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INTRODUCTION 
During W i l s o n v i l l e  p i l o t  p l a n t  Runs #262 and #263 w i t h  
Black Thunder sub-bi tuminous c o a l ,  waxy d e p o s i t s  were 
found i n  t h e  d i s t i l l a t e  streams of t h e  Two S t a g e  
L i q u e f a c t i o n  p r o c e s s  u n i t ( 1 ) .  The q u a l i t y  of t h e  
d i s t i l l a t e  p o r t i o n  of t h e  r e c y c l e  s o l v e n t  s t r e a m  from 
t h e s e  two r u n s  w a s  p o o r ( 2 ) .  T h i s  r e s u l t  i n d i c a t e d  t h e  
p o t e n t i a l  f o r  improving o v e r a l l  l i q u e f a c t i o n  performance 
and  economics by t r e a t i n g  t h e  waxy d i s t i l l a t e  r e c y c l e  
s 'o lvent  s t r e a m .  T h i s  i s  one of t h e  a r e a s  o f  l i q u e f a c t i o n  
b e i n g  s t u d i e d  under  a DOE sponsored  c o n t r a c t  by a g r o u p  
headed by t h e  C e n t e r  f o r  Applied Energy Research  of t h e  
U n i v e r s i t y  of Kentucky.  CONSOL I n c . ,  S a n d i a  N a t i o n a l  
L a b o r a t o r i e s  and LDP A s s o c i a t e s  a r e  t h e  o t h e r  
o r g a n i z a t i o n s  p a r t i c i p a t i n g  i n  t h i s  p r o j e c t .  The 
t e c h n i c a l  approach  t a k e n  t o  improve t h e  s o l v e n t  q u a l i t y  of 
t h i s  d i s t i l l a t e  is t o  f i r s t ,  dewax i t  u s i n g  t h e  
commercially proven s o l v e n t  dewaxing t e c h n i q u e ,  fo l lowed 
by c o n v e n t i o n a l  h y d r o t r e a t m e n t  t o  improve t h e  m a t e r i a l s  
donor c a p a b i l i t i e s .  

DESCRIPTION OF SYSTEM 
A s i m p l i f i e d  b lock  f low diagram of t h e  dewaxing and 
h y d r o t r e a t i n g  p r o c e s s e s  i s  shown i n  F i g u r e  1. Coal  and a 
three-s t ream r e c y c l e  p r o c e s s  s o l v e n t  are  f e d  t o  t h e  
l i q u e f a c t i o n  u n i t .  The h e a v i e s t  p roduct  f rom t h e  
l i q u e f a c t i o n  r e a c t i o n  sys tem is f e d  t o  a vacuum tower 
which s e p a r a t e s  a heavy d i s t i l l a t e  f r a c t i o n  from t h e  ash-  
c o n t a i n i n g  r e s i d u e  f r a c t i o n .  P a r t  of t h e  a s h y  r e s i d u e  is 
r e c y c l e d  w h i l e  a s m a l l e r  p o r t i o n  i s  f e d  t o  a ROSE u n i t  
where t h e  n e t  a s h  f e d  t o  t h e  system is  removed and a c l e a n  
r e s i d  m a t e r i a l  i s  r e c o v e r e d  and r e c y c l e d .  The 6500F+ 
heavy d i s t i l l a t e  s t r e a m  from t h e  vacuum tower i s  a t  l e a s t  
p a r t i a l l y  dewaxed and  h y d r o t r e a t e d  b e f o r e  b e i n g  r e c y c l e d  
back t o  t h e  l i q u e f a c t i o n  sys tem.  I n  W i l s o n v i l l e  o p e r a t i o n  
t h e  ana logous  heavy d i s t i l l a t e  s t r e a m  was r e c y c l e d  t o  
l i q u e f a c t i o n  w i t h o u t  e i t h e r  dewaxing o r  h y d r o t r e a t i n g .  

DEWAXING 
T e s t i n g  a t  CONSOL i n d i c a t e d  t h a t  t h e  s o l v e n t  q u a l i t y  of 
t h e  heavy d i s t i l l a t e  stream w a s  s i g n i f i c a n t l y  improved 
a f t e r  s o l v e n t  d e w a x i n g ( 2 ) .  I n  t h e  dewaxing s t e p  a s o l v e n t  
i s  u s e d  t o  p r e c i p i t a t e  and f i l t e r  o u t  t h e  wax s p e c i e s  a t  
below a tmospher ic  t e m p e r a t u r e .  S o l v e n t  Dewaxing (SDW) i s  
a commonly a p p l i e d  t e c h n i q u e  i n  t h e  p e t r o l e u m  r e f i n i n g  
i n d u s t r y  t o  remove p a r a f f i n i c  hydrocarbons from l u b e  o i l  
s t o c k s ( 3 ) .  The waxy mater ia l  o r  s l a c k  wax removed i n  t h e  
Dewaxing u n i t  i s  h i g h l y  p a r a f f i n i c  ( F i g u r e  2 ) .  When 
a d d i t i o n a l  p r o c e s s i n g  s t e p s  ( d e o i l i n g  6 h y d r o t r e a t m e n t )  
a re  u s e d  a h i g h  v a l u e ,  f u l l y  r e f i n e d  p a r a f f i n  wax c a n  be 
produced from t h e  s l a c k  w a x ( 4 ) .  A l t e r n a t i v e l y ,  t h e  
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h i g h l y  p a r a f f i n i c  s l a c k  w a x  s t r e a m  c a n  be s e n t  t o  a f l u i d  
c a t  c r a c k i n g  (FCC) u n i t  where i t  is r e a d i l y  conver ted  i n t o  
g a s o l i n e  and o t h e r  r e f i n e r y  t y p e  b y p r o d u c t s .  

DEWAXED O I L  HYDROTREATING 
Exper imenta l  work done a t  Sandia  i n d i c a t e d  t h a t  f u r t h e r  
improvement i n  s o l v e n t  q u a l i t y  c o u l d  be o b t a i n e d  by f i x e d  
bed h y d r o t r e a t i n g  t h e  dewaxed o i l s ( 5 ) .  
t h e  h y d r o t r e a t m e n t  i s  t o  add about  1% hydrogen t o  t h e  
dewaxed d i s t i l l a t e  s o l v e n t  which w i l l  s u b s e q u e n t l y  be  
donated  t o  t h e  c o a l  i n  t h e  f i r s t  s t a g e  l i q u e f a c t i o n  
r e a c t o r ,  S i n c e  hydrogenat ion  of a r o m a t i c s  o c c u r s  r a p i d l y ,  
mi ld  o p e r a t i n g  c o n d i t i o n s  are a n t i c i p a t e d  ( e . g .  LHSV = 1, 
1 , 8 0 0  p s i  & 7500F max. ) . 

Data from a p r o j e c t e d  commercial s c a l e  EDS s o l v e n t  
h y d r o t r e a t e r  was u t i l i z e d  t o  e v a l u a t e  t h e  c o s t  of dewaxed 
o i l  h y d r o t r e a t i n g ( 6 ) .  Es t imated  a n n u a l i z e d  h y d r o t r e a t i n g  
c o s t s ' a r e  shown i n  T a b l e  2 .  A 50% i n c r e a s e  i n  s p a c e  
v e l o c i t y  o n l y  r e d u c e s  l i q u e f a c t i o n  u n i t  g a s o l i n e  product  
c o s t  by  a r e l a t i v e l y  i n s i g n i f i c a n t  9CIBbl .  

TECHNOECONOMIC ASSESSMENT 
A c o s t - b e n e f i t  a n a l y s i s  is  be ing  used  t o  d e t e r m i n e  a n  
economical  l e v e l  of wax i n  t h e  d i s t i l l a t e  r e c y c l e  so lvent ,  
f o r  p r o j e c t e d  commercial o p e r a t i o n  . A good i n d i c a t o r  of 
s o l v e n t  q u a l i t y  i s  t h e  c o n c e n t r a t i o n  of a l k y l  b e t a  
( p a r a f f i n i c )  p r o t o n s  (ABP) i n  t h e  s t r e a m .  A s  shown i n  
T a b l e  1, t h e  r e c y c l e  d i s t i l l a t e  s o l v e n t  s t r e a m  ( V - 1 0 7 4 )  i n  
W i l s o n v i l l e  Run #263J c o n t a i n e d  3 2 . 9 %  A B P ' s .  Using t h e  
CONSOL e x p e r i m e n t a l  b a t c h  SDW d a t a  and commercial SDW 
i n f o r m a t i o n ,  e s t i m a t e d  s t e a d y - s t a t e  s i m u l a t i o n s  of 
commercial SDW o p e r a t i o n s  w e r e  deve loped  as  a f u n c t i o n  of 
t h e  amount of  t h e  d i s t i l l a t e  s o l v e n t  f e d  t o  the dewaxer .  
As t h e  p r o p o r t i o n  of  d i s t i l l a t e  f e d  t o  t h e  dewaxer 
i n c r e a s e s ,  t h e  ABP c o n c e n t r a t i o n  of t h e  dewaxed o i l  
d e c r e a s e s  ( F i g u r e  3 )  and i t s  q u a l i t y  as a s o l v e n t  
i n c r e a s e s ,  U n f o r t u n a t e l y ,  SDW c o s t s  a l s o  i n c r e a s e  w i t h  
i n c r e a s i n g  f e e d r a t e s .  Because of t h e  r a p i d  d r o p  i n  ABP 
c o n c e n t r a t i o n  v e r s u s  SDWU f e e d r a t e ,  two SDWU f e e d r a t e  
c a s e s  (25% & 100%) w e r e  e v a l u a t e d .  

Sunnnary data f o r  t h e  two S o l v e n t  Dewaxing Uni t  (SDWU) f e e d  
c a s e s  i s  shown i n  T a b l e  3 .  Two s l a c k  wax byproduct  
d i s p o s i t i o n  s c e n a r i o s  were a l s o  e v a l u a t e d  a t  each SDWU 
f e e d r a t e .  The f i r s t  s c e n a r i o  assumes t h a t  a l l  of t h e  
s l a c k  wax byproduct  c a n  b e  s o l d  as  f u l l y  r e f i n e d  p a r a f f i n  
wax (FRPW) a f t e r  t h e  a p p r o p r i a t e  p r o c e s s i n g  s t e p s .  I n  t h e  
second s c e n a r i o  i t  i s  assumed t h a t  t h e  sa le  of FRPW i s  
l i m i t e d  t o  1 0 %  of t h e  U . S .  wax market  demand. I n  t h i s  
c a s e ,  some a s - i s  s l a c k  wax i s  s o l d  t o  t h e  c o n s t r u c t i o n  
i n d u s t r y  ( 1 0 %  of  m a r k e t  demand), w i t h  most of t h e  s l a c k  
wax s o l d  as lower v a l u e  FCC f e e d s t o c k .  The v a l u e s  of t h e  
FRPW, s l a c k  wax f o r  t h e  c o n s t r u c t i o n  i n d u s t r y  and s l a c k  
wax as FCC f e e d s t o c k  a r e  a l l  r e l a t e d  t o  c r u d e  o i l  p r i c e  
and a re  shown i n  Table  3 .  FCC f e e d s t o c k  p r i c e  w a s  
de te rmined  from t h e  expec ted  y i e l d  s t r u c t u r e  w i t h  s l a c k  
wax f e e d  (62 v o l . %  g a s o l i n e ) ,  e s t i m a t e d  product  p r i c e s  
( e . g .  g a s o l i n e  @ $ 4 0 / B b l )  l e s s  e s t i m a t e d  FCC p r o c e s s i n g  
c o s t s  ( $ 2 / B b l ) .  The a l m o s t  t h r e e  t imes  h i g h e r  v a l u e  of 
t h e  s p e c i a l t y  FRPW v e r s u s  t h e  commodity t y p e  FCC f e e d s t o c k  
v a l u e  r e s u l t s  i n  huge d i f f e r e n c e s  i n  SDWU revenue between 

The o b j e c t i v e  of 
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t h e  All-Wax and 10% Wax c a s e s .  When 100% of byproduct  
s a l e s  a r e  a s  FRPW, t h e  c o s t  of  SDW i s  e x a c t l y  o f f s e t  by 
t h e  va lue  of t h e  FRPW s a l e s  f o r  t h e  100% f e e d  c a s e .  An 
even more f a v o r a b l e  r e s u l t  o c c u r s  f o r  t h e  25% f e e d  c a s e .  
FRPW s a l e s  exceed SDW c o s t s  t h e r e b y  r e d u c i n g  l i q u e f a c t i o n  
p l a n t  g a s o l i n e  product  c o s t  by 52C/Bbl. even b e f o r e  t a k i n g  
i n t o  account  t h e  b e n e f i t s  of u s i n g  t h e  improved d i s t i l l a t e  
s o l v e n t  i n  l i q u e f a c t i o n .  Thus i f  t h e  A l l - W a x  byproduct  
d i s p o s i t i o n  s c e n a r i o  i s  v a l i d ,  t h e  u s e  of a SDWU i s  h i g h l y  
d e s i r a b l e ,  

However, i n  a f i v e  sub-bi tuminous c o a l  l i q u e f a c t i o n  p l a n t  
s c e n a r i o ,  t h e  amount of FRPW produced would be a 
s i g n i f i c a n t  p o r t i o n  of t h e  t o t a l  U . S .  wax market  demand. 
A t  a low wax market p e n e t r a t i o n  of l o % ,  SDWU c o s t s  exceed 
byproduct revenues  by $ l . l 6 / B b l  of g a s o l i n e  f o r  t h e  25% 
f e e d  c a s e  and by $3.27!Bbl  f o r  t h e  100% f e e d  c a s e .  

The above r e s u l t s  r a n g e  from a d e c r e a s e  i n  l i q u e f a c t i o n  
p l a n t  g a s o l i n e  product  c o s t  of 52ClBbl f o r  t h e  25% feed-  
100% wax sales case t o  a n  i n c r e a s e  of $ 3 . 2 7 / B b l  f o r  t h e  
100% feed-10% wax market  p e n e t r a t i o n  c a s e .  These r e s u l t s  
i n d i c a t e  t h e  ex t remely  s i g n i f i c a n t  e f f e c t  byproduct  
d i s p o s i t i o n  and SDWU f e e d r a t e  have  on SDW economics.  

H y d r o t r e a t i n g  t h e  dewaxed o i l  i s  e s t i m a t e d  t o  i n c r e a s e  
o v e r a l l  c o s t s  by approximate ly  $ 1 . 1 6 / B b l  of l i q u e f a c t i o n  
p l a n t  g a s o l i n e  product  i n  a l l  cases. 

Therefore ,  t h e  e s t i m a t e d  t o t a l  n e t  c o s t  f o r  SDW and 
H y d r o t r e a t i n g  t h e  d i s t i l l a t e  p o r t i o n  of t h e  r e c y c l e  
s o l v e n t  r a n g e s  from a low of  65C/Bbl f o r  t h e  All-Wax, 25% 
f e e d  c a s e  t o  a h i g h  of $ 4 . 4 2 / B b l  f o r  t h e  10% Wax, 100% 
f e e d  c a s e .  

FUTURE WORK 
The b e n e f i t  t o  t h e  l i q u e f a c t i o n  sys tem of u s i n g  t h e  b e t t e r  
dewaxed and  h y d r o t r e a t e d  d i s t i l l a t e  s o l v e n t  i s  b e i n g  
e v a l u a t e d .  It s e e m s  l i k e l y  t h a t  t h e  b e n e f i t  of u s i n g  
dewaxing and h y d r o t r e a t i n g  w i l l  l i e  i n  between t h e  
r e s p e c t i v e  c o s t s  of t h e  All-Wax and 10% Wax c a s e s  a t  each  
SDWU f e e d r a t e .  I n  a d d i t i o n ,  t h e  use  of C a t a l y t i c  Dewaxing 
(CDW) i n s t e a d  of SDW w i l l  be e v a l u a t e d .  I n  CDW t h e  waxy 
s u b s t a n c e s  a re  d i r e c t l y  c r a c k e d  t o  l i g h t e r  b o i l i n g  r a n g e  
d i s t i l l a t e s  and no waxy byproduct  is produced .  
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TABLE 1 
DISTILLATE SOLVENT (V-1074) PROPERTIES 

WILSONVILLE RUN # 2635 
BLACK T H U P  

WIGHT wno TO MF COAL : 
ESTIMATED SPECIFIC GRAVITY : 
ESTIMATED ELEMENTAL ANALYSIS, Wt% 

0.858 
1.04 (4.6API) 

-Carbon 89.28 

-Oryeen 0.76 
-Nitrogen 0.44 
-Sulfur 0.03 

- Hydrogen 9.49 

BOlLlNG RANGE, OF : 
ESTIMATED WATSON x" FACTOR : 
PROTW NMR DISTRIBN (CONSOL), Yo: 

-Condensed Arornalk$ 
. Uncondensed Ammath 
- Cycllc Alpha 
-Alkyl Alpha 
- cyclic Beta 
. Alkyl Beta 
-Gamma 

SOLVENT QUALW(CONS0L) : 
(1.Y1 SOLMNT-TO-COAllNOUNAVCOAL,~F.~MINUTES) 

~ ~~ 

650 to 1,000 
10.5 

13.9 
4.4 

14.3 
8.2 

14.5 
32.9 
11.8 
70.9 

TABLE 2 
ECONOMICS OF DEWAXED OIL HYDROTREATING 

6)asIs; - 83,900 BPSD Feedrate 
* Wyoming Plant Location 
* Mid - '92 Dollas per Barrel of Gasoilne Product - 1% Estimating Allowance on Capital Costs - 0.15 Capital Charge Facmr - 320 Operating Days per Year 

Two Year Catalyst Life 
Cosb of Makeup Hydrogen 8 Purge Hydrogen Excluded 

LHSV 
L9 l.& 

Catalyst Replacement @ $3M : 0.068 0.045 

Fuel Gas @ $/MM& : 0.104 0.104 
Operanng Labor : ma 

Total = 1.154 1.062 

Annuallzed Capital Cost : 0.874 0.805 

Electrical Power @ 40/ kw-hr : 0.085 0.085 

LHSV A = $0.092/Bbl 

TABLE 3 
BLACK THUNDER LIQUEFACTION STUDY 

DEWAXING & HYDROTREATING 
THE DISTILLATE PORTION OF PROCESS SOLVENT 

ECONOMIC EVAULATION OF NET COSTS 
* BASIS 

- Lisueracaon : - Wax Ymld : 
- Wax Cracking Rate : - Crude oil P h e  : 
- Gasonne Price : 
~ Wax W e  : 
- Slack Wax Value : 
. FCC Feed Value : 

Five Plants @ 50,000 BPSD 01 Gasoline Each 
4% of MAF Coal 
22% of Wax Circulating 
$ 30/ FBI. 
$40 I &I. 
34.3 0 I Ib. 
18.8 o I ib. 
11.5 o I Ib. 

* TOTAL PRODUCTION DATA 
. Producl Dktrlbutlon All wax Wax = 1090 of Market 

- Fully Refned Wax, TNr. 462,ooo 737.500 60,700 60.700 
- Slack Wax, TNr. None None 67200 67200 
- FCC Feed, TNr, None None 415.M)o 729,OOO - ECONOMIC DATA PER PLANT 
- ESfdDWuCapMlCosr$MM 236 463 180 41 0 

-%Of Feed to DWU 25% 1m 25% 1 W O  

- CapHal Savings in Upgrading 539 S A 4  . NdcaPiarCosr $!AM 150 346 

32.5 46.9 - DWU Product Revenue. $ MMIYr. 63.4 1012 
- Decreased GasolineRevenue a L3L6 3 

33.8 83.6 4.7 3.1 - Increase In Revenue. $ MMNr. 

LiIA - Net AnnuaI'd A In cap. C w  u r n  
. Net Dewaxlng Cost $ MMNr. - 8.0 None 

- NetDBwaxIngCostSIffl. ~ 0.52 None + 1.16 +327 

+ 2.33 + 4.42 - NetAwGasolineCost$IBbl." +O.& +1.15 

% +48.8 

- Hydrotreater Cost $/Bbl. u u  mtt15 

* - MTINCLUDWQ BENEFW8 OF USlM THE iMPROMD SoLYeyr IN THE UQUEFACTION WIl 
ASWMMG 1W CAPITAL CHluaE FACTOR 
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m f f i m  LlDHTER MATERIAL 10 FURTHER PROCESSIN0 . 
NET PRODUCTS 
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I DEWAXW L H ~ R D T R E A ~ E D  I--- I I DISTILLATE RECYCLE SOLVENT 

ASHY RESID 

SLACK WAX 

10 FCC 01 WAX REFINING 

AW CONCEMRATE 

FIOURE 1 
UUPLlFlED BLOCK FLOW DIAGRAM 

DEWIXlNO L HYDROTREATING ol DISTILLATE RECYCLE SOLVENT 

TEXACO DEVELOPMENT CORPORATION 
TWO STAGE SOLVENT DEWAXING UNIT 

WITH INCREMENTAL DILUTION 

DEWXED OIL TO RECOVERY SECTION 
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