
Gatalytic Dehydrogenat¡on Properties of Supported Carbon

,.]H:li:"lij:,,,,
iPresent  Address:  Corporate Chief  Scient is t .  A i r  Products,

P .  0 .  Box  538 ,  A ' l l en town ,  PA  18105

In t roduc t i on

The cata ly t ic  dehydrogenat ion of  hydrocarbons
such as h igher  normal  paraf f ins and of  low molecu-
l a r  w e i g h t  p a r a f f i n s  i s  u s u a l l y . a s s o c i a t e d  w i t h
suppo r téd  me ta l s  (e .9 .  p l a t i num)  o r  w i t h  suppo r ted
meta l  ox ides  (e .9 .  ch rom ia ,  mo lyMena) .  The
thennodynamics of  dehydrogenat ion general  ly  re-
qul re r i la t ive ly  h igh react ion temperatures (above
4oo"C)  t o  ach ieve  con rne rc ia l l y  use fu l  I eve l s  o f
convers ion.  At  these h igh tenperatures there is
a tendency for suPported metal and meta'l oxide
cata lysts to "coke" (accumulate carbonaceous
deposl ts)  and exper ience an accompanying decay
in  ca ta l ys t  ac t i v i t y .  Thus  ' cok ing "  o f  suppo r ted
ca ta l ys t s  and  ca ta l ys t  deac t i va t i on  a re  a lmos t '
synon¡f l lous.  l le  were,  therefore,  qui te surpr ised
to  d i scove r  ( l , 2 )  t ha t  suppo r ted  ca rbon ,  e .g .  ca r -
bon  on  ac t i va ted  a lum ina ,  possesses  i n te res t i ng
ca ta l y t i c  dehyd rogena t l on  p rope r t i es  o f  a  f a i r l y
general  nature and can be used to dehydrogenate
pa ra f f i ns ,  o l e f i ns  and  a l  ky l  - subs t i t u ted  a roma t -
i c s .

Cata lyst  Preparat ion

Supported carbon cata lysts can be produced in
var ious ways but  are perhaps nnst  convenient ly
prepared by the pyro lys is  of  a wide var iety  of
hydrocarbons on the sur face of  porous supports
such as act ivated a lumina.  The pyro lys is  can be
conducted in  a f ixed bed reactor  conta in ing the
support  par t ic les,  preferably at  a temperature in
excess of  500oC. Preferably the hydrocarbon used
to generate the deposi ted carbon is  an unsaturated
molácule s ince unsaturated specles tend to exhib i t
h i ghe r  ra tes  o f  ca rbon l za t i on .  Su i t ab le  ca rbon -
lz ing molecules inc lude styrene,  v iny l  ic  monomers '
l ow  mo lecu la r  we igh t  o le f i ns ,  e t c .  Ca rbon
load ings  i n  t he  v i c i n i t y  o f  8 -10  w t  f  ca rbon  were
found to be usefu l .

I t  has been found that  the ac id i ty  of  the a lu-
mina support  has a profound ef fect  on the state
of  d ispers ion of  supported carbon and that  ESR
measurements can be used to determine the state
o f  d i spe rs ion  (3 ) .  Low  ac id i t y  i s  conduc i ve
to  ob ta in lng  a  h igh  deg ree  o f  d i spe rs ion  o f  t he
the carbon phase wf tereas h igh ac id i ty  tends to
produce carbon c lusters '  Techniques for  mea-
su r i ng  the  ac id i t y  o f  suppo r t s .us ing  mode l  reac -
t i ons  have  been  desc r i bed  (1  ' 2 ) .  Low  ac id i t y
can be readi ly  imparted to an act ivated a ' lumina

suppo r t  by  t he  add i t i on  o f  sma l l  amoun ts  o f  a l ka l i
me ta l ,  such  as  0 .3  -  2 .0 f  sod ium.  t i l h i 1e  ca ta l y t i c
dehyd rogena t i on  can  a l so  be  obse rved  w i th  ac t i va ted
ca rbon  f ree  o f  assoc ia ted  me ta l  ox ide  suppo r t ,  t he
se lec t ' i v i t y  f o r  ca ta l y t i c  dehyd rogena t i on  i s
obse rved  to  be  l ower .  Th i s  i s  asc r i bed  to  t he  f i ne
pore st ructure of  act ivated carbons.

Ethyl  benzene Oehydrogenat ion Resul  ts

The  dehyd rogena t i on  o f  e thy lbenzene  i s  i l l us -
t ra ted  by  t he  fo l l ow ing  resu l t s .  l / 8  i nch  tab le t s
of  gamma alumina were t reated by the addi t ion of
2 wt  I  Na der ived f rom the impregnat ion of  aqueous
sod ium n i t r a te  f o l l owed  by  ca l c i na t i on .  Ca rbon i -
za t i on  was  conduc ted  us ing  a  f eeds tock  t ha t  was
about  l /3  s tyrene and 2/3 ethy lbenzene at  a temper-
a t u r e  o f  5 4 0 o C  w i t h  n i t r o g e n  a s  a  d i l u e n t  i n  a  m o l
ra t i o  o f  n i t r ogen  to  hyd roca rbon  o f  7 .5 : ' 1 .  The
reactor  pressure ! ' ,as substant ia l  1y atmospher ic
pressure,and the LHSV of  the hydrocarbons was
0 .22  h r - ¡ .  The  ca rbon i za t i on  was  conduc ted  fo r
s i x  hou rs  f o l l ow ing  wh ich  the  syn thes i s  o f  s t y rene
f rom e thy lbenzene  was  i n i t i a ted  us ing  s team as  a
d i l uen t .  The  mo ' l  r a t i o  o f  s tea rn  t o  e thy lbenzene
was  7 .511 .  A t  a  reac t i on  t empera tu re  o f  540 "C ,
w i th  a  LHSV o f  e thy lbenzene  o f  0 .24  h r - r  r  t he  con -
ve rs ion  to  s t y rene  i s  36 .5 f  w i t h  a  se lec t i v i t y  o f
96.5t .  lhen the ethy lbenzene LHSV vras changed to
0 . 1 2  h r - r , , t h e  c o n v e r s i o n  t o  s t y r e n e  w a s  4 l f  w i t h
a  se lec t i v i t y  o f  96 Í .  l t  was  obse rved  tha t  a  s l ow
bu t  p rog ress i ve  s ta te  o f  deac t i va t i on  occu rs ,  bu t
that  the rate of  deact ivat ion is  much less t , l i th
s team than  w i th  n i t r ogen  as  d i l uen t  w i t h  t he  same
ca ta l ys t  and  reac t i on  cond i t i ons .

0 the r  examp lés  o f  ca ta l y t i c  dehyd rogena t i on  a re
g i ven  , ( l , 2 )  f o r  t he  dehyd rogena t i on  o f  h i ghe r
nonnal  paraf f i  ns to I  i  near  o l  e f i  ns ,  butenes to
butadiene,  propane to propylene.

F ree  Rad ica l  Ca ta l ys t  P rope r t i es

ESR measurements (3)  have shown that  the
suppo r ted  ca rbon  ca ta l ys t s  have  an  app rec iab le  con -
centrat ion of  unpaired e lect rons in  the carbon
phase  wh ich  i s  i n  a  h igh  s ta te  o f  d i spe rs ion  on
low  ac id i t y  a lum ina .  These  unpa i red  e lec t rons
appear to be f ree radical  s i tes.  Thus the
supported carbon cata lyst  seems to const i tu te a
so l i d  f r ee  rad i ca ' l  t ha t  i s  capab le  o f  p romo t i ng
dehydrogenat ion by a f ree radical  mechanism
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compr is lng  sequent la l  H  a tom abs t rac t ion  reac t ions .
l lhen  dehydrogenat ing  2 ,4 ,4 - t r imethy lpentene-2  over
suppor ted  carbon,  one ob- ta ins  a  h igh  se lec t iv i t y
among xy lenes  to  para  xy lbne.  Th is  i s  cons is ten t
w i th  a  f ree  rad ica l  dehydrogenat ion  mechan ism
w h e r e i n  t h e  r e a c t i o n  p r o c e e d s  b y  a  l , Z  v i n y l  s h l f t
to  p roduce a  2 ,5 -d imethy l -hexene-2  rad ica l  as  an
in te rmed ia te  to  para  xy lene.

Re la t ion  to  l ' l o lybdena-a lun i  na

T h e . s u p p o r t e d  c a r b o n  c a t a l y s t  g i v e s  r e s u l t s
very  s imi la r  to  those ob ta ined w i th -molybdena_
a lumina in  the  dehydrogenat ion  o f  n -dodácane to
l i n e a r  d o d e c e n e s .  T h e  s i m i l a r i t y  i n  a c t i v i t y ,
s e l e c t i v l t y  a n d  d e a c t i v a t i o n  i s  i o  s t r i k i n g
tha t  i t  appears  tha t  the  se lec t ive  dehydroge-
nat ion  observed a f te r  b reak- in  o f  mo ly6dená-
a lumina ar ises  no t  f rom ac t ive  s i tes  óharac ter is -
t i c  o f  the  or fg ina l  f resh  ca ta lys t  bu t  ra ther

f rom s i tes
deposi ted .

on the  carbonaceous phase tha t  has  been
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