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ABSTRACT 

A comparison Is presented  of  t h e  hydro t rea tment  of  4-propylguaiacol  (4PG) e x p l o r i n g  
two c a t a l y s t s :  on y-alumina and t h e  d u a l  f u n c t i o n a l i t y  MoS2/NIS on phosphated 
y-alumina a t  25Oo-4%O0C and 500 p s i g  of hydrogen. The c a t a l y s t  w i t h  a c i d i c  suppor t  
was found t o  promote s u b s t a n t i a l  d e a l k y l a t i o n  of 4PG i n t o  a number of a l k y l a t e d  
phenols  such a s  methyl- (predominant ly  meta- and para-), e thyl - ,  and methylpropyl-  
phenols. The main r e a c t i o n  p r o d u c t o n  t h e  less a c i d i c  c a t a l y s t  was 4- 
propylphenol. At 35OoC. mild deoxygenat ion t o  phenols  can be maximized, whereas 
higher temperatures  favor  t h e  formation of hydrocarbons,  a romat ic  and s a t u r a t e d .  
Higher space  v e l o c i t i e s  a l s o  f a v o r  mild deoxygenat ion t o  phenols .  These s t u d i e s  a r e  
re levant  t o  t h e  conversion of l i g n i n s  i n t o  phenol ic  compounds. Transformation o f  
phenols  i n t o  methyl a r y l  e t h e r s  produces a s u i t a b l e  g a s o l i n e  oc tane  enhancer  and 
extender .  

INTRODOCTION 

In t h e  product ion  of l i q u i d  f u e l s  from l i g n o c e l l u l o s i c  m a t e r i a l s ,  t h e  carbohydra te  
components can be conver ted  i n t o  e t h a n o l  f u e l s  i n  f e r m e n t a t i o n  processes .  However, 
t h e  l i g n i n  f r a c t i o n .  composed of phenylpropane u n i t s ,  i s  n o t  amenable t o  such a 
conversion,  bu t  can be t ransformed i n t o  phenol ic  compounds and hydrocarbons.  The 
phenol ic  f r a c t i o n ,  when conver ted  i n t o  methyl a r y l  e t h e r s ,  can be blended wi th  
gaso l ine .  toge ther  wi th  t h e  hydrocarbon ( p r i m a r i l y  t h e  a romat ics )  f r a c t i o n .  
Singerman (1) demonstrated t h a t  methyl a r y l  e t h e r s  produced from c o a l  l i q u i d s  are 
f u l l y  compatible w i t h  g a s o l i n e  t o  r e p l a c e  or supplement t h e  a romat ic  components 
(e.g.. benzene. to luene .  xy lenes) .  "be most d e s i r a b l e  phenols  f o r  convers ion  i n t o  
methyl a r y l  e t h e r s  a r e  phenol ,  c r e s o l s ,  and xylenols  because t h e  r e s u l t a n t  e t h e r s  
have high oc tane  nunbers  and t h e i r  b o i l i n g  p o i n t s  f a l l  w i t h i n  t h e  range  of 
gaso l ine .  We a r e  i n v e s t i g a t i n g  t h e  convers ion  of l i g n i n s  i n t o  phenols  and 
hydrocarbons (2)  by m i l d  hydrodeoxygenat ion (HDO) r o u t e s .  

The approach taken i s  based on c o a l  and petroleum h y d r o t r e a t i n g  p r o c e s s e s  a s  w e l l  as 
e a r l y  work i n  t h e  f i e l d  of hydrodeoxygenat ion (HDO) o f  l i g n i n s  ( r e f s .  3-7). t h a t  h a s  
r e c e n t l y  been reviewed (8). MoS2 on y-alumina c a t a l y s t  was cons idered  t h e  b e s t  f o r  
t h e  hydrocracking s t a g e  of t h e  Hydrocarbon Research  I n s t i t u t e ' s  L ignol  Process  (9) ,  
i n  which h y d r o t r e a t i n g  was  fol lowed by thermal  d e a l k y l a t i o n  f o r  t h e  product ion  of 
phenol and benzene. An o p t i m a l  c a t a l y s t  f o r  t h e  convers ion  of l i g n i n s  i n t o  phenols  
would possess  the  fo l lowing  c h a r a c t e r i s t i c s :  high convers ion  a t  modest tempera tures  
t o  minimize char  format ion  from l i g n i n ,  h i g h  s e l e c t i v i t y  t o  phenols  t o  prevent  
higher hydrogen consumption t h a t  accompanies hydrocarbon formation.  d e a l k y l a t i o n  
c a p a b i l i t y  f o r  s i d e  cha in  removal or rearrangement ,  t o l e r a n c e  t o  water  format ion ,  
d u r a b i l i t y ,  and reasonable  c o s t .  

In order  t o  s e l e c t  t h e  b e s t  c a t a l y s t s ,  wel l -def ined l i g n i n  model compounds (e.g., 
4-propylguaiacol, or 2-methoxy,4-propylphenol) c o n t a i n i n g  r e p r e s e n t a t i v e  f u n c t i o n -  
a l i t i e s  have been employed. The aim i s  two-fold: mi ld  deoxygenat ion i n t o  4- 
propylphenol and p a r t i a l  d e a l k y l a t i o n  i n t o  methyl-, and e thyl -phenols .  A commercial 
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c a t a l y s t  and a cus tom-synthes ized  he terogeneous  c a t a l y s t  (10) have been screened f o r  
t h e i r  HM) and d e a l k y l a t i o n  a c t i v i t i e s .  The r e s u l t s  r epor t ed  he re  a r e  p re l imina ry  
bu t  i l l u s t r a t e  t he  u t i l i t y  of b i - f u n c t i o n a l  HDO c a t a l y s t s  i n  l ignin-model compound 
hyd rodeoxygenation. 

EXPERMENTAL 

Equipment. A t r i ck le -bed  r e a c t o r  was cons t ruc t ed  from 1/2-in.  OD 316 s t a i n l e s s  
steel  (SS) tub ing  wi th  a 0.035-in. wa l l  t h i c k n e s s  and Swagelok tube  f i t t i n g s .  The 
c a t a l y s t  bed was suppor t ed  by a 90 micron SS f r i t  which i n  turn was suppor ted  by a 
1/16-in. K type  thermocouple.  The thermocouple e n t e r e d  t h e  r e a c t o r  from t h e  bottom 
through a Tee f i t t i n g  ( s e e  Fig.  1). The r e a c t o r  was suspended v e r t i c a l l y  i n  a 
Lindberg oven (Model 55035). The o u t l e t  l i n e s  were hea t  taped and nominally 
main ta ined  a t  16OoC between t h e  r e a c t o r  and t h e  high-pressure condenser.  The 
condenser was cons t ruc t ed  from a Whitey 150 mL SS sample cy l inde r  to which copper 
tub ing  w a s  s i l v e r  so ldered .  During ope ra t ion ,  t h e  condenser was maintained a t  
-5OC. The p res su re  letdown va lve  was a Whitey SS-22RS-4. A second condenser made 
from a 3-02 F i she r -Por t e r  b o t t l e  was i n s t a l l e d  downstream of t h e  letdown va lve  and 
was immersed i n  a Dewar f i l l e d  wi th  i sop ropano l /d ry  ice. Ihe  rest of  the  g a s  
hand l ing  t r a i n  c o n s i s t e d  of a gas  sampling p o r t ,  Matheson ro t ame te r s  f o r  flow 
measurement, and a heavy wal led  f l a s k  con ta in ing  s a t u r a t e d  KOH f o r  sc rubbing  H2S 
be fo re  ven t ing  to t h e  exhaus t  system. The p a r a l l e l  g a s  t r a i n  which s p l i t s  a t  the  
three-way b a l l  v a l v e ,  upstream of t h e  letdown v a l v e ,  allowed cont inuous  ope ra t ion  
du r ing  l i q u i d  sampl ing  f r o m  t h e  condenser  (Fig. 1). The feed mixture  was in j ec t ed  
i n t o  t h e  r e a c t o r  by a c a l i b r a t e d  I sco  model LC-5000 high-pressure  sy r inge  pump. 
Hydrogen w a s  s u p p l i e d  from a h igh -p res su re  c y l i n d e r  w i t h  a r egu la to r .  

The t r ick le-bed  r e a c t o r  c u r r e n t l y  i n  use  has  been modi f ied  t o  improve mass ba lance  
and ensured adequa te  c a t a l y s t  p a r t i c l e  we t t ing  and minimized l i q u i d  channeling. 
Thicker wa l l  t ub ing  has been employed in t h e  r e a c t o r ,  and VCR g lands  were welded t o  
b o t h  ends ,  adapted t o  a p ipe  threaded  Conax f i t t i n g  a t  the  , t o p  and a 1 /2  in.  t o  
1 /4  i n .  Swagelok r educe r  a t  t h e  bottom. M r e c t l y  below the  r e a c t o r  i s  a high- 
p r e s s u r e  condenser cons t ruc t ed  from a Whitey SS sample cy l inde r  of 150 mL volume. 
During o p e r a t i o n  t h e  condenser i s  main ta ined  a t  -5OC. 

Mate r i a l s .  The c a t a l y s t s  used inc lude  El0O3/y-Al2O3 supp l i ed  by Strem Chemicals 
(142-1500). The M o o j  con ten t  was 10%-12%. and t h e  s u r f a c e  a r e a  was 64 d / g  in t h e  
form of 3/16 in. x 1/8  in. p e l l e t s .  'he p e l l e t s  were ground w i t h  a mor ta r  and 
p e s t l e  and s ieved  to 20-14 mesh be fo re  loading  i n t o  t h e  r e a c t o r .  NIO/MoO3 on 
phosphor ic  a c i d  co -p rec ip i t a t ed  y-alumina was supp l i ed  by M. Maholland and S. Cowley 
a t  the Colorado School of Mines. lheir  d e t a i l e d  p repa ra t ion  and p r o p e r t i e s  a r e  
desc r ibed  e l sewhere  (10). The N i  and Mo c o n t e n t s  of  t h e  c a t a l y s t  were 3f and 11.7%. 
r e s p e c t i v e l y .  The P:Al a tomic  r a t i o  was 0.5. s u r f a c e  a r e a  w a s  8.2 m /g. and t h e  
average  pore  d i ame te r  was 210 A .  The c a t a l y s t s  were p resu l f ided  i n - s i t u  by 
i n j e c t i n g  a s o l u t i o n  of 5 v o l  % methy ld i su l f ide  i n  hexane i n  t h e  presence  of 
hydrogen a t  100 ps ig .  The l i q u i d  and g a s  flow r a t e s  were c a l i b r a t e d  to maintain 
approximate ly  10 v o l  % H2S i n  hydrogen. The p r e s u l f i d i n g  was performed a t  200°C f o r  
two hours then  4OO0C f o r  and a d d i t i o n a l  two hours.  

Research grade hydrogen (99.999%) was used a s  supp l i ed .  4PG was used without 
f u r t h e r  p u r i f i c a t i o n  a s  s u p p l i e d  by F r i n t o n  Labora to r i e s  (111035). h e  feed  mixture 
was 75  Vol % 4PG in r e s e a r c h  g rade  hexanes wi th  0.25 v o l  X methy ld i su l f ide  (Aldr ich  
115,031-2) t o  ma in ta in  c a t a l y s t  s u l f i d a t i o n .  Burdick and Jackson  UI1-grade 
a c e t o n i t r i l e  w a s  used a s  supp l i ed  to d i l u t e  t h e  l i q u i d  samples p r i o r  to a n a l y s i s .  
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Analysis .  l h e  l i q u i d  samples ( g e n e r a l l y  0.75-1 g) were d i l u t e d  to 100 mL i n  
a c e t o n i t r i l e .  

Water Determinat ion:  
The d i l u t e d  samples were mixed 1:l w i t h  a n  i n t e r n a l  s tandard  s o l u t i o n  of a b s o l u t e  
methanol i n  a c e t o n i t r i l e .  The s e p a r a t i o n  and q u a n t i t a t i o n  of water  was performed 
on a Var ian  3700 g a s  chromatograph equipped w i t h  an  autosampler .  i n t e g r a t o r ,  and a 
g l a s s  column 6 f t  x 0.2 w I D  packed wi th  Porapak QS. The c a r r i e r  gas  was high- 
p u r i t y  he l iun .  

Hydrocarbons and Phenol ics  Determinat ion:  
The i n d i v i d u a l  r e a c t i o n  products  were i d e n t i f i e d  on a Hewlet t  Packard Model 5985 
GCIMS. Each i d e n t i f i c a t i o n  was checked by s e a r c h  and comparison w i t h  computer 
l i b r a r y  s p e c t r a  and by comparison w i t h  mass s p e c t r a  genera ted  from known s t a n d a r d s  
f o r  most of t h e  compounds. The components were a l s o  i d e n t i f i e d  by t h e i r  r e t e n t i o n  
t imes and were q u a n t i f i e d  on t h e  Varian 3700 us ing  a Supelco SPB5 wide bore 
c a p i l l a r y  column, 30 rn x 0.75 m I D ,  1-!J f i l m .  "he column tempera ture  w a s  
programmed s t a r t i n g  a t  4OoC, held  f o r  tm minutes  t h e n  i n c r e a s e d  a t  a r a t e  of 
3 degreeslminute  t o  280°C. l h e  i n j e c t o r  and f lame i o n i z a t i o n  d e t e c t o r  
tempera tures  were 22OoC and 28OoC. r e s p e c t i v e l y .  k l i m  c a r r i e r  gas  v a s  used a t  
12 mL/min. 

Gas Analysis:  
Gas samples were analyzed on a C a r l e  Model l l l H  gas  chromatograph equipped with 
two thermal  c o n d u c t i v i t y  d e t e c t o r s ,  one f o r  H2 and t h e  o t h e r  f o r  l i g h t  
hydrocarbons. A f t e r  sample i n j e c t i o n ,  hydrogen was s e p a r a t e d  by a Pd d i f f u s i o n  
tube a t  6OO0C and then  a 5 f t  x 1 /8  in .  Porapak Q (801100) column us ing  N2 a s  t h e  
c a r r i e r  gas.  Tne remaining gases  were s e p a r a t e d  on a s e r i e s  of t h r e e  columns: 
(1) 6 ft x l / 8  i n .  Molecular Sieves,  (2) 2.5 f t  x 1/8 in .  Squalane,  and 
(3) 12 ft x 1/8 in.  n-octane P o r a c i l  C u s i n g  He as t h e  c a r r i e r  gas .  Tne columns 
were accessed s e q u e n t i a l l y  by au tomat ic  v a l v e s  which a r e  c o n t r o l l e d  by a Hewlet t  
Packard 3388A i n t e g r a t o r .  

Operat ing Procedure.  Tne r e a c t o r  was opera ted  i n  t h e  i n t e g r a l  mode f o r  c a t a l y s t  
screening.  The r e a c t o r  was loaded w i t h  1-1.5 g of c a t a l y s t  which was p r e s u l f i d e d  as 
descr ibed  above. A t y p i c a l  experiment  was performed as fo l lows .  The c h i l l e d  water  
c i r c u l a t o r ,  oven, and h e a t i n g  t a p e  were switched 'on and s e t  t o  t h e  d e s i r e d  
temperatures .  ' h e  hydrogen p r e s s u r e  r e g u l a t o r  was used to p r e s s u r i z e  t h e  system to 
500 psig.  The s y r i n g e  pump was loaded w i t h  t h e  f e e d  mixture  and c a l i b r a t e d  to t h e  
d e s i r e d  f low r a t e .  Once a l l  t h e  tempera tures  had s t a b i l i z e d ,  t h e  s y r i n g e  pump was 
switched t o  i n j e c t  t h e  feed  into t h e  r e a c t o r  and t h e  hydrogen f low r a t e  a d j u s t e d  
w i t h  t h e  letdown v a l v e  to g i v e  t h e  d e s i r e d  ra te  of 900 mL H /mL 4PG ( e q u i v a l e n t  to a 
t y p i c a l  petroleum h y d r o t r e a t i n g  r a t e  of 5000 SCF/bbl). b e  system was allowed to 
e q u i l i b r a t e  f o r  one hour b e f o r e  sampling began. Liquid  samples were obta ined  by 
switching t o  t h e  p a r a l l e l  g a s  t r a i n ,  thereby  i s o l a t i n g  t h e  condenser  which w a s  then 
depressur ized .  Samples were removed wi th  a s y r i n g e  through a septlnn a t  t h e  bottom 
of the  condenser. One gas  sample was obta ined  toward t h e  end of each run by 
swi tch ing  to t h e  p a r a l l e l  g a s  t r a i n ,  a t t a c h i n g  an evacuated SS sample c y l i n d e r  to 
the  sampling port ,  and opening t h e  letdown v a l v e  s l i g h t l y  t o  f i l l  t h e  c y l i n d e r .  

&sults and Discussion 

4 - ~ r o p y l g u a i a c o l  h a s  been h y d r o t r e a t e d  under  a v a r i e t y  of c o n d i t i o n s  using b S 2 /  
y-fiZO3 and NiS-MoS2/P:y-A1203 c a t a l y s t s  i n  t h e  tempera ture  range of 250-45Ooc, a t  
tw molar hourly space  v e l o c i t i e s  (MHSV 0.007 and 0.017 moles 4 p G / ~  cat.*h which 
correspond to WHSV = 1.17 and 2.82 g 4PG/g cat.*h, r e s p e c t i v e l y ) .  Based on e a r l y  
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exper iments  t o  de te rmine  t h e  e f f e c t  of hydrogen p r e s s u r e  on t h e  r e a c t i o n .  we found 
t h a t  d e c r e a s i n g  the p r e s s u r e  from 1000 p s i g  t o  500 p s i g  i n c r e a s e d  t h e  s e l e c t i v i t y  of 
propylphenol  format ion  89% w i t h  no s i g n i f i c a n t  e f f e c t  on t h e  o v e r a l l  conversion 
us ing  the  Nos2 c a t a l y s t .  Therefore ,  a l l  exper iments  r e p o r t e d  h e r e  were performed a t  
500 ps ig .  

The major p h e n o l i c  product  from t h e  MoS2/y-A1203 c a t a l y s t  was 4-propylphenol having 
a maximm s e l e c t i v i t y  of 47% a t  35OoC and MHSV = 0.007 (see Table 1). A t  h i g h e r  
tempera tures ,  hsdrocarbon products  such  as propylbenzene,  methylpropylbenzenes and 
propylcyclohexane a r e  predominant. No r e a c t i o n  c o n d i t i o n s  s t u d i e d  so f a r  w i t h  t h i s  
c a t a l y s t  have  g i v e n  s i g n i f i c a n t  y i e l d s  of d e a l k y l a t e d  products .  lhis r e s u l t  is not  
s u r p r i s i n g  g iven  t h a t  y-A1203 is not  a v e r y  a c i d i c  suppor t .  

T a b l e  1. S e l e c t i v i t i e s  of Icajor Products an IbSz/y-Alz03 

Temp. Conversion Propylphenols  Propylbenzenes Propylcyclohexane 
(OC) ( 4 ; )  (%) ( %) ( %) 

2 50 38 7.3 
3 00 36 35.7 
3 50 82 48.5 
4 00 95 11.1 
4 50 99 5.9 

2.9 
8.7 
8.5 

14.6 
25.5 

0 
0 
1.3 
4.0 
5.5 

All r e a c t i o n s  run a t  500 p s i g ,  MHSV = 0.007 moles 4PG/g cat.*h. Conversion = (moles 
4PGin - moles 4PGOut)lmoles 4PGin * 100. S e l e c t i v i t y  = moles product lmoles  4PG 
conver ted  * 100. 

The product  s la te  o b t a i n e d  from 4PG on t h e  MS-MoS2/P:y-Al2O3 c a t a l y s t  is notably  
d i f f e r e n t  from t h a t  of t h e  MoS2/y-A1203 c a t a l y s t .  4-Propylphenol remained t h e  major 
product  up t o  35OoC; however, s i g n i f i c a n t  d e a l k y l a t i o n  t o  phenol, c r e s o l s ,  and 
echylphenois  occur red  ( s e e  Table 2). F igures  2 and 3 compare t h e  s e i e c t i v i t i e s  of 
d e a l k y l a t e d  p h e n o l i c s  from t h e  twu c a t a l y s t s  used. l h e  more a c i d i c  c a t a l y s t  suppor t  
gave h igher  y i e l d s  of d e a l k y l a t e d  phenols  a t  3OO0C t h a n  t h e  n e u t r a l  suppor t  d i d  a t  
45OoC (6% VS. 3.5%. compare exper iments  11 and 16 in Figures  3 and 2, 
r e s p e c t i v e l y ) .  This s e l e c t i v i t y  toward d e a l k y l a t e d  phenols  increased  by a f a c t o r  of 
5 a t  35OoC (compare exper iments  15 and 16).  I n t e r e s t i n g l y ,  GC/MS d a t a  sugges ts  t h a t  
t h e  major c r e s o l s  formed are meta- and p a r a - c r e s o l  having a s e l e c t i v i t y  as h i g h  a s  
15.5% a t  T = 400'-450°C and MHSV = 0.017 moles 4PGlg cat.*h. Again. a t  h igher  
tempera tures  t h e  y i e l d s  of phenols  d e c r e a s e  a t  t h e  expense of hydrocarbon 
product ion.  'his product  s h i f t  c a n  be o f f s e t  by i n c r e a s i n g  t h e  s p a c e  v e l o c i t y  as 
demonstrated i n  F i g u r e  4. At 45OoC and MHSV = 0.017, t h e  s e l e c t i v i t y  t o  phenols  is 
about  4 t i m e s  the s e l e c t i v i t y  a t  MHSV = 0.007 (compare experiments  19 and 20 in 
Figure  4). 

The g a s  a n a l y s e s  from t h e  NS/MoS2 on phosphated y-alumina ca ta lyzed  r e a c t i o n s  
suppor t  t h e  ev idence  from t h e  l i q u i d  a n a l y s e s  t h a t  t h e  more a c i d i c  c a t a l y s t  
i n c r e a s e s  s i d e  c h a i n  c racking .  At 4OO0C only  0.2 mole % of propane was d e t e c t e d  in 
t h e  gas from the Mo/y-A1203 c a t a l y s t ,  whereas using t h e  more a c i d i c  c a t a l y s t  
s u p p o r t ,  0.5 mole % of propane was formed p lus  from 0.1 t o  0.5 mole % propene 
depending on t h e  r e a c t i o n  tempera ture  and s p a c e  v e l o c i t y .  Water format ion  increased  
w i t h  i n c r e a s i n g  r e a c t i o n  tempera ture  and fol lowed t h e  d e c r e a s e  i n  phenols 
s e l e c t i v i t y  above 35OoC because  of hydrocarbon formation.  
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Table 2. S e l e c t i v i t i e s  of Major Products on HIS+oS2/P:y-Al2O3 

Temp. Conversion Propylphenols  E t  hylphenols  C r e s o l s  Phenol  
(OC) ( X )  (XI ( X )  ( X )  (XI 

3 00 53 32.2 1.8 4 .O 0 
3 50 63 48.1 9.8 16.2 4.4 
4 00 96 4.4 5.6 13.3 7 .O 
450 100 0.7 1.7 4.4 4 . 4  

A l l  r e a c t i o n s  run a t  500 ps ig .  MHSV = 0.007,moles 4PG/g cat.*h. Conversion and 
s e l e c t i v i t y  as d e f i n e d  in Table 1 .  

The r e s u l t s  r e p o r t e d  here ,  whi le  pre l iminary ,  demonstrate  t h e  d i r e c t i o n  o f  our 
r e s e a r c h  e f f o r t s  t o  t e s t  s y s t e m a t i c a l l y .  w e l l  c h a r a c t e r i z e d  c a t a l y s t s  and develop ,  
w i t h  r e s e a r c h e r s  a t  t h e  Colorado School  of Mines, b i - f u n c t i o n a l  c a t a l y s t s  f o r  l i g n i n  
hydro t rea t ing .  The d a t a  show t h a t  i n c r e a s i n g  t h e  a c i d i t y  o f  t h e  c a t a l y s t  s u p p o r t  
s i g n i f i c a n t l y  i n c r e a s e s  che s e l e c t i v i t y  co d e a l k y l a t e d  products .  A d d i t i o n a l  
c a t a l y s t s  with c o n t r o l l e d  a c i d i t y  a r e  under i n v e s t i g a t i o n  t o  confirm t h e  product  
t r e n d s  d e s c r i b e d  above. Complementing t h e  model compound s t u d y ,  l i g n i n  
i n v e s t i g a t i o n s  us ing  a 300 mL s t i r r e d  Autoclave Engineers  h igh-pressure  r e a c t i o n  
v e s s e l ,  opera ted  in t h e  semicont inuous mode a r e  underway (11 ) .  
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Technology Divis ion  of t h e  U.S. &paranent  of Fnergy under  t h e  Biochemical 
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d i s c u s s i o n s  w i t h  P r o f e s s o r  S. Cowley and Mr. M. Maholland, as w e l l  as the  
p r e p a r a t i o n  and c h a r a c t e r i z a t i o n  of t h e  d u a l  f u n c t i o n a l i t y  c a t a l y s t  employed in t h i s  
work. 
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FIGURE 3. COMPARISON OF DEALKYLATED PHENOLS FROM bPROPYLGUAIACOL HYDRO- 

TREATED ON NOS / Y A ~ q o j  AND N I S - # O S 2 / P H O S P H A T E D - ~ A L ~ o j ~  MHSV = 
0.007 HOLES 4&G CAT.*H. 
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FIGURE 4. EFFECT OF SPACE \‘ELOClTY AND TEI:PERATURE ON THE SELECTIV ITY OF PHENOLS 

FRON 4-PROPYLGUAIACOL HYDROTREATED ON NIS-l~OS2/PHOSPHATED Y - A L ~ O ~ .  
MHSV = MOLES 4PG/G CAT.*tI. 

256 


