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Introduction

The physical adsorption of hydrocarbons on
graphltfzed carbon blacks has been studled under
varloug condlt ions (1-3). However, there is vlr-
tually no lLterature on the chenisorptlon of hydro-
carbons on these materials or on any carbon other
than evaporated carbon f i lns (4). This might be due,
ln part, to the rather snall actlve surface area
(<0.62 of the total area) that chenlsorbed hydro-
carbons wllL occupy on a graphltlzed carbon black.
ThÍs surface area that is actfve for hydrocarbon
chenisorption 1s analogous to the oxygen active
surface area (ASA), as measured by Lafne et aJ., (5),
on the same material.

The purpose of thls study is not to undertake
the difficult task of determlnlng how hydrocarbons
bond to the surface but rather to detemine therrreactivLtytr of various hydrocarbons to the surface
and what factors have the greatest effect on their
adsorptlon. The gases used were Cl to C4 alkanes
and alkenes.

ExperÍmental

The graphltlzed carbon black used in this study
was Graphon, supplied by the Cabot Corp. Sanples
were burned off to 5-15% weight loss in air ar 450.C.
The sanrples were subsequently treated in 1 atm of
CI, at 900oC to remove netal l ic surface irnpurit ies.
AfÉer pumping to 10-8 Torr with the temperaEure
agafn at 900oC, the samples nere treated with H" at
a start ing pressure of .05 Torr to remove chemi3
sorbedochlorlne. Final ly, the samples were pumped
to 10 " Torr and the temperature ¡úas ralsed to 950oC
to remove chemisorbed Hr.

The BET arq:a of the prepared sanrples ranged
between 8O-90 n2/g, while the oxygen actlve surface
area, as determined by Lalne (5), ranged between
0 . 8 - 1 . 8  m 2 l g .

Adsorptlon was carr led out at 300"C in a volu-
metrlc apparatus with a total volume of L7.99,. Ad-
sorptlon was fo11or¡ed using a Baratron electronic -
dlf ferential manometer vrl th a sensit lvi tv of 1x10-)
Tor r .

The rate of chemisorptLon of al l  the gases except
methane decreased to'a negl igible value 1n t hr. In
orde'r to deterr¡Lne the amount chenisorbed, gas rúas
lntroduced at 12 nTorr and the quantlty of gas ad-
sorbed-ln t hr recorded. The sample rúas then pumped
to 10-8 Torr with the tenperature held constant, and
gas was reintroduced at 12 ¡nTorr for t  hr. Using
thls approach, the amount adsorbed during the second
cycle was taken as equal to the gas physlcally ad-
sorbed, ¡¡hile the difference in the anount adsorbed
1n the tlro cycles was taken as the amount chemtsorbed.

After conplet ion of the two adsorptlon cycles,
the sanples vere pumped to l0-o Torr at adsorption
tenperature. The temperature ¡ras then raised step-
wlse to 900"C 1n a closed system and products of
desorption measured. The sanples were cleaned by .
heating at 95OoC untl l  the pressure dropped to l0-o
Torr, prior to comenclng a nerr adsorption run.

A CEC Model 2L-6L4 resldual gas analyzer was
used to check the Burlty of each gas (>99.9"/") and to
monitor the gas phase durlng adsorption and de-
sorptlon. A Vacion prrrnp nas used ln conjunction
wfth an o11 dlffuslon pump 6nd a rotary floor pump
to obtain a presaure of l0-o Torr.

Results and Dlscussion

Chemisorbed specles cannot be removed at ad-
sorption temperature but desorb only at elevated
temperatures. Isotherms for these adsorptions are
of the Langouir type, nith saturation being reached
at a pressure <5 nT. the amount of each gas chenf.-
sorbed lncreased nlth burn-off of the Graphon.

All  gases studled are l lsted in order of de-
creasing surface coverage 1n the first column of
Table 1. The surface area covered by each ad-
sorbate 1n2/g) 1s placed 1n square brackets, the
numbers running dtagonally down the table fron left
to r ight, that lsfro¡n butadlene to methane. The
nunbers represent gyerg4 areas covered durlng the
series of rung. These areas r^rere calculated from
the product of the nr¡mber of molecules adsorbed and
the surface area that each molecule gccupies.
Estinated molecular surface areas (A") are gfven in
parenthesis in coh¡mn 1 of Table 1. The calcu-
lat ion of these molecular areas for the hydro-
carbons consisted of constructing each molecule,
consldering both lonic and van der l^laa1s radli, and
measuring the surface area covered by their project-
fon. Since extensive work has been done on the dls-
soclative chemisorption of oxygen and hydrogen on
Graphon (5,6), these molecules were included for
comparison and the molecular areas calculated by the
previous workers were used for these gases.

For al l  but the most act lve gases, the surfáce
had to be very clean for chenisorption to take p1ace.
Times for the rate of chemlsorptlon to decrease to a
negllgible value ranged from <15 min for n-butane
and butadiene to several hours for methane. During
adsorption of each gas, the gas phase was monitored.
In each case, only the adsorbate could be detected.
No hydrogen lras seen in the gas phase so if C-II
bonds were broken durlng chemÍsorption, the hydrogen
also chemisorbed.

In order to determlne ¡¡hat factors affect
chemisorption, a series of blockage runs was made
for each palr of gases. These runs involve ad-
sorblng a gas and pr¡nping off the physically ad-
sorbed portlon. (Thls is the gas shown as pre-
adsorbed 1n Table 1.) Then a second, dff ferent gas
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vras adsorbed (shown as blocked gas in Table 1)

wl thout  desorbing the chemisorbed port lon of  the

f i rst  gas.  Another adsorpt ion I ,Jas then performed to

determine what port ion of  the blocked gas was

physical ly  adsorbed so that  the amount of  b locked

gas chemisorbed could be determlned. As is  seen in

Table 1,  the preadsorbed gas blocked chenisorpt ion of

the second gas to a vary ing degree.  The percent-

ages given are those of  s i tes b locked; for  example

. ihylÁt t . ,  ¡ ¡h ich occupies 0.46 mz/g,  bLocks 9o% of

the 0.57 m"fg area that  propylene would normal ly

occupy on a c lean surface.  Where two dl f ferent  per-

centages are given for  a s lng1e pair  of  gases,  the

top one was determined ear ly in the ser ies;  and the

bottom values were determlned near the end of  the

s e r i e s .

The type and dlst r ibut lon of  the s i tes has the

greatest  ef fect  on the chemisorpt ion of  hydrocarbons

on Graphon. on each hydrocarbon adsorpt ion-desorp-

t lon cycle,  the surface is  s l ight ly  changed. However,

the greatest  change comes ¡¡ i th the f l rs t  hydro-

carbon cycle on each new sample of  Graphon, resul t ing

in approximately a 402 decrease in the amount of any

gas that  can subsequent ly be chemisorbed. Al l  the

data presented here were taken af ter  the f i rs t  hydro-

carbon cycle.  The structure and or lentat ion of  the

adsorbate have less of  an ef fect  on adsorpt lon than

do surface changes.  Adsorpt ion ls  greater  for

double bonds and larger molecules.  However,  wi th

increasing rnolecular  length (>3 carbon atoms),  the

factor  of  s ize may come into p lay to decrease

adsorpt ion.  Blockage by the preadsorbed gas depends

on these factors,  in addi t ion to the percentage of

cornmon sí tes theY occuPy.

The fact  that  the surface changes s l íght ly  wi th

each hydrocarbon cycle is  at t r lbuted to carbon

deposit ion. That is, during desorption at elevated

temperatures, most of the adsorbate carbon stays on

the surface, as a result of cracking of the adsorbate

and most of the hydrogen is desorbed as hydrogen gas.

The carbon left  on the surface is probably on

the sites active for hydrocarbon chemisorption.
These new sites are st i1l act lve. The cumulative
effect 1s to gradually decrease the active area

ava1lable to some of the molecules depending on

their síze and actlvi ty. After the init ial  hydro-

carbon cycle, surface coverage and blockage is small

for each subsequent cycle. For example, the chemi-

sorption of n-butane decreased only 15% fol lowing

rnore than 100 cycles. Thus the same sample can be

used for numerous blockage runs with good reproduci-
b i l i t y .

References

1.  Hoory ,  S .  E .  and Prausn l tz ,  J .  M. ,  T rans .  Faraday

S o c . ,  6 3 ,  4 5 5  ( L 9 6 6 ) .

2 .  F r ieder ich ,  R.  O.  and Mu11- ins ,  J .  C . ,  Ind '  Eng '

Chern .  Fund. ,  LL ,  439 (L972) .

3 .  S t a c y ,  T .  D . ,  H o u g h ,  E .  W . ,  a n d  M c C a i n '  l { .  D .  '
J .  o f  Chem.  and Eng.  Data ,  13 ,  74  (L968) .

4 .  Mc l in tock ,  I .  S .  and 0r r ,  J .  C . ,  Th i rd  Conf .

Ind .  Carbon and Graph i te ,  2OI  (1970) .

5 .  L a i n e ,  N .  R . ,  V a s t o l a ,  F .  J . ,  a n d  l ^ / a l k e r '  P '  L ' '

J r . ,  J .  P h y s .  C h e r n . ,  6 7 ,  2 0 3 0  ( 1 9 6 3 ) .

6 .  Bansa l  ,  R .  C. ,  Vas to la ,  F .  J .  and I ' l a lker '  P .  L ' '

J r . ,  C a r b o n ,  9 ,  1 8 5  ( L 9 7 L ) .

TABLE 1

BLOCKING EX?ERIMENTS AT 3OO"C ON I4Z BURN-OFF GRAPHON

B locked  Gas ,%

C=c-c=C (29.6)

c=c-c (23.4)

0 2  G 6 . 6 )

c=c  (20 .5)

c -c -c -c  (27 .7)

c -c -c  (25 .1)

c -c -c  (22 .6)

c -c  (19 .  7 )
(_;

c :c  Qo.2)
H 2  G 6 . 6 )

c H 4  G 6 . 2 )

[ 0 .  s 7 ]  9 6  9 0

R 1  7 7

*  [0 .s2 ]  Es

s s  s 7  [ 0 ' 4 6 ]

n"100 99 91

.r,100 'v100 97

n"100 .i,100 98

.u100 'u100 'u100

ru100 .r,100 t100

t100 ^,100 tu100

tu100 tu100 .t,100

Y
C-C-C

9 8  9 8

.r,100 'u100

[ 0 . 3 0 ]  ' u 1 0 0

. r ,100 Í0  .27  l

.r,100 .r,100

.,,100 't,100
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9 8 8
'u100 67

t100 75
.'"100 87
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.r ,100 [0.16]
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