
NOTICE CONCERNING COPYRIGHT 
RESTRICTIONS 

 
This document may contain copyrighted materials. These materials have 
been made available for use in research, teaching, and private study, but 
may not be used for any commercial purpose. Users may not otherwise 
copy, reproduce, retransmit, distribute, publish, commercially exploit or 
otherwise transfer any material. 

 
The copyright law of the United States (Title 17, United States Code) 
governs the making of photocopies or other reproductions of copyrighted 
material. 

 
Under certain conditions specified in the law, libraries and archives are 
authorized to furnish a photocopy or other reproduction. One of these 
specific conditions is that the photocopy or reproduction is not to be "used 
for any purpose other than private study, scholarship, or research." If a 
user makes a request for, or later uses, a photocopy or reproduction for 
purposes in excess of "fair use," that user may be liable for copyright 
infringement.

 
This institution reserves the right to refuse to accept a copying order if, in 
its judgment, fulfillment of the order would involve violation of copyright 
law.

 



Geothermal Resources Council TRANSACTIONS, Vol. 19, October 1905 

AN ANALYSIS ON THE BIOX PROCESS TO HYDROGEN SULFIDE ABATEMENT 

G. Nardini, A .  Paglianti, L. Petarca 

Dipartimento di Ingegneria Chimica, 
Universita' 

ABSTRACT 

Few years ago a new method to 
solve the problem of hydrogen sulfide 
emission from geothermal plants has 
been developed. This method is based 
on the liquid phase oxidation of the 
hydrogen sulfide, that is carried out 
in the cooling tower using an 
oxidizing biocide as catalyst. This 
process called "BIOX*@ ( BIocide-as s i s t ed 
Oxidation) has been developed by 
Darrell L. Gallup /1/2/3/4/ that sug- 
gests to use Trichloroisocyanuric acid 
as oxidizing biocide. According to 
this author, using this agent it is 
possible to reduce secondary emission 
of hydrogen sulfide from cooling tower 
and if the lay out of the plant is 
modified, sending the turbine offgases 
to the liquid loop of the cooling 
tower, it is also possible to prevent 
primary emission. In this work an 
analysis of the process has been 
developed to verify the limits of the 
process. 

INTRODUCTION 

Hydrogen sulfide emission is one 
of the most important problem that 
have to be solved in the exploitation 
of geothermal fields. This product is 
the main contributor to air pollution 
of this type of power plants. Until 
now it has been discharged directly 
into the atmosphere but new 
regulations adopted in many countries 
oblige to a strictly reduction in the 
hydrogen sulfide emission. In some 
countries the abatement of hydrogen 
sulfide is required by law as 
necessary condition of their 
permission for working ( Weres / 5 / ) .  

The hydrogen sulfide can be eliminated 
with an incineration of the sulfur 
recovered in the liquid phase 
(Dalrymple et al. /6/) or with a 
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treatment of the gas stream coming out 
of the turbine. This treatment can be 
an incineration, an oxidation over 
catalysts or an absorption in 
solutions. The Biox process has the 
goal to oxidize the hydrogen sulfide 
contents in the liquid phase, that 
flows between the direct contact 
condenser and the cooling tower, to 
sulfur or higher oxidation state. At 
the first time, by pure chance, this 
process has been tested at the Salton 
Sea geothermal fields and at Bulalo 
(Philippines). Gallup showed that the 
quantity of trichloroisocyanuric acid 
that is necessary to oxidize all 
sulfides is lower of the quantity that 
derives from the stechiornetry of the 
react ion 

3 H Z S O q  + 4C3H3N303 + 12HC1 
If this reaction occurs a weight ratio 
of 9.11 kg of trichloroisocyanuric 
(TCCA in the 'following) acid for 1 kg 
of hydrogen sulfide is necessary. 
Gallup suggested that TCCA works as a 
catalyst and using a quantity of TCCA 
that is at maximum 10% of the previous 
quantity but very often 1% of the 
stechiometry it is possible to oxidize 
practically all the hydrogen sulfide 
to sulfate. This process is 
interesting because if it works it is 
possible not only to avoid hydrogen 
sulfide emission but also the deposit 
of colloidal sulfur on the cooling 
tower packing. 
Interesting results develop from this 
new process but the limits of 
application are not really clear. In 
particular because the mechanism of 
oxidation is unknown it is important 
to look for if this is a general 
process or if it can be applied only 
f o r  particular applications. 
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DESCRIPTION OF THE EXPERIMENTAL LOOP 
AND TEST EXECUTION 
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A s c h e m a t i c  diagram of t h e  
e x p e r i m e n t a l  loop i s  showed i n  F i g .  1. 
A s  c a n  be s e e n ,  t h e  p i l o t  p l a n t  
c o n s i s t s  of co lumn,  w i t h  100  mm as 
i n n e r  diameter, equipped w i t h  1.5 
meter of s ta t ic  mixers. T h i s  loop i s  
e q u i p p e d  w i t h  t w o  probes, o n  t h e  
l i q u i d  i n l e t  a n d  o n  t h e  l i q u i d  o u t l e t ,  
t h a t  allow t h e  pH measuremen t s  and t h e  
s a m p l i n g  of l i q u i d  t h a t  h a v e  t o  be 
a n a l y z e d  w i t h  s p e t t r o p h o t o m e -  
t e r  
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F i g .  1 S c h e m a t i c  diagram of 
e x p e r i m e n t a l  loop 

T h i s  loop s i m u l a t e s  what  h a p p e n s  i n  a 
c o o l i n g  tower, t h e  r e s u l t s  are 
i n t e r e s t i n g ,  n o t  fo r  t h e  a b s o l u t e  
v a l u e  of t h e  a b a t e m e n t ,  b u t  o n l y  for  
t h e  q u a l i t a t i v e  effect  t h a t  t h e  u s e  of 
TCCA c a n  i n d u c e .  
The  t i m e  tes t  c h a n g e s  be tween  2 a n d  3 
h o u r s  a n d  d u r i n g  t h i s  t i m e  a c o n t i n u o s  
measurement  of t h e  p H  h a s  b e e n  
performed. The  m e a s u r e m e n t s  o f  s u l f u r  
c o n c e n t r a t i o n  i n  t h e  l i q u i d  p h a s e  h a v e  
b e e n  performed e v e r y  1 0  m i n u t e  a n d  t h e  
a n a l y s i s  adopted, based on  t h e  u s e  of 
s p e t t r o p h o t o m e t e r ,  allows a s e n s i b i l -  
i t y  of 0-0.6 mg/l w i t h  a n  a c c u r a c y  of 
+-0.003 mg/l.  

A N A L Y S I S  OF THE EXPERIMENTAL RESULTS 

I n  t h i s  p a r a g r a p h  w i l l  b e  shown 
e x p e r i m e n t a l  r e s u l t s  o b t a i n e d  i n  t h i s  
work. 
F i r s t  of a l l  some tes ts  h a v e  b e e n  
performed t o  v e r i f y  t h e  r e p r o d u c i b i l -  
i t y  of t h e  e x p e r i m e n t a l  r esu l t s .  F i g  2 
shows t h e  c o n v e r s i o n  of h y d r o g e n  
s u l f i d e  i n  two d i f f e r e n t  tes ts  
performed w i t h  a s o l u t i o n  c o n t a i n i n g  
55 ppm of h y d r o g e n  s u l f i d e  a n d  a i r  as 
o x i d i z i n g  p h a s e .  

Conversion 
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F i g .  2 R e p r o d u c i b i l i t y  
tes ts .  C o n v e r s i o n  Vs Time 
( O x i d a t i o n  of Hydrogen 
s u l f i d e  w i t h  a i r )  

F i g .  2 shows t h e  good r e p r o d u c i b i l i t y  
of t h e  e x p e r i m e n t a l  r e s u l t s  performed 
i n  t h i s  work. T h i s  f i g u r e  shows t h a t ,  
u s i n g  a i r  as o x i d a n t  80 m i n u t e s  are 
s u f f i c i e n t  t o  c o n v e r t  about 60% of t h e  
s t a r t i n g  s u l f i d e s  c o n t e n t .  
The a i m  of t h e  work i s  t o  e v a l u a t e  i f  
BIOX process c a n  be applied i n  a l l  t h e  
g e o t h e r m a l  p l a n t s .  F o r  t h i s  r e a s o n  
some e x p e r i m e n t s  h a v e  b e e n  performed 
a n d  t h e  r e s u l t s  h a v e  b e e n  p l o t t e d  i n  
t h e  n e x t  f i g u r e s .  I n  t h e s e  f i g u r e s  
s q u a r e  s y m b o l s  i n d i c a t e  t h e  r e s u l t s  
o b t a i n e d  i f  o x i d a t i o n  of s u l f i d e s  h a v e  
b e e n  p e r f o r m e d  u s i n g  o n l y  a i r ,  
t r i a n g l e s  i n d i c a t e  t h e  e x p e r i m e n t a l  
results o b t a i n e d  u s i n g  l i t t l e  q u a n t i t y  
of TCCA i n  t h e  l i q u i d  p h a s e  

458 



Conversion 
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F i g .  4 T e s t  2 .  C o n v e r s i o n  Vs 
Time ( O x i d a t i o n  of H y d r o g e n  
s u l f i d e  w i t h  a i r  a n d  u s i n g  
TCCA as catalyst)  

I n  t h e s e  t w o  tes ts  t h e  s t a r t i n g  
c o n c e n t r a t i o n  of s u l f i d e s  was a b o u t  55 
ppm a n d  t h e  w e i g h t  r a t i o  b e t w e e n  t h e  
TCCA a n d  su l f ide  i o n s  was a b o u t  0 . 1 4 .  
T h e s e  f i g u r e s  show t h a t  t h e  p r e s e n c e  

Nardini, et a!. 
of TCCA d o e s n ’ t  seem t o  i n t r o d u c e  a n y  
c h a n g e s  i n  t h e  s u l f i d e s  o x i d a t i o n  
process. 
F i g  5 s h o w s  t es t  performed w i t h  
d i f f e r e n t  w o r k i n g  c o n d i t i o n s .  I n  t h i s  

s u l  f ides case t h e  s t a r t i n g  
c o n c e n t r a t i o n  was a b o u t  20  ppm a n d  t h e  
w e i g h t  r a t i o  b e t w e e n  TCCA a n d  s u l f i d e s  
i o n s  was 0 . 0 4 6 .  
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F i g .  5 T e s t  3. C o n v e r s i o n  Vs 
T i m e  ( O x i d a t i o n  of H y d r o g e n  
s u l f i d e  w i t h  a i r  a n d  u s i n g  
TCCA as c a t a l y s t )  

Also i n  t h i s  case n o  a p p r e c i a b l y  
c h a n g e s  are i n d u c e d  b y  t h e  u s e  of 
TCCA. I n  t ab l e  1 w o r k i n g  c o n d i t i o n s  
f o r  t h e  d i f f e r e n t  tes ts  h a v e  b e e n  
reported 

Test A i r  L i q u i d  pH S t a r t i n g  
Flowrate Flowrate S u l f i d e s  

m3/h l / h  PPm 
1 7 5  54 1 0  55 
2 50 7 5  1 0  55 
3 5 0  7 5  10 20 

T h e  r e s u l t s  o b t a i n e d  i n  t h e  f i r s t  par t  
of t h e  work  i n d i c a t e  t h a t  s u l f i d e s  i n  
water a n d  s u l f i d e s  i n  a s o l u t i o n  
c o n t a i n i n g  TCCA are o x i d i z e d  b y  a i r  
w i t h  t h e  same v e l o c i t y .  
For t h i s  r e a s o n  i f  a c a t a l y s t  a c t i o n  
i s  p r e s e n t  t h i s  is associated t o  a 
f o r m a t i o n  of a complex b e t w e e n  some 
metal a n d  TCCA. 
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I n  t h e  second par t  of the  work some 
experiments have been performed t o  
ver i fy  i f  some complex between TCCA 
and Iron, Copper o r  Nickel can induce 
a c a t a l y s t  act ion.  
T o  ver i fy  i f  t h e  c a t a l y s t  act ion 
induced by t h e  complexes of TCCA and 
Iron, N i c k e l  o r  Copper i s  due t o  t h e  
complexes o r  i s  due t o  t h e  presence of 
the  metals two d i f f e r e n t  acquis i t ions 
have been performed. For each metal 
the  f i r s t  acquis i t ion  i s  r e l a t i v e  t o  
the u s e  of t h e  complex whereas the  
second is r e l a t i v e  t o  the  metal 
without t h e  TCCA. 
Fig. 6 shows t h e  e f f e c t  of Nickel 
complex. 
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A . 
- 

. Cu without TCCA 
A Cu with TCCA 

Conversion 

- Ni without TCCA 
0.8 

t ANiwithTCCA 
. = I  

. A 
A 

A 

Fig. 6 N i c k e l  e f f e c t .  
Conversion vs T i m e  
(Oxidation of Hydrogen 
s u l f i d e  w i t h  a i r  and using 
as c a t a l y s t  complex Ni-TCCA 
and Ni alone ) 

Also i n  this case, as i n  t h e  case of 
oxidation without metals,  t h e  e f f e c t  
of TCCA seems t o  be negl igible .  The 
conversion obtained using N i  alone 
even seems t o  be grea te r  of the  
conversion obtained w i t h  TCCA and N i .  
I n  t h e  following t h e  e f f e c t  of Iron 
has been t e s t e d  a l s o  i n  t h i s  case the  
presence of TCCA d id  not induce any 
pos i t ive  difference from the  case of 
oxidation the  Iron alone.  
Fig 7 shows t h e  experimental results 
obtained. 
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Fig. 7 Iron e f f e c t .  
Conversion VS Time 
(Oxidation of Hydrogen 
s u l f i d e  w i t h  a i r  and using 
a s  ca ta lys t  complex Fe-TCCA 
and Fe alone ) 
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Fig. 8 Copper e f f e c t .  
Conversion vs T i m e  
(Oxidation of Hydrogen 
s u l f i d e  w i t h  a i r  and using 
a s  c a t a l y s t  complex Cu-TCCA 
and Cu alone ) - 
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Process Mak-Ban Unit 3, Bulalo, 
Phillipines Geothermal Field. 1 9 t h  New 
Zealand Geothermal Workshop, November 
1992 

The last metal that has been analyzed 
is Copper, as for Iron and Nickel, the 
effect of the presence of TCCA seems 
to be negligible 
Fig 8 shows the experimental results. 

CONCLUSIONS 

In this paper the BIOX process has 
been analyzed. This process developed 
to oxidize hydrogen sulfide to sulfite 
has been proposed few years ago. It 
has been applied at Salton Sea 
geothermal field and at Bulalo, 
Philippines, with good results. 
Because the range of application of 
this process is not clear in this 
paper some laboratory's experiments 
have been performed. These tests have 
evidenced that the presence of 
trichloroisocyanuric acid seems to 
have negligible effects both alone and 
if into a complex with Copper Iroh or 
Nickel. The experimental results have 
showed that the catalytic action of 
trichloroisocyanuric acid not always 
is present. For this reason it seems 
to be necessary a more accurate 
analysis on the process to identify 
what is the mechanism that induced the 
oxidation of sulfur to sulfide at 
Salton Sea and at Bulalo. This 
research it is really important 
because otherwise the use of BIOX 
process in others geothermal fields 
can be absolutely useless. 
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