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Adsorption isotherms of nitrogen at 77 K and of carbon dioxide at 195 K and 273 K on polymer charcoals
are generally of type-I of the BET classification. The adsorption is much larger in the case of polyvinylidene
chloride (PVDC) and Saran charcoals than on polyfurfuryl (PF) and urea-formaldehyde (UF) charcoals. About
90-95 % of the total adsorption in the case of PVDC and Saran charcoals takes place at relative pressures lower
than 0.2. This indicates that these charcoals are highly microporous. The surface areas of PVDC and Saran
charcoals obtained from adsorption of nitrogen at 77 K and from CO. adsorption at 273 K are comparable but the
nitrogen surface areas of PF and UF charcoals are extremely small and several orders of magnitude lower than
their CO. surface areas. These charcoals contain ultrafine micropores and only a part of this microporosity is
accessible to nitrogen at 77 K.

number of workers+P studied the adsorption
isotherms of nitrogen at 77 K on Saran and
PVDC charcoals before and in some cases
after activation at different temperatures.
They
found that the adsorption of nitrogen was very fast
and that appreciable amounts could be adsorbed at
saturation. The surface areas calculated from nitrogen adsorption were comparable to those obtained
from CO2 adsorption at 273 K, indicating that the
pores in these charcoals were large enough to accommodate both the nitrogen at 77 K and CO2
at 273 K.
The internal porous structure of a carbon depends
upon the history of its formation and the starting
material from which it has been obtained. Since our
charcoals were prepared from different polymer precursors and since polymer carbons are considered
potential carbon molecular sieves, it was thought
worthwhile to study the adsorption isotherms of
nitrogen and carbon dioxide wi th a view to understanding the molecular sieve behaviour of polymer
carbons.

A

Materials and Methods
Polymer carbons were obtained by the carbonisation of four different polymers, viz., polyfurfuryl
alcohol (PF), polyvinylidene chloride (PVDC), ureaformaldehyde resin (UF) and Saran (a copolymer of
PVDC and PVC, 9:1) under different experimental
conditions.
Preparation of carbons - Polyfurfuryl char was
prepared following the method of Marsh and WynneJones",
In this method IN HCI (0.6 ml) was added
slowly and with vigorous shaking to furfuryl alcohol
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(100 ml). The acidified material was poured into a
silica container and heated for 20 hr at 65°C and for
another 20 hr at 140°C. The resulting char was
subsequently carbonised in vacuo to the required
temperature (400-900°C).
The preparation of PVDC char involved polymerisation of redistilled vinylidene chloride sealed
in a pyrex bulb under fluorescent light for eight
weeks. A hard polymerised vinylidene chloride
obtained was carboni sed under N:>.at 600°C (5°C!
min) for 6 hr.
Saran charcoal was prepared by carbonising Saran
polymer tablets (I em diam.) in a resistance tube
furnace in vacuo. The polymer was heated gradually
(5°C/min.) to a temperature of 180°C, and kept at
this temperature for 2 hr. The temperature was
then raised to 600°C where it was maintained for
12 hr. The sample was cooled to room temperature in vacuo and washed with hot distilled water
till free from HCI.
For UF char, urea-formaldehyde resin was moulded
into small tablets (1 em diam.) and carbonised in
a resistance tube furnace under nitrogen atmosphere.
The temperature of the furnace was raised gradually
(5°C/min) to the required temperature and kept
there for another 12 hr. The sample was cooled
under nitrogen atmosphere.
All charcoals were powdered and passed through
a 100 mesh sieve.
Adsorption measurements - Adsorption of nitrogen
at 77 K and of carbon dioxide at 195 K and 273 K
were studied volumetric ally using a self-fabricated
equipment after the well known BET apparatus.
All charcoals were evacuated (10-4 torr) in situ
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at 11O°Cfor about 4 hr prior to adsorption measurements.
Results and Discussion
Adsorption isotherms - The adsorption isotherms
of nitrogen at 77 K on different polymer charcoals
are presented in Fig. 1. The adsorption occurs in
two steps; a slow but large initial adsorption followed
by rapid but relatively smaller adsorption yielding
generally a parabolic isotherm with steep initial
slopes. The isotherms for PF and UF charcoals
are not truely parabolic and show a rise in adsorption
at relative pressures near saturation . PVDC and
Saran charcoals adsorb appreciably larger amounts
of nitrogen than PF and UF charcoals although all
these charcoals have been prepared in the same
temperature range (600-650°C). The amount of
nitrogen adsorbed on PVDC charcoal is seventy
times larger than that adsorbed on UF charcoal and
about eight-times larger than that adsorbed on the
PF charcoal. Furthermore, a larger proportion
(90-95 %) of the total adsorption in the case of
PVDC and Saran charcoals takes place at relative
pressures lower than 0.2. In the case of UF charcoal,
however, appreciable amounts of nitrogen are not
adsorbed until a relative pressure of 0.9 is reached.
Since all these charcoals have been prepared at 600650°C under identical conditions, it appears that the
internal porous structure of these charcoals depends
upon the starting material from which they have been
prepared. It may be mentioned that PVDC, since
it contains stochiometric amounts of hydrogen for
the liberation of hydrochloric acid, on carbonisation
produces a charcoal with strong crosslinking between
the randomly oriented elementary crystallites resulting in the development of a highly porous structure.
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The nitrogen adsorption isotherm on Saran charcoal
activated in steam at 850°C is also included in Fig. 1.
This isotherm is above the isotherms for Saran
charcoal or even PVDC charcoal at all relative pressures. This is consistent with the views presented
earlier by Kipling and Wilson", that activation of
charcoal in steam results in opening up of some of the
capillary pores and increasing the length of the
internal capillaries by removing volatile matter.
These pores could now accommodate larger amounts
of nitrogen at the same temperature.
The adsorption isotherms of nitrogen on PF and
UF charcoals prepared by carbonisation at different temperatures (400-900°C) were also determined.
The adsorption was found to be maximum in the
case of charcoals prepared at 600°. Lower adsorption in the case of samples prepared at 400°C has been
attributed to improper carbonisationv-P whereas
a slight decrease in adsorption in the case of the
sample carbonised at 900°C is due to thermal
shrinkage-s .
Adsorption isotherms of CO2 on polymer charcoals
at 273 K are presented in Fig. 2. It is seen that all
these charcoals adsorb appreciable amounts of CO2
although the amounts adsorbed on PVDC, Saran
and steam activated Saran charcoals are larger.
The shape of the isotherms is essentially type-I
of the BET classification although the isotherms
show a slight increase in adsorption at higher relative
pressures. The isotherms do not show a well-defined
knee as in the case of nitrogen adsorption isotherms.
Surface area - The surface areas of different polymer charcoals were calculated using Langrnuir-s,
BET15, Dubinin and Polanyi'" equations. The
saturation vapour pressure and molecular area of
CO2 at 273 K were taken as 26, 140 torr (ref. 17)
and 18.7 A 2 (ref. 18) respectively while that for
nitrogen at 77 K were taken as 751 torr (ref. 19)
and 16.2 A'2 (ref. 19) respectively. These surface
areas are given in Table 1. It is seen that the surface
area calculated from the three equations using either
the adsorption of nitrogen at 77 K or the adsorption
of CO2 at 273 K are different. This may be attriI •••.•••••• PVDC-
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Fig. 2 - Adsorption isotherms of carbon dioxide on polymer
charcoals at 273 K
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TABLE 1.- SURFACE AREAS OF POLYMER CHARCOALSBY
NITROGENAND.CARBONDIOXlDR ADSORPTION
Surface area (mo/g)
Sample

PVDC-6oo
Saran-6oo
Saran-6oo·
PF-600
PF-900
UF-400
UF-650
UF-850

N2 adsorption

at 77 K CO. adsorption at 273 K
BET

Dubinin

Langmuir

1086 .
1097
1290
138
141

903
798
1138
288
163

1017
1065
1212
359
229

1005
1049
1250
297
296

1.6

1.6

103

150

132

2.9

3.2

198

246

232

2.3

2.8

225

344

325

BET

Dubinin

887
787
1188
105
106
1.0
(23.2)t
1.2
(27.2)t
1.3
(21.5)t

1076
1091
1298
151
133

Langmuir

*Steam activated at 850°C
tValues in parenthesis refer to N. adsorption

at 195 K

buted to the varying assumptions made during the
derivation of these equations.
The surface areas of PVDC, Saran and Steam
activated Saran charcoals calculated from' nitrogen
adsorption at 77 K using anyone of these equations
are comparable with the surface areas obtained from
CO2 adsorption at 273 K using the same equation.
However, in the case of PF and UF charcoals the
nitrogen surface areas are extremely low as compared to their CO2-surface areas - the two values
differing by a factor of several powers of ten in many
cases. It is evident that UF and PF characoals,
.in general, and UF charcoals in particular have
ultrafine pores. The accessibility of nitrogen into
these pores is hindered because of the activated diffusion effects. Thus CO2, which is adsorbed at a much
higher temperature, can have access to a larger proportion of the pores in these charcoals.
This receives further support from the fact that
when the surface areas ofUF charcoals was measured
by adsorption of nitrogen at 195 K, the BET values
(shown in parentheses in Table 1) increased considerably. At higher temperature the rate of diffusion

of nitrogen into ultrafine microcapillary pores increases so that the number of molecules entering the
pores in a given time increases. This type of inaccessibility to nitrogen adsorption at 77 K resulting in low
values of monolayer capacity has been observed by
several workers in coals15,18,20 and several molecular
sieve materials5,8,1O. Thus the polymer charcoals
prepared in the present study are promising as
potential carbon molecular sieves.
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