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InEroduc! lon

Recenlly, there has been growlng interest ln

the use of carbong as caEalyst suPPorts, partlcu-

larly in appllcatlons lnvolvlng heavy petroleum or

coal-derlved feedstocke. varlous fornulatlons ln-
volvlng Co and Co-Mo supported on carbon have shown
superlor accívlty for the hydrogenatlon and hydro-

desulfurlzatlon of uodel coupounds, coupared to
equtvalent aLumlna supported catalysts (1). In
addiEion,  cracklng and polyner lzat lon reacclong
whlch deposit coke (carbon) and lead to deactiva-
tion of the caEalyst have been shown to be less
prevalent on ca¡bon than on ah¡mina-based fornula-

t l o n s  ( 1 ) .

Ttre available evldence lndlcates rhac che na-

ture of  Ehe carbon surface,  part lcular ly  lhe pres-

ence of functl,onal groups can have an luPortant fn-
fluence upon the catalytlc proPelt1es of carbon
supported necals (1,2) .  In order to study the 1n-
f luence of  surface proper!1es oore c losely,  a csr-
bon support wae trea¡ed 1n a controlled manner so
as to nodlfy che concentratlon and type of surface
functlonal groups prlor to netal addltlon. Tt¡e
uodl.fled supports lrere then loaded r¡lth 3 wtZ m-
lybdenuo and ¡he actlvity of the catalysts deter-
r¡lned for the hydroconverslon of hlgh bolllng coal
1lqulds.

Support Selectlon

The results of prevlous studiea have eupha-
sized ¡he dl f f lcul t les of  at ternpclng co derfve
fundanenral relatfonshlps becween catalyst ProPer-
t les and act lv i t les when using dl f ferent  carbon

supports (2) .  Accordlngly,  a s ingle carbon, Anber-
sorb XE-340, r¡hich can be oade with reP¡oducible
chenical and physfcal charaeterlsticE tras enployed

in the current research.

Anbersorb XE-340 ls hard and durable carbon
(crush scrength > 3.0 kg/bart lc le)  n l rh a Pore s ize
distrlbu¡lon approprlate for the hydrogenatlon of
high-boi l lng coal  l lqulds,  s lnce l t  contains v l r -
tually no úd-cropores and aloost 7O7 ot the total
oore volume ls concained in pores of diaDeter 100-
ioo Á, .  r r  has a surface areá of  4oo &2lg (N, at
77 K) and a pore volune of  0.34 cn3/8.

SuPport, Treatment.

Sanptee of Anbersorb XE-340 were subJected to a
nunbe¡ of treatments Lntended to lntroduce oxygen or
nlErogen funct lonal l l lea to lhe cerbon surface.  Tt¡e
lreacrnentlr and thelr effects upon the elemental com-
poslclon of Ambersorb XE-340 are sr¡marized in Table
1. Following each creatment, lhe carbong were re-
peatedly washed sfth copious qu¿ncities of dlst1ll-
ed, delonlzed sater. Ic can be seen that che vÉrf-
ouE Ereatuencs produced qul te d l f ferent  resul ts.
The HNO3 EreatmenE ef fected an lncrease ln n i i rogen
concent as wel l  as great ly  lncreasing the oxygen
conteot .  React i .on wi th sul fur ic  acid a lso ra lsed
the oxygen conlent  and,  in addi t lon lncreased the
sul fur  content .

The lreatnents wlth potassium pernanganace and
potassfum dichror¡ate served pr lncipal ly  to oxid lze
lhe carbon, poBagsfun peroangEnate being lhe nore
ef fec!1ve oxldant  of  the two. In both cases,  de-
splte the extenslve post-treat¡Dent washlng, resfdual
potasslum was left on che carbon. The reac!1ons
nith a@oola lncreeged che nitrogen concenc, the ex-
cenG of nltrogen addlclon lncreasing lrlth reactlon
te4erature.

Tte saugles ¡reated nlth aclds aud s¡1th porar¡-
sluD petilanganate and potasaluo dlchromate lrere
subJecced to analysls by Fourler Transform Infrared
Spectroscopy (FI IR) ln d l f fuse ref lectance (Dlg1lab,

l{odel FTS-ISE) 1n order co provlde further deta1l on
the funqtlonal groups r¡t¡ich r¡ere lntroduced by the
pre¡reato€rit. TreatmenE w'ith K2Cr207 caused coupar-
atlvely llttle change Eo the specirum of che palent
carbon; Che KllnO4 treatDenE rnay have lntroduced
soue etheric groups; IlN03 treatnenc lntroduced N02r
posslb ly NO3 and carbonyl  groups;  cold sul fur lc
acld creatment inlroduced SO2 and carbonyl groups
¡¿ht1e the hot sulfuric acÍd treatrnent tncreaaed the
lntenslly of che carbonyl and SO2 bands and lntro-
duced absorptlons nhlch rnay correspond to SO3 or
SO3H and C-S and S-0.

Catalyst Preparatlon

Impregnatlon of the support r¡lth an active
metal involved directly introducing MoS2 onto the
support by the thernal decooposltlon of a telra-



Table 1. Elenental Analyses of Functlonalized Ambersorb XE-340 Support

Treatment

None

Boiling conc. lINOr, 2 h

Conc. IITSOO, 2 h at room teDp.

Bo1l1ng conc.  HTSOO, 2 h

Boillng sarurated tOtnOO sol9, 2 h

Bolling sarurated R2CrzO.l 
"o11, 

2 h

NH3  e r  400oC ,  1 .5  h *

NH3  a r  600 "C ,  1 .5  h *

c

90.22

64.90

84.44

68.2L

7 s . 7 3

90.00

89.  16

91 .68

Analysis
o

L . 4 2

25.32

6 . 2 6

20 .10

7 . 7 L

1 . 9 0

2 .O5

r . 7 9

(Z  wt )
N

<0.05

4 . 6 L

N . D .

N . D ¡

N . D .

N . D .

0 . 5 3

0 . 8 7

K

N . D .

N . D .

N . D .

N . D .

2 . 1 4

0 . 0 4 6

N .  D .

N . D .

H

3 . 2 6

2 . 2 6

3 . 2 8

2 . 7 9

3 . 0 7

3 .80

3 .45

2 . 6 3
Boeho, eE af .  (3)

s
3 . 8 3

N .  D .

5 . 1 4

9 . 1 3

N .  D .

N . D .

3 . 8 5

3 . 3 3
N.D. - not deEe¡il1ned; * After the uethod of

Ehlonolybdate sa1c. An aqueous solutlon of aupnlum
heptanolybdate naa converced to one of amonlun
tetrarhlonolybdate by bubbllng through H2S ar roon
Eenperature. The cacalyst nas Ehen iuprégnated
r¿iEh ¡he solu!1on of  che ¡h1osalr .  fn chá reacr ion
descr lbed belor¡  lhe catalyscs ¡¡ere dr led ac l10oC
in vacur¡m.

Actlvl ty of Caralysrs forcm
The actlvltlee of Ehe prepared cacalysEe rere

deterolned uslng cube bomb reactore for tire hydro_
converglon of coal-derived l1qu1ds. Ttre feed was
-the 

850+"F recycle sglvent fraction produced on the
Lumus Integrated T\.o Stage Llquefaclion unlt ¡rhen
operatlng on lüyodak CoaI. fire experluents sere
conducEed under lhe following corráltlorrr: 5.0 g
feed ,  0 .5  g  ca ra l ys ! ,  7  Mpa  l l 2  ( co l d ) ,  450 "C ,  l i .
Carbon dfsul f lde r¡as added Eo the ," . " t lon ntxture
In suf f lc ient  quaorf ty (0.2 nf)  co DÁlncaln the
catalyst  ln the sul f ided foru.

T't¡e data ln Table 2 lndlcare chat Ehe nltrlded
supports show lhe hlghest  act iv iEy for  asphal tene
converslon Lrith ¡elatively low gas nake and carbon
deposl t lon on the catalysc.  Thi  acid created saü_
pJ"es show either a reduc_tlon (K2Cr2O7, HNO3) or only
sl lghr increase (KlarO4, H2SO4) In lc i ivrcy 'over the

untreated support. The data inply rhat additlonel
hydrocracking and hydrogena¡1on acElvity can be con_
ferred to Ehe cala lysr  by t reatment of  i t re supporE
¡rlth ¡tmonla.
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1 .

2 .

3 .

of Coal Derlved Asphaltenes

Support Treatnen!

None

KrCrrO,

Kle¡04

No3

cold H'SOO

hot ItrSOO

NIt3 ' 400.c

NH3' 600"c

ñ5tii6EñGñGd':

7 Aephaltenee
(llexane Insolubles)

25.7
3r .  4
27.6

33 .7

28.6

2 7  . 6

2 2 . 0

L6.2

I Asphaltene
Converslon

23.7

1 7 .  8

2 7 . 7

1 1 . 9 '

2 5 . 1

2 7  . 7

42.4

5 7  . 6

7 Ct-C,. '
vr!ra-
a "
2 . 6

N . D .

9 . 6

2 . 4

3 . 1

6 . 9

5 . 9

Z Increase
In Caralysr

Welrhc

3 . 0

23.0

6 . 4

N . D .

1 1 .  1

5 . 1

4 . 3

5 . 0* hydrocarbona only
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