 , 0 0 0  

An e s t i m a t e d   n e t   g a i n  of $92 ,052   pe r   yea r   w i th   t he  
o p e r a t i o n  of t h e   s u l f i d e   r e c l a m a t i o n   s y s t e m  is  t h e   r e s u l t   o f  
s a v i n g s   i n  material c o s t s ,   b z t   p r i m a r i l y   t h e   r e s u l t   o f  a sav ings  
i n   f r e i g h t  costs. T h i s   e q u a t e s  t o  a n e t   g a i n   o f  $ 8 4 . 8 4  p e r  
1 , 0 0 0  h i d e s   w i t h   u n i n t e r r u p t e d   o p e r a t i o n   o f   t h e   s y s t e n .  

Table  N o .  31 c i tes  t h e  cost o f   t h e   s a n i t a r y   l a n d f i l l  
ope ra t ion   fo r   s ludge   r emova l .  

A r e c a p i t u l a t i c n  of t o t a l  wastewater t r e a t n e n t  costs for  
t h e   E l u e s i d e  Company i s  shown i n   T a b l e  N o .  3 2 .  Ccsts inc luded  
are t h e  sewer surcharge   ( for   p r imary/secondary   was tewater  
t r e a t m e n t )  by t h e   m u n i c i p a l i t y   a n d   s a n i t a r y   l a n d f i l l   c h a r g e s  f o r  
s l u d g e   d i s p o s a l .  

The e s t i m a t e d   n e t   g a i n s   e x p e c t e d   f r o m   s u l f i d e   r e c l a m a t i o n ,  
chrome  recovery   reuse ,   and   pro te in   sed imenta t ion   removal   (no t  
y e t   o p e r a t i o n a l )  are c o n s i d e r e d   i n   t h e  1 9 7 6  economic  evaluat ion.  
The n e t  o p e r a t i n g   c o s t   o f   t h e  wastewater t rea tment   sys tems 
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a t   B l u e s i d e  Company i s  stated as $ 1 2 0 , 2 7 2 ,  which  amounts t o  
a n e t  cost of $0.095 pe r   h ide   p rocessed .  

The chemica l   t r ea tmen t  of s u l f i d e  by c h l o r i n a t i o n  or 
hydrogen  peroxide is expens ive   and   p roh ib i t i ve ,   excep t  when i t s  
use  is f o x   t h e   f i n a l   r e m o v a l  of small q u a n t i t i e s  of s u l f i d e .  
Wi th   p roper   opera t ion  of the   su1 f id . e  reclamation system a t  a 
pH of 5.0 - 5 . 5 ,  t h e  use of c h l o r i n e  or hydrogen  peroxide t o  
n e g a t e   r e s i d u a l  sulfide i n   t h e  wastewater t o  a maximum of 10 pprn, 
as r e q u i r e d  by the   munic ipa l   o rd inance ,   would   no t  be r e q u i r e d .  

TABLE NO. 3 1  

SANITARY LA!!DFXLL  CHARGES AND QUZlNTlTIES 
- 
Easis: Removal of 3 sludge dumpsters/day for s i x  days/week" 

f o r  a 50  week y e a r  or a to ta l  of 900 x 1 5 , 0 0 0  pounds 
l o a d s  p e r   y e a r  or 75 x 15,000 pounds loads  per   month.  

MONTHLY CHARGE 

Minimum Charge: 40 loada3.x $70 = $2,800.00 

+ Dumpster  Maintenance = - 2 0 0 . 0 0  -. 

Sub- to t a l  3 , 0 0 0  00  

+ 35 loads x $55 - 1,925 00  

Total Monthly Total $4,925.00 

- 

ANNUAL LANDFILL CHARGE $59,100.00 

ANNUAL LANDFILZ QUANTITIES: 13,500,000  pounds 

@ 5 0 %   s o l i d s  

The t a n n e r y   o p e r a t e s  18 e i g h t - h o u r   s h i f t s   o u t  of 2 1  
p o t e n t i a l  s h i f t s  p e r  week. The  downtime f o r  c.l.eaning of t h e  
s u l f i d e   r e c o v e r y   6 y s t e m ' s   d e g a s i f i e r  is s c h e d u l e d   d w i n g   t h e  
2 1 s t  and 1st s h i f t   p e r i o d s  a t  which time tanne ry  wastewater 
flow of s u l f i d e - b e a r i n g  waste is zero. Flow i n t o   B l u e s i d e  
Company's wastewater t rea tment   sys tem  and   the   mur? ic ipa l  sewer 
is v i r t Q a l l y   s t o p p e d .  

Table N o .  33 shaws t h e   e s t i m a t e d  cost of hydrogen  peroxide 
t o  remove 40 ppm of r e s i d u a l   s u l f i d e   a n d   t h e   a v e r a g e  of 1 , 3 6 0  
pprn s u l f i d e   p r e s e n t  i n  t h e  wastewater. 
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TABLE NO. 32 

WASTEWATER TREATMENT COSTS 

- -__ . ."___ 

Direct Cost& Annual  
Amount 

Labor  6 men x 2080 x $ 5.56 $ 69,389 

S u p e r v i s i o n  1 4  , 600 

F r i n g e   1 6 , 7 9 8  

M a i n t e n a n c e  Lump Sum 21,000 

E l e c t r i c i t y   8 . 2 4 2  Kwh X1O5XO.02543 20 ,959  ~- - 

Tota l  Direct Costs $142 , 746 

i n d i r e c t  Costs 

D e p r e c i a t i o n   o f   E q u i p m e n t  

"________ - - 
86,000 

L a b o r a t o r y   S e r v i c e s   a n d   S u p p l i e s  -~ 5 , 2 5 0  

Total  I n d i r e c t  Costs 91 ,250  

Waste H a n d l i n g  Costs 

Estimated sewer s u r c h a r g e  when m u n i c i p a l  
s e c o n d a r y   t r e a t m e n t  i s  on stream 157,176 

- 

S a n i t a r y   L a n d f i l l   c h a r g e s   f o r  
s l u d g e  removal 59 ,100  

"" 

T o t a l  Waste H a n d l i n g  Costs 216,276 

TOTAL  ANNUAL  OPERATING  COSTS 

Credit f r o m   S u l f i d e   R e c l a m a t i o n   S y s t e m   9 2 , 0 0 0  
Credi t  from Chrome  Recovery  System  150 , 0 0 0  
Estimated credit f rom sewer s u r c h a r g e  
e c o n o m i e s   w h e n   c o a g u l a t e d   p r o t e i n s  are 
removed from d e g a s i f i e d   e f f l u e n t   8 8 , 0 0 0  " 

~ - "" "" __ 450,272 ___ "_ "____ 

T o t a l  estimated income of p o l l u t i o n  
c o n t r o l  projects 330,000 

N e t  Cost oc Wastewater T r e a t m e n t  a t  $120 , 272 
21 ,700   h ides /week  f o r  a 50 week y e a r ,   t h e  cost  
wou1.d LE".095-/hlde __. I_ ~ " - ~ -  - - - - 
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S y s t e m   S y s t e m  N o t  
C o n d i t i o n   O p e r a t i o n a l   O p e r a t i o n a l  

. " " . . " __ " - __ " ._ . ._ .~ . ." . ~.. . . . - I .... - - - -  - _  - - ---.~---- -- ." . - - .- " - 

Average S u l f i d e  
i n   E f f l u e n t ,  pFm 4 0  

D a i l y   E f f l u e n t  
Volume, g a l l o n s   3 0 0 , 0 0 0  

* S u l f i d e   n e e d e d  t o  be 
ox id ized ,  a l l o w i n g  
1 0  ppm t o  c i t y  sewer, l b s  75 

pH Range 5 - 7  

C o s t / p o u n d   5 0 %  
Hydrogen  
P e r o x i d e  

S t o i c h i o m e t r i c  
Ratio of 5 0 %  
H y d r o g e n   P e r o x i d e  
t o  S u l f i d e  

$ 0 . 2 1 2 5  

2 : l  

1 3 6 0  

3 O O , O O O  

3380 

8 - 9  

$0 .2125  

8 : l  

P o u n d s  of H y d r o g e n  
Peroxide ( 5 0 % )   1 5 0   2 7 , 0 4 0  

Cost Estimate per d a y   $ 4 2 . 5 0   $ 5 , 7 4 6 . 0 0  

Cost p e r   h i d e ,  
3 6 1 7   h i d e s   p e r   d a y   $ 0 . 0 1 1 8   $ 1 . 5 9  

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

~""""""""""""""""""""""""""""--- 

* P r o p e r   o p e r a t i o n  of t h e   s u l f i d e   r e c l a m a t i o n   s y s t e m  a t  5 . 0  - 
5 . 5  pH r e s u l t s   i n   n o   s u l f i d e   i n   t h e  wastewater f l o w  t o  t h e  
m u n i c i p a l  sewer. T h e   c h o i c e   o f  4 0  ppm i s  f o r   c a l c u l a t i o n  
c o m p a r i s o n s   o f   h y d r o g e n   p e r o x i d e  t o  c h l o r i n e .  
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TABLE NO. 34 

CHLORINE COST ESTIMATE 

- ". . ~" . r._ ." " . . _." 
Sulf lde 
Sys tem Not 

Condition Operational  Operational 

. . . " " - -. . - - - - 
SulfFde 

-. - .- .. - I  ". - - " . -.. - ." "" -.- -~ ". 

Average Sulfide in 
Effluent,  ppm 40  

Daily Effluent 300,000 
Flow, in gallons 

Sulfide needed to be 
oxidized, allowing only  75 
10 ppm to city sewer, lbs- 

1 , 3 6 0  

300 ,000  

3,380 

Cost/Pound Chlorine $0.375 $0.075 

Stoichiometric Ratio 
of Chlorine to 1O:l minimum 1O:l minimum 
Sulfide in effluent 15:l maximum 15:l maximum 
oxidation 

Pounds  of Chlorine 750 minimum 33,800 minimum 
Required 1,125 maximum 50,700 maximum 

""""""""""""""""""""""-"---------------- 
Cost  Estimate 
per  day $56.25  to $84 .38   $2 ,535  to $3,802.50  
"""""""""""""""""""""""""""""""- 

Cost per hide based 
on 3617 hides per  $0.0156 to $0.0233 $0.70 to $1.05 
day 

*Proper operation of the sulfide reclamation system at 5.9 - 5.5  
pH results in no sulfide in  the wastewater flow to the 

municipal sewer. The  choice of 40 ppm is for calculation 
comparisons of  chlorine to hydrogen peroxide. 
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Table N o .  3 4  shows t h e   e s t i m a t e d   c o s t   o f   c h l o r i n e   u s e a g e  
a t  t h e  same t w o  l e v e l s   o f   s u l f i d e   c o n t e n t   a s  used i n   t h e  
hydrogen  peroxide cost estimate -- with   and   wi thout   the   sys tem 
o p e r a t i o n a l .  

W i t h o u t   t h e   s u l f i d e   s y s t e m   o p e r a t i o n a l ,   t k e   c o s t   o f  rcmov- 
i n g  an  average  of   1 ,360 ppm t o  t h e  1 0  ppm r e q u i r e d  by ordi-   l rance 
would  be  $1.59  per   hide  for   hydrogen  peroxide  useage  and $1.05 
p e r   h i d e   f o r   c h l o r i n e   u s e a g e .   W i t h   t h e   s u l f i d e   s y s t e m   o p e r -  
a t iona l   and   presuming  an   average   o f  40 ppm r e s i d u a l   i n   t h e  
t anne ry  wastewater, t h e  cost compar ison   of   removing   the   su l f ide  
would  be $0.0118 per   h ide   for   hydrogen   peroxide   useage   and  
from  $0.0156 t o  $0.0233 p e r   h i d e   f o r   c h l o r i n e ,   d e p e n d e n t   c n  
t h e   s t i c h i o m e t r i c  r a t i o  r e q u i r e d .  

The lower cost of hydrogen   pe rox ide   w i th   t he   su l f ide  
s y s t e n   o p e r a t i o n a l  is b e c a u s e   t h e   s t o i c h i o m e t r i c   r a t i o   r r q u i r e -  
ment i n  wastewater a t  a pH range  of  5 - 7 i s  1:l. Proper  
o p e r a t i o n  of t h e   s u l f i d e   r e c l a m a t i o n   s y s t e m   a t  a 5 .0  - 5.5  
pH, coupled   wi th   schedul ing  of downtime f o r   t h e   s y s t e m ' s  
clleaning, w i l l  e l imina te   t he   need   fo r   expens ive   u seage   o f  
chemica l   e l imina t ion  of s u l f i d e s   u s i n g   e i t h e r   h y d r o g e n   p e r o x i d e  
o r   c h l o r i n e .  

The chemis t ry  of the   hydrogen   peroxide   and   ch lor ine  
r e a c t i o n s   w i t h   s u l f i d e  i s  covered i n  t he   append ix ,   "Su l f ide  
Chemistry It . 

9 4  



SECTION 12 

PROP3SE3 SYSTEX MODIFICATIONS 

The f i r s t   p r o p o s a l ,   F i g u r e  N o .  1 6 ,  shows t h e   i n s i a l l a t i o n  
o f   c c j n i c a l   s h a p e d   t r a y s   i i i s t a l l e d  ii-1 t h e   e x i s t i n g   3 e g a s i f i e r .  
The l i q u i d   d e p t h   i n   t h e   t o w e r   w a u l d  remai;-[ t h e  same, b u t  st 
t h e   a p e x   o f   e a c h   c o n i c a l   t r a y  a E, i n c h   d i a m e t e r   d r a i n   x o u l d  52 
a d d e d   u i t h   t h e   n e c e s s a r y   v a l v i n g .  

A f u l l  se t  of   rep lacement   check   va lve   type  a i r  d i f f c s e r s  
would  be  kept i n  s t o c k   f o r   i n s t a l l a t i o n   w h i l e   t h e   t o w e r  i s  
open fo r   c l ean ing .   Th i s   wou ld   r educe   t he   c l eanou t  time, as t h e  
d i r t y   d i f f u s e r s   w o u l d   b e   c l e a n e d   d u r i n g   t h e   i n . L e r i m   p e r i o d  
between tower clean-o.uts .  

Add i t iona l   sp ray   heads ,   w i th   p ip ing   capab le   o f   hand l ing  
a h i g h e r  water vo lume ,   wou ld   be   i n s t a l l ed   i n   t he   t op  of each  
t ray   sec ' i io i l  t o  assist i n  c lean-out .  

I n   a d d i t i o n ,  a second   abso rbe r   wou ld   be   i n ska l l ed   i n  seriss 
w i t h   t h e   f i r s t  oi-le t o   e l i m i n a t e  H2S f lue   emis s io i l .  

A c o n i c a l  bottoiL1 a n d   l a r g e r   d r a i n   p i p e s  a t  t h e   b a s e  of t h e  
overf low  tower w i l l  assist  i n   t h e   c l e a n o u t   a n d  are d e p c i t e d  
i n   t h e   s c h e m a t i c .  

The second   p roposa l ,   F igu re  No. 1 7 ,  shows a d e g a s i f i e r  
w i t h  l o w  l i q u i d  level t r a y s .  The  low l i q u i d  level t r a y s   c o u l d  
bs  of  khe  type  desigrled by Koch Zngineer ing  Company. F l e x i t r a y s  
are va lve- type   Lrays   cons is t ing   c f   per fora ted   decks   upon  which  
round  movable  caps are mounted.  The  caps,   which  operate as 
check   va lves ,  are approximate ly  2 i n c h e s   i n   d i a m e t e r   a a d   h a v e  a 
l i m i t e d   l i f t   c a p a b i l i t y   a c c o m p l i s h e d  by e i t h e r  a hold-down cage 
or  by i n t e q r a l   g u i d e   l e g s   w i t h   l i f t   s t o p s .  
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The v a l v e s ,  made o f   d i f f e r e n - t  metal qauges,  wodld be 
i n s t a l l e d   i n   a l t e r r l a t i n g  rows of l i g h t  and  heavy  caps,  pa ra l l e l  
t o  the o a t l e t  weir, and  would  provide goad vapor   dis t r ibut ioi-1 
ov5r a wide range of a i r  f l o w  r a t e s .  A t  lower a i r  flaws, t h e  
l i g h t e r   v a l v e s  would l i f t  t o  an  open posit ioil .  But as t h e  a i r  
f l o w  r a t e   i n c r e a s e d ,  t h e  heav ie r   we igh t  valves would  progressive-  
ly   open  w i d e r ,  e v e n t u a l l y  t o  t he i r  f u l l  open   pos i t i on .  Even a t  
t h e  l o w e s t   a i r  f l ow volume, a i r  would flow upward  through  the 
c rev ices   a round t h e  va lves   and   would   p revent   l eakage   in to  t h e  
a i r  blower. 

T r a p  gaske t ing   would   no t  be necessa ry ,   no t   on ly   because  
of the a i r  flow  apward  through t h e  c rev ices   wh ich  wcluld prevei i t  
l eakage ,   bu t   because  of t h e  lower l i q u i d   l e v e l ' s   r e d u c e d  down- 
ward force e x e r t e d  on t h e  v a l v e s .   T r a y   g a s k e t i n g ,   n e v e r i h e l e s s ,  
i s  a v a i l a b l e .  

T h e  number of t r a y s   r e q u i r e d   w o u l d  be increased   dependent  
upon. t h e  r e - t e n t i o n  time necessary .  

An a d d i t i o n a l  low l i q u i d  level tower of proper  dimension 
equipped w i t h i d e n t i c a l  valve-Lype  t rays   would be used   as   an  
abso rbe r .  Fresh caus t ic   soda   would  f low i n t o  t h e  t o p   t r a y  of 
this u n i t  and f l o w  c o u n t e r c u r r e n t  t o  the  HzS/a i r  vapor. 

The e m e r g e n t   s o l u t i o n   a t  t h e  bottom of t h i s  u n i t  would 
move t o  tankage as  s sd ium  su l fhydra t e  or sodium s u l f i d e   s o l u t i o n  
i n  c a u s t i c  soda, dependent  upon t h e  number of t r a y s   u s e d .  The 
f l u e  from t h e  absorber would  be  e l iminated as a l l  gas  would 
r e t u r n   t o  t h e  w e t  well and  be  recycled.  

PROTEIN SEDIMENT REMOVAL PROPOSAL 
F igu re  No, 1 8  i s  a schematic  for t h e   c o l l e c t i o n  of 

d e y a s i f i e r   e f f l u e n t   i n t o  a r e c t a n g u l a r  c lar i f ier  from a 
mod i f i ed   ove r f low  p ipe   i n  t he  overf low tower. Modif ica t ion  of 
t h e  overf low  pipe  would  be  required to h a v e   s u f f i c i e n t  headroom 
t o  allow g r a v i t y   f l o w   o f   d e g a s i f i e d   e f f l u e n t   i n t o   t h e   r e s e r v o i r .  

The e f f l u e n t  would  be pumped f rom  the  c la r i f ie r  i n t o  a 
s e p a r a t o r   ( c y c l o n i c  or s l u d g e   b l a n k e t   t y p e )   a l l o w i n g   f u r t h e r  
p r o t e i n   s l u d g e  to be removed. The c l a r i f i e d   e f f l u e n t  would 
f low t o  t h e  munic ipa l  sewer. The p ro te in   s ludge   wou ld  f low 
i n t o  a s ludge   rece iv ing   tank   f rom  which  it would be pumped t o  a 
f i l t e r  p r e s s  for d e w a t e r i n g   p r i o r   t o   d i s p o s a l .  

CHROME RECOVERY AND REUSE 

I ts  adopt ion  w i l l  f u r t h e r   r e d u c e   p o l l u t i o n   l o a d i n g s .  The 
minimizat ion of chrzlme i n  the tannery   was tewater  w i l l  lower t h e  
COD and  produce a less bu lk ing   s ludge  fcr s a n i t a r y   l a n d f i l l ,  
The el imizt iQn  of   acidic   components   f rom t h e  t a n n e r y   e f f l u e n t  
! \ r i l l  r e s u l t   i n  a higher  pH e x i s t i n g   i n  t h e  e q u a l i z i n g   t a n k s  

Chrome recovery  and  reuse was n o t  a p a r t   o f   t h i s   p r o j e c t .  
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p r i o r   t o   t h e   h a i r  screen an? i n   t h e   c l a r i f i e r .   T h i s  w i l l  
d e c r e a s e   o d o r   p o t e n t i a l .  

The  chrome r e c o v e r y   a n d   r e c y c l i n g   a t   B l u e s i d e  Company is  
based on r e u e  of exhaus t   l i quor   and   excess   amomts  of l i q u o r  
vi11 accumulate  which  must be p r e c i p i t a t e d .  

I n d i c a t i o n s  are t h z t  a s av ings  of $ 1 5 0 , 0 0 0  pe r   yea r   cou ld  
b e   r e a l i z e d ,  
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APPENDIX A 

SULFIDE CHEM1STF.Y 

Hydrzger, s u l f i d e  a t  no rma l   t enpe ra twe   and   a tmosphe r i c  
p r e s s u r e  i s  a c o l o r l e s s   g a s   h a v i n g   t h e   o f f e n s i v e   o d o r  crf r 9 t t e n  
eqgs.  I t  is a f lamnable   gas   and m a y  exp lode   on   i gn i t i on  a t  a 
tempera ture   o f  260OC (50C)OF) and a wide f l a p m a b i l i t y   r a n g e  of 
4 . 3 %  - 46% i n  a i r .  The gas  i s  h i g h l y   t o x i c   a n d  a t  h i g h e r  
c o n c e n t r a t i o n s  i t  p a r a i i z e s   t h e   o l f a c t o r y   n e r v e s   p r e v e n t i n g  
d e t e c t i o n   o f  t h e  odor .  I t  is  a mi ld   reducing   agegt   and  i s  
o x i d i z e d   u n d e r   s u i t a b l e   c o n d i t i o n s   u s h g   c h l o r i n e ,   o x y g e n ,  
s u l f u r   d i o x i d e ,   a n d   s u l f u r i c   a c i d .  I t  e n t e r s   i n t o   r e a c t i o n s  
wi th*  many o r g a p i c  compounds.  With s c l u t i o n s  of heavy rnetals, 
(silver, l ead ,   copper ,   manganese) ,   hydrogen   su l f ide   fnrm metal 
s n l f i d e s .  

I n d u s t r i a l l y ,   d e p e n d i n g   o n   t h e   q u a n t i t y   a 2 d   p u r i t y  
r e q u i r e d ,   h y d r o g e n   s u l f i d e  i s  prepzrecl by m e  o f   t h e   f o l l c w i n g  
r e a c t i o n s :  

Sulfur   and  hydrogen:  S + H 2  3 H2S 

S u l f u r   a n d   a n   a l k a l i :  4 S + 2 NaOH + H20 3 2 H2S + Na2S203 

S1,zlfide 3n ar. a c i d :  2 NaHS + I12SO4 3 2 H2S + Na2SO4 

Hydrogen s u l f i d e  may be sLzpplied by o n - s i t e   g e n e r a t o r s  or i n  
c y l i n d e r   q u a n t i t i e s   i n  s teel  c y l i n d e r s  as a l i q u e f i e d   g a s   u n d e r  
i ts  own vapor   p re s su re  of 252 p s i g  a t  70°F. 

A n W e r  of producers   o f   sodium  su l fhydra te  ( N a H S )  w i l l  
Fu rchase   t he   hydrogen   su l f ide   gas  i? l a r g e   c o n t a i n e r s   a n d   a l l o w  
t h e   g a s  t o  escape   f rom  the   cy l inder   under  i t s  own p r e s s u r e   i n t c !  
a packed  ce1m.n ( o r   t r a y   p l a t e  tower) where   l i q l l i d   caus t i c  soda 
i s  caused t o  flow. The r e a c t i o n s   t h a t   t a k e   p l a c e  are as 
f9 l lows:  

Reac t ion  ?!To, 1: NzOH + H2S 4 MaSH + Hz0 

React ion N o ,  2 :  ?AaSH + NsOH + Na2S -F. H z 0  

I n  the p resence  of e x c e s s  NaOH,  r e a c t i o n s  1 and 2 t a k e   p l a c e  
s imul taneous .  I s  a d d i t i o n a l  H2S is  f e d   i n t o   t h e  Ma2S, t h e  
r e a c t i o n   g o e s  t o  c o n p l e t i o n  as fo l lows :  
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TABLE NO. 3 5  

PHYSICAL  PROPERTIES O F  HYDROGEN S U L F I D E   ! R e f .   1 7 )  

S o l u b i l i t y  i n  Water of Gas a t  2 6 . 7 O C   w t .  % ----- 0 . 3 2  

Heat of V a p o r i z a t i o n ,  ca l /g  mole --------------- 4 4 . 6 3  
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React inn  NQ. 3 :  Na2S + H2S + 2 N a H S  

The end   product  of t h e   c o m e r c i a l l y   a b s o r b e d  H2S i s  NaHS, o r  
sodium s u l f h y d r a t e .   S i n c e   t h e  hydrnger! s u l f i d e  is  fed! i n t o   t h e  
absorber   f rom a c y l i n d e r   u n d e r  i t s  own p r e s s u r e   o f  2 5 2  p s i g ,  
t h c   s y s t e m  is  3irless. 

The s u l f i d e   r e c l a m a t i o n   s y s t c m  a t  B lues ide  Company makes 
use  of  a c o n t r o l l e d  a i r  f low t o  c a r r y   t h e   l i b z r a t e d   h y d r o g e n  
s u l f i d e  frorr. t h e   d e g a s i f i e r  t o  t h e   a b s o r b e r .  The a i r  flow 
volurne i s  c o n t r o l l e d  as r e l a t e d  tc  t h e   h y d r o q e n   s u l f i d e  
l i b e r a t e d   f r o m   t h e   d e g a s i f i e r   i n f l u e n t  t o  e n s u r e   t h a t   t h e  H 7 S  
C o n c e n t r a t i o n   i n  a i r  i s  be low  the  4 %  lcwer explos ion   l i ! r . i t -  The 
p r o p e r t i e s  of h y d r o g e n   s u l f i d e  are l i s ted  i n   T a b l e  No. 35. 

1 

At Blues ide  Com-any, h y d r c g e n   s u l f i d e  i s  formed i n   t h e  ? d e g a s i f i e r  b y   a c i d i f L C a t i o n   o f   t h e   s u l f i d e   b e a r i n g  wastewater 
inf1uer . t  t o  a 5.5 - 5 . 0  pH u s i n q   s u l f u r i c   a c i d .  The r 9 a c t i o n  
i s  as fo l lows :  

E f f l u e n t   s u l f i d e s  + E2SO4 + E f f l u e n t   s u l f a t e s  + H2S 

The conve r s ion   o f   t he   hydrogen   su l f ide  t o  s o d i u m   s u l f i d e  i s  
l i m i t e d  t o  r e a c t i o n s  1 and 2 above. 

The removal   o f   su l f ides   f rcm  product  flows by s e l e c t i v e  
s o l v e n t   a b s o r p t i o n   i n   p a c k e d  towers o r   p l a t e  towers i s  co~~?mor! 
p l a c e   i n   t h e  chemical .   and  petro-chemical   industr ies .  I t  i s  
a safe o p e r a t i o n  as is t h e   s u l f i d e   r e c l a m a t i o n   s y s t e n ?  a t  t h e  
B lues ide  Company. 

The s o l u b i l i t y   o f   h y d r o g e n   s u l f i d e   i n  water a t  any  given 
tempera ture  i s  based c?n two phenomena; Henry 's  Law a n d   t h e  
i o n i z a t i o n   o f   h y d r o g e n   s u l f i d e  as a weak acid. Henry ' s  Law, 
s i m p l y   s t a t e d ,   d e f i n e s   t h e   d i s t r i b u t i o n   o f  a gas between a 
l i q u i d   s o l v e n t   a n d  a gas   phase   aa  a c o n s t a n t   p r o p o r t i o n  a t  a 
g i v e n   t e a p e r a t u r e .   H e n r y ' s  Law may be w r i t t e n  as pa=H Xe where 
pa i s  t h e  mole f r a c t i o n   o f   t h e  component i n   t h e   g a s   a b o v e   t h e  
l i q u i d ,   a c d  X a  i s  t h e  mole f r a c t i o n   o f   t h e  component i n   t h e  
l i q u i d .  A s impl i f i ed   approx im2te  r a t i o  may b e   s t a t e d  H = ;3a/Xa 
where  pa = ppm H2S i n   t h e  a i r  and X a  = ppm i n   t h e   l i q u i d .  

The h y d r o g e n   s u l f i d e   i n   t h e  water i n  % h e   r e l a t i o n s h i p  i s  
o n l y   t h e   s u l f i d e  as h y d r o g e n   s u l f i d e   p r e s e n t .   S i n c e  hydro.;en 
s u l f i d e  i s  a wezk d i b a s i c   a c i d ,   t h e   d e g r e e  of d i s a s s o c i a t i o n  
i s  dependent  on pH. A t  a low pH 5 . 0 ,  t h e   i o z i z z t i n n  of t h e  
h y d r o g e n   s u l f i d s  i s  repressed   and   approximate ly  99% of  hydrogen 
s u l f i d e  is n o t   i n   t h e   i o n i z e d  s ta te .  I n  S e c t i o n  7 it w a s  
s t a t e d   t h a t   o n e   t h e o r e t i c a l   t r a y  was r e q u i r e d   t o   l i b e r a t e  the 
hydrogen   su l f ide   f rom  the   l i qu id .   Henry ' s  Law r e s u l t e d   i n  
0 .00672 pounds   o f   su l f ide   remain ing  ir? t h e   l i q u i d  as opposed 
t o  0 . 0 2  pounds as r e f l e c t e d  by t h e   d a t a .  The h y d r o g e n   s u l f i d e  
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i n   t h e   v a p o r   F h a s e   a b o v e   t h e   l i q u i c ?   b a s e d   o n   t h e   d a t a  was 
2 . 2 1  pounds - 0 . 0 2  Founds =I 2 . 1 9  pounds.  Based  on  Hecry's 
Law, t h e  aanount above t h e   l i q u i d  would be 2 . 2 1  - 0 0 0 6 7 2  
pour,ds =- 2.2033  pounds, o r  99 .7%  of   the   hydrogen   su l f ide  
l i b e r a t e d   f r o m   t h e   l i q u i d .  

The i o n i z a t i o n   o f   h y d r o g e n   s u l f i d e   i n  water proceeds  i n  
two s t e p s   i n   a c c o r d   w i t h   t h e   f o l l o w i n g   e q u a t i o n s :  

H2S 5 SH- + H+ 

The i o r i z a t i o n   c c n s t a n t   o f   t h i s   r e z c t i o n  is: 

= (SH-1 (H') _"" 
H 2 S  

The s e c o n d   i o n i z a t i o n   S t e p  is: 

SH' f S- - + H+ 

*he i o n i z a t i o n   c o n s t a n t  of t h i s   r e a c t i o n  is:  

10-15 . = (s=) (H+)  
SH- 

A t  any sH, t h e  s ta te  of i o n i z a t i o n  of t h e   s u l f i d e   c a n   b e  
d e t e r m i n e d .   I n   t h e   i n f l u e n t  t o  t h e   s u l f i d e   r e c l a m a t i o n   p l e n t  
a t  pE! 9.0, t h e   c a l c u l a t i o n s  are as fo l lows:  

10-7 = (sH-! 10-9 
H2S 

SH- = 10-7 = 10 2 - 
H2S 1o'y 

The r a t i o  of s u l f h y d r a t e  tc! h y d r o g e n   s u l f i d e  i s  1OO:l 

10-15 = (s=) 10-9 

S =  - - 10-15 = 10-6  

(SH') 

- 
SH- 6"- 

The r a t i o  o f   s u l f i d e  t o  s u l f h y d r a t e  is t h e r e f o r e  1: 1 0 0 0 0 0 0  

From t h e s e   e q u a t i o n s ,   t h e   i o n i z a t i o n   o f   t h e   s u l f i d e  at 
t h e   s i g n i f i c a n t  pH's fnr t h e   s n l f i d e   r e c l a m a t i o n   c a n  be 
c a l c u l a t e d .  Table N o .  36 l ists  t h e   c o n c e n t r a t i o n   o f   i o n s   i n  
t h e   s o l u t i o n  a t  v a r i o u s  pH l e v e l s .  
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TPBLE NO. 36 

T O N I Z A T I O N  OF HYDROGEN SULFIDE 

Source pH  H2S  SH’ S= 

I n f l u e n t  9 .0  1.0- 1 I n - 6  

A c i d i f i e d  
Lnf l u e n t  5.0 1 0 2  1 

A c i d l f i c d  
I n f l u e n t  6 . 0  1 0  A 1 10-9 

Absorber 1 2 . 0  10-5 1 10-3 

Ecd p o i n t  
of Ma09 
Analqisis 

8.2 10-1 .2  
i 
1 

F o r   t h e   d e g a s i f i e r   i n f l u e n t  a t  pH 9 . 0 ,  t h e   s u l f i d e  i s  
p r e s e n t   F r i K a r i l y  a s  t h e   s g l f k y d r a t e  ioz. Very l i t t l e  s u l f i d e  
i s  present .   Approximztely 1% i s  > r e c e n t  as h y d r o g e n   s y l f i d e .  
A c i d i f i c a t i o n  t 9  pH 5 . 0  r e s u l t s   i n d i c a t e   t h a t   h y d r o g e n   s u l f i d e  
i s  no t   i on ized   and  i s  t h e   d o m i n a c t   s a l f i d e   F r e s e n t ,   s u l f h y d r a t e  
i s  F r e s e n t  a t  approximately 1% le17el, and  the  sulfic7,e S” 
c o n c e c t r a t i o n  i s  less than  1 ppm. A t  pH 1 2  i n   t h e   a b s o r b e r ,   t h c  
s u l f i d e  i s  p resen t   p redominan t ly  as t h e   s u l f h y d r a t e   i o n .  
Hydroger, su l f ic?e  is  p r e s e n t   i n   t h e   r a n g e   u n d e r  10 ppm and  about  
0 .1% of t h e   s u l f i d e  i s  p r e s e n t  as s u l f i d e   i n n  S=. A t  pH 8.2, 
t h e   s u l f i d e  i s  p r e s e n t   p r i m a r i l y  as t h e   s u l f h y d r a t e   i o n .  
Approximately 59 o f   t h e   s u l f i d e  i s  p r e s e n t  as hydrogen   su l f ide  
and   t he  amount rrf t h e   s c l f i d e  S= i o n  i s  less than  1 ppx. 

If c o m m e r c i a l l y   a v e i l s . b l e   s o d i m   s u l f i d e  (Ya2S) were p laced  
i n   s o l u t i o n  a t  a c o n c e n t r a t i o n  of 1 0 %  i n  water, t h e   i o n i c  
c o n c z n t r a t i o n   o f  SH’, S= and OH- would  be ES f o l l c w s :  

HS’S H+ s” 
- 

1 x 10-15 
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Kn = ( H S - )  (H') ( O f )  
(E+) !s=) 

Kw (H') (QH-) 

Equa t i cns  I an"u I1 are t h e  same e q u a t i o n .  

S i n c e  N a p s  -. and N z S H  t o t a l  t c  be  l . 2 8  m o l a r   c o n c e n t r a t i o n ,  1rt 
SF- = x 
There fo re  (S") = 1 . 2 8  - X  and (HS-) = (OH-) f rom  equs t inn  I 

10 = X 2  
1 . 2 8  - X ". 

12.8  - l o x  - X2 = 0 

Using   t h2   quadra t i c :   equa t ion :  X = 10-  (100 + 4 x 12 .8 ) '  
-2 

X = 1.148 Molar 

SH- = 1.148 Molar 

S= = 1 .28  - l . 1 4 8  = 0.1318 Molar 

T h e r z f o r e ,  a 1 0 %  s o d i u ? .   s u l f i d e   s o l u t i o r .   h a s   t h e   s u l f h y d r a t e  
i o n   p r e s e n t   i n  2 1 . 1 4 8  m o l a r   c o n c e n t r a t i o n   a n d   s u l f i d e  S= i o n  
p r e s e n t   i n  a 0.1318  molar   concent ra t io=,  o r  a s n l f h y d r a t e   t o  
n u l f i d c  r a t i o  s f   8 . 7   t o  1. 

Vsing  H",nry's Law, it i s  p o s s i b l e  t o  detPrmine .;:hat pH 
l e v e l  i s  n e c e s s a r y   i n   . t h e   c a u s t i c   s o d a   r e c i r c u l a t i o n   t a n k  t o  
t h e   a b s o r b e r  to m s i n t a i n   t h e  H 2 S  e s c a p i n g   i n t c   t h e   a t m o s p h e r e  
below 1 0 0  pprn from a 1 0 %  s o d i u m   s u l f i d e   s o l u t i o n .   H e n r y ' s  Law 
c o n s t a n t   f o r  H7S ;.t 9n°F is  c a l c n l a t e d  t o  be 1 2 - 1 4  a tmosphere 
molar -1. I f  h e  l i m i t  of  H2S i n t o   t h e   a t m o s p h e r e  i s  t o  be 
100 ppm, t h e 2   t h e   p a r t i a l   p r e s s u r e  w i l l  be: 

10 8 

P 



1 0 0  - - a tmospheres  
l , n 0 0 , 0 0 0  

T h s e f o r e ,   t h e   s o l u t i o n   c o g c e n t r a t i o n   m u s t  be: 

where "m" is t h e   m o l a l i t y ,  ''K" is  H e z r y ' s  Law c c n s t a n t ,   a n d  
i s  t h e   p a r t i a l   p r e s s u r e  of Y2S. C a l c u l a t i n g   f o r  m: I1 n II 

n? = P H,S ''K 
L 

m = 1 0 - 4  a tmosphere 
1 2 . 1 4  a tmosphere molar -1 

m = 8.234 x molar 

If HzS i s  p s s s e d   t h r o u g h   t h e   ; a c k i n g  tower c o n t a i n i n g  
c a u s t i c  s,da s o l E t i o n  t o  produce  N a  S and NaSH, t h e  pH c a l c u l a -  
t i o m  r e q u i r e   d e t e r m i n i n g   t h e   h y d r o l y s i s   s t e p s  fo r  p r e p a r a t i o n  
of t w o  equa t iQns   wh ich  w i l l  t h e n  be s o l v e d   u s i n g   t h e   q u a d r a t i c  
e q u a t i o n .  

H y d r o l y s i s   s t e p s  
-4 

S= + 1120 +.l IIS + OH Kh2 = Kw - 

Ass3mi2g a c o n c e n t r a t i o n   o f  1 0 %  Na2S, t h e   m o l a r i t y  w i l l  be 
1 .28  molar. 

F o r   h y d r o l y s i s ,  L e t  X = (HS-) and Y = ( 9 H - j  

Then:  1.28 - x =: (S") 

F o r   h y d r o l y s i s   c f  S= 

Kh2 = (xs - )  (OR-) - - 

For h y d r o l y s i s   o f  IIS- 

T h e r e f o r e ,   t h e  two e q u a t i o z s  

= x Y  
1.28-x 

= 8 . 2 3 4  x 10'6Y 
x 

f o r   s o l v i n g  are as f o l l o w s :  
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Equa t ion  I 10 = XY 
1 .28  - X 

To  f i n d   t h e  OH- c o n c e n t r a t i o n   n e e d e d  or  Y ,  r e x r a n g r   t h e  
e q z a t i o n s :  

Equat ior ,  I1 X = 8.234 x 1 0 - 6 Y  = 74.1Y 
1.11 x 10-7 

S c b s t i t x t i n g   E q u a t i o n  I 10 = 74 .1  Y . Y  o r  1 2 . e  - 74.1Y - 7 ? . 1 Y  =O 2 
1 .28  - 74.1Y 

" 

UsincJ t h e   q u a d r a t i c   e q u a t i o n :  

Y = + 7 4 1  - (7412 + 4 x 74 .1 )+  
-2 X 14.1 

Y = O.Ql72 M o r  (OH') = 0.0172M 

pOH = -  log 0.0172M 

PH = 1 4 . 0  - 1 . 7 6  

PH = 1 2 . 2 4  

A pH o f  1 2 . 2 4  f o r  a 1 0 %  s c l u t i o r ,  of s o d i u m   s u l f i d e  w i l l  
a ssure   no   more   than   100  ppm of  H7S - i n t o   t h e   a t m o s p h e r e .  

Ox ida t i r zn   o f   Su l f ides  
Manganous  Sulfat-  been  used 3s t h e  ca ta lvs t  i n   a e r a t i o n  

sys t ems  to c o n v e r t   s u l f i d e s  t o  e l e m e n t a l   s u l f u r   a A d / o r   s u l f a t e s .  
The r e a c t i o n s   p r o c e e d  as f o l l o w s :  

2 HS- + 02 + H+ Mn ++ 2 H20 + 2 s 

or t o  s u l f a t e s  

5s- + 2 02 "I++ SO4 = + H+ 

Hydrogen  peroxide may be used as a m e t h o d   o f   c o n t r o l l i n g  
t h e   s u l f i d e  c o n t e n t   i n   a n   e f f l u e n t .  The  hydrogen  peroxide 
reacts on a s t o i c h r o m e t r i c  basis a t  a r ange   o f  6 - 7 pH. 
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Under s t r o n g l y   a l k a l i n e   c o n d i t i o n s ,   t h e   c h e m i s t r y   s h i f t s  
and  four  times as much hydrogen  peroxide i s  needed: 

s- + 4 5 2 0 2  A l k a l i n e  
pH S.0 

SO= + 4 H20 

T h e r e f o r e ,   t h e  most e c o n o m i c a l   u t i l i z a t i o n   o f  l-iydxogsn 
p e r o x i d e   r e q u i r e s   t h a t   t h e  pH o f   t h e   e f f l u e n t  be ma in ta ined  
between 6 -- 7 .  W i t h   t h e   d e g a s i f i e r  down, t h e   a c i d u l a t i o n  cf t h e  
e f f l u e n t  wou ld   no t   be   pcs s ib l e   and   t he  pH s f   t h e   e f f l u e n t  would 
b e   i n   t h e   r a n g e   o f  8 . 5  - 9 . 0  r e q u r i n g   t h z  4 : l  p e r o x i d e   t o  
s u l f i d e   r a t i o .  

C h l o r i n e  i s  u s e d   t o   o x i d i z e   t h e   s u l f i d e ,   t h e   r e a c t i o n  
r e q u i r e s  9 . 8 7  p a r t s   o f   c h l o r i n e  t o  1 p a r t  of s u l f i d e .   he 
chlor ine ,   however ,  reacts w i t h   o t h e r   o r g a n i c  matter p r e s e n t  
i n   t h e   e f f l u e n t ,  s3 t h a t  19 t o  1 5   p a r t s   o f   c h l o r i n e  may b? 
consumed b e f c r e   t h e   s u l f u r  i s  comple t e ly   conve r t ed  t o  s a l f a t e .  

HS” + 4 C 1 2  + 4 H20 “4 SO4 + 9 Hf + 8 C1- 
- - 

’The a d d i t i o n   o f   c h l o r i n e  t o  a n   e f f l u e n t   d e p r e s s e s   b i o l o g i c a l  
a c t i v i t y ,   v i r t u a l l y   s t o p p i n g   t h e   c o n s u m p t i o n  of o x y g e n ,   u n t i l  
t h e   c h l o r i n e   r e s i d u a l   h a s   d i s a p p e a r e d .   D u r i n g   t h i s   p e r i o d   o f  
s u p p r e s s e d   b i o l o g i c a l   a c t i v i t y ,   t h e  stream acqui res   an   oxygen  
r e s e r v e  t h a t  w i l l  d z l a y   t h e   r e a p p e a r a n c e  of s u l f i d e   d o v n s t r e a m .  
( 1 4 1  

On p u r e   s u l f i d e   s o l u t i o n s ,   c h l o r i n e   c o n v e r t s  t h e  s u l f i d e  
t o   s u l f u r   r e q u i r i n g  2 . 2  p a r t s   c h l o r i n e   t o  1 p a r t   s u l f i d e :  

HS- + C12  + S + H+ -!- 2 C1- 

The e l i m i n a t i o n   o f   s u l f i d e s   i n   a n   e f f l u e z t   r g d u c e s   t h e  
cxygen demand i n   t h e   t r e a t m s n t   p l a n t   a n d   r e d u c e s   t h e  SOD5 
p o l l u t i o n   l o a d i n g  of t h e  wastewater r e s u l t i n g   i n  a lower 
mun ic ipa l  sewer surcharge .   Oxygenat ion  of t h e   s u l f i d e s   i n   t h e  
t reatment   plant   would  produce  thio-compoucds  thrcmgh t o  s u l f a t e s :  

T o x i c o l o g y   o f   h y d r o g e n   s u l f i d e   g a s   d i c t a t e s  care i n  
p e r s o n a l  safevyl a n d   c o n s t a n t   t r a i n i n g   f o r   a w a r e n e s s  of dange r s .  
E l u e s i d e  Company k a s   s i g n s   d i c t a t i n g  t k e  p o t e n t i a l   p r e s e n c e   o f  
112s i n  a l l  areas w h e r e   t h e   p o s s i b i l i t y   e x i s t s .   R e s p i r a t o r s ,  
gas   masks ,   s ens ing   dev ices ,   pe r sona l  b e l t  alarm u n i t s  nake f o r  
a s a f e - g u a r d   a p p r o a c h   i n   t a n n e r y  areas w h e r e   s u l f i d e s  are used.  
H i g h   v e n t i l a t i o n  rates o f   o u t s i d e  a i r  t h r o u g h   t h e   p o t e n t i a l  
areas has ensured   an  H2S f r e e   p l a n t .  

The p r i n c i p z l   m a n i f e s t a t i o n   o f  H2S p o i s s n i n g  i s  i r r i t a t i o n .  
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a.  Acute  Poisoning 
Hydrogen  sulfide  is  detectable by odor  at 0.5 ppm,  and 10 

ppm  causes  irritaticn  and  sensory l oss .  concentrations  absve 
50 ppm  cause  the  following  symptoms:  painful  csnjunctivitis, 
appecrance  of  a  halc  around  lights,  headache,  anosmia,  nausez, 
rawness  in  the  throat,  cough,  dizziness,  drowsiness,  and 
pulmonary  edema.  Concentrations  above 500 ppm  cause  immediate 
loss of consciousness,  depressed  respiration,  and  death  in 30 
to 60 minutes. 

b. Chronic  Poisoning 
ProlGged exposure  causes  persistent  low  blood  pressure, 

nausea, loss of  appetite,  weight  loss,  impaired  gait ar,d 
balance,  conjunctivitiea,  and  chronic  cough. 

c. Prognosis 
IR hydrogen  sulfide  poisoning,  if  the  patient  Survives 

‘for  the  first  four  hours,  recovery  is  assured. (18) 
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APPENDIX B 

O R I G I N A L  SPECIFICATIONS 

1 SULFIDE STRIPPING SYSTEM 

Genera l  

F a r n i s h ,   i n s t a l l   c o n t r o l s ,   i n s t r u m e n t s ,   a n d   a c c e s s c r y  
equipment   necessary  fo r  t h e   o p e r a t i o n   o f  a s u l f i d e   s t r i p p i n g  
s y s t e n ,  as s p e c i f i e d   h e r e i n .  

The s u l f i d e   s t r i p p i n g   s y s t e m  i s  t o  conver t   gaseous   hydrogen  
s u l f i d e  rilixed w i t h  a i r  t o  s c d i u m   s u l f i d e   f o r   p r o c e s s   u s e .   T h i s  
i s  accompl ished   by   b lowing   the   hydrogen   su l f ide   gas  f r a m  t h e  
d e g a s i f y i n g  tower through  an   absorpkion   tower ,   in   which  scrdirim 
hydroxide  i s  b e i n g   c i r c u l a t e d .  A e h e z i c a l   r e a c t i o n  w i l l  occu i  
and  the  sodiurn  hydroxide w i l l  b e   c o n v e r t e d   t o   s o d i u m   s u l f i d e .  

A hydrogen   su l f ide   mon i to r  w i l l  t ake   s amples   f rom  the  
e x h a d s t  a i r  stream o f   t h e   a b s o r p t i o n  tower and w i l l  i n d i c a t e  
when the  sodium  hydroxide is  c o n v e r t e d  t o  s o d i u m   s u l f i d e .  A t  
t h a t  time, a new ba tch   o f   sod iun   hydrox ide  w i l l  b e g i n   c i r c u l a t -  
i n g .  The s o d i u i   s u l f i d e  w i l l  be t r a n s f e r r e d  t o  s t o r a g e ,   a n d  a 
new b a t c h  of sodium  hydroxide w i l l  be  made up i n   t h e  empty 
t ank .  

The  system w i l l  o p e r a t e   f o r   e i g h t   h o a r s   p e r   d a y   i n i t i a l l y ,  
and l a t e r  w i l l  o p e r a t e  2 4  hours   pe r   day ,   excep t  for  i n f r e q u e n t  
shutdowns. 

Cata t o  be   Fu rn i shed  

S u b m i t   f o r   a p p r o v a l   s i x   c c m p l e t e  sets of shop  drawings ,  
s h o w i n g   d e t a i l s   o f   c o n s t r u c t i o n   a n d   e r e c t i o n ,   a n d   f o u r   c o m p l e t e  
sets of ope ra t ing   and   ma in tenance   i n s t ruc t io l i s ,   i nc lud ing  
wir ing   d iagrams.  

D e s i s n  

Scope 
One s u p p l i e r   s h a l l  assume t h e   r e s p o n s i b i l i t y   f o r   t h e  

sequei lce   o f   opera t ion  of t h e   s o d i u n   s u l f i d e   s t r i $ p i n g   s y s t e m .  
T h i s   s h a l l  be a comple te   and   opera t ing   sys tem,   inc luding  a t  
least  t h e   f o l l o w i n g :  
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( a j  C o n t r o l   c a b i n e t   a n d   n e c e s s a r y   r e l a y s  
(b)  H y d r o g e n   S u l f i d e   d e t e c t o r  
( c )  T i m e r s  f o r   c o n t r o l   s y s t e r t  
( d )  Horn  and  l ighks 
( e )  Level. s e n s o r s   w i t h   r e l a y s   € o r   b a t c h   t a n k s  
( f )   S o l e n o i d   s p e r a t e d   v a l v e s  

Process p i p i n g   s h a l l   b e   i n s t a l l e d  by o t h e r s .   S o l e n o i d  
and motor o p e r a t e d   v a l v e s   s u p p l i e s   u n d e r   t h i s   s e c t i o n   s h a l l  be 
i n s t a l l e d  by o t h e r s  as a p o r t i c n  of t h e   p r o c e s s   p i p e w o r k .  
However, a l l  r e s p o n s i b i l i t y   f o r   o p e r a t i o n   o f   t h e s e   v a l v e s   s h a l l  
r e m a i n   z n d e r   t h i s   s e c t i o i l .  

Opera t ion  
"~ 

T i-1 e 
s h a l l   b e  

1. 

2. 

3 .  

4 .  

5. 

6 .  

7 
I .  

s z q u e n c e   o f   o p e r a t i o n   o f   t h e   s u l f i d e   s t r i p p i n g   s y s t e m  
as f o l l o w s :  

The  system w i l l  be i n i t i a t e d  by t h e  "S ta r t "  p u s h   b u t t o n ,  
o n   t h e   c o n t r o l   c a b i n e t ,  f o r  c o n t i n i l o u s   o p e r a t i o n   o f   i h e  
s y s t e m   u n t i l   t h e   " s t o p "   p u s h   b u t t o n  i s  a c t i v a t e d  o r  by 
i n t e r r u p t i n g  power t o   t h e   c a b i n e t .  

The c a u s t i c   f e e d  puinp a n d   v a l v e   t o   f i l l   b a t c h  Tank 
N o .  1 s h a l l   b e   e n e r g i z e d .  Tank w i l l  f i l l  t o  approx i -  
ma te ly  52 .5  g a l l o n s   w i t h  2 5  p e r c e i i t   c a u s t i c .   L e v e l  
w i l l  be f i x e d   b y  a l e v e l   p r o b e  called t h e   i n t e r m e d i a t e  
l e v e  1. 

The i n t e r m e d i a t e  level p r o b e   s h a l l   s h u t   o f f   t h e   v a l v e  
ts b a t c h  Tank N o .  1 and   s top   t he   caus t i c ;   f eed   p -mp .  
The water v a l v e  to b a t c h  Tank N o .  1 s h a l l .   o p e n   t o  
cGmple te   the   makeup  of   10   percent   caus t ic .  An upper  
level  p r o b e   s h a l l  be f i x e d   a n d  close t h e  water valve 
t o  Tank N o .  1. 

Upper l e v e l   p r o b e   s h a l l   e n e r g i z e  a r e l a y  t o  s ta r t  t h e  
c i r c u l a t i o n  pump. The  circi-i lation pump s h a l l   b e   l o c k e d  
i n   u n t i l   t h e   s y s t e n l   " S t o p "   p u s h   b a t t o n  i s  a c t k v a k e d   o r  
by   i n t e r rup t ion   o f   power .  

The   uppe r   l eve l  p r o b e   i n   b a t c h  Tank N o .  1 s h a l l   o p e n  
t h e   c i r c u l a t i o n  v a l v e s  t o  and   f rom  ba tch  Tank N o .  1. 

A c a u s t i c   s o l u t i o n   s h a l l  be made up i n   b a t c h  Tank No. 2 
t h rough  a similar s e q u e n c e   a n d   s h a l l   b e   h e l d   r e a d y  
u n t i l   c a l l e d   u p o n .  

A h y d r o g e n   s u l f i d e   d e t e c t o r  w i l l  n o n i t o r   t h e   e x h a u s t  
gas f r o m   t h e   a b s o r p t i o n  tower and alarm when t h e  
hydrogen s d f i d e   c o n t e n t   e x c e e d s  a p r e s e t  l i m i t .  The 
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The alarx s h a l l  i n d i c a t e  t h a t  t h e  sodium  hydroxide has 
ueei-1 c o n v e r t e d  t o  sodium s u l f i d a .  L 

8 .  An a d j u s t a b l e   r e c y c l e  timer s h a l l  be i n   t h e   c i r c u i t  
p a r a l l e l   t o  t h e  h y d r o g e n   s u l f i d e  detectGr and w i l l  
s tar t  i t s  c y c l e  w i t h  each b a t c h   t a n k   c i r c u l a t i o n   s y s t e m .  
T h i s  is p rov ided  t o  r e p l a c e   t h e   h y d r o g e n   s u l f i d e  
d e t e c t o r   a n d  w i l l  s t a r t  i t s  c y c l e  w i t h  each b a t c h   t a n k  
c i r c u l a t i o n   s y s t e m .   T h i s  is p r o v i d e d  t o  r e p l a c e   t h e  
h y d r o g e n   s u l f i d e  detector alarm i n  case of f a i l u r e  of 
t h e  detector. The t iner s h a l l  a l s o  be able t o  be 
t a k e n   o u t   o f  the c i r c u i t .  

9 .  Upoil i n d i c a t i o n  of a n  alarm, a time d e l a y   r e l a y  s h a l l  
be activated t o  conf i rm t h a t  t h e  p r e s e t   e x c e s s  of 
h y d r o g e n   s u l f i d e  i s  e s c a p i n g   b y   t a k i n g   a n o t h e r   s a m p l e .  
A r e l a y  w i l l  t h e n  be ene rg ized   by  ei ther t h s  alarm 
or timer t o  close t h e   c i r c u l a t i o n   v a l v e  from batch 
Tank N o .  1. Another  time d e l a y   r e l a y   s h a l l  be a c t u a - t e d  
t o  d r a i n   t h e   a b s o r p t i o n  tawer b e f o r e   t h e   c i r c u l a t i o n  
v a l v e  t G  b a t c h  Tank N o .  1 sha l l  be closed ( t h e  tower 
does n o t   h a v e  t o  be- comple t e ly   d ra ined ) .   Imrned ia t e ly  
thereafter t h e  c i r c u l a t i o n   v a l v e s   w i t h  batch Tank N o .  2 
s h a l l  o p e n ,   t r a n s f e r r i n g   c i r c u l a t i o n  from batch Tank 
No. 1 t o  No. 2 .  

1 0 .  I f  t h e  t r a n s f e r  i s  n o t   c o m p l e t e d   w i t h i n   a n   a d j u s t a b l e  
time l i m i t  and   an   excess   hydrogen   su l f ide  i s  detected, 
a n   a u d i b l e   a n d   v i s u a l  alarm s h a l l  go o f f .   T h i s  w i l l  
n o t i f y   t h e   o p e r a t o r  of t r o u b l e   i n  the sequence  of 
o p e r a t i o n .  

11. The sodium s u l f i d e   d r a i n  valve from b a t c h  Tank N o .  1 
sha l l  open   and   the  sodium s u l f i d e   t r a n s f e r  pump s h a l l  
s tart .  When b a t c h  Tank N o .  1 is  empty, as de te rmined  
by a l o w  level p r o b e ,   t h e  sodium s u l f i d e   t r a n s f e r  
puiip s h a l l   s t o p   a n d  t h e  sodi-m s u l f i d e   d r a i n   v a l v e  
f rom  ba t ch  Tank N o .  1 s h a l l  close. 

1 2 .  Batch  Tank N o .  1 s h a l l   t h e n  be r e f i l l e d  as i n   S t e p s  
2 and 3 w i t h  f r e s h   c a u s t i c   s o l u t i o n   a n d  be h e l d   r e a d y  
u i l t i l  called upon. 

13. When t h e  s o d i u m   h y d r o x i d e   s o l u t i o n   i n   b a t c h  Tank No. 2 
h a s  been c o n v e r t e d  t o  s o d i u m   s u l f i d e  as i n d i c a t e d   b y  
e i ther  alarm or t i m e ,  t h e   c i r c u l a t i o n   s h a l l  be 
t r a n s f e r r e d  t o  b a t c h  Tank No. 1 as o u t l i n e d   i n   S t e p  9 ,  
o n l y   s w i t c h i n g  from batch Tank No. 2 t o  N o .  1. The 
c y c l e  w i l l  r e p e a t  as i n   S t e p s  1 0 ,  11, and 1 2  o n l y  w i t h  
batch Tank N o .  2 .  
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1 4 .  T h e   s y s t e m   s h a l l   b e   c o n t i n u o u s   i n   o p e r a t i o n ,  a l t e r -  
n a t i n g   b e t w e e n   t h e   b e t c h   t a n k s   u n l e s s   t h e   s e q u e n c e  i s  
s topped   manual ly  o r  by  power i n t e r r u p t i o n .  I n  t h a t  
case, t h e   s y s t e m   s h a l l   b e   r e s t a r t e d   m a r , u a l l y ,   a n d  
t h r o u g h   t h e   r e l a y s  w i l l  resune o p e r a t i m   w h e r e  i t  was 
s to2ped .  

C o n t r o l   C a b i n e t  

An e lectr ical  c o n t r o l   c a b i n e t   s h a l l   b e   p r o v i i l e d  t o  hcusz  
t h e   s e q u e n c i n g  cmtro l  f o r   t h e   h y d r o g e n   s u l f i d e   s t r i p p i n g  
s y s t e m .   C a b i n e t   s h a l l   c o n f o r m  tc  J o i n t   I n d u s t r y   S t a n d a r d   w i t h  
h inged  door ant! l a t c h   a n d   b e   f o r  wall  mountir,g.  The door s h a l l  
be g s s k e t e d  t o  keep   ou t   dus t   and   fumes .   Cab ine t   ex t e r i c l r   axd  
i n t e r i o r   s h a l l   b e   c l e a n e d ,   p r i m e d ,   a n d   f i n i s h e d   i n   a n  ezamel 
s e l e c t e d  by the   owner .   Namep la t e s   sha l l   be   b l ack   l amico id  
w i t h   w h i t e   f i l l e 3 .   l e t t e r i n q   Q . 2 5   i n c h   i n   h e i g h t .  

The r e l a y s ,   e x c e p t   f o r  level s e n s i n g   s p e c i f i e d   e l s e w h e r e ,  
s h a l l   b e   i r r d u s t r i a l   d u t y   e q u a l  t o  Genera l  Electr ic  C22790E or 
C R 1 2 0 J  w i t h   1 2 0 - v o l t  c c i l z  fo r   co -? t inuous   du ty .   Push  bl-zttcr?n 
s t a t i o n s  and- se!.ec+,or s w i t c h e s   s h a l l  be n i l t i g h t ,   h e a v y   d z t y  
c o n s t r u c t i o n   e q a a l  t o  Genera l  Electr ic  2940 f o r   f l u s h   p a n e l  
door  mounting. An i n d u s t r i a l   t y p e   h o r n   s h a l l  be p rov ided .  A l l  
c o n t r o l   w i r i n g   s h a l l  be o f   i n d u s t r i a l .   d u t y   e q u a l .   t o  6 0 0  v o l t s ,  
F l a m i n o l ,   i n s t a l l e d   i n  a workmanlike  manner ,   wi th   terminal  
s t r i p s ,  as  n e c e s s a r y ,   c a b l e d   w h e r e   n e c e s s a r y ,   a n 5   s e c u r e l y  
f a s t e n e d  t o  t h e   c a b i n e t   i n t e r i o r   b y   a p p r o v e d   m e t h o d s .  All 
w i r i n g   s h a l l   b e   c o d e d   f o r  ease of i d e n t i f i c a t i o n   i n   t r o u b l e  
s h o o t i n g .  

An e x t e r n a l   f u s e d   d i s c o n n e c t   s h a l l  be provided  and  moxnted 
a d j s c e n t  t o  t h e   c a b i n e t .  

Hvdrosen   Sul f ide   Sampler  Detector 

The samnler d e t e c t o r   f o r   h y d r o g e n   s u l f i d e   c o n c e n t r a t i o E  ? s h a l l   b e   a n   l n t e g r a l   n n i t ,   c n m p l e t e   w i t h   s z m p l i n q   p u v p ,   . m o n i t o r ,  
timer, ar,d alarm c o n t r o l   c i r c l - ? i t r y .  The x o n i t o r   s h a l l   b e  
a d j u s t a b l e   o v e r   t h e  limits of  0.0025 t o  25  ppn! of   hydrogen 
s c l f i d e .   U n i t   s h a l l   h a v e   a x t o g a t i c a l l y   a d j l l s t e d   t r a n s m i s s i c n  
t h r o u ~ h   c l e a n   p a p e r   w i t h   b u i l t - i n  T-Toltage r e g u l a t o r .  Vaculm 
a i r  p i m p   s h a l l   h a v e  a c a p a c i t y   o f  0 t o  30 SCFH f r e e   f l o w  
cor , t i r ,uous  duty.  A p r e f i l t e r   s h a l l  be p rov ided   fo r   t r app in . ;  
p a r t i c u l a r  matter. A l a r m  c o n t r a c t s   s h a l l   b e   r a t e d  a t  1 2 0  
v o l t s ,  5 a x p e r e s ,   n o n i n c l u c t i v c   l o a d .   S e n s i t i v e / t a p e   s h a l l   o n l y  
advance when h y d r o g e n   s u l f i d e   e x c e e z s  a p r e s e t  l i m i t .  T h i s  
s h a l l  be p a r t  of a t a p e - s a v i n g   f e a t u r e   w h i c h   i n c l u d e s  a sampl ing  
f r e q u e n c y   a d j u s t a b l e  frorn 1 t o  60  m i n u t e s   i n   i n t e r v a l s   c f  0r.e 
minute .  The t ape   shs .11   advance   au tomat i ca l ly  a f t e r  a n  alarm 
c o n d i t i o n   t h r o u g h   a n   a d j u s t a b l e   b u i l t - i n  t iner .  A n a l y z e r   s h a l l  
b e . p r o v i d e d   w i t h  30 rolls of  60  f o o t   p u n c h e d   t a p e ,   s e n s i t i z e d  
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f o r   h y d r o g e r ,   s u l f i d e .  3- hur . idFty j a r  s h a l l   b e   a t t a c h e d  t o  t h e  
a i r  i r l e t  a n 2   t h c   e x h a u s t   g a s e s   s h z l l   h e   p a s s e d   t h r o u g h  3 soda 
and lime t u b =   t o   s c r E b   o u t   a n y   h y d r o g e r !   s u l f i 2 . e   t h a t  may have 
p a s s e 5   t h r o u g h   t h e   t e p e .  The d e t e c t o r   c a b i n e t   s h 2 l l   b e   f e r  
w ~ l l  mouzt i r ,g ,   next  t o  t h e   c o c t r e l   c s , b i r , e t ,  

T h e   h y e r o g e n   s u l f i d e   d e t e c t o r   s h a l l  be Research   Appl iance  
Company, A l l i s o n   P a r k ,   P e n n s y l v a n i a ,   C a t z l o q  N o ;  2307-E, 
Mcdel F-2-A AISI ,  o r  ap2roued  zqu31. 

Leve l   Senso r s  

Thn le17el senso r s   shs , l l   he  of t h e   p r e b e   t y p e .  Each s h a l l  
c c n s i s t  af a F r o b e   h o l d e r   w i t h   f o u r  Noz 316 s t s , i n l e s f :  s t e e l  
p r o b e s   a n d   d i f f e r e n t i a l   r e l a y s   h a v i n g   b u i l t - i n   t r a p s f o r m e r s  fo r  
powEr s z p p l y  i s o l z t i m .  

%e 2ro5.e OR e a c h   h o l d e r   s h a l l   b e   b a r e   a n 2   e x t e n d .   t o  
w i t h i n  0 . 5 0  i n c h   o f   t a c k   b c t t c m  t o  s e r v e  2s a "g round"   e l ec t rode .  
A s e c o n d   p r o b e   s h a l l   e x t e n d  t o  wi th in   one   i nch   o f   t ank   So t tom 
and  be t h , e  l o w  l e v e l   p r o b e .  A t h i r d   p r o b s   s h 2 l . l   t e r l r . i n n t e  a t  
o n e - t h i r d   t a n k   c a p 2 c i t y  (aboct 50 g a l l o n s )   a n d  be t h e  icter- 
medizte l eve l .   H igh   l eve l -  xill b e   t h e   f o u r t h   p r o b e   a z d   e x t e n d  
w i t h i n   s i x   i n c h e s   o f   t h e  toy ( 1 5 0  g a l l o n s ) .  The l e v e l   p r o b e s  
s h a l l   b e  PVC c o a t e d  t o  w i t h l n   o z e   i n c h  of t h e  t i p ,  f o r  s e r v i c e  
i n  a 2 5  p e r c e n t  cacstic sc lu+- ioc .  

The p r o b s   h o l d e r   s h z l l   b e   s l l p p l i e d   w i t h  a t h r e e   i r c h  
p ipe   th rea2ed   sonr .ec t ior_  t o  f i t  on   t he   b3 tch  makeup t a n k .  

P r o h e   r z l a y s   s h a l l   b e  rr.our,ter! i n   t h e   c o n t r o l   c a S i n e t .  The 
relay  types:   and colltart a r r a n g e x e n t   s h a l l   b e   s u c h   t h a t   t h e y  
w i l l  c p e r a t e   i n   x c c r d a n c e   w i t h   t h e  actolr.atic s z l f i d e   s t r i p p i n g  
system. 

The l e v e l   s e n s i n g   s y s t e n   s h a l l   h e  as manufac ture5  by 9 / W  
Controls ,   Eirrr inghan,   Michigar , ,  o r  approved   equzl .  

T i m e r s  

The timers s h a l l  be o f   t he   ac l ju s t ab le  time d e l a y   t y p e .  The 
time s h a l l   b e   a d j u s t a b l e   f r o m  ;r kncb on t h e   f r c n t  s.nd t h e  timers 
s h a l l   b e   f l c s h   ? a n n 1   m o u n t e d  r3n t h e   c o n t r o l   c a b i n e t .  

T i m e r s  s h a l l   b e  Bliss E a g l e   S i g n a l  Con?pany, 2avenpZrt,   Iowa, 
Cycl-Flex,  HPS S e r i e s ,  o r  approved equz.1. 

Solenoid   Opera ted   Valves  __- 

All p r e c e s s   v a l v e s   u r . d e r   t h e   o n e   i n c h   p i p e   s i z e   s h z l l   b e  
two-way t y p e   s o l e n o i d   v a l v e s   s e l e c t e d  f o r  t h e   s p e c i f i c   s e r v i c e .  
V a l v e s   h a n d l i n g   c r u s t i c   a n d   a l k a l i n e   s o d i u m   s u l f i d e   s o l c t i m s  
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s h a l l   h z v e  a l l - i rm o r  s t z i n l e s s   b o d i e s   w i t h   T e f l c n  s e a t c .  
DiaphraTm, wher. u s P d ,   s h a l l  be r e s i s t a n t   t o   t w e n t y - f i v e   p e r c e n t  
c a u s t i c   s o l u t i o n ,  Valves f o r   c o l d   w a t e r   s e r v i c e   s h a l l   h a v e  
b r o n z e   b o d i n s   w i t h   s t a i n l e s s  s teel  t r i m -  

Valves s h a l l   h e   e q u a l  t o  Automatic   Switch Company, Florham 
Par t ,  New J e r s e y ,  -z?SCO, or approved   equa l .  

hlotnr  Operated  Valves 

PrQcess v a l v e s   o z e   h c h   a n d  over s h s l l   b e   b a l l   v a l v e s  
w i t h   r e ~ e r s i n g  e l sc t r ic  m o t n r   o p e r z t o r s .  Valves s h a l l  b e  
c o n s t r u c t e d   c f  PVC, carbon s teel  o r   d u c t i l e   i r o n ,   s u i t a b l e   f o r  
t h e  service i n t e n d e d ,  Valve seals s h a l l   b e  mold.ed Te f lon  c?r of  
o t h e r   c o m p o s i t i c n   s u i t s b l e  for  i n t e r m i t t e n t   s e r v i c e .   M o t o r  
o p e r 2 t o r s   s h a l l  be s u p p l i e d  i F  weatherproof   hous ings   and  for  
s p e r a t i o n  on l2O-volt, 6 0 - c y c l e   p o v e r .   V a l v e s   s h a l l   b e   s c p p l i e ?  
w i t h  1 5 0  p m n d  ASA f l a n g e s .  

V a l v e s   s h a l l  be e q u a l  t o  Worcester Valve Compazy, Worces t e r ,  
Massachuse t t s ,   Econ-0-Miser   wi th  a Flow Mate o p e r a t o r ,  H i l l s -  
McCanna Company, C a r p e n t e r s v i l l e ,   I l l i n o i s ,   M c C a n n a s e a l   w i t h  
a Ramcon c p e r a t o r ,  o r  approved   equa l ,  
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2 D F G A S I F Y I N G  AND OVYRFLOW TOWERS 

General.   Requirements - 
F u r n i s h  a l l  materials a n d   e q u i p m e n t   r e q u i r e d   f o r   i n s t a l -  

l z t i c n  ar.d s a t i s f a c t o r y   o p e r a t i o n  of t h e   d e T a s i f y i n g  tower ar.d 
ove r  f lor.:. tover . 
Data t o  be   Fu rn i shed  

The s 2 l e r t e d   m a z u f a c t u r e r   s h a . 1 1   s u b m i t   s t r u c t u r a l  cslcg- 
l a t i o n s   f o r   t h e  +ower t o  t h e   E n g i n e e r   f o r   a p p r o v a l .  A l l  c a l c u -  
I - a t i p n s   s h a l l  be stamped  hy a Regj-stered P r o f e s s i o n a l   E n g i n e e r i  

The tower shown on t h e   d r a w i n g s  .is i l l u s t r s t i v e   a 2 d  
i n d i c a t e s   o n l y   t h e   d e s i g n   f e a t u r e s   t o  be I n c o r p o r a t e d ,   S p e c i a l  
r e i n f o r c e m e n t ,  e tc . ,  i s  n o t  s h o w n .   P i p i n g   o r i e n t a t i o n   s h a l l  be 
as i n d i c a t e d  on t h e   d r a w i n g s .  

S l _ l b m i t  f o r   a p p r c v a l .   s i x  sets of comple te   shop   drawings  
s h o w i n q   d e t a i l s   o f   c o z s t r u c t i o c   a n d   e r r e c t i o n ,   a n d   f o u r   c o m p l e t e  
sets of   opera t ing   and   main tenance   manuals .  

- nes ign  

The d e g a s i f y i n g  tower s h a l l  be p r o v i d e d   f o r   t h e  removal 
of s u l f i z e s  f ron?  the sett led p l a n t   e f f l u e n t .  The e f f l u e n t  w i l l  
be & x e d   w i t h   s u l f u r i c   a c i d   a n d   d i s c h a r g e ?   i n t o   t h e   t o p  of t h e  
tower.  A i r  w i l l  be i n t r o d u c e d   i n t o   t h e   h o t t o m  cf t h e  tower 
an2  w i l l  f l ow upward   th rough  the  tower thus  removing  the  en-  
t r a i n e d   h y d r s g e n   s u l f i c ? e  gas. The q a s  w i l l  be d i s c h a r g e d   o u t  
t h e  to? o f   t he   t ower  t o  t h e   a d s o r b t i s n  tower. The t r e a t e d  
e f f l u e n t  w i l l  flow i n t o   a n   o v e r f l o w  tower w h e r e   c h l o r i n a t i o n  
w i l l  be   p rov ided ,  The e f f l u e n t  will f l Q w  f r o m   t h i s  tower t o  
t h e   c i t y  sewer. 

The f o u r - s t a g e   d e g a s j f y i n g  tower s h a l l  be p r o v i d e d  as 
ind icz t ec !   on   t he   d rawings ,  The s e t t l e d   e f f l u e n t  will be  pumped 
at a r a t e  o f   app rox ima te ly  220  gpm t o  t h e   t o p  stage of t h e  
tower ,  a t  which Faint it w i l l  be  mixed w i t h  c o n c e n t r z t e d  
s u l f u r i c  ac id . .  A i r .  w i l l  be provided  by a p o s i t i v e   d i s p l a c e m e n t  
blower a t  a ra te  of  700 cfm a t  a maximum o f  10 p s i g   i n t o  a p l e n - m  
a t  t h e  b a s e  of t h e  tower. The a i r  w i l l  p a s s  upward  throughout  
t h e   t o w e r   a n d   p a s s   o u t   t h r o u g h  a d i s c h a r g e   l i n e   i n   t h e   t o p   o f  
t h e   t o w e r .  The tower s h a l l  be a i r t i g h t .  
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Each s t a g e  w i l l  be   p rovided   wi th   check   vs lve   type   a i r  
d i f f u s e r s .  Each l e v e l  w i l l  ms in ta in  a 3 f o o t  3 iach  depth  of  
l i q u i d .  Downxard f low  sha l l   be   a l lowed  on ly   th roagh  the  down- 
comers. The waste w i l l  leave  the  tower  through a 1 2  i nch  
e f f l u e n t   i n   t h e   b o t t o n   s t a g e .  

The degas i fy ing   t ower   sha l l   be   cons t ruc t ed  of p o l y e s t e r  
r e s i n   a n d   f i b e r   g l a s s  or o t h e r   s u i t a b l e   c o r r o s i o n - r e s i s t a n t  
mater ia l s   approved  by the   Engineer .  The t a n k   s h a l l   b e   s t r u c t u r -  
a l l y   d e s i g n e d   t o   w i t h s t a n d   a l l   p o s s i b l e   l o a d   c o n d i t i o n s  
inc lud ing  wind  lozds. 

Minimm  s tandards   for  towers made by  hand  lay-up s h a l l  be 
i n  compliance  with  Product  Standard PS-122-C for  Custon Con tac t -  
Moulded Reinforced  Polyester   Chemical   Resis tant   Process   Equip-  
ment  i s s u e d  by t h e  U. s .  Department  of Commerce; and   fo r  towers 
f a b r i c a t e 2  by f i lament   winding ,   sha l l   be   in   compl iance   wi th  
the Prorjosed  Product  Standard  for  Filament Wound Reinforced 
Polyester  Tanks  being  developed by t h e   S o c i e t y  of t h e  Plast ics  
Ihdus   t ry .  

The tower sha l l   be   p rov ided   w i th  a s i x   i n c h   f l a n g e d   i n l e t  
i n  t he   t op   s t age   a long  w i t h  a one  inch  connect ion  for   concen-  
t r a t e d   s u l f u r i c   a c i d .  The e f f l u e n t   c o n n e c t i o n   s h a l l  be 1 2  
i nches   i n   t he   bo t ton ;   s t age .  A l l  i n t e r i o r   p i p i n g   s h a l l   b e   f i b e r  
g l a s s  o r  PVC. The a i r  w i l l  e n t e r   t h r o z g h   a n   e i g h t   i n c h  
c o n n e c t i o n   i n   t h e   b a s e   s e c t i o n .  A 1 2  i n c h   a i r   o u t l e t   c o n n e c t i o n  
sha l l   be   p rov ided  i n  t h e   t o p   s e c t i o n .  Each s t a g e   s h a l l   b e  
provided  with a s i x   i n c h   v i e w i n g   p o r t   w i t h  a window, a 2 4  inch  
access  manhole  with a blank  cover  and a t w o  inch  connect ion t o  a 
d r a i n .  A l l  f l a n g e s   s h a l l   b e   s t a n d a r d  ANSI  Class 15C pound 
r a t e d .  A l l  o p e n i n g s   s h a l l   b e   r e i n f o r c e d   f o r   s t r e n g t h .  

Each  chamber s h a l l  bz  connected t o  the   nex t   one   w i th  a 1 2  
inch  diarrieter downcomer wi th  a 2 4  i nch   funne l   t op   s ec t ion .  They 
sha l l   ke   deep   enough i n  t h e   s s l u t i o z  so a i r  w i l l  no t   escape  
upsard  through  them.  There  shall   be 80 a i r  d i f f u s e r s   p e r  
charber   wi th  a b a l l   c h e c k   v a l v e   b a i l t - i n .  They s h a l l   b s  made 
of a p l a s t i c   t h a t  w i l l  nc t   cor rode   and   have   an   c r i f ice   ad jus t -  
ment so the  head loss  and a i r  flow may be   ad jus t ed .  The 
d i f fuse r s   sha l l   be   L ink -be l t   Ad jus t - a i r   d i f fuse r s   o r   app rGved  
equal .  

A sp ray   sys t em  sha l l   be   p rov ided   i n   each  chalnber t o  p reven t  
possible   foaming.  The nozz les   sha l i   be   o f   Everdur   o r   approvcd  
equa l  as nanufactured by Sehut te   and  Loert ing.  I t  s h a l l   b e  
p o s s i b l e  t o  start  and s top   t he   sys t em  wi th   an   ex te rna l   va lve .  
A l l  p i p i n g  s h a l l  b e   i n t e r n a l   a n d  made o f   f i b e r   g l a s s ,  PVC o r  
other  approved material t h a t  w i l l  resist co r ros ion .  A minimum 
of  four ( 4 )  nozz le s   sha l l   be   p rov ided  i n  sac> chamber. The 
p i p i n g   s h a l l   b e   s u p p o r t e d   i n t e r n a l l y .  The s p r a y   s y s t e m   s h a l l  
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not   use inore than 6 2  gpm. A s t r a i n e r   s h a l l   b e   w e d   u p s t r e a m  
to   p reven t   c logg ing .  

The waste s h a l l   l e a v e   t h e   6 e g a s i f y i n g  tower and go t o  an  
ad jus t ab le   ove r f low tower. The overflow weir s h a l l   b e   a d j u s t -  
ab le   ove r  a range of 4 8  inches .   This   ad jus tment  i s  r e q u i r e d  so  
t h a t   t h e  waste w i l l  f l ow  ou t   bu t   gases  w i l l  no t   escape .  The 
weir s h a l l   b e  a te lescoping  val-Je   as   manufactured by Rex 
Chainbelt,  Milwaukee,  Wisconsin  azd made o f   s t a i n l e s s  s teel  
p a r t s   w i t h i n   t h e   t o w e r .  An e lectr ic  motor o p e r a t c r   s h a l l   b e  
furrr ished  with a weatherproof   push   bu t ton   s ta t ion  a t  t h e  base 
of the  tower.  The v a l v e   s h a l l   h a v e  a neoprene seal  t o  prevent  
leakage  of   gas   or   eff luent   between  the  bcdy  and  te lescoping 
sec t ions   o f   t he   va lve .   Af t e r   ove r f lowing   ove r   t he  weir t h e r e  
sha l l   be   p rov ided  a c h l o r i n e   c o n t a c t  charnber i n   t h e   b a s e   a s  
d e t a i l e d  on the   d rax ings   be fo re   go ing   t o  ?he sewer. Th i s   ad jus t -  
a b l e  w e i r  tower s h a l l   b e   a i r t i g h t  and  be  provided  with a t  l eas t  
t w o  s i x   i n c h   v i e w i n g   p o r t s   n e a r   t h e   s i x f a c e .  A s tee l  ladder 
s h a l l   b e   a t t a c h e d  t o  t h i s  so  the   v i ewing   po r t s  may 5e u t i l i z e d .  

Warranty 

The degasifying  aad  overf low towers s h a l l   b e   w a r r a n t e d   t o  
be   o f   good  qua l i ty   and   cor i s t ruc ted   wi th   the   bes t   comerc ia l  
p r a c t i c e .  The towers   sha l l   be  a i r  t i g h t   t o   p r e v e n t   t h e   e s c a p e  
of   hydrogen  sulf ide  gas .  Any material or workmanship t h a t ,  
withii? two y e a r s   a f t e r   d e l i v e r y   t o   t h e   j o b  s i t e ,  i s  found t o  
have   been   de fec t ive ,   sha l l   b s   r epa i r ed   o r   r ep laced  by t h e  
manufacturer.  

A l t e r n a t e  

The manufac tu re r   sha l l  s u b m i t  a n   a l t e r n a t e   p r i c e  f u r  
p rov id ing   t ank   i n su la t ion .  I t  i s  a n t i c i p a t e d   t h a t   t h e  waste- 
water w i l l  e n t e r   t h e  tower a t  approximately 50°F and  could  be 
h e l d   i n   t h e  tower a maximum of 5 4  hours   with  no  inf low.   Outside 
temperature  can 5e expected t o  drop t o  -10°F. I n s u l a t i o n  
material s h o u l d   b e   s u f f i c i e n t  t o  prevent   f reez ing .   Des ign  
ca l cu la t ions   and   s amples   o f   t he   i n sz l a t ion   sha l l   be   submi t t ed  
t o   t h e   E n g i n e e r .  
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3 A3SORPTION TOWER 

Genera l   Requi rements  

F u r n i s h  a l l  na te r ia l s  and   equ ipmen t   r equ i r ed  fcr  ir ,stal-  
lat ior,  a n d   s a t i s f a c t o r y   o p e r a t i o n   o f   t h e   a b s o r p t i o n  tower. 

Data t o  be  Furr , ished 

If t h e   s e l e c t e d   m a n u f a c t u r e r   p r o p o s e s  t o  f u r n i s h   s p e c i a l l y  
f a b r i c a t e d   e q u i p m e n t ,   t h e   E n g i n e e r   s h a l l   r e q u i r e   s u b m i t t a l   o f  
s t r u c t u r a l   c a l c u l a t i s n s  for  t h e  towzr f e r   a p p r o v a l .  A l l  
c a l c n l a t i o n s   s h a l l   b e   s t a m p e d  by a R e g i s t e r e d   P r o f e s s i o n a l  
Eng inee r .  If a s t a n d a r d  tower i s  o f f e r e d ,   c a l c u l a t i o n s  w i l l  
n 6 t   b e   r e q u i r e d .  

S u b m i t   f o r   a p p r o v a l - s i x  sets of complete   shop  drawings,  
showing d e t a i l s  o f   cons t ruc t ion   and   e r ec t ion ,   and   fou r   comple t e  
sets of o p e r a t i n g   a n d   m a i n t e n a n c e   i n s t r u c t i o n .  

Ees i sn  

An a b s o r p t i o n   t o w e r   s h a l l   b e   p r o v i d e d   t o   c o n v e r t   h y d r o g e n  
s u l f i d e  gas from t h e   d e g a s i f i e r  t o  l i q u i d   s o d i u m   s u l f i d e .  A 
s o l u t i o n  of sodium  hydroxide w i l l  be c y c l e d   t h r o u g h   t h e  tower 
t o  c o n v e r t   t h e  gas t o  s o d i u m   s u l f i d e .  

The a b s o r p t i o n  tower i n d i c a t e d  on t h e   d r a w i n g s  i s  s t r i c t l y  
d iagrammat ica l   and  i s  i n t e n d e d  only t o  i n d i c a t e   t h e   r e q u i r e d  
d e s i g n   f e a t u r e s .   S t a n d a r d   m a n u f a c t u r e r s '   a b s o r p t i o n  towers, 
i f   t h e y  meet t h e   r e q u i r e m e n t s   o f   t h i s   s p e c i f i c a t i o n ,  w i l l  Se 
a c c e p t a b l e .  

T h e   t o w e r   s h a l l   b e   s u i t a b l e  f o r  h a n d l i n g   h y d r o g e n   s u l f i d e  
gas   and 10 p e r c e n t   l i q u i d   s o d i u m   h y d r o x i d e   s o l u t i o r , .  The tcwer 
d e s i g n   s h a l l   i n c o r p o r a t e   b u t   n o t  be l i m i t e d  t o  t h e   f o l l o w i n q  
f e a t u r e s :  

1. I n l e t  - o u t l e t   c o n n e c t i o n s  
2 .  Pos i t ive  seal on t a n k   o v e r f l c w  
3 .  Sodium  hydroxide  spray  system 
4 .  Packing  material 
5.  Tower d r a i n  
6 .  D i f f u s e r   F l a t e  
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I t  i s  t h e  i n t e n t  zf t h e s e   s p e c i f i c a t i G n s   t h a t  t h e  equipment 
ope ra t e   a s   desc r ibed   he re i r , .  

The g a s   s h a l l   e n t e r  t h e  s ide   nea r   t he   base   o f   t he  tcwer. 
The gas  w i l l  pass   through a t  a ra te  of approxiEately 700 cfm. 
a t  3 . 5  psig  ninimuv t o  5.5 p s i g  maximm.  (This i s  th2  ra te  of 
discharge  of   the  posi t ive  displacement   blower  connected t c  t h e  
degas i fy ing  tower.) The gas  w i l l  pass   th rcugh a c m t a c t  bed 
cour;ter t o  the  f low  of  sodium  hydroxide.  The contact b e d   s h a l l  
force  int imate   mixir ,g   between  the .;as and   l i qu id .  Ths  sodiux 
hydrox ide   sha l l   be   un i f c rmly   d i s t r ibu ted   ove r   t he   pack ing  
thrcugh  noz-cloggin.;  spray  nozzles. The n o z z l e s   s h a l l   b e  
designed so t h e  en t i re  s y s t e m  can  handle 2 9  gpm f l s w   a t  2 0  p s i g .  
The n o z z l e s   s h a l l   b e  s ta in less  steel .  An adequate  zumber of 
n c z z l e s   s h a l l   b e   p r c v i d e d  so t h a t  t h e   e n t i r e   s u r f a c e   a r e a  i s  
i n  con tac t   w i th   t he   sp ray   w i th in  a v e r t i c a l   d i s t a n c e  Df two f z e t  
below  the  bottom of the   nozz le s .  The nozz les  s h a l l  b e   e a s i l y  
removed fo r   i n spec t ion   and   c l ean ing .  A n  a d j u s t a b l e  a i r  seal  
s h a l l   b e   p r o v i d e d   i n   t h e   b a s e  so a l l  gases   must   pass   through 
the   packi r ,g   and   no t   be   shor t   c i rcu i ted  t o  t h e   b a t c h   t a n k s  
located  below. 

The abso rb t ion  tower sha l l   be   cons t ruc ted   o f   no lded  r e i n -  
f o r c e d   p o l y e s t e r  or o t h e r   s u i t a b l e   m a t e r i a l s   t h a t  w i l l  resist 
c o r r o s i o n   a n d   p h y s i c a l l y   a b l e   t o   w i t h s t a n d   t h e   p r o c e s s   i n v c l v e d .  
Materials s h a l l   b e   s u b j e c t  t c  approval   of   the   Engineer .  The 
tower s h a l l   b e  a i r  t i g h t .  

Minimum s t a n d a r d s   f o r  towers made by hand  lay-up  shal l   be  
i n  compliance  with  Product  Standard PS-122-C fo r  Custom Contract-  
Molded Reinforced  Polyester   Chemical   Resis tant   Process   Equipment  
i s s u e d  by t h e  U.  S .  Department  of Commerce; a n d   f o r  towers 
f a b r i c a t e d  by f i l a n e n t   w i n d i n g   s h a l l   b e  i n  compliance  with  the 
Proposed  Product   Standard  for   Fi lament  Wound Reinforced 
Polyester  Tanks  being  developed by the   Soc ie ty  of t h e  Plast ics  
Indus t ry .  

The tower s h a l l   b e   p r o v i d e d   w i t h  1 2  i nch  i n l e t  and  exhaust  
connec t ion   f lanqes .   There   sha l l  a l so  be  provided 3 1% i nch  
f l ange   fo r   t he   sod ium  hydrox ide   i n l e t ,  a fou r   i nch   f l anged  
connection for  t h e   d r a i n  t o  the   ba t ch   t anks   and  a twc! i nch  
connect ion  with a va lve  for d r a i n i n g   t h e  tower. An a d d i t i o z a l  
18  inch   f l ange   sha l l   be   p rcv ided   w i th  a b l ank   f l ange   fo r   access .  
A l l  open ings   sha l l   be   r e in fo rced   fo r   s t r eng th   and  a l l  f l a n g e s  
s h a l l   b e   s t a n d a r d  ANSI Class 150 pound r a t e d .  The tower s h a l l  
be   approximate ly   four   foo t  ir, diameter  and 1 0  foot   h igh   and  
s h a l l   b e   d e s i g n e d   t o   o p e r a t e  when f i l l e d  w i t h  sodium  hydroxide. 

The packing material s h a l l   b e  Koch F l e x   r i n g s  or approved 
equa l .   Th i s   pack ing   sha l l   be  suppcr ted  on a d i f f u s e r   p l a t e  
which w i l l  d i s t r i b u t e   t h e   g a s  up through  the  packing  and 
allow t h e   c a u s t i c   s o l u t i o n   t o  pas s  down through  the   ba tch  t a n k  
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fer r e c y c l i n g .  The d i f f u s c r   p l a t e   s h a l l   b e   c o n s t r u c t e d  of a 
mater ia l  t h a t  w i l l  w i t h s t a n d   t h e   p r o c e s s .  The cacstic s c l u t i o n  
s p e c i z i e z   i n   a n o t h e r  s e c t i m  w i l l  b e   f e d   t o   t h e   t o w e r  a t  t h e  
ra te  of  20  gpm. 

The m a n u f a c t u r e r   s h a l l   s u p p l y   t h e  12 i n c h   e x h a u s t   p i p e  
w i t h  a t a p   f o r  0 . 2 5  i n c h   s a m p l e   l i n e   t o   t h e   h y d r o g e n   s u l f i d e  
d e t e c t o r .   P i s e   s h a l l  be PVC. 

Warrantv 

The a b s o r p t i o n   t o w e r   s h a l l   b e   w a r r a n t e d  t o  be  of 9006 
quz l i ty   and   cons t ruc t ed   i n   con fo rmance   w i th   t he   bes t   commerc ia l  
p r a c t i c e .  Any mzterial  or workmanship t h a t   w i t h i n  two y e a r s  
a f t e r   d e l i v e r y   t o   t h e   j o b  s i t e ,  i s  found t c  h a v e   b e e n   d e f e c t i v e ,  
s h a l l   b e   r e p a i r e d  o r  r e p l a c e d  by t h e   m a n u f a c t n r e r .  
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APPENDIX  C 

DEGF-SIFIER  DESIGN  CALCULATIONS 

2 2 0  qpm - 

L 
T y p i c a l  
L i q u i d  3 '  3 
Leve 1 

c 

t 
1 A i r  

1 T 
5 '  

""""" -" 

-10 ' 
6 '  

""""" 

6' 

5 '  

"""""_ 
4 '  

I 
A i r  

700 c f m / l O  p s i  

2 '  
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Where P = Press ( p s i )  
R = Radius  ( inches)  

and t = Thickness   ( inches)  

TCvWE?. D E S I G N  
G i r t h  Stress: SG = PR 

t 
Design SG = 200  p s i  [Max.) 

- 

Wall th i ckness  t = 13.5 ( 6 0 )  = 0.405" 
2000 

OR 

Nominal for  maximlm cond i t ion  of flood 

Axiel  Stress 
From Blower w/ftl l l  tower 
f + 8 p s i  x 11,310 ( i n . )  = 90,500# 
5 .t Vessel Dead Weight = 6 ,  Q O O t  

2 

F l u i d  - 7400 (8.33) 1.2 =74,000# 
=80,0r30$ 

Net Axie l  - 90,500 - 80,000 = 10,500# 

Therefore:  Vessel -should  have 8 t i e  dowr. l u g s   f o r  
cr 0.93 p s i   c n  Bottom Tray 

1315# t each. 

VESSEL 
S i z e :  lr3' 0 "  I . D .  x 2 6 '  0" High 
Wall: Circlmference 31.4' 
Bottom: Area 78.54 ft.- 3 

Weight: @ nominal wall  @ 4.45#/ft. 2 
Wall = 26 x 31.4 x 4.45 = 3,640# 
Bottom & Trays ?8.5 x 5 x 4.45 = 1,750# 
Tor 78.5 x 1.1 x 3.5 = 300# 
F i t t i n g s  C Inne r   P ip ing  = 2 0 0 #  

Net vesse l   we igh t  5,890# 

FLUID 
Volume (585 g a l s . / f t )  @ 3 f t ,  3 i n .  = 1,900 g a l . / t r a y  
4 t r a y s  - 7,400 gal lons   normal   opera t ion  
Total  Tower  - 585 x 2 6  - 15,200 g a l .  
Spec i f i c   Grav i ty :  Assume n o t  t o  exceed 1 . 2  
S t a t i c   P r e s s u r e :  Per t r a y  = 1.2 x .434 x 3.25 = 1 .69  p s i g  

: Flood Condit ion 1.2 x .434 x 26 = 13.5 p s i g  
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AIR  SIDE 
Tr? supply  given 7'00 cfm  and 10 psig  of  air,  Ref: L i n k  belt 

a 
a. At 80 diffusers/tray: 

6 4 4  x 15 adjust  air loss an2 flew  data. 

700 cfm = 8.75 cfrn At Design 
80 Diffusers  Diffuser 

8.75  = 0.1 psi Drop @ 12 orifices cpen/diff=ser 
= 0.15 psi Erop @ 8 orifices open/diffuser 
0.30 psi Drop @ 4 orifices open/diffuser 

b. Prcsscre c?rop/tray 
1.8 psi 9 12 Orifices/diffuser 
1.9 psi @ 8 Orifices/diffuser 
2.0 psi 4 Orifices/diffzser 

c. Four  tray  pressure  drop 
12 orifices/diffuser = 7.2 psi 
8 orifices/diffuser = 7.6 psi 

' 4 orifices/diffuser = 8.0 psi 
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APPENDIX D 

SULFIDE PXCOVEEY SYSTEM OPERATIQN 

A. System  Operating  Procedure 
' Ensure  the wastewater l e v e l  i n  the   sed imenta t ion-  A .  

2. 

3 .  

4 .  

5 .  

6. 

7. 

e q u a l i z a t i o n   b a s i n  i s  a t  about  12 inches  above  the 
c u t l e t   c r i f i c e   i n   t h e  c l a r i f i e r  r i m  weir. 

B e  s u r e  a l l  d r a i n   v a l v e s  are c losed  on degas i fy ing  
tower  and i n  the  overf low  tower.  

In   the   over f low tower se t  the   ad jus t ab le   ove r f low 
o u t l e t   p i p e  a t  1 6  f e e t  - 4 inches  above  the lowest 
t r a y ' s   d i f f u s e r   d e c k .  

S t a r t   t h e  wastewater pump and   ad jus t   t he  flow t o  
about  1 9 0  gpm. F i l l  the   degasifying  tower  and  the 
overflow tower u n t i l   t h e   l i q u i d   l e v e l   i n   t h e  lowest 
t r a y  of the   degas i fy ing   tower  i s  a t  4 5  inches .   This  
should   requi re   about  3 3  minutes .   Observe   the   l iqu id  
l e v e l   i n   t h e   s i g h t   g l a s s .  When t h e   p r o p e r   l i q u i d   l e v e l  
has  been  reached, s tar t  t h e  a i r  cornpressor. 

Whi le   wai t ing   for   the   degas i fy ing   tower  t o  f i l l ,   t u r n  
on t h e   s p r a y  water i n   t h e   s c r u b b e r  on top   o f   t he  
degas i fy ing  tswer. Ad jus t   t he   f l ow  to   abou t  5 gpm. 
S t a r t  t he   gas   abso rp t ion  tower. Check t h e   r e c i r c u l a t i n g  
flow  of NaOH. This  shocld  be  between  approximately 
15 - 18 ga l lons   per   minute .  

A f t e r  s t a r t i q  t h e  a i r  ccmpressor,  s t a r t  t h e   a c i d  
feeding  system. D o  no t   ope ra t e   t he   ac id   f eed   sys t em 
when t h e  a i r  compressor is off   because  inadequate  
mixing may t a k e   p l a c e   w i t h   t h e   r e s u l t   t h a t   s t r o n g   a c i d  
may damage the   degas i fy ing   t ower .  

A f t e r   s t a r t i n . ;   t h e  a i r  compressor ,   observe  the  l iquid 
l e v e l   i n   t h e   d e g a s i f y i n g  tower s i g h t   g l a s s .  The 
l i q u i d   l e v e l   s h o u l d   d r o p  t o  a b o u t   t h e   l e v e l  of 
downcomer.  Allow about 1 0  m i n u t e s   f o r   t h e   c o n d i t i o n s  
t o   s t a b i l i z e .   A d j u s t   t h e   h e i g h t  of t h e   a d j u s t a b l e  
o v e r f l o w   o u t l e t   u n t i l   t h e   l i q u i d   i n   t h e   s i g h t   g l a s s  i s  
about  4 inches   above   the   l eve l   o f   the  dcwncomer. 
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