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INTRODUCTION 

Since the f i r s t  commercial H - O i l  U n i t  came on-stream a t  Lake Charles i n  
1963, a v a r i e t y  o f  feedstocks have been processed -- inc lud ing  heavy cyc le  o i l s ,  
atmospheric bottoms, vacuum bottoms and c’utback propane deasphal t e r  bottoms. 

ca ta l ys ts  and i s  being expanded t o  6,000 BPD. 

signed fo r  hydrocracking. 
u t i l i z e d  f o r  desu l fu r i za t i on .  
Service Lake Charles Uni t .  

The U n i t  has operated successfu l ly  w i t h  both microspheroidal and extrudate 

Besides the Lake Charles H - O i l  Un i t ,  three other  comnercial u n i t s  were de- 
The u n i t s ,  though designed f o r  hydrocracking, can be 

That i s  now the  primary o b j e c t i v e  f o r  the C i t i e s  

LAKE CHARLES H-OIL EXPERIENCE 

The H - O i l  Un i t  was designed t o  convert 2,500 BPD o f  West Texas Sour Vacuum 

I n  l a t e  1966 and e a r l y  

S u l f u r  was 

Bottoms i n t o  l i g h t e r  products.’ 
lower value feedstock, cutback propane deasphal t e r  bottoms. 
1967 a commercial demonstration o f  res idual  d e s u l f u r i z a t i o n  was made, feeding West 
Texas Atmospheric Residuum. The demonstration run was q u i t e  successful.  
reduced from 2.5 t o  3.0 weight percent i n  the feed t o  0.3 t o  0.5 weight percent i n  
the product. 

From 1963 t o  1967 a 1/32-inch extrudate c a t a l y s t  was used. I n  1967 r e l a -  
t i v e l y  minor mod i f i ca t i ons  were made t o  accommodate a microspheroidal f i n e  ca ta l ys t .  
This e l iminated the need f o r  t he  i n t e r n a l  recyc le pump p rev ious l y  requ i red  t o  supply 
the l i q u i d  v e l o c i t y  necessary f o r  bed expansion. Operating and performance data 
have been described prev ious ly .  3’ 

t h i s  pe r iod  the feed was West Texas Sour Vacuum Bottoms cutback w i t h  20% heavy cyc le  
o i l .  I n  the l a s t  f e w  months o f  operat ion w i t h  the f i n e  ca ta l ys t ,  conversion o f  
vacuum bottoms t o  d i s t i l l a t e  ranged from 55% t o  75%, w i t h  75% t o  80% s u l f u r  removal. 
The performance of the microspheroidal o r  f i n e  c a t a l y s t  has been demonstrated t o  be 
equiva lent  t o  the performance o f  the 1/32-inch extrudate. The u n i t  was expanded 
from 2,500 BPD capacity t o  6,000 BPD. I t  was necessary t o  re tu rn  t o  the extrudate 
c a t a l y s t  a t  the h ighe r  feed r a t e  t o  avoid excessive expansion o f  t he  c a t a l y s t  bed. 

FACTORS AFFECTING DESIGN 

La te r  i t  was found poss ib le  t o  process a heavier 

Ca ta l ys t  usage was approximately 0.05 lbs/bb l  . 

From 1967 through 1971 the u n i t  operated w i t h  the f i n e  ca ta l ys t .  During 

A number o f  design fac to rs  must be considered when d e s u l f u r i z i n g  res ids.  
These are caused by: (1)  the complex feedstock cha rac te r i s t i cs ,  (2)  the tendency 
t o  deposite m e t a l l i c  i m p u r i t i e s  and coke on the c a t a l y s t ,  (3) the requi red operat ing 
seve r i t y ,  (4) the ex ten t  and d e s i r a b i l i t y  o f  concurrent react ions,  such as hydro- 
cracking, and the r e l a t i v e l y  h igh  hydrogen consumption and design considerations 
given t o  the heat  released. 

FEEDSTOCK CHARACTERISTICS 

Several important feed c h a r a c t e r i s t i c s  considered i n  H - O i l  d e s u l f u r i z a t i o n  
are: 
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1. The character  o f  the residuum, i.e., whether 

vacuum, atmospheric, deasphal t e r  bottoms, 
cracked t a r s ,  blends, e t c .  

2. The asphaltene and metal content. 

3. The s u l f u r  l e v e l  and degree o f  desu l fu r i za t i on  

These feed ' cha rac te r i s t i cs  u l t i m a t e l y  i n f l uence  the se lec t i on  o f  operat ing 
temperature, hydrogen p a r t i  a1 pressure, space v e l o c i t y  , and ca ta l ys t  type and usage. 

requi  red. 

CATALYST 

Microspheroi dal and ext rudate ca ta l ys ts  have been used commercially. 
These ca ta l ys ts  c o n s i s t  o f  a combination o f  metals such as cobal t  and molybdenum or 
n i c k e l  and molybdenum on an alumina support. 
1/32-inch extrudate performs3 b e t t e r  than a 1/16-inch e ~ t r u d a t e . ~  The most a c t i v e  
c a t a l y s t  i s  the one w i t h  the g rea tes t  surface 

a c t i v a t i o n .  The deac t i va t i on  r a t e  i s  in f luenced by feedstock cha rac te r i s t i cs ,  c a t -  
a l y s t  cha rac te r i s t i cs  and opera t i ng  seve r i t y .  

OPERATING CONDITIONS FOR RESIDUUM DESULFURIZATION 

An e a r l i e r  pub l i ca t i on  repor ted t h a t  a 

Organometall ic compounds i n  the feed are the primary cause o f  ca ta l ys t  de- 

Temperature, space v e l o c i t y  , hydrogen p a r t i a l  pressure and c a t a l y s t  consump- 
t i o n  are the  essent ia l  operat ing condi t ions considered i n  res idual  desu l fu r i za t i on .  
These normal ly  range f rom 700 t o  8OO0Fy6 0.3 t o  3.0 V/Hr/V,8 and 0.02 t o  1.0 lbs/bb l  
respec t i ve l y .  
on judgment and economic considerations. 

DES I GN CONS I DE RAT IONS 

The ranges do n o t  necessar i ly  represent technica l  l i m i t s  b u t  are based 

The reac t i on  i n  residuum d e s u l f u r i z a t i o n  i s  exothermic. I n  the ebu l l a ted  
bed the reac to r  i s  isothermal. 
below the  reactor  temperature. 

o u t  causing a pressure bui ldup.  
by adding and withdrawing c a t a l y s t  w h i l e  on-stream. Constant c a t a l y s t  replacement 
gives the  re f i ne r  f l e x i b i l i t y  when changing feedstock. 

With the f i n e  c a t a l y s t ,  the v e l o c i t y  requi red t o  expand the c a t a l y s t  i s  
achieved by the f l o w  o f  the l i qu id -gas  feed mixture passing upward through the reac- 
t o r . 4  Ca ta l ys t  i nven to ry  and bed expansion are e s s e n t i a l l y  a func t i on  o f  the c a t a l -  
y s t  p a r t i c l e  size and densi ty ,  l i q u i d  v i scos i t y ,  and l i q u i d  and gas ve loc i t i es .  
a l y s t  i s  added w i t h  the feed and leaves w i t h  the product. 

The extrudate c a t a l y s t  requi res h ighe r  l i q u i d  v e l o c i t i e s  than the f i n e  
c a t a l y s t  t o  mainta in  the des i red bed expansion. The l i q u i d  v e l o c i t y  i s  provided 
by r e c y c l i n g  a por t i on  o f  t he  e f f l u e n t  back t o  the i n l e t .  
pump can be l oca ted  i n t e r n a l  o r  ex te rna l  t o  the reactor .  

The temperature i s  c o n t r o l l e d  by charging the feed 

Sol ids e n t e r i n g  w i t h  the feed pass through the expanded c a t a l y s t  bed w i t h -  
Cata lyst  a c t i v i t y  and product q u a l i t y  are maintained 

Cat- 

The recyc le o r  e b u l l a t i n g  

H-OIL DESULFURIZATION COSTS 

A wide v a r i e t y  o f  atmospheric and vacuum res iduals  can be desul fur ized US- 
i n g  the H - O i l  Process. 
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Costs f o r  d e s u l f u r i z i n g  Kuwait Atmospheric, Kuwait Vacuum, K h a f j i  Atrno- 

spher ic  , K h a f j i  Vacuum, Venezuelan Atmospheric and Venezuelan Vacuum Residuals are 
presented. These feedstocks were se lected because they are representat ive o f  d i f f e r -  
e n t  types o f  crudes. 
of a h igh s u l f u r  and low metals crude w i t h  moderate g r a v i t y  and asphaltene content. 
The K h a f j i  Atmospheric and Vacuum Residuals r e f l e c t  a h igh  s u l f u r  and moderate metals 
crude w i t h  moderate g r a v i t y  and h igh asphaltene content, 
and Vacuum Residuals are representat ive o f  a low s u l f u r  and h igh metals crude w i t h  
moderate g r a v i t y  and h igh asphaltene content. 

Figure 1 shows 975"F+ conversion and chemical hydrogen consumption varying 
w i t h  s u l f u r  i n  the 4OO"Ft f u e l  o i l  product. 
gen consumption and 975"Ft conversion vary i n v e r s e l y  w i t h  product s u l f u r  content. 
add i t i on ,  the h igh  metals ( o r  Venezuelan feedstocks) experience the  h ighest  increase 
i n  conversion and hydrogen consumption when going t o  lower s u l f u r  l e v e l s  - fo l lowed 
by K h a f j i  and then Kuwait, respect ive ly .  As expected the vacuum res idual  feeds con- 
sume the m s t  hydrogen and represent the h ighest  conversion operations. 

Figure 2 i s  a graphical presentat ion of the processing costs f o r  the feed- 
stocks considered. The costs represent 1971 d o l l a r s  and inc lude  f u e l  , power, labor ,  
supervision, overhead, water, c a t a l y s t  and hydrogen. 
the r e l a t i v e  costs f o r  d e s u l f u r i z i n g  the res idua l  feedstocks considered. The econom- 
i c s ,  though accurate f o r  t h i s  purpose, may n o t  be s p e c i f i c  enough f o r  a given company, 
because the costs do n o t  r e f l e c t  a r e t u r n  on investment. As i s  w e l l  known an accept- 
ab le r a t e  o f  re tu rn  on investment d i f f e r s  between companies. 

s i v e  t o  process o f  the s i x  stocks. 
s i v e  fo l lowed by K h a f j i  Vacuum, Kuwait Vacuum, K h a f j i  Atmospheric and Venezuelan A t -  
mospheric, respect ive ly .  
increase i n  operat ing costs when going t o  lower  s u l f u r  l eve l s .  

SUMMARY 

were shown t o  be equa l l y  successful.  
s i dua l  d e s u l f u r i z a t i o n  i nc lude  the feed c h a r a c t e r i s t i c s  , c a t a l y s t  c h a r a c t e r i s t i c s  
and operat ing seve r i t y .  
s u l f u r i z a t i o n  was presented. 
date c a t a l y s t  were reviewed. 
t i o n .  

Un i t s  have been l icensed t o  the  Kuwait National Petroleum Company, Humble O i l  and 
Refining Company, Petroleos Mexicanos and C i t i e s  Service O i l  Company. 

The K w a i t  Atmospheric and Vacuum Residuals are representat ive 

The Venezuelan Atmospheric 

It i s  apparent from Figure 1 t h a t  hydro- 
I n  

F igure 2 i s  intended t o  show 

As would be expected, the Kuwait Atmospheric Residual i s  the l e a s t  expen- 
The Venezuelan Vacuum Bottoms are the most expen- 

I n  addi t ion,  the Venezuelan stocks show the h ighest  r a t e  o f  

Commercial H - O i l  experience using 1/32-inch ext rudate and f i n e  c a t a l y s t s  
Important design parameters considered i n  r e -  

The range o f  operat ing condi t ions employed f o r  residual de- 
Process design considerations using the f i n e  o r  ext ru-  
The most a t t r a c t i v e  system w i l l  depend on each appl ica-  

The cos t  o f  desu l fu r i z ing  Middle East and Venezuelan feedstocks were presented. 

The H - O i l  Process was developed by C i t i e s  Service Research Incorporated. 
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H Y D R O D E S U L F U R I Z A T I O N  OF R E S I D U A L S  W I T H  H - O I L  

N O T E :  THE COSTS R E P R E S E N T  1 9 7 1  D O L L A R S  A N 0  
ARE FOR G U L F  COAST C O N S T R U C T I O N .  F U E L  @ 2 5 & / M M  
B T U ,  POWER (b 1$ /KWH,  WATER @ l $ / M  G A L . ,  L A B O R  
@ $ 5 . 0 0 / H R . ,  S U P E R V I S I O N  AND OVERHEAD @ 5 0 %  OF 
L A B O R ,  C A T A L Y S T  @ 9 5 $ / L B . ,  HYDROGEN @ 3 5 & / M S C F ,  

STREAM F A C T O R  IS 0.9.  
AND D E P R E C I A T I O N  @ 10% OF I N V E S T M E N T .  T H E  ON- 

- 
A T M O S P H E R I C  

R E S I D U A L  
- 

K U W A I T  VACUUM 
R E S I D U A L  

\-KUW AI T A T M O S  P H E R  I c 
R E S I D U A L  

I I I I I I 1 
0. 5 1.0 1 . 5  2 . 0  

PRODUCT S U L F U R  I N  4 0 0 ' F +  , WT% 
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