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@  The  absorption  capacity  of  a  desulphurising  absorbent  bed 
is  increased  by  temporarily  increasing  the  temperature  of  the 
absorbent  bed  by  at  least  50  °C  from  the  normal  operating  tem- 
perature  to  a  maximum  temperature  not  in  an  excess  of  500°C. 
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D e s u l p h u r i s a t i o n  

This  i n v e n t i o n   r e l a t e s   to  d e s u l p h u r i s a t i o n   of  f e e d s t o c k s  

such  as  n a t u r a l   gas,  or  gases  de r ived   t he re f rom,   and  l i q u i d s   o r  

gases  der ived  from  o i l   or  so l id   hydroca rbonaceous   m a t e r i a l s   such  

5  as  coal .   Liquid  f e e d s t o c k s   inc lude   LPG,  naph thas ,   and  k e r o s e n e .  

D e s u l p h u r i s a t i o n   of  such  f e e d s t o c k s   can  be  e f f e c t e d   by 

pass ing   the  gas  through  a  s u i t a b l e   absorben t   which  is  commonly 

zinc  oxide  and/or   copper  oxide  and  is  t y p i c a l l y   in  the  form  of  

g ranu les   or  p e l l e t s .  

LO  When  a  f e e d s t o c k   c o n t a i n i n g   ab so rbab l e   .sulphur  compounds 

such  as  hydrogen  su lph ide   is  passed  through  a  bed  a b s o r b e n t ,  

b r e a k - t h r o u g h   of  the  su lphur   compounds  into  the  e f f l u e n t   o c c u r s  

long  before   the  bed  has  reached  i t s   t h e o r e t i c a l   a b s o r p t i o n  

c a p a c i t y ,   i . e .   where  a l l   of  the  absorben t   in  the  bed  is  f u l l y  

L5  s a t u r a t e d ,   because ,   while  the  absorben t   near  to  the  bed  i n l e t   may 

become  f u l l y ,   or  nea r ly   f u l l y ,   s a t u r a t e d   with  the  s u l p h u r  

compounds,  b r e a k - t h r o u g h   occurs  well  before   the  abso rben t   at  t h e  

bed  o u t l e t   becomes  s a t u r a t e d .  

This  ea r ly   b r e a k - t h r o u g h   is  p a r t i c u l a r l y   n o t i c e a b l e  

20  where  the  a b s o r p t i o n   t empera tu re   is  low.  Recen t ly   a b s o r b e n t s  

having  a  high  su r f ace   a rea ,   t y p i c a l l y   above  20,  and  p a r t i c u l a r l y  

in  the  range  50  to  200,  m2g""1  have  become  a v a i l a b l e   and  are  o f  

p a r t i c u l a r   use  for  low  t empera tu re   d e s u l p h u r i s a t i o n ,   e .g .   a t  

t empe ra tu r e s   between  -10°C  and  200°C  Even  so  premature   b r e a k -  

25  through  is  a  p r o b l e m .  

We  have  found  that   the  a b s o r p t i o n   c a p a c i t y   of  a  bed  or  a 

d e s u l p h u r i s a t i o n   absorbent   can  u s e f u l l y   be  i n c r e a s e d   by  a 

temporary  i n c r e a s e   in  bed  t e m p e r a t u r e .  

Accord ing ly   the  p r e sen t   i n v e n t i o n   p rov ides   a  method  o f  

30  d e s u l p h u r i s i n g   a  l i q u i d   or  gaseous  f e e d s t o c k   wherein  the  f e e d s t o c k  

is  passed  through  a  bed  of  a  d e s u l p h u r i s i n g   a b s o r b e n t  

c h a r a c t e r i s e d   by  t e m p o r a r i l y   i n c r e a s i n g   the  t empera tu re   of  t h e  

absorben t   bed  from  the  normal  o p e r a t i n g   t e m p e r a t u r e   by  at  l e a s t  

50°c  to  a  t empera tu re   not  in  an  excess  of  500°c,  p r e f e r a b l y   not  i n  

35  an  excess  of  4 0 0 ° C  
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The  i n c r e a s e   in  t e m p e r a t u r e   is  p r e f e r a b l y   to  a  

t e m p e r a t u r e   in  the  range  150  to  350°C  and  is  p r e f e r a b l y   for  a  
pe r iod   of  at  l e a s t   1  hour.   While  b e n e f i t s   are  ob ta ined   by  the  u s e  
of  extended  p e r i o d s ,   e .g .   1  or  more  days,  at  the  i n c r e a s e d  

5  t e m p e r a t u r e ,   at  i n c r e a s e d   t e m p e r a t u r e s   above  about  280°C,  t h e  
h igher   the  t e m p e r a t u r e ,   the  s h o r t e r   should  be  the  time  at  t h a t  
t e m p e r a t u r e ,   in  order  to  avoid  undue  loss  of  su r f ace   area  of  t h e  
a b s o r b e n t .   For  the  a f o r e s a i d   high  su r f ace   area  abso rben t s   t h e  
maximum  t e m p e r a t u r e   is  p r e f e r a b l y   below  3 0 0 ° C  

10  The  maximum  normal  o p e r a t i n g   t e m p e r a t u r e ,   at  which  t h e r e  
is  a  n o t i c e a b l e   b e n e f i t   by  temporary  i n c r e a s e   of  the  t e m p e r a t u r e ,  
is  about  300°C:  with  the  a f o r e s a i d   high  su r f ace   area  a b s o r b e n t s  
the  normal  o p e r a t i n g   t e m p e r a t u r e   is  p r e f e r a b l y   below  250°C  and  i s  
p r e f e r a b l y   in  the  range  0  to  150°C.  

^  The  abso rben t   bed  may  be  s u b j e c t e d   to  the  t e m p e r a t u r e  
i n c r e a s e   while   o n - l i n e   if   the  r e s u l t a n t   i n c r e a s e   in  t empera tu re   o f  
the  d e s u l p h u r i s e d   product   is  a c c e p t a b l e :   however  such  a  p r o c e s s  
also  i nvo lves   h e a t i n g   of  the  f e e d s t o c k   dur ing  at  l e a s t   par t   of  t h e  
per iod   of  the  i n c r e a s e d   t e m p e r a t u r e   and  economic  c o n s i d e r a t i o n s  

10  may  render   th i s   an  u n a c c e p t a b l e   mode  of  o p e r a t i o n .   A l t e r n a t i v e l y ,  
and  p r e f e r a b l y ,   the  abso rben t   bed  is  heated  while  the  bed  is  o f f -  
l i n e .   Thus  in  a  con t inuous   p roces s ,   two  or  more  absorben t   beds  
may  be  p rovided   and  while   one  or  more  beds  remain  on  a b s o r p t i o n  
duty  one  or  more  o ther   beds  are  s u b j e c t e d   to  the  t e m p e r a t u r e  

15  i n c r e a s e .   Because  of  the  heat  c a p a c i t y   of  the  bed,  in  many  c a s e s  
i t   is  not  n e c e s s a r y   to  pass  a  f l u i d   through  the  bed  th roughout   t h e  
per iod   for  which  the  bed  is  to  be  s u b j e c t e d   to  an  i n c r e a s e d  
t e m p e r a t u r e :   thus  the  bed  may  be  heated  via  an  e x t e r n a l   j a c k e t ,  
or  by  pass ing   hot  gasor   l i q u i d   through  the  bed,  u n t i l   the  d e s i r e d  

0  maximum  t e m p e r a t u r e   has  been  achieved  for  a  s u f f i c i e n t   period  and 
then  the  bed  l e f t   s t a t i c   to  cool  down  to  the  normal  o p e r a t i n g  
t e m p e r a t u r e   . 

In  one  p a r t i c u l a r   form  of  the  i n v e n t i o n   d e s u l p h u r i s a t i o n  
fo l lows   t r e a t m e n t   of  the  f e e d s t o c k   with  a  molecu la r   s ieve  t o  

5  adsorb  o ther   i m p u r i t i e s   e .g .   m o i s t u r e .   In  such  a  case  t h e  
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ao l ecu la r   sieve  adsorben t   and  the  d e s u l p h u r i s a t i o n   absorben t   may 

je  in  the  same  v e s s e l .   Where  r e g e n e r a t i o n   of  the  molecu la r   s i e v e  

idsorben t   is  e f f e c t e d   by  h e a t i n g ,   the  temporary  h e a t i n g   of  t h e  

i e s u l p h u r i s a t i o n   absorben t   may  be  e f f e c t e d   at  the  same  time  as  

r e g e n e r a t i o n   of  the  molecu la r   s ieve  a d s o r b e n t .   In  a  p r e f e r r e d  

form  of  the  i n v e n t i o n   wherein  a  molecu la r   s ieve  and  an  a b s o r b e n t  

bed  are  employed  in  s e r i e s ,   the  r e g e n e r a t i o n   of  the  m o l e c u l a r  

sieve  and  the  temporary  i n c r e a s e   in  t empera tu re   of  the  a b s o r b e n t  

bed  are  e f f e c t e d   by  passage  of  a  heated  gas  stream  c o n t a i n i n g   a  

combust ib le   gas  through  the  absorben t   bed  and  through  t h e  

n o l e c u l a r   s i eve .   Af ter   l eav ing   the  absorben t   bed  and  m o l e c u l a r  

s ieve ,   the  gas  s tream  is  combusted  and  the  combustion  p r o d u c t s  

the reo f   are  passed  through  a  heat  exchanger   wherein  heat  i s  

t r a n s f e r r e d   to  the  gas  stream  employed  for  the  r e g e n e r a t i o n  

s t e p .  
The  time  i n t e r v a l   before   the  temporary  h e a t i n g   of  t h e  

d e s u l p h u r i s a t i o n   absorben t   becomes  neces sa ry   w i l l   depend  on  t h e  

ra te   at  which  the  absorben t   becomes  s a t u r a t e d ,   i . e .   upon  t h e  

abso rbab le   sulphur   compound  con ten t   of  the  f e eds tock   and  the  s p a c e  

v e l o c i t y   at  which  the  f e e d s t o c k   is  fed  through  the  bed.  Where  t h e  

ra te   of  sulphur   pick  up  is  very  low,  e .g .   where  the  a b s o r b a b l e  

su lphur   compounds  conten t   of  the  f e e d s t o c k ,   and  the  s p a c e  

v e l o c i t y ,   are  low,  l i t t l e   b e n e f i t   may  be  ob ta ined   by  the  p r e s e n t  

i n v e n t i o n .   However  such  c o n d i t i o n s   are  not  normal ly   e n c o u n t e r e d  

in  commercial  o p e r a t i o n s .   The  hea t i ng   step  should  normal ly   be 

e f f e c t e d   before   the  sulphur   b r e a k - t h r o u g h   becomes  s i g n i f i c a n t .  

The  number  of  hea t i ng   s teps  that   can  be  employed  b e f o r e  

the  bed  needs  r e c h a r g i n g   wi l l   depend  on  how  s a t u r a t e d   the  bed  i s  

before   each  hea t ing   step  and  the  s e v e r i t y ,   i . e .   d u r a t i o n   and 

t empera tu re   of  the  heat  t r e a t m e n t .   After  a  number  of  heat  t r e a t -  

ments,  which  may  be  as  few  as  one,  economic  c o n s i d e r a t i o n s   may 

i n d i c a t e   that   r e c h a r g i n g   is  p r e f e r a b l e   to  a  f u r t h e r   t e m p o r a r y  

t empera tu re   i n c r e a s e .  

The  su lphur   compounds  i n i t i a l l y   p resen t   u s u a l l y   i n c l u d e  

one  or  more  of  the  f o l l owing :   H2S,  COS,  and  p o s s i b l y   CS2,  CH3SH 
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and  o the rs   such  as  d i e t h y l   su lph ide   or  t e t r a m e t h y l e n e   s u l p h i d e .  
The  t o t a l   i n i t i a l   c o n c e n t r a t i o n   t he r eo f   is  t y p i c a l l y   in  the  r a n g e  
1  -  1000  ppm  v/v  c a l c u l a t e d   as  s u l p h u r - e q u i v a l e n t   H2S.  The  o u t l e t  
The  o u t l e t   su lphur   compounds  c o n c e n t r a t i o n   is  t y p i c a l l y   under  1 

5  ppm,  for  example  under  0.5  ppm,  but  th is   is  a  ma t t e r   of  d e s i g n  

depending  on  the  product   u s e r ' s   r e q u i r e m e n t .  

The  abso rben t   m a t e r i a l   p r e f e r a b l y   comprises   at  l e a s t   60,  

e s p e c i a l l y   at  l e a s t   80,  %  w/w  of  ZnO,  c a l c u l a t e d   on  i t s   c o n -  
s t i t u e n t s   n o n - v o l a t i l e   at  900°C  As  used  in  the  p roces s ,   the  z i n c  

10  *  oxide  may  be,  at  l e a s t   i n i t i a l l y ,   wholly  or  p a r t l y   hydra ted   or  i n  
the  form  of  a  s a l t   of  a  weak  acid .   T y p i c a l l y   the  su r f ace   area  o f  
the  s o l i d   m a t e r i a l   is  at  l e a s t   20,  p r e f e r a b l y   in  the  range  50  t o  

2  —1 200,  m  g  ;  and  i t s   pore  volume  is  t y p i c a l l y   at  l e a s t   0.2.  A 

p r e f e r r e d   s o l i d   m a t e r i a l   for  the  process   is  c h a r a c t e r i s e d   f u r t h e r  
15  by  an  H 2 S - a d s o r p t i o n   c a p a c i t y   of  at  l e a s t   20,  e s p e c i a l l y   35  -  80%, 

of  the  t h e o r e t i c a l ,   at  t e m p e r a t u r e s   up  to  120°C,  as  de termined  i n  

a  s t anda rd   t e s t   in  which  a  mix ture   of  H2S  (2000  ppm  v /v ) ,   C02  (4% 
v/v)   and  methane  (ba l ance )   is  passed  over  the  s o l i d   m a t e r i a l   as  1 
bar  abs.  p r e s s u r e   and  a  volume  hour ly   space  v e l o c i t y   of  1000. 

20  The  abso rben t   bed  can  be  in  the  form  of  a  f ixed ,   l i f t -  
able  or  f l u i d i s e d   b e d .  

The  i n v e n t i o n   is  i l l u s t r a t e d   by  the  f o l l owing   example :  
In  th i s   example  the  absorben t   comprised  a  bed  of  60  ml 

of  g r anu le s   (of  3-5  mm  d i ame te r )   of  zinc  oxide  of  su r face   are  a  79 
2  —1 25  m  .g  In s ide   a  tube  of  25  mm  i n t e r n a l   d iamete r   and  a  mix ture   o f  

n a t u r a l   gas,  to  which  5%  v/v  of  hydrogen  su lph ide   had  been  added ,  

was  used  as  the  f e e d s t o c k .  

The  f e e d s t o c k   was  passed  through  the  bed  at  20°C  and  a t  

a  space  v e l o c i t y   of  700  at  a tmospher ic   p r e s s u r e .   B r e a k -  

30  through  of  H2S  occur red   93  minutes  a f t e r   commencing  the  gas  f l o w .  

C a l c u l a t i o n   showed  tha t   at  th i s   s tage  the  average  sulphur   c o n t e n t  
of  bed  was  8.6%  w/w.  Ana lys i s   confirmed  th is   f i g u r e .  

The  gas  flow  was  then  stopped  and,  while  s t i l l   under  a  
s t a t i c   a tmosphere  of  the  gas,  the  bed  was  heated   to  200°c  for  6 

35  hours  and  then  al lowed  to  cool  to  20^C. 



The  gas  flow  was  recommenced  :  b r e a k - t h r o u g h   occur red   29 

minutes  l a t e r .   The  c a l c u l a t e d   average  su lphur   content   of  the  bed 

was  then  11.3%  w/w. 

The  gas  flow  was  s topped  and  r e s i d u a l   gas  f lushed   o u t  

5  with  n i t r o g e n .   The  bed  was  then  heated  to  200°C  under  a  s t a t i c  

n i t r o g e n   atmosphere  for  16  hours  and  then  allowed  to  cool  t o  

2 0 ° C  

The  gas  flow  was  recommenced:  b r e a k - t h r o u g h   occurred   16 

minutes  l a t e r .   The  c a l c u l a t e d   average  sulphur   con ten t   of  the  bed 

0  was  then  12.8%,  while  a n a l y s i s   gave  a  value  of  12.3%  w/w. 

It  is  seen  that   the  two  heat  t r e a t m e n t s   enabled  t h e  

a b s o r p t i o n   c a p a c i t y   of  the  bed  to  be  i n c r e a s e d   by  nea r ly   50%. 

PA/CG/MP 

22  December  1886/L134A 



0 2 3 0 1 4 6  

6  B  33725 

1.  A  method  of  d e s u l p h u r i s i n g   a  l i q u i d   or  gaseous  f e e d s t o c k  
wherein  the  f e e d s t o c k   is  passed  through  a  bed  of  a  d e s u l p h u r i s i n g  
a b s o r b a n t  

c h a r a c t e r i s e d   by  t e m p o r a r i l y   i n c r e a s i n g   the  t e m p e r a t u r e  
of  the  abso rben t   bed  from  the  normal  o p e r a t i n g   t empera tu re   by  a t  
l e a s t   50°C  to  a  t e m p e r a t u r e   not  in  an  excess  of  500°G. 

2.  A  method  accord ing   to  claim  1  wherein  the  i n c r e a s e   i n  

t e m p e r a t u r e   is  to  a  t e m p e r a t u r e   in  the  range  150  to  350°C  for  a  
pe r iod   of  at  l e a s t   one  h o u r .  

3.  A  method  acco rd ing   to  claim  1  or  claim  2  wherein  t h e  

abso rben t   comprises   zinc  oxide  and/or   copper  oxide  and  has  a  
2  —1 su r f ace   area  above  20  m  .g  ,  the  normal  o p e r a t i n g   t empera tu re   i s  

in  the  range  -10  to  +200°C,  and  the  maximum  t empera tu re   is  be low 
300°C.  

4.  A  method  acco rd ing   to  any  one  of  claims  1  to  3  w h e r e i n  

the  ab so rben t   comprises  zinc  oxide  and/or   copper  oxide  and  has  a  
2  —1 s u r f a c e   area  above  20  m  .g  and  the  normal  o p e r a t i n g   t e m p e r a t u r e  

is  in  the.  range  0  to  150°C. 

5.  A  method  accord ing   to  any  one  of  claims  1  to  4  w h e r e i n  

at  l e a s t   two  absorben t   beds  are  employed  and,  while   at  l e a s t   one 
bed  is  on  a b s o r p t i o n   duty,  at  l e a s t   one  o ther   of  the  beds  i s  

s u b j e c t e d   to  the  i n c r e a s e   in  t empera tu re   and  then  said  at  l e a s t  

one  bed  tha t   has  been  s u b j e c t e d   to  the  t empera tu re   i n c r e a s e   i s  

r e t u r n e d   to  a b s o r p t i o n   d u t y .  
6.  A  method  accord ing   to  any  one  of  claims  1  to  5  w h e r e i n  

the  f e e d s t o c k   is  also  t r e a t e d   with  a  molecu la r   s ieve  and 

r e g e n e r a t i o n   of  the  molecu la r   s ieve  is  e f f e c t e d   by  h e a t i n g ,   and 

the  r e g e n e r a t i o n   of  the  molecu la r   s ieve  is  e f f e c t e d   at  the  same 
time  as  the  temporary  i n c r e a s e   in  t empera tu re   of  the  a b s o r b e n t  

b e d .  

7.  A  method  acco rd ing   to  claim  6  wherein  the  m o l e c u l a r  

s ieve   and  the  abso rben t   bed  are  in  the  same  v e s s e l .  
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