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INTRODUCTION 

The background informat ion  l e a d i n g  t o  t h e  development of f u s e d  metal  h a l i d e  
c a t a l y s t s  f o r  t h e  hydrocracking of c o a l  e x t r a c t  was d iscussed  i n  a previous paper . ( lo)  
I t  was shown, t h e r e i n ,  t h a t  m e t a l  h a l i d e s  which a r e  s t r o n g  L e w i s  a c i d s  a r e  a c t i v e  
c a t a l y s t s  f o r  t h e  hydrocracking of po lynuclear  hydrocarbons and r e s i d u e s  from t h e  
hydrocracking of c o a l  e x t r a c t  wi th  c o n t a c t  c a t a l y s t s .  

The p r e s e n t  paper  d e s c r i b e s  t h e  i n i t i a l  s t e p s  i n  t h e  development of molten z i n c  
c h l o r i d e  c a t a l y s t s  f o r  t h e  hydrocracking of c o a l  e x t r a c t  and even c o a l  i t s e l f .  An 
e x t e n s i v e  survey of t h e  v a r i a b l e s  i n  t h e  hydrocracking of c o a l  e x t r a c t  with massive 
q u a n t i t i e s  of z i n c  c h l o r i d e  m e l t  is  presented .  Comparative d a t a  are also presented  
wi th  o t h e r  c a t a l y s t  s y s t e m s .  A l l  d a t a  given here  were obta ined  i n  ba tch  au toc lave  
experiments .  

I n  a d d i t i o n  t o  t h e  z i n c  h a l i d e s ,  s e v e r a l  p o s s i b l e  L e w i s  a c i d  c a t a l y s t s  were con- 
s i d e r e d  such a s  A1C13, A 1 B r 3 ,  BF3,  e t c .  These were r e j e c t e d  p r i m a r i l y  because they 
would be completely des t royed  by t h e  steam r e l e a s e d  dur ing  t h e  hydrogenat ion of c o a l  
e x t r a c t .  A l s o ,  a s  a consequence of t h e  halogen a c i d s  r e l e a s e d  dur ing  h y d r o l y s i s  of 
t h e  c a t a l y s t ,  t h e s e  m a t e r i a l s  would be much t o o  c o r r o s i v e  t o  be u s e f u l  i n  p o t e n t i a l  
commercial s y s t e m s .  

Zinc bromide was found t o  be e q u i v a l e n t  i n  a c t i v i t y  t o  z i n c  c h l o r i d e .  It was 
r e j e c t e d  from f u r t h e r  c o n s i d e r a t i o n  because of c o s t .  

Zinc c h l o r i d e  has been widely used a s  a c a t a l y s t  i n  experimental  work i n  c o a l  
hydrogenat ion al though it has never been employed i n  commercial p l a n t s .  No l i t e r a -  
t u r e  d a t a  a r e  a v a i l a b l e  on i t s  a c t i v i t y  f o r  t h e  hydrocracking of c o a l  e x t r a c t .  

Small amounts of ca ta lys t ( ' )  of t h e  o r d e r  of 3 w t .  $ o r  less of t h e  c o a l  were 
used and f r e q u e n t l y  t h e  c a t a l y s t  was impregnated on t h e  c o a l  b e f o r e  u s e .  There 
appears  t o  be no record  of t h e  use of massive q u a n t i t i e s  of molten z i n c  c h l o r i d e  
c a t a l y s t  i n  t h e  coa l  hydrogenat ion l i t e r a t u r e .  

ZnCla almost u n i v e r s a l l y  has  been regarded as being i n f e r i o r  i n  a c t i v i t y  t o  
SnC1, o r  halogen-promoted t i n  corn pound^(^,^,^,^,^) a s  a Cats y s t  f o r  c o a l  hydrogena- 
t i o n .  m e  except ion t o  t h i s  i s  found i n  some Japanese work,ts) o n h y d r o g e n a t i n g  
c o a l  t o  heavy o i l  a t  t h e  r e l a t i v e l y  mild o p e r a t i n g  c o n d i t i o n s  of 410'C and 200 a t m .  

The work was c a r r i e d  out  on a f a i r l y  l a r g e  p i l o t  p l a n t  S c a l e  u s i n g  1$ of  z i n c  
c h l o r i d e  and o t h e r  c a t a l y s t s .  Zinc c h l o r i d e  was found t o  be t h e  b e s t  c a t a l y s t  of 
t h e s e  t e s t e d  i n c l u d i n g  t i n .  ,, 

I / 
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EXPERIMENTAL 

The b a s i c  u n i t  used i n  t h i s  work was a 300 m l  shak 'ng au toc lave .  Th i s  u n i t  and 
t h e  procedures  involved have been desc r ibed  p rev ious ly .  tlo) One added f e a t u r e  used 
i n  two series of runs a t  c o n s t a n t  hydrogen p res su re  was t h e  use  of a palladium probe. 
A pal ladium tube,  1/8-inch I . D . ,  
Co. ,  was i n s e r t e d  i n t o  t h e  au toc lave  and s u i t a b l y  connected t o  a gauge t o  read 
hydrogen p r e s s u r e .  The ends were s i l v e r  so lde red  and t h e  i n t e r i o r  of t h e  tube 
nea r ly  f i l l e d  with a s t a i n l e s s  s tee l  w i r e  f o r  suppor t .  A t  temperatures  of 750°F and 
above, d i f f u s i o n  of hydrogen through t h e  tube  was r a p i d  enough t o  g ive  adequate 
response t o  changing p r e s s u r e .  A new tube was used each t i m e  t o  ensu re  freedom 
from s u l f u r  poisoning, a l though  burning off  between runs was a l s o  found t o  r e s t o r e  
a c t i v l t y .  The probe w a s  p r o t e c t e d  from sp la sh ing  autoclave con ten t s  by b a f f l e s .  

.010" Wall and 7 inches long from J. Bishop and 

The feedstock f o r  most of t h i s  work was "standard" e x t r a c t  prepared by c o n t i -  
T e t r a l i n  s o l v e n t  was used nuous e x t r a c t i o n  of P i t t s b u r g h  Seam coal, I r e l a n d  Mine. 

w i th  a r e s idence  t i m e  o f  46 minutes  a t  38OOC. Unextracted coal and ash were removed 
by f i l t r a t i o n  of  t h e  e x t r a c t o r  e f f l u e n t  i n  a p re s su re  f i l t e r  a t  200°C. The f i n a l '  
e x t r a c t  r e p r e s e n t s  53% of t h e  MAF c o a l .  P r o p e r t i e s  a r e  given i n  Table I .  

The z i n c  c h l o r i d e  u s e d  w a s  F i s h e r  S c i e n t i f i c  Co. C e r t i f i e d  Reagent, 96-98'$ pure, 
Af t e r  t h i s  t reatment ,  it contained d r i e d  b e f o r e  use by h e a t i n g  i n  a vacuum a t  1 1 0 ° C .  

1-1.5 w t .  4 water  and up t o  1.8 w t .  '$ z i n c  oxide.  

The n i cke l  molybdate c a t a l y s t  i s  a commercial hydrofining c a t a l y s t  containing 
6.8% molybdenum, 3.8% n i c k e l ,  and 0.1% c o b a l t  supported on alumina g e l .  
s u r f a c e  a r e a  of 200 m"/g, a p o r o s i t y  of 774, and an average pore diameter  of 200 1. 
It  was used as l j l 6 - i n c h  d i ame te r  beads,  p r e s u l f i d e d  with 15% H,S-85$ H, a t  500'F. 

I t  h a s  a 

The ex ten t  of reaction of z i n c  c h l o r i d e  with n i t rogen  and s u l f u r  w a s  determined 
by elementary ana lyses .  The work-up procedure f o r  product  a n a l y s i s  w a s  a s  descr ibed 
previously.(") 
analyzed as NH, by d i s t i l l a t i o n  a f t e r  adding c a u s t i c .  
p r e s e n t  as ZnCl,-xNH, or ZnC12.yNH4C1. The c h l o r i n e  p re sen t  i n  excess of t h a t  re- 
q u i r e d  f o r  ZnCl, is  assumed t o  be i n  t h e  form of t h e  double sa l t :  ZnCl,-yNH,Cl. 
A l l  of t h e  s u l f u r  i n  t h e  MEK-insoluble f r a c t i o n  i s  assumed to b e  ZnS. 

A l l  t h e  i n o r g a n i c  n i t r o g e n  was found i n  t h e  water washings and was 
The NH, i s  assumed t o  be 

The a n a l y s i s  of t h e  g a s o l i n e  f o r  i nd iv idua l  s a t u r a t e d  components w a s  c a r r i e d  
o u t  by gas chromatography a f t e r  s u i t a b l e  c a l i b r a t i o n  w i t h  pure hydrocarbons.  A 
temperature  programmed s t a i n l e s s  s tee l  c a p i l l a r y  column 0.02" d i a .  by 300' long  
coa ted  wi th  squalene w a s  u sed  i n  con junc t ion  w i t h  a hydrogen flame i o n i z a t i o n  
d e t e c t o r .  

The a n a l y s i s  f o r  i n d i v i d u a l  aromatic hydrocarbons w a s  c a r r i e d  by first i s o l a t i n g  
t h e  aromatic  f r a c t i o n  of t he  g a s o l i n e  by l i q u i d  displacement chromatograph us ing  
s i l i c a  g e l  as t h e  abso rben t .  The aromatic f r a c t i o n  was t h e n  analyzed by gas  chroma- 
tography i n  t h e  same c a p i l l a r y  column coa ted  wi th  2,5-xylenol phosphate.  

RESULTS AND DISCUSSION 

Comparison with Other C a t a l y s t s  and E f f e c t  of C a t a l y s t j E x t r a c t  Rat io  

Table  I1 g i v e s  a comparison of t h r e e  types of c a t a l y s t s  a t  l o w  c a t a l y s t  con- 
c e n t r a t i o n s  between 1 and 2.5 pe rcen t  of t h e  e x t r a c t  f ed .  The l i t e r a t u r e  on c o a l  
hydrogenat ion which states t h a t  t i n  c h l o r i d e  i n  small  concen t r a t ions  i s  a s u p e r i o r  
c a t a l y s t  is confirmed. I n  s p i t e  of t h e  lower concen t r a t ion  o f  c a t a l y s t  used and 
lower p res su re ,  t h e  t i n  ca t a lys t  gave t h e  h ighes t  conversion and h i g h e s t  s e l e c t i v i t y  
f o r  p roduc t ion  of l i q u i d  p roduc t s .  However, i n  view o f  t h e  high cost  of t i n  and i t s  
l o w  a c t i v i t y  f o r  pyrene hydrocracking when used i n  massive quant i t ies , (")  no 
f u r t h e r  t e s t  work was done w i t h  massive q u a n t i t i e s  of SnC1, i n  e x t r a c t  hydrocracking. 
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The a c t i v i t y  of t h e  n i c k e l  molybdate hydrof in ing  c a t a l y s t  i n c r e a s e s  markedly 

wi th  i n c r e a s i n g  c a t a l y s t  c o n c e n t r a t i o n s .  Ext ra  conversion t e n d s  t o  l e v e l  o f f ,  how- 
e v e r ,  a s  t h e  catalyst  e x t r a c t  r a t i o  i s  increased  beyond 0.3. 
i l l u s t r a t e d  i n  F i g u r e  1. 

These d a t a  a r e  

TWO important  f e a t u r e s  are e v i d e n t  from F i g u r e  1. One i s  t h a t  conversion wi th  
t h e  molten z l n c  c h l o r i d e  c a t a l y s t  a t  a comparable c a t a l y s t  e x t r a c t  r a t i o  is always 
h i g h e r  than  wi th  t h e  c o n t a c t  c a t a l y s t ' t y p e  system and t h a t  t h e  convers ion  reached 
a t  h igh  F a t a l y s t  extract r a t i o s  i s  much g r e a t e r  wi th  t h e  molten z i n c  c h l o r i d e  ca ta -  
l y s t  System. Ahother important  f e a t u r e  i l l u s t r a t e d  i n  F igure  1 i s  t h e  high con- 
v e r s i o n  t o  g a s o l i n e  b o i l i n g  d i s t i l l a t e s  ob ta ined  wi th  t h e  z i n c  c h l o r i d e  c a t a l y s t  
system. 
above about 0.3. 
c o n t a c t  c a t a l y s t  system where t h e  g a s o l i n e  range b o i l i n g  d i s t i l l a t e s  always com- 
p r i s e d  only a minor f r a c t , i o n  of t h e  t o t a l  d i s t i l l a t e  o i l s  produced. Thus, an 
important  p c e n t i a l  advantage of t h e  molten z i n c  c h l o r i d e  c a t a l y s t  s y s t e m  i s  t h e  
p o s s i b i l i t y  of o b t a i n i n g  s i n g l e - s t a g e  d i r e c t  conversion of c o a l  e x t r a c t  t o  h igh  
octane gasol ine .  

Thts  e s p e c i a l l y  becomes apparent  a t  h igh  catalyst t o  extract r a t i o s ,  i . e . ,  
This  aga in  i s  i n  d i s t i n c t i o n  t o  t h e  r e s u l t s  o b t a i n e d  with t h e  

F igure  2 g i v e s  a n o t h e r  comparison of r e s u l t s  ob ta ined  under comparable condi- 
t i o n s  between t h e  two catalyst systems. Espec ia l ly  i n t e r e s t i n g  h e r e  i s  t h e  r a p i d  
i n c r e a s e  i n  t h e  isobutane-to-normal butane r a t i o  wi th  i n c r e a s i n g  ZnC1,-to-extract 
r a t i o .  
high p r o p o r t i o n  of i s o p a r a f f i n s  q u i t e  comparable t o  what i s  normally produced by 
hydrocracking of hydrof ined  petroleum feeds tock  wi th  dual  f u n c t i o n  c o n t a c t  c a t a l y s t s .  
The isobutane-to-normal butane ra t io  i s  always h igher  than  wi th  t h e  hydrof in ing  
c a t a l y s t  s y s t e m  as i l l u s t r a t e d  a t  t h e  bottom of t h e  f i g u r e .  This  shows t h a t  no a c i d  
c racking  f u n c t i o n  e x i s t s  i n  t h e  case of t h e  hydrof in ing  c a t a l y s t  system. The sharp  
i n f l e c t i o n  p o i n t  on t h e  isobutane-to-normal butane r a t i o  occurs  a t  a c a t a l y s t  r a t i o  
of about 0.3. 

A t  h igh  c a t a l y s t / e x t r a c t  r a t i o s  g a s o l i n e  i s  produced which c o n t a i n s  a very 

The d a t a  shown i n  F igure  2 i l l u s t r a t e  t h a t  a high s e l e c t i v i t y  i n  conversion 
of e x t r a c t  t o  g a s o l i n e  i s  p o s s i b l e  w i t h  massive q u a n t i t i e s  of z i n c  c h l o r i d e .  The 
s e l e c t i v i t y  here  i s  measured by t h e  percent  by weight of t h e  e x t r a c t  t h a t  is  con- 
v e r t e d  t o  C1 through C, hydrocarbon gases .  A t  very h igh  c a t a 1 y s t : e x t r a c t  ratios 
t h e  gas  y i e l d  becomes f a i r l y  l a r g e ,  b u t  t h i s  would be reduced i n  an  a c t u a l  cont inu-  
ous s y s t e m  by cont inuous removal of t h e  products  t o  prevent  f u r t h e r  c racking  of the  
g a s o l i n e  corqanents .  It i s  a l s o  noted  t h a t ,  a t  c a t a l y s t  e x t r a c t  r a t i o s  up t o  about 
.4, t h e  s e l e c t i v i t y  is b e t t e r  than  obta ined  w i t h  t h e  hydrof in ing  c a t a l y s t  system. 
The experiments  wi th  t h e  h y d r o f i n i n g  c a t a l y s t s  were w i t h  f r e s h  c a t a l y s t  not contami- 
na ted  wi th  ash  and carbon such t h a t  t h e  a c t i v i t y  i s  s u b s t a n t i a l l y  g r e a t e r  than  one 
would have i n  an a c t u a l  p r a c t i c a l  s y s t e m .  

Effect of Residence Time,  Temperature and P r e s s u r e  

The i n f l u e n c e  of t h e s e  v a r i a b l e s  w i t h  a cons tan t  z i n c  c h l o r i d e / e x t r a c t  r a t i o  i s  
i l l u s t r a t e d  i n  F i g u r e s  3, 4, and 5, r e s p e c t i v e l y .  

F igure  3 again  i l l u s t r a t e s  t h e  h igher  conversion r a t e s  t h a t  can  be obtained 
wi th  molten z i n c  c h l o r i d e  c a t a l y s $ s  as compared w i t h  the  hydrof in ing  catalyst  
s y s t e m .  
f i n i n g  c a t a l y s t  s y s t e m ,  a s  compared w i t h  less than  5 minutes resid-ence t i m e  
r e q u i r e d  t o  reach t h e  same convers ion  level wi th  t h e  molten z i n c  c h l o r i d e  c a t a l y s t .  

Three hours  are r e q u i r e d  t o  reach a conversion of 7 5 s  w i t h  t h e  hydro- 

F igure  4 g i v e s  a very r a p i d  survey of t h e  e f f e c t s  of tempera ture  and pressure  
on e x t r a c t  convers ion  wi th  z i n c  c h l o r i d e  c a t a l y s t .  It i s  seen  t h a t  s u b s t a n t i a l  
conversions can be achieved even a t  low p r e s s u r e s  (of t h e  o r d e r  of ZOO0 pounds) a t  
q u i t e  low tempera tures .  It a l s o  appears  t h a t  a t  low temperatures  t h e  conversion 
achieved  may not  be t o o  s e n s i t i v e  t o  t h e  a c t u a l  p r e s s u r e .  Thus, by o p e r a t i n g  a t  
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very low temperatures  o f  t h e  o r d e r  0f.65O0F, s u b s t a n t i a l  conversions can be achieved 
even a t  very l o w  p r e s s u r e s  perhaps as l o w  as 1500 pounds. T h i s  remains t o  be con- 
f i rmed by f u t u r e  work. 

F i g u r e  5 shows t h e  e f f e c t  o f  o p e r a t i n g  temperature  a t  c o n s t a n t  t i m e  and 
p r e s s u r e  on t h e  s i n g l e  stage g a s o l i n e  y i e l d s ,  i .e . ,  t h e  f r a c t i o n  of t h e  t o t a l  l i q u i d  
product  which b o i l s  w i t h i n  t h e  g a s o l i n e  range. 
temperature  on s e l e c t i v i t y  o f  t h e  process .  I t  is seen t h a t  t h e  gaso l ine  y i e l d  in- 
creases with . ope ra t ing  temperature ,  but e v e w a t  temperatures  as low a s  625OF more 
t h a n ' h a l f  of t h e  l i q u i d  product  b o i l s  w i t h i n  g a s o l i n e  range.  Thus, i n  any case, it 
would 'appear t o  be p o s s i b l e  t o  r e c y c l e  t h e  heav ie r  l i q u i d  t o  o b t a i n  u l t i m a t e  con- 
ve r s ion  of a l l  d i s t i l l a t e  p roduc t s  t o  gaso l ine .  I t  i s  seen  a l s o  t h a t  t h e  s e l e c t i v i t y  
o f  . t h e  p rocess  becomes b e t t e r  as temperature  o f  o p e r a t i o n  i s  reduced, and t h a t  
acco rd ing ly  t h e  u l t i m a t e  g a s o l i n e  y i e l d s ,  upon r e c y c l i n g  of h ighe r  b o i l i n g  l i q u i d s  t o  
e x t i n c t i o n ,  would be very h i g h  a t  temperatures  below about 760°F. 

Reac t ions  o f  C a t a l y s t  With Hydrocracked Products  

I t  a lso shows t h e  e f f e c t  of ope ra t ing  

t 

The coa l  e x t r a c t  i s  r i c h  i n  h e t e r o  atoms, i . e . ,  N, 0, and S, as t h e  ana lyses  of 
Table  I shows. These are r e l e a s e d  during hydrocracking i n  t h e  form of NH,, H,O and 
H2S, r e s p e c t i v e l y .  

The fol lowing reactions with t h e  c a t a l y s t  are then  poss ib l e :  

ZnC1, + H2S = ZnS + 2 HC1 (1) 

ZnC1, + H 2 0  = ZnO + 2 HC1 ( 2 )  

ZnCl, + NH, = ZnCl,.NH, (3) 

The e q u ' l ' b r i u m  c o n s t a n t  f o r  r e a c t i o n  (1) has  been determined experimental ly  by 
Kapust insky,f ' f  a d t h a t  f o r  ( 2 )  may be c a l c u l a t e d  from a v a i l a b l e  thermodynamic da ta  
on z i n c   compound^?^) w i t h  r e s u l t s  given below: 

The d i s s  c i a t i o n  p r e s s u r e  o f  NH, over  z i n c  c h l o r i d e  mel ts  has been measured by 
Krasnov.94) 

The equ i l ib r ium d a t a  o f  Kapustinsky(') f o r  r e a c t i o n  (1) i n d i c a t e s  t h a t  nea r ly  
q u a n t i t a t i v e  abso rp t ion  of H,S t o  produce ZnS should t a k e  p l ace .  Th i s  was confirmed 
expe r imen ta l ly ,  i n  t h a t  no H2S cou ld  be d e t e c t e d  i n  t h e  product  gas ,  and a l l  of t h e  
s u l f u r  r e l e a s e d  was absorbed by t h e  m e l t .  

The d a t a  f o r  r e a c t i o n  (2) i n d i c a t e s  t h a t  z i n c  c h l o r i d e  should be q u i t e  r e s i s t a n t  
to  h y d r o l y s i s  but  t h a t  a s m a l l  amount of HC1 should be p re sen t  i n  t h e  gas .  Experi- 
mental ly  nothing more than  t race q u a n t i t i e s  of HC1 could eve r  be found. The discrep-  
ancy may be due t o  a h igh  degree  o f  abso rp t ion  o! water by t h e  m e l t  which reduces t h e  
p a r t i a l  p r e s s u r e  of steam t o  a l o w  va lue .  

Krasnov's d a t a ( 4 )  i n d i c a t e  t h a t  t h e  NH, p r e s s u r e  o v e r  m e l t s  con ta in ing  less than 

' 

25 mole pe rcen t  of ammonia would be q u i t e  small a t  temperatures  i n  t h e  normal range 
used  for  hydrocracking. Q u a n t i t a t i v e  abso rp t ion  of ammonia by t h e  m e l t s  i s  t h u s . t O  
be expected,  which w a s ,  i n  f a c t ,  confirmed experimental ly .  I t  i s  usual i n  t h e  hydro- 
c rack ing  of s t anda rd  e x t r a c t  t o  produce a t  least  one mole of NH, f o r  each mole of 
hydrogen c h l o r i d e  formed by r e a c t i o n  (1). 
absorbed by t h e  m e l t  by t h e  fo l lowing  r eac t ion :  

The hydrogen c h l o r i d e  so produced is  

ZnC12.NH, + HC1 = ZnC1,.NH4C1 ( 5 )  
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Equil ibr ium d a t a  f o r  r e a c t i o n  (5) w i l l  be p r e s e n t e d  i n  a subsequent  paper. 

The m e l t  f e d  t o  t h e  au toc lave  experiments  u s u a l l y  conta ined  2.5 to  3.0 mole per -  
c e n t  of ZnO as  determined by t h e  a b i l i t y  of t h e  anhydrous m e l t  t o  chemkdally r e a c t  
wi th  hydrogen c h l o r i d e  t o  produce water. The ZnO, of course ,  reacts with hydrogen 
c h l o r i d e  r e l e a s e d  by reaction (1) dur ing  hydrocracking by r e v e r s a l  of r e a c t i o n  (2 ) .  
I t  i s  p o s s i b l e  t o  add s u f f i c i e n t  ZnO t o  n e u t r a l i z e  a l l  of t h e  HCl produced. 
case no NB&1 would be formed i n  t h e  m e l t .  
dur ing  r e g e n e r a t i o n  of t h e  m e l t ,  f o r  example, by o x i d a t i o n  of t h e  ZnS formed by 
r e a c t i o n  (1). 

E f f e c t  of  NH, and NH&l on M e l t  A c t i v i t y  

I n  t h i s  
The ZnO a c c e p t o r  f o r  HC1 can be.produced 

I t  is, therefore ,  clear t h a t  depending upon o p e r a t i n g  c o n d i t i o n s  used and 
whether or not z i n c  oxide  acceptor  i s  employed, bo th  ammonia and ammanium c h l o r i d e  
i n  widely ranged propor t ions  can be p r e s e n t  i n  t h e  m e l t  dur ing  hydrogenat ion.  It is 
t h e r e f o r e  of i n t e r e s t  t o  see what e f f e c t  t h e s e  m a t e r i a l s  have on t h e  hydrocracking 
a c t i v i t y  of z i n c  c h l o r i d e  m e l t  toward e x t r a c t .  The d a t a  i n  F i g u r e  6 i l l u s t r a t e  t h i s  
p o i n t .  

I n  t h e s e  runs,  t h e  temperature  and p r e s s u r e  were h e l d  c o n s t a n t  a t  750'F and 
3000 pounds, r e s p e c t i v e l y ,  and t h e  amount of ammonia o r  ammonium c h l o r i d e  added was 
v a r i e d .  I t  is  seen t h a t  wi th  both ammonia'and ammonium c h l o r i d e  t h e r e  w a s  a de- 
c r e a s e  i n  e x t r a c t  conversion,  but  t h a t  t h e  decrease  i s  much more r a p i d  i n  t h e  case  
of ammonia than  i n  t h e  case  of ammonium c h l o r i d e .  

Another i n t e r e s t i n g  i tem i l l u s t r a t e d  i n  F i g u r e  7 i s  t h e  e f f e c t  of ammonia and 
ammonium c h l o r i d e  a d d i t i o n  on s e l e c t i v i t y .  
favorable  e f f e c t  on t h i s  count  i n  t h a t  they caused a very dramat ic  decrease i n  t h e  
gas  y i e l d .  The e f f e c t  of o t h e r  a d d i t i v e s  was a l s o  s t u d i e d ,  i n  p a r t i c u l a r  t h e  e f f e c t  
of t h e  a d d i t i o n  of z i n c  oxide .  Zinc oxide p r e v e n t s  t h e  formation of ammonium c h l o r i d e  
by absorbing t h e  HC1 produced. Zinc oxide was found t o  have marked i n h i b i t i n g  e f f e c t  
when used i n  l a r g e  q u a n t i t i e s .  The i n h i b i t i n g  e f f e c t  i s  q u i t e  moderate when only 
smal l  q u a n t i t i e s  a r e  used.  

I t  i s  s e e n  t h a t  bo th  a d d i t i v e s  have a 

The d a t a  of F igure  6 were obta ined  with a z i n c  c h l o r i d e / e x t r a c t  weight r a t i o  of 
2.  S i m i l a r  d a t a  were obta ined  a t  o t h e r  feed  r a t i o s  of 1 and 3, r e s p e c t i v e l y .  Con- 
vers ions  were s l i g h t l y  lower when t h e  f e e d  ra t io  was lowered, p a r t i c u l a r l y  when t h e  
amount of NH, added was s m a l l .  The major e f f e c t  of t h e  z i n c  c h l o r i d e / e x t r a c t  r a t i o  
a t  l o w  NH, concent ra t ions  w a s  t h a t  t h e  gas  y i e l d  decreased r a p i d l y  as t h e  f e e d  r a t i o  
decreased.  

When h i g h e r  c o n c e n t r a t i o n s  of NH, were used,  t h e r e  was no p e r c e p t i b l e  e f f e c t  of 
feed  r a t i o  i n  t h e  range of 1 t o  3. 

It  is  t h e r e f o r e  concluded t h a t  one c o n t r o l l i n g  f a c t o r  i n  determining t h e  amount 
of  m e l t  c i r c u l a t i o n  r e q u i r e d  i n  an e x t r a c t  hydrocracking process  i s  t h e  accumulation 
of n i t r o g e n  poisons.  
however, t h a t  even wi th  a f e e d  low i n  n i t r o g e n  poisons  t h a t  t h e r e  is a k i n e t i c  
advantage i n  t h e  use of massive q u a n t i t i e s  of c a t a l y s t .  The p r e s e n t  d a t a  i n d i c a t e ,  
however, t h a t  no f u r t h e r  advantage i s  gained by i n c r e a s i n g  t h e  weight ratio of 
c a t a l y s t  t o  feed  beyond 1. 

It  would appear  from t h e  p r i o r  exper ience  wi th  pyrene,(") 

It i s  abundantly c l e a r ,  t h e r e f o r e ,  t h a t  a commercial p rocess  f o r  hydrocracking 
with z inc  c h l o r i d e  m e l t s  would r e q u i r e  cont inuous r e g e n e r a t i o n  t o  remove t h e  n i t r o g e n  
poisons.  Methods of r e g e n e r a t i o n  w i l l  be d iscussed  i n  a subsequent  p a p e r ,  

Some d a t a  on t h e  e f f e c t  of NH, at  h igher  tempera tures ,  i.e., a t  800°F were a l s o  
obta ined .  They a r e  summarized i n  Table  111. Under t h e s e  c o n d i t i o n s  a small amount 



t h i s  l e v e l  t h e  c a t a l y t i c  a c t i v i t y  is  almost completely poisoned. I 
The d a t a  of Table I11 a l s o  show t h e  e f f e c t  of i n c r e a s i n g  amounts of ammonia i n  

B The r e s u l t s  a f t e r  a s i n g l e - s t a g e  a r e  compared wi th  t h e  cumulative r e s u l t s  of 
t h e  f i v e - s t a g e  run i n  Table  I V .  I t  i s  noted t h a t  t h e  cumulative r e s u l t s  of t h e  f i v e  
s t a g e s  a r e  very near ly  e q u i v a l e n t  t o  t h a t  of t h e  f i r s t  s t a g e .  However, a favorable  
n e t  r e d u c t i o n  i n  c a t a l y s t / e x t r a c t  ra t io  from 1 t o  0.38 is  achieved by t h i s  technique.  1 

The composition of t h e  c a t a l y s t  a f t e r  s t a g e s  1 and 5 i s  a l s o  shown i n  Table I V .  
I t  i s  seen t h a t  82 percent  of t h e  n i t r o g e n  and 95 percent  of t h e  s u l f u r  i n  t h e  feed  P 
accumulate i n  the  m e l t .  
r e l a t i v e l y  small l o s s  i n  c a t a l y s t  a c t i v i t y .  

The NH, i s  p r e s e n t  most ly  a s  NH,C1 which e x p l a i n s  t h e  

decreas ing  t h e  i C4/n C, r a t i o .  
i s  t o  reduce t h e  a c i d i c  c r a c k i n g  p r o p e r t i e s  of t h e  melt  by n e u t r a l i z i n g  t h e  F r i e d e l  
C r a f t s  a c i d s .  

I t  i s  thus apparent  t h a t  t h e  main e f f e c t  of ammonia 

F r i e d e l  C r a f t s  a c i d s  i n  t h e  case  of e x t r a c t  hydrocracking can be generated by 

A c h l o r i n e  balance around t h e  f i v e - s t a g e  run i n d i c a t e s  t h a t  85 percent  of t h e  
HC1 r e l e a s e d  by r e a c t i o n  (1) was r e t a i n e d  i n  t h e  melt. 
not  c l e a r ,  however, as  none c o u l d  be found i n  t h e  off-gas .  

The na ture  of HC1 l o s s  i s  
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K i n e t i c s  of t h e  Hydrocracking Process  

The maximum e x t r a c t  conversion achieved i n  60  minutes r e s i d e n c e  t i m e  i n  t h e  
experiments  repor ted  above was 91  p e r c e n t .  I t ,  of course,  i s  d e s i r a b l e  t o  achieve 
s u b s t a n t i a l l y  complete convers ion .  I n  o r d e r  t o  accomplish t h i s  it i s  f i r s t  of a l l  
necessary t o  s u b s t a n t i a l l y  reduce t h e  y i e l d  of MEK-Insolubles. Secondly,  i t  i s  
necessary t o  hydrocrack t h e  +40O0C MEK-Solubles t o  d i s t i l l a t e  o i l s .  

Another c h a r a c t e r i s t i c  of  t h e  prev ious  experiments  i s  t h a t  a l though t h e  t o t a l  
h o t  p r e s s u r e  was maintained cons tan t ,  t h e  p a r t i a l  p r e s s u r e  of hydrogen decreased wi th  
t i m e  due to accumulation of g a s  and v o l a t i l e  r e a c t i o n  products .  The hydrogen pres-  
s u r e  i s  t h e  most important  v a r i a b l e  i n  c o n t r o l l i n g  t n e  MEK-Insoluble y i e l d .  A series 
of r u n s  were t h e r e f o r e  c a r r i e d  o u t  wherein t h e  hydrogen p r e s s u r e  was maintained 
cons tan t  us ing  a pal ladium probe t o  i n d i c a t e  hydrogen p a r t i a l  p r e s s u r e .  

The r e s u l t s  of two s e r i e s  of runs  a t  var ious  times c a r r i e d  out  a t  750'F wherein 
t h e  hydrogen p a r t i a l  p r e s s u r e s  were maintained cons tan t  a t  2500 p s i  and 3500 p s i ,  
r e s p e c t i v e l y ,  a r e  shown i n  F igure  7.  

The MEK-Insoluble y i e l d  r a p i d l y  f a l l s  t o  a n e a r l y  c o n s t a n t  va lue  a f t e r  15  to  
30 minutes t i m e  a f t e r  which very l i t t l e  f u r t h e r  reduct ion  occurs .  The f i n a l  y i e l d  
is ,  of course,  lower a t  t h e  h i g h e r  hydrogen p r e s s u r e ,  i . e . ,  1 . 5  p e r c e n t  vs .  3.5 per-  
c e n t .  

The rate of t o t a l  conversion decreases  r a p i d l y  wi th  t i m e  and becomes very slow 
a f t e r  one hour. Even a f t e r  t h r e e  hours  t h e  t o t a l  conversion only  reaches  92.1 per -  
cen t  a t  3500 p s i  and i s  s l i g h t l y  lower a t  2500 p s i  H2 pressure .  

The cause of t h e  d i f f i c u l t y  i s  shown i n  F igure  8 where t h e  r e a c t i o n  r a t e  f o r  
conversion of t h e  +400OC MEK-Solubles is p l o t t e d  a s  a f i r s t  o r d e r  r e a c t i o n ,  i . e . ,  

k ( t  - 15)  = I n  Co/Ct 

where 
t i m e  .*t*l: r e s p e c t i v e l y .  

C and Ct a r e  t h e  weight percent  MEK-Solubles p r e s e n t  a f t e r  15 minutes and 

I t  is  seen t h a t  t h e  i n i t i a l  r a t e  fol lows t h e  f i r s t  o r d e r  r a t e  law but  t h a t  t h e  
r a t e  f a l l s  o f f  r a p i d l y  a s  h igh  conversions are reached. The f i r s t  o r d e r  r a t e  in-  
c r e a s e s  about 20 percent  i n  going from 2500 t o  3500 p s i ,  i .e . ,  less than  propor t iona l  
t o  i n c r e a s e  i n  p r e s s u r e .  

The h igher  p r e s s u r e  does not  l ikewise  prevent  t h e  decrease  i n  r a t e  at  high 
convers ions .  A s  a matter of f a c t  a t  bo th  p r e s s u r e  l e v e l s  t h e  same y i e l d  of MEK- 
So luble  res idue ,  i .e . ,  6 .2  w t .  $ remains a f t e r  t h r e e  hours .  

The decrease i n  r e a c t i o n  rate i s  due t o  formation of a r e f r a c t o r y  r e s i d u e  and 
not t o  decrease i n  c a t a l y t i c  a c t i v i t y  of t h e  m e l t .  That t h i s  i s  so is obvious from 
t h e  f a c t  t h a t  over  95 percent  of N and S c a t a l y s t  poisons have accumulated i n  t h e  
m e l t  a f t e r  one hour res idence  t i m e ,  i . e . ,  long  before  t h e  rate s ta r t s  t o  decrease.  
I t  was a l s o  confirmed by recovery. and s e p a r a t e  hydrocracking of t h e  MEK-Soluble 
r e s i d u e .  

I t  is  c l e a r  t h a t  t o  o b t a i n  h i g h e r  convers ions  a s t a g e d  hydrogenat ion system 
with progress ive  i n c r e a s e  i n  temperature  would be requi red .  

E f f e c t  of Feedstock - D i r e c t  Hydrogenation of Coal 

The use  of molten z i n c  c h l o r i d e  hydrocracking c a t a l y s t  is  not  l i m i t e d ,  of course,  
t o  c o a l  e x t r a c t  but may be a p p l i e d  t o  a wide range of feeds tocks  vary ing  from coal  
i t s e l f  t o  middle b o i l i n g  range petroleum d i s t i l l a t e s .  
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A comparison o f  r e s u l t s  with s e v e r a l  o t h e r  c o a l  der ived f eeds tocks  i s  given 
i n  Table  V .  
i s  t h e  c o a l  u s e d  f o r  p roduc t ion  of t h e  s t anda rd  e x t r a c t  used i n  most of t h i s  work. 
I t  was necessary t o  u s e  a high r a t i o  of ca t a lys t  t o  c o a l  i n  t h i s  case i n  o r d e r  t o  
have s u f f i c i e n t  volume o f  l i q u i d  p re sen t  t o  produce a handleable  c o a l  s l u r r y .  A s  
s t a t e d  above, t h e  use  of a c a t a l y s t  r a t i o  above 1 with e x t r a c t  only i n c r e a s e s  t h e  
conversion s l i g h t l y  bu t  h a s  a r e l a t i v e l y  marked e f f e c t  on gas  y i e l d .  Thus, allowing 
f o r  t h e  d i f f e r e n c e  i n  q u a n t i t y  o f  c a t a l y s t  used, i t  is  seen t h a t  c o a l  and e x t r a c t  
behave w i t h  remarkable s i m i l a r i t y .  

I r e l a n d  Mine coal, a P i t t s b u r g h  Seam coa l  from Northern West Vi rg in i a ,  

R e s u l t s  a r e  a l s o  shown f o r  ano the r  e x t r a c t ,  i .e . ,  "Spencer" e x t r a c t .  This  
e x t r a c t  was procured from t h e  Spencer Chemical C o . ,  and w a s  prepared by e x t r a c t i o n  
of a West Kentucky No. 11 coa l  under a p re s su re  of lo00 p s i g  of hydrogen a t , a b o u t  
425°C.. The depth o f  e x t r a c t i o n  was r epor t ed  by Spencer Chemical t o  have been over 
90$. Inspec t ions  o f  t h e  e x t r a c t  a r e  given i n  Table I .  

Comparison shou ld  be made wi th  t h e  750'F s t anda rd  e x t r a c t  r e s u l t s  of Table I V  
(Stage 1). 
range d i s t i l l a t e  is h i g h e r  and t h e  o v e r a l l  conversion s l i g h t l y  lower.  

Again a remarkable  s i m i l a r i t y  i s ' n o t e d  al though t h e  y i e l d  of middle 

R e s u l t s  with a h i g h e r  q u a l i t y  feedstock,  i . e . ,  benzene-soluble component of 
s t a n d a r d  e x t r a c t ,  a r e  a l s o  shown i n  Table V .  I n  t h i s  case a no tab le  improvement i n  
r e s u l t s  i s  noted. The conve r s ion  i s  s u b s t a n t i a l l y  inc reased  while  t h e  y i e l d  of 
MEK-Insoluble r e s idue  is  s u b s t a n t i a l l y  decreased.  

Gaso l ine  Composition 
\ 

. The gaso l ine  produced by t h e  z i n c  c h l o r i d e  process  con ta ins  a high p ropor t ion  
of branched p a r a f f i n s  and a s u b s t a n t i a l  amount of aromatics .  The aromatic con ten t  
of t h e  g a s o l i n e  v a r i e s  w i t h  cond i t ions  used from about 20  t o  50 vol .  pe rcen t .  
aromatic  con ten t s  are ob ta ined  i n  o p e r a t i o n s  a t  t h e  h ighe r  temperatures  around 
8W°F and wi th  c a t a l y s t / e x t r a c t  r a t i o s  below one. 

High 

A sample of g a s o l i n e  from a l a r g e  number of au toc lave  runs  a t  d i f f e r e n t  condi- 
t i o n s  w a s  composited f o r  a micro oc t ane  number test with r e s u l t s  shown i n  Table V I  
a long wi th  i n s p e c t i o n s  of t h e  g a s o l i n e .  The g a s o l i n e  sample t e s t e d  had subs t an t i -  
a l l y  a l l  t h e  h ' S  and C , ' s  removed but  i n  s p i t e  of t h i s  had a clear r e sea rch  octane 
of 89. I t  i s  c l e a r  t h a t  a motor gaso l ine  with t h e  appropr i a t e  C , ' s  and C 5 ' s  added 
f o r  v o l a t i l i t y  would have a clear octane number of w e l l  ove r  90. 

Another sample o f  g a s o l i n e  was obtained by running a number r e p e t i t i v e  auto- 
c l a v e  runs a t  S t age  1 c o n d i t i o n s  shown i n  Table  I V .  A more complete a n a l y s i s  of 
t h i s  g a s o l i n e  is  g i v e n  i n  Table  V I  a long w i t h  a breakdown i n t o  ind iv idua l  com- 
ponents .  

The r a t io  of branched-to-normal p a r a f f i n s  is c l ea r ly  q u i t e  large i n  t h e  C, and 
C, f r a c t i o n s .  

P o t e n t i a l  Commercial Cons ide ra t ions  

I t  is  premature t o  d i s c u s s  i n  d e t a i l  t h e  p o t e n t i a l  commercial a p p l i c a t i o n  of 
t h e  z i n c  c h l o r i d e  hydrocracking p rocess .  Data are r equ i r ed  bo th  on continuous 
hydrocracking and con t inuous  m e l t  r egene ra t ion  systems. Work i s  p r e s e n t l y  i n  pro- 
g r e s s  on bo th  of t h e s e  s u b j e c t s  and w i l l  be  r e p o r t e d  i n  f u t u r e  pape r s .  
of t h e  r egene ra t ion  p r o c e s s  is  d i scussed  i n  a subsequent paper .  

Some aspects  

Corrosion c o n t r o l  i s  one of t h e  important  a s p e c t s  of a p o t e n t i a l  commercial 
p rocess .  Weight loss d a t a  ove r  t h e  du ra t ion  of t h e  au toc lave  program i n d i c a t e  t h a t  
t h e  average p e n e t r a t i o n  rate w i t h  316 s t a i n l e s s  i s  less than  80 mpy. Sepa ra t e  
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c o r r o s i o n  tests, however, have i n d i c a t e d  t h a t  p i t t i n g  may be a problem wi th  316 s t a i n -  
less when s u b s t a n t i a l  q u a n t i t i e s  of NH4C1 are allowed t o  b u i l d  up i n  t h e  m e l t .  
t h i s  c a s e  more expensive a l l o y s  such as  Has te l loy  B or Inconel  625 may be requi red .  

I n  

The formation of NH4C1 can be e l i m i n a t e d  by a d d i t i o n  of z i n c  oxide  acceptor .  
Corros ion  test work i n  t h i s  case i n d i c a t e s  t h a t  316 s t a i n l e s s  may be a s a t i s f a c t o r y  
a l l o y ,  i.e., p e n e t r a t i o n  r a t e s  below 5 mpy were observed wi th  test  specimens. 

Therefore ,  from t h e  c o r r o s i o n  s tandpoin t  t h e  zinc-oxide acceptor  system is pre- 
f e r r e d .  The disadvantage is t h e  lower c a t a l y s t  a c t i v i t y  f o r  a given n i t r o g e n  l e v e l .  
The i n h i b i t i n g  e f f e c t  of ZnO can be minimized by main ta in ing  a t  a l l  times a very l o w  
c o n c e n t r a t i o n  of z i n c  oxide  i n  t h e  hydrocracking zone and by provid ing  f o r  a s t a g e d  
i n c r e a s e  i n  temperature  t o  over  800'F t o  p a r t i a l l y  compensate for decrease  i n  c a t a l y s t  
a c t i v i t y  by accumulation of NH, i n  t h e  m e l t .  F igure  9 i l l u s t r a t e s  schemat ica l ly  a 
cont inuous opera t ion  us ing  t h e  above p r i n c i p l e s .  I t  should be noted  t h a t  t h e  z i n c  
c h l o r i d e  m e l t  i s  m i s c i b l e  wi th  e x t r a c t ,  a s  it was wi th  pyrene.(") 
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TABLE I 

7.04 I 
85.30 

5.10 
1.62 

.94 t 

Feedstock 

V o l a t i l e  Matter 
Fixed Carbon 

FeS 
FeS 

Other Ash 

H 
C 
N 
0 

Organic S 

Solvent  F r a c t i o n a t i o n  

Benzene I n s o l u b l e s  
Asphaltenes 
O i l  
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Analys ls  of Feedstocks 

I r e l a n d  "Standard" 
Mine Coal Ext rac t  

MF Bas i s  

40.32 
46.66 

0.08 
4.19 

10.15 

MAF Bas is  

5.73 6.14 
81 .90  83.73 

1.58 1.46 
8 . 6 1  6.87 
2.18 1.80 

46.9 
37.2 
15.9 

"Spencer" 
Ex t rac t  

5.03 
87.62 

1 .49  
4.75 
1 .ll 

37.2 
31.2 
31.5 

.5 
59.6 
39 .O 

TABLE I1 Comparison of C a t a l y s t  A c t i v i t y  a t  Low 
Concent ra t ion  Levels  - 1 H r .  Residence Time 

Temperature, OF * 800 - 
T o t a l  H o t  P re s su re  

C a t a l y s t  

Ca ta lys t /Ex t rac t ,  W t .  R a t i o  

Yie lds ,  W t .  $ Feed 

c1-c3 

c4 
c, x 2oo'c 
200 x 4 m o c  
MEK-Soluble +4OO0C Residue 
MFX-Insoluble +400°C Residue 
Other  (NH,, H 2 S ,  HzO, e t c . )  

T o t a l  

H z  Consumption, W t .  $ Feed 

Conversion, W t .  $ Feed 

(c,-c,) x loO/Conversion 

4200 

Nickel 
Molybdate 
on A l 2 O 3  

.025 

5 .O 
1 
1 14*9 

14.5 
60.3 
0.6 
7 .3  

102.6 

2.55 

39.0 

12.8 

4200 

ZnCl 

.02 

5.1 
1 .o 

14.7 
19 .8  
52.9 
3.0 
7.6 

104.1 

4.13 

44.1 

11.5 

3000 

SnClz 1 
f 

I . 01 

4.1 

13.0 
24.6 
53.5 
0.1 
6.7 

103.8 

1.8 I 

A 

3.71 

/ 46.5 

8 .8  
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.TABLE I11 

Activity of Zinc Chloride Catalyst as Affected 

by NH, Addition 

Temperature = 800OF, 

ZnCl,/Extract Wt. Ratio = 1 .O, 

Total Pressure = 4200 psig 

Time = 60 mins. 

NH3/ZnC12, Mole Ratio 

Yields, Wt. $ MAF Feed 

a4 

c 3% 
CZH6 

C4H10 

C4H10 
( M 1 3 + H 2 s + H 2 ~ + c 0 2 )  
C, x 200°C Dist. 
200 x 400°C Dist. 

+400"C MEK-Soluble Residue 
+400"C MEK-Insoluble Residue 

N to Catalyst 

H " " 

s 'I " 

Total 

Conversion, Wt. $ MAF Feed 

H, Consumed, Wt. $ MAF Feed 

(c,-c,) x 100/Conversion 

0 

1.8 
2.6 
8.6 
9.6 
1.6 
7.4 

60.4 
3.1 
6.3 
3.9 
1.3 
1.8 
0.3 

108.7 

89.8 

8.7 

14.5 

0.091 

1.5 
1.7 
3 .O 
2.5 
0.5 
7.4 
68.2 
11.4 
6.2 
2.6 
1.3 
1.4 
0.3 

108 .O 

91.2 

8 .O 

6.8 

1 .o 

1.6 
1.2 
1.2 
0.4 
0.5 
5.5 
15.8 
19.1 
54.5 
2.4 

1.6 1 
103.8 

43.2 

3.8 

9.3 

2.0 

1.8 
1.4 
1.2 
0.1 
0.5 
2.3 
10.3 
9.5 
54.1 
20.3 

) 1.4 
102.9 

25.6 

2.9 

17.1 
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TABLE I V  

R e s u l t s  of  5-Stage Run 

Temperature  = 750°F, T o t a l  Hot P r e s s u r e  = 3000 p s i g  

Residence Time/Stage = 60 mins. 

S tage  N o .  

W t .  %tract  Feed P e r  Stage/gms 
W t .  ZnClz Feed Per  Stage/gms 
Cumulative ZnCl,/Extract, W t .  R a t i o  

Melt Composition, Mole % Feed 
ZnCl 9 7 . 3  
ZnO 2.7 
ZnCl * NH, 
ZnCl,*NH,Cl 
ZnS 

100.0 

Y i e l d s ,  W t .  % Tota l  E x t r a c t  Feed 

c1-c3 

1 C 4 H l O  
n C 4 H l o  

co 
HZO 
C, x 200'C D i s t .  

, 200 x 400°C D i s t .  
+400°C MEK-Soluble Residue 
+400"C MEK-Insoluble Residue 

H t o  C a t a l y s t  
N " " 

s " " 

T o t a l  

Conversion, W t .  $ MAF Feed 

H, Consumed, W t .  $ MAF Feed 

1 

5 0  
50 
1 

A f t e r  S tage  1 

81.7  

2 . 3  
8 .9  

-- 

7.1 
100.0 
- 

6 . 3  
3.3 
0 . 4  
0.1 
7 .3  

59.0 
9.6 

11.9 
6.4 
0.3 
1.1 
1.6 

107.3 
- 

81.8 

7 .3  

2 t h r u  5 

50 
11.4 
-_ 

Cumulative 

2 50 
95.6 
0.383 

A f t e r  S tage  5 

48.5 

4.4 
27.4 
19.7 
100.0 

_ _  

- 

6 . 3  
3.2 
0 .6  
0 .2  
5.8 

56.0 
14 .3  
12.9 

4.5 
0.3 
1 . 2  
1 . 7  

107.0 
- 

82.6 

7 . 0  

(c,-c,) x 100/Conversion 7.7 7.6 
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'TABLE V 

Comparison of Feedstocks i n  Hydrocracking 
With Molten Zinc Chlor ide  C a t a l y s t  

Residence Time = 60 min. 

Feedstock 

Temperature, "F 

(Wt. Rat io)  ZnC1, 
MAF Feed 

T o t a l  P res su re ,  p s i g  

Yie lds ,  W t .  $ MAF Feed 

CH4 
G H ,  
c 3HS 

C4H10 

C4H10 
( NH 3 + ~ 2 ~ + c ~ + c ~ ,  +H ,o) 

C5 x 200°C D i s t .  
200 x 400°C D i s t .  

+40OoC MEK-Soluble Residue 
+400"C MEK-Insoluble Residue 

NM+H t o  C a t a l y s t  

T o t a l  

Conversion, W t .  '$ MAF Feed 

H2 Consumption, W t .  $ MAF Feed 

(c,-c,) x 100/Conversion 

I r e l a n d  
Mine Coal 

725 

3.5 

2000 

0 .9  
2 .3  
7 .5  
7.8 
1 . 3  
6.7 

48.2 
2.9 

15.0 
10 .9  

5 .2  

108.7 

74.2 

8 .7  

14 .3  

S tandard  
E x t r a c t  

725 

1 .o 

2000 

0.6 
1 .2  
1 .7  
1 . 2  
0.1 
6 .9  

49.5 
9.4 

17 .0  
14.8 

3.5 

105.9 

68.1 

5.9 

5.1 

Spencer 
E x t r a c t  

750 

1 .o 

3000 

0.6 
0.8 
2 .1  
2 .1  
0.3 
6 .8  

50.4 
17.9 
17 .9  

5 .7  
2.3 

106.9 

76.4 

6.9 

4.6 

Benzene Solubles  

S tandard  Ex t rac t  
from 

750 

1 .o 

3000 

.6 
1 . 2  
5.8 
7.3 
1 .o 
7 .O 

66.2 
6.2 
7.7 
1 . 2  
3.1 

107.3 

91.1 

7.3 

8.3 
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Descr ip t ion  

FIA, V o l .  %(') 
Aromatics 
S a t u r a t e s  
O l e f i n s  
Naph thene s 

Research, Clear  Octane N o .  

TABLE V I  

Analyses of  Product Gasol ine  

C,-2OO0C Gasol ine  

25.5 
74.5 
0.0 

N o t  Determined 
I ,. 

Elemental Analy t ica l ,  W t .  $ 
H 
C 
N 
0 
S 

P a r t i a l  Component Breakdown, V o l  . $ 

S a t u r a t e s  
i-Pent ane 
n-Pentane 
Cyclopent ane 
2,3-Dimet hy l b u t a n e  
2-Methylpentane 
3-Methylpentane 
n-Hexane 
Cyclohexane 
Methylcyclopentane 

Aromatics 
Benzene 
Toluene 
Ethyl  Benzene 
Xylenes 
Cumene 
n-Propyl Benzene 

13.42 
86.22 
0.0 

.34 

.02 

C,-190°C Gasol ine 

30.9 
69.2 
0.0 

31.7(') 
89 

12.93 
87.00 

.04 

.03 
0.0 

13.4 
1 . 2  
.8 

1.1 
4.4 
3.0 

.5 

.6 
9.3 

2.0 
5.9  
2.4 
3.9 
1.1 

.5 

(1) 

( 2 )  

Fluorescent  I n d i c a t o r  Analysis ,  A.S.T.M. Method D-1319-61T. 

The t o t a l  s a t u r a t e s  are 31.7$ naphthenic  and 37.4$ p a r a f f i n i c  
as  determined by A.S.T.M. Method D-2159. 
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SCHEMATIC HYDRO SYSTEM WITH MASSIVE 
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