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INTRODUCTION 

There has  been a number o f  s t u d i e s  o f  t h e  chemical  n a t u r e  of c o a l  hydrogenat ion 
l i q u i d s .  However, the  g r e a t  m a j o r i t y  o f  t h e  c o a l  hydrogenat ion l i q u i d s  s t u d i e d  
were produced us ing  a l i q u i d  v e h i c l e .  The absence  of a l i q u i d  v e h i c l e  may have 
an e f f e c t  on t h e  chemical  r e a c t i o n s  t a k i n g  p l a c e  and, t h e r e f o r e ,  on t h e  chemica l  
composi t ion of t h e  p roduc t  o b t a i n e d .  

In  t h e  work r e p o r t e d  h e r e  hydrogenat ion of c o a l  was c a r r i e d  o u t  i n  t h e  absence  
of any v e h i c l e  o i l  i n  a semi-cont inuous r e a c t o r  which al lowed t h e . v o l a t i l e  p r o -  
d u c t  t o  be swept f rom t h e  r e a c t o r  by a con t inuous  s t r eam of hydrogen. We here 
r e p o r t  o u r  work on t h e  changes found i n  t h e  chemical  composi t ion o f  t h e  o i l  
(hexane s o l u b l e  po r t ion1  w i t h  changes i n  hydrogenat ion r e a c t i o n  c o n d i t i o n s .  
The hydrogenat ion c o n d i t i o n s  i n v e s t i g a t e d  were t h e  c a t a l y s t  ( s t annous  c h l o r i d e )  
c o n c e n t r a t i o n  and t h e  r e a c t i o n  t empera tu re .  

EXPERIMENTAL 

Mate r i a  Is 

The c o a l  ( 0 . 5 0  t o  0 . 2 5  mm f r a c t i o n )  used was from t h e  New Wakefield C o l l i e r y ,  
T ransvaa l .  Ana lys i s ,  a i r  d r i e d  b a s i s :  Moisture  4 .9;  Ash 14.9; V o l a t i l e  M a t t e r  
32.8%; d r y  a s h - f r e e  b a s i s :  C ,  79.2; H ,  5 .4 ;  N .  2 . 1 1  S ,  2.3%. 

The c a t a l y s t  was a n a l y t i c a l  g r a d e  s t annous  c h l o r i d e .  Stannous c h l o r i d e  was 
d i s s o l v e d  i n  wa te r  and added t o  t h e  c o a l  a s  an aequous s o l u t i o n .  The r e s u l t a n t  
s l u r r y  was mixed by s t i r r i n g  and t h e n  d r i e d .  

Hydrogenation 

Hydrogenation was c a r r i e d  o u t  i n  a r e a c t o r  s i m i l a r  t o  t h e  "hot-rod" r e a c t o r  
(1.21 des igned  by Hi t e shue  e t  a l .  
t h e  time a t  t empera tu re  was 1 5  minutes .  Hydrogen, a t  a f l o w  r a t e  of 22 ,%/minute, 
was con t inuous ly  pas sed  th rough  a f i x e d  bed of c o a l  ( 2 5  g l  impregnated w i t h  ca -  
t a l y s t .  The v o l a t i l e  p roduc t s  were condensed i n  a h igh -p res su re  c o l d  t r a p .  
The o t h e r  c o n d i t i o n s  a r e  g iven  i n  t h e  R e s u l t s  and Di scuss ion  s e c t i o n .  

The p roduc t  was removed f rom t h e  coo led  r e a c t o r  and from t h e  condenser  w i th  t h e  
a i d  o f  t o luene .  The s o l i d  r e s i d u e  was e x t r a c t e d  w i t h  b o i l i n g  t o l u e n e  (250 m l )  
i n  a s o x h l e t  e x t r a c t o r  f o r  12  hours. The t o l u e n e  s o l u t i o n s  were combined and 
t h e  t o l u e n e  removed under  reduced p r e s s u r e .  Hexane (250 m l l  was added t o  t h e  
e x t r a c t  and i t  was al lowed t o  s t a n d  f o r  24  hour s  w i t h  o c c a s i o n a l  shak ing .  The 
s o l u t i o n  was f i l t e r e d  t o  l e a v e  a r e s i d u e  ( a s p h a l t e n e l  and t h e  hexane was re- 
moved from t h e  f i l t r a t e  under  reduced p r e s s u r e  t o  g i v e  t h e  o i l .  

F r a c t i o n a t i o n  o f  t h e  o i l s  

The o i l s  were f r a c t i o n a t e d  by a d s o r p t i o n  chromatography on s i l i c a  g e l .  The 
column was e l u t e d  s u c c e s s i v e l y  w i t h  40 - 6OoC petroleum e t h e r  [ I 2  f r a c t i o n s ) ,  

The h e a t i n g  r a t e  was E 10O0C/minute, and 
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40 - 60 pet ro leum e t h e r  / to luene  ( i n c r e a s i n g  p r o p o r t i o n s  o f  toluene, 5 f r a c -  
t i o n s ) ,  to luene,  c h l o r o f o r m  and methanol. 

Ana lys i s  

1.r. and U.V. spec t ra  were measured f o r  each f r a c t i o n  f rom t h e  columns. 1.r. 
spec t ra  were measured as smears on sodium c h l o r i d e  p l a t e s  u s i n g  a Perk in-Elmer 
567 g r a t i n g  spectrophotometer, w h i l e  U.V. spec t ra  were measured as a s o l u t i o n  
i n  hexane (spec t roscop ic  grade)  us ing  a Unicam SP 1700 inst rument .  Fluorescence 
spec t ra  were recorded as descr ibed elsewhere (3). 

'H n.rn.r. spec t ra  were recorded f o r  t h e  o i l s  i n  deu te roch lo ro fo rm a t  90 MHz w i t h  
te t ramethys i l ane  as an i n t e r n a l  s tandard using,? Var ian EM 390 i ns t rumen t .  Broad- 
band proton-decoupled p u l s e  F o u r i e r  t rans fo rm C n.m.r. were recorded i n  deutero-  
ch lo ro fo rm a t  20 MHz u s i n g  a Var ian CFT-20 spect rometer .  

Molecular  weights  were determined by vapour p ressu re  osmometry i n  benzene so lu -  
t i o n  us ing  a Knauer apparatus. 5 concen t ra t i ons  over t h e  range 1 - 5 g/k were 
employed and t h e  mo lecu la r  weight  was obta ined by  e x t r a p o l a t i o n  t o  i n f i n i t e  
d i l u t i o n .  

The v i s c o s i t i e s  o f  t h e  o i l s  were measured u s i n g  a Haake Rotov isco RV3 v i sco -  
meter w i t h  a cone and p l a t e  sensor a t  20°C. 

RESULTS AN0 DISCUSSION 

From t h e i r  i .r. and U.V.  spect ra,  t h e  f r a c t i o n s  f r o m  column chromatography were 
grouped as s a t u r a t e  hydrocarbons, aromat ic  hydrocarbons and p o l a r  compounds. 
The l a s t  f ou r  f r a c t i o n s  f rom t h e  chromatographic separa t i on  were des ignated as 
p o l a r  compounds. A l l  these f r a c t i o n s  showed s t rong  h y d r o x y l  abso rp t i on  i n  t h e i r  
i.r. spec t ra  and these  f r a c t i o n s  conta ined a c i d i c ,  b a s i c  and n e u t r a l  compounds. 

The e f f e c t  o f  c a t a l y s t  concen t ra t i on  

Four samples impregnated w i t h  1, 5, 10 and 15% t i n  as  stannous c h l o r i d e  were 
hydrogenated a t  45OoC and 25 MPa t o  i n v e s t i g a t e  the  e f f e c t  t h a t  i n c r e a s i n g  cata-  
l y s t  concen t ra t i on  has on the  composi t ion o f  t he  o i l  [hexane s o l u b l e  p o r t i o n )  
formed . 
Adsorpt ion chromatography o f  t h e  o i l s  gave t h e  percentage o f  s a t u r a t e  hydrocar- 
bons, a romat i c  hydrocarbons and p o l a r  compounds i n  t h e  o i l .  The percentage o f  
p o l a r  compounds i n  the  o i l  decreased as t h e  c a t a l y s t  concen t ra t i on  increased 
(see F igu re  1 )  w i t h  ma in l y  an i nc rease  i n  t h e  percentage o f  aromat ic  hydro- 
carbons. The percentage o f  ac ids  and bases i n  t h e  o i l  were obta ined by ex- 
t r a c t i o n  w i t h  NaOH and HC1, r e s p e c t i v e l y .  There was a decrease i n  t h e  percen- 
tage o f  ac ids  and bases i n  t h e  o i l  as the  c a t a l y s t  c o n c e n t r a t i o n  increased ( s e e  
F igu re  1). 

The i.r. spec t ra  o f  t h e  f i r s t  f r a c t i o n s  showed t h a t  t hey  are  a l i p h a t i  and con- 
t a i n  no double bonds. 
abso rp t i on  due t o  methylene groups was much strongerlthan t h a t  due t o  methy l  
groups. Weak abso rp t i on  i n  t h e  r e g i o n  720 - 735 cm was n o t i c e d  i n  a l l  t he  
a l i p h a t i c  f r a c t i o n s  and i s  a t t r i b u t a b l e  t o  chains hav ing f o u r  o r  more methylene 
groups ( 4 ) .  G.1.c. a n a l y s i s  o f  t h e  s a t u r a t e  hydrocarbon f r a c t i o n s  showed t h a t  
t h e  composi t ion was s i m i l a r  t o  t h a t  repo r ted  f o r  hydrogenat ion o f  a d i f f e r e n t  
South A f r i c a n  c o a l  ( 5 ) .  There were no n o t i c e a b l e  changes w i t h  d i f f e r e n t  cata-  
l y s t  concen t ra t i ons .  

I n  t h e  C-H s t r e t c h i n g  r e g i o n  ( 4 )  (% 3 000 cm $1 the  1 1  
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The U.V. spec t ra  o f  t he  f i r s t  aromat ic  f r a c t i o n s  o f  a l l  t h e  o i l s  s t u d i e d  showed 
t h e  presence o f  t he  naph tha len i c  s t r u c t u r e .  S t rong  abso rp t i on  was seen a t  E 
224. 226.  and 275  nm and weak abso rp t i on  a t  309, 318 and 323 nm. The shape and 
r a t i o  of t h e  absorbances were s i m i l a r  t o  those of a number o f  model naphtha- 
l enes  recorded under i d e n t i c a l  cond i t i ons ,  and t o  t h e  r e p o r t e d  spectrum o f  
naphthalene (6). 
these f r a c t i o n s .  T h e i r  i.r. spect ra i n  the  3 000 cm r e g i o n  had s t r o n g  a l i p h a -  
t i c  C-H abso rp t i on  i n  r e l a t i o n  t o  the  aromat ic  C-H absorpt ion.  
c r i b e d  t o  apprec iab le hydroaromat ic  and/or a l k y l a r o m a t i c  s t r u c t u r e .  

The l a t e r  aromat ic  f r a c t i o n s  f r o m  the  columns were analysed by U . V .  and f l u o r e s -  
cence spectroscopy. Though U.V .  spectroscopy a lone  was o n l y  o f  l i m i t e d  va lue  
i n  t h e  c h a r a c t e r i z a t i o n  o f  these f r a c t i o n s ,  because o f  t h e  incomplete separa t i on ,  
peaks and even i n f l e c t i o n s  i n  t h e  spec t ra  were u s e f u l  as guides f o r  s e t t i n g  t h e  
f l uo rescence  e x c i t a t i o n  wavelength. F u l l  d e t a i l s  o f  t he  method used, and o f  
t h e  f luorescence emission and e x c i t a t i o n  spec t ra  o f  t h e  po lya romat i c  r i n g  sys- 
tems i d e n t i f i e d  have been r e p o r t e d  elsewhere ( 3 ) .  
tems were i d e n t i f i e d  by t h e  s i m i l a r i t y  o f  t h e i r  f l uo rescence  e x c i t a t i o n  and 
f l uo rescence  emission spec t ra  t o  those o f  s tandard hydrocarbons. These were 
anthracene. 9 .10-d ia lky lanthracene [model compound, 9.10-dimethylanthracene). 
pyrene, I - a l k y l p y r e n e  (model compound I -me thy lpy rene) ,  benzo(2)pyrene. dibenzo 
( d e f  .mnolchrysene (anthanthrenel  , pery lene,  benzo(.&)perylene, dibenzo (b.def) 
chrysene (3.4,8,9-dibenzopyrene) and coronene. A l l  t h e  po lya romat i c  r i n g  sys- 
tems were i d e n t i f i e d  i n  a l l  t he  o i l s  analysed. 

The i.r. spec t ra  o f  the l a s t  f o u r  f r a c t i o n s  o f  every sample s t u d i e d  showed 
s t r o n g  OH abqorpt ion.  
and 3420 cm , whereas those o f  t he  subsequent f r a c t i o n s  were broader  and a t  
l ower  frequency, presumably due t o  i n c r e a s i n g  hydrogen bonding ( 4 ) .  The aro-  
m a t i c  abso rp t i on  was much weaker than  t h e  a l i p h a t i c  C-H absorpt ion,  i n  the  
3000 cm region.  A l l  t h e  p o l a r  f r a c t i o n s  have s t r o n g  abso rp t i on  i n  t h e i r  U.V. 

spec t ra .  
these f r a c t i o n s .  

'H n .m. r .  spec t ra  were recorded f o r  t h e  o i l s  produced a t  t h e  v a r i o u s  c a t a l y s t  
concen t ra t i ons  (1. 5, 10 and 15% Sn as SnCln). The percentage o f  hydrogens i n  
aromat ic ,  b e n z y l i c  and a l i p h a t i c  environments showed no change w i t h  c a t a l y s t  
concen t ra t i on .  

I 3 C  n.m.r. spec t ra  were a l s o  recorded f o r  t h e  o i l s  produced. 
d i f f e r e n c e s  cou ld  be found between the  spec t ra  o f  t h e  f o u r  o i l s .  I n  t h e  a ro -  
m a t i c  reg ion,  us ing  t h e  assignments o f  E a r t l e  e t  a l .  (71, i t  was n o t i c e a b l e  
t h a t  t h e  a romat i c  C-H (118 t o  129 ppm f rom TMS) s i g n a l s  were much s t ronger  
t h a n  those due t o  aromat ic  C-C (129 t o  148 ppm f rom T IS) .  P a r t  of t h e  aroma- 
t i c  C-H band was s h i f t e d  t o  h i g h e r  f i e l d  (108 - 118 ppml and may be a t t r i b u t e d  
t o  a romat i c  C-H o r t h o  t o  e t h e r  C - 0  ( 7 ) .  The a l i p h a t i c  carbon bands extend f rom 
12 t o  50 ppm. Superimposed on t h e  a l i p h a t i c  carbon bands are sharp l i n e s  a t  
14, 23, 32, 29 and 29.5 ppm. These l i n e s  have been asc r ibed  by Pugmire e t  a l .  
( 8 )  t o  t h e  a, B ,  y, 6 and €-carbons o f  l ong  a l i p h a t i c  chains.  The i n t e n s i t y  
of t h e  E-carbon band i s  approx imate ly  f o u r  t imes  t h e  i n t e n s i t y  o f  t h e  a o r  
carbon i n d i c a t i n g  reasonably  l o n g  a l i p h a t i c  chains.  

I t  was obvious on v i s u a l  examination o f  t h e  o i l s  t h a t  t h e  g r e a t e r  t h e  c a t a l y s t  
c o n c e n t r a t i o n  used, t he  l e s s  v iscous was the  o i l  produced. The decrease i n  v i s -  
c o s i t y  w i t h  c a t a l y s t  concen t ra t i on  i s  shown i n  F i g u r e  2 .  

The c h a r a c t e r i s t i c  naph tha len i c  o d y  was a l s o  n o t i c e d  i n  

Th is  may be as- 

Ten po lya romat i c  r i n g  sys-  

The f i r s t  o f  these f r a c t i o n s  had sharp bands a t  E 3530 

Considerable abso rp t i on  above 350 nm showed t h e  aromat ic  na tu re  o f  

I 
No d i s c e r n i b l e  

1 
B 

I 
I 
I 
I 
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It has been r e p o r t e d  t h a t  t h e  molecular  weight  of c o a l  l i q u i d s  a f f e c t s  t h e  v i s -  
c o s i t y  !9,101. However, t h e  d e c r e a s e  i n  mo lecu la r  weight  t h a t  occu r red  w i t h  
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  was r e l a t i v e l y  smal l .  (The molecular  weights  
of t h e  o i l s  were 247, 241. 237 and 231 f o r  1, 5,  10 and 15% c a t a l y s t ,  r e s p e c t i v e -  
l y ] .  We f e e l  t h a t  t h i s  r e l a t i v e l y  sma l l  change i n  mo lecu la r  weight  would not 
cause  such a n o t i c e a b l e  change i n  v i s c o s i t y  u n l e s s  changes i n  t h e  chemical  na- 
ture  of t h e  o i l  a l s o  c o n t r i b u t e d  t o  t h e  v i s c o s i t y  r e d u c t i o n .  

S t e rnbe rg  e t  e l .  (91 showed t h a t  t h e  p re sence  of a s p h a l t e n e s  i n  coa l -de r ived  
o i l s  caused a marked i n c r e a s e  i n  t h e  v i s c o s i t y .  T h i s  group a l s o  showed t h a t  
t h e s e  a s p h a l t e n e s  were a c i d - b a s e  complexes and t h a t  hydrogen bonding occur s  
between t h e  a c i d i c  and b a s i c  components o f  a s p h a l t e n e s  (11.121. Recent  work 
(10,131 on c o a l  l i q u e f a c t i o n  bottoms has shown t h e  importance of hydrogen bon- 
d i n g  on t h e  v i s c o s i t y  o f  c o a l  l i q u i d s .  

T h e  r educ t ion  of p o l a r  compounds i n  t h e  o i l  w i t h  i n c r e a s i n g  c a t a l y s t  concen t r a -  
t i o n  could r aduce  hydrogen bonding and, t h e r e f o r e ,  t h e  v i s c o s i t y  of t h e  o i l .  
To f u r t h e r  l o o k  a t  t h i s  p o s s i b i l i t y ,  i . r .  s p e c t r a  were r eco rded  a t  t h e  same 
c o n c e n t r a t i o n  i n  CC14 f o r  each of t h e  o i l s  (see F i g y r e  31. The i . r .  s p e c t r a  
s h o  ed s h a r p  peaks a t  3610 cm (2nd free O H ? )  and 3480 
cm 
OH. T h i s  band d e c r e a s e s  w i t h  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 e e  Figure  31 
i n d i c a t i n g  t h a t  hydrogen bonding i n  t h e  o i l  d e c r e a s e s  w i t h  incr 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  used t o  produce t h e  o i l .  The band a t  3380 cm was shown t o  
be due t o  i n t e r m o l e c u l a r  hydrogen (4, 141 bonding by r e c o r d i n g  t h e  spa$trum o f  
a more d i l u t e  s o l u t i o n  ( u s i n g  a longe r  path l e n g t h  c e l l ] ,  t h e  3380 cm 
diminished w i t h  an i n c r e a s e  i n  t h e  3610 cm peak. 

It would appea r  t h a t  i n c r e a s i n g  t h e  amount o f  s t annous  c h l o r i d e  c a t a l y s t ,  under 
o u r  expe r imen ta l  c o n d i t i o n s ,  a s  we l l  a s  i n c r e a s i n g  t h e  amount of o i l  formed de-  
c reases  t h e  amount of p o l a r  compounds i n  t h e  o i l  which d e c r e a s e s  t h e  hydrogen 
bonding and t h e r e f o r e  h e l p s  t o  dec rease  t h e  v i s c o s i t y  of t h e  o i l .  N . m . r .  spec-  
t ro scopy  and ev idence  from t h e  chromatographic  f r a c t i o n s  i n d i c a t e s  t h a t  t h e r e  
i s  l i t t l e  change i n  t h e  n a t u r e  o f  t h e  hydrocarbon f r a c t i o n s .  

[ f r e e  OHlL13550 cm 
( N - H I  and a broad peak a t  E 3380 cm which i s  a s s igned  t o  hydrogen bonded 
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band 

The e f f e c t  of t e m p e r a t u r e  

For t h i s  s t u d y ,  the p r e s s u r e  was 25 MPa and t i n  (1% of  t h e  coa l1  a s  s tannous 
c h l o r i d e  was used as t h e  c a t a l y s t .  Some a d d i t i o n a l  r u n s  were a l s o  c a r r i e d  o u t  
a t  15 MPa p r e s s u r e .  

'H n .m. r .  s p e c t r a  o f  t h e  o i l s  were r eco rded  f o r  t h e  r ange  of t empera tu res  and 
t h e  p ro tons  were a s s i g n e d  a s  a romat i c ,  p h e n o l i c  O H ,  b e n z y l i c  and a l i p h a t i c .  
There was an i n c r e a s e  i n  t h e  pe rcen tage  o f  a r o m a t i c  p ro tons  and a d e c r e a s e  i n  
t h e  percentage of a l i p h a t i c  p ro tons  a s  t h e  t empera tu re  i n c r e a s e s ,  wh i l e  t h e  
percentage o f  b e n z y l i c  p ro tons  remained c o n s t a n t  (see Figure  41. I t ,  t h e r e -  
f o r e .  appea r s  t h a t  as t h e  hydrogenat ion t empera tu re  i n c r e a s e s  s i d e  groups are 
l o s t  and t h a t  t h e  C-C bond d i r e c t l y  a t t a c h e d  t o  t h e  a romat i c  r i n g  i s  more s t a b l e  
t h a n  those  f u r t h e r  f rom t h e  r i n g .  
w i t h  t empera tu re  (see F i g u r e  5) a s  would be expected i f  s i d e  cha ins  a r e  being 
removed. 

I3C n.m.r .  s p e c t r a  were reco rded  f o r  t h e  o i l s  produced a t  400'. 450°, 550' and 
60O0C. 
i n t e n s e  compared to  t h e  a l i p h a t i c  carbon bands (see Figure  61. Q u a n t i t a t i v e  
e s t i m a t i o n  of t h e  peak a r e a s  was no t  a t t empted  due t o  t h e  e f f e c t  of v a r i a t i o n s  
i n  s p i n - l a t t i c e  r e l a x a t i o n  times and n u c l e a r  Overhauser  enhancement w i t h  d i f f e -  
r e n t  carbon atoms. Superimposed on t h e  a l i p h a t i c  carbon bands were sha rp  l i n e s  

The t empera tu re  range s t u d i e d  was from 4OO0C t o  65OoC. 

T h e  molecu la r  weight  o f  t h e  o i l  dec reases  

As t h e  t e m p e r a t u r e  i n c r e a s e d  t h e  a romat i c  carbon bands became much more 
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a t  14,  23, 32, 29 and 29.5 ppm, which are due t o  t h e  a, B. y, 6 and E-carbons 
of long a l i p h a t i c  c h a i n s  ( 8 ) .  A s  t h e  t empera tu re  i n c r e a s e s ,  t h e s e  l i n e s  be- 
come s m a l l e r  compared t o  t h e  o t h e r  a l i p h a t i c  bands and t h i s  i s  e s p e c i a l l y  
n o t i c e a b l e  i n  t h e  spectrum of t h e  6OO0C o i l .  
t imes  t h e  i n t e n s i t y  of t h e  a and l i n e s  a t  4OO0C and 45OoC. a t  550°C approxi-  
mately t h r e e  t imes and a t  6OO0C only about twice t h e  i n t e n s i t y .  It would seem 
t h a t  as  t h e  t empera tu re  i n c r e a s e s ,  t h e  long a l i p h a t i c  c h a i n s  a r e  reduced i n  
both number and length .  (G.1.c. a n a l y s i s  of t h e  s a t u r a t e  f r a c t i o n s  from column 
chromatographic  s e p a r a t i o n  showed t h a t  a s  t h e  hydrogenat ion t empera tu re  i n c r e a s e s  
t h e r e  was a dec rease  i n  t h e  pe rcen tage  of t h e  h i g h e r  a l k a n e s  and an i n c r e a s e  i n  
t h e  pe rcen tage  of t h e i r  s h o r t e r  chained analogues i n  t h e  s a t u r a t e  hydrocarbon 
f r a c t i o n s ) .  
o i l  t o  t h e  s p e c t r a  of t h e  4OO0C and 450% o i l s  t h a t  t h e  i n t e n s i t y  of bands due 
t o  CH3 a t o  a romat i c  r i n g s  (19 - 23 pprn from TMS (71)  had i n c r e a s e d  i n  i n t e n -  
s i t y  compared t o  t h e  o t h e r  a l i p h a t i c  bands. 
r e s u l t s  which showed no change i n  the pe rcen tage  of b e n z y l i c  p ro tons  wh i l e  t h e  
pe rcen tage  of a l i p h a t i c  p ro tons  dec reased .  

E l u t i o n  chromatography gave t h e  pe rcen tage  of a l i p h a t i c  hydrocarbons,  a romat i c  
hydrocarbons and p o l a r  compounds i n  t h e  o i l .  There was a r e d u c t i o n  i n  t h e  per -  
c e n t a g e  of p o l a r  compounds i n  t h e  o i l  (see Figure  7 1  w i t h  subsequent  i n c r e a s e  
i n  t h e  a romat i c  pe rcen tage .  

U . V .  and f l u o r e s c e n c e  spec t roscopy  of t h e  a romat i c  f r a c t i o n s  showed t h e  p r e -  
s ence  of t h e  same a romat i c  s t r u c t u r e s  a s  found i n  t h e  o i l s  from t h e  c a t a l y s t  
experiments .  The i . r .  s p e c t r a  i n  t h e  3000 c m  r e g i o n  of t h e  a romat i c  f r a c -  
t i o n s  v a r i e d  w i t h  t empera tu re .  A t  low t empera tu re  t h e  a l i p h a t i c  C-H abso rp t ion  
was much s t r o n g e r  than  t h e  a romat i c  C-H a b s o r p t i o n  whereas a t  high t empera tu re  
t h i s  d i f f e r e n c e  was not  so  pronounced, which may be a s c r i b e d  t o  a d e c r e a s e  i n  
a l k y l  s u b s t i t u t i o n  a s  was shown by n . m . r .  spec t roscopy .  

The v i s c o s i t y  of t h e  o i l  d e c r e a s e s  cons ide rab ly  w i t h  t empera tu re  as shown i n  
F igu re  8. 
and 9 mPa.s a t  65OoC. 
d e c r e a s e  i n  molecular  weight w i t h  i n c r e a s i n g  t empera tu re  and a l s o  a d e c r e a s e  
i n  t h e  pe rcen tage  of p o l a r  compounds i n  t h e  o i l .  

The  e f f e c t  of i n c r e a s i n g  t h e  hydrogenat ion t empera tu re ,  under  t h e  c o n d i t i o n s  
used here ,  i s  t o  g i v e  a more a romat i c  product  o f  lower molecu la r  weight  con- 
t a i n i n g  fewer long a l i p h a t i c  cha ins .  The  v i s c o s i t y  of t h e  o i l  and t h e  pe r -  
cen tage  of p o l a r  compounds i n  t h e  o i l  a l s o  d e c r e a s e  w i t h  i n c r e a s i n g  tempera-  
t u r e .  

The E l i n e  was approximately f o u r  

It was a l s o  n o t i c e a b l e  when comparing t h e  spectrum of t h e  600°C 

T h i s  a g r e e s  w i t h  t h e  'H n .m. r .  

The v i s c o s i t y  a t  t h e  lower pressure 1 5  MPa was 90 mPa.s a t  4OO0C 
T h e  d e c r e a s e  i n  v i s c o s i t y  i s  expected as t h e r e  was a 
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