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Abstract—The results of 8 molecular probe study on two Saran carbons prepared up to 1000°C and on
polyvinylidene chloride carbons prepared up to 1500°C are reperted. The Saran carbons adsoerb
appreciably more isobutane than neopentane over the whole carbonization range, indicating 64
molecular sieve properties, Benzene and cyclohexane ure also adsorbed to an appreciably greater
extent thun neopentane. Polyvinylidene chloride earbons prepared at comparable temperatures
adsorb neopentane freely; neopentane melecular sieve effects are only observed for samples heated
nbove 1200°C. It is concluded that the observed molecular sieve effects are due to slit—shaped pore
constrictions having a size between ca. 4-5 and 5-7A in thickness and connecting cavites of at Jeast

ca, 124 in thickness.

1. INTRODUCTION

T'HE adsorptive properties of Sarant carbons were
first investipated in detail by PiercE, ef o' This
has been followed by additional adsorption studies
on Saran carbons ‘*** and on carbons derived
from pure polyvinylidene chloride (PVDC)#-10)
and polyvinyl chloride (PVC).O® X-ray diff-
raction studies have also been made on carbons
produced frem these polymers.t!!!¥} PVDC
carbon is open structured, highly cross-linked, and
non-graphitizing; PVC carbon is compact and
graphitizing.t* 9

There has been considerable interest in the
molecular sieve properties of PVDC carbons
heated to maximum temperatures between 700-
800°C. These carbons have been found to have a
negligible capacity for w-pinene {minimum cross-
section of ca. 8A) and a significant capacity for
neopentane (minimum  cross-section  of ca.
6:2A).%7) These carbons are hard and strong. In
contrast, PVC carbons prepared at 700°C have
pores primarily less than ca. 64 in diameter, show
a negligible capacity for neopentane, and have a

#Present address: J. M. Huber Corporation, Borger,
Texas.

+Copolymer consisting of 80-90Y% polyvinylidene
chloride and various amounts of polyvinyl chioride and
plasticizer.
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smaller total pore volume than do PVDC car-
bons.?-# Further, PVC carbon is relatively soft
and weak; its use as a molecular sieve carbon in
fixed or fluid operations appears limited.

The possibility of producing PVDC based
carbons with the majority of the pores around 6A
(so as to exclude neopentane) has been investigated
in this study. Two approaches have been followed.
In the first, PVDC carbons have been heated at
termperatures above 1000°C, at which tempera-
tures sintering eccurs and the average pore size
decreases.'®) In the second approach, medium-
temperature Saran carbons have been produced.
It was felt the possibility that the carbon derived
from the viny! chloride portion of the copolymer,
Saran, weuld have the desired “tailoring effect” on
the basic PVDC pore structure (that is, decrease
its pore size) should be examined. The possibility
of “tailoring effects” in this system has been
discussed recently.t#!

2. EXPERIMENTAL,

Polyvinylidene chloride was prepared as des-
cribed in detail by Marsu and Wynne-Jones.(
Samples of Saran were obtained from the Dow
Chemical Company, The ratio of the vinylidene
chloride to vinyl chloride in both Saran 428 and
Saran 489 was given as 90:10. In addition, Saran
428 also contained about 2%, plasticizer. The Saran
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Tapre I, CompPouNDs USED IN MOLECULAR PROBE STUDIES

e
Carbon dioxide —77 3.3(28) 1719
Butane 0 4.3628) 4740
Fsobutane 0 3.0t8 spem
Neopentune 0 It H261)
Benzene 40 39, 7-00 .
Cyclohexane 40 +8, 6.8 _

samples were supplied in a -100 mesh and were
used as such. The PVDC carbon was ground after
carbonization to -100 mesh. A heating rate of
7-5°Cimin  was used up to 1000°C; and
15-30°C/min, from 1000 to 1500°C. A carboniza-
tion soak time of 4 hr was used for all samples.

The extent of uptake of the adsorbates listed in
Table 1, at a relative pressure of (-3, was measured
gravimetrically, using quartz helical springs. The
extent of adsorption was measured after 1 hr; and,
thus, the adsorptive capacities are not necessarily
equilibrium values,

3. RESULTS AND DISCUSSION
There has been extensive deliberation on the
correctness of calculating surface areas from the
T'ype I isotherm, encountered for adsorption on
microporous carbons, in terms of the Langmuir(!>
or modified BET equation.!® Many authors
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consider that the adsorption process is one of
reversible capillary filling of the micropores, rather
than adsorption being restricted to monolayer
formation.!772®  Nevertheless, Lamond and
Marsh have argued that the surface area values for
unactivated carbons are sensibly correct.'® Per-
haps the notation of Barrer,®% where the
adsorptive capacity is measured at a point on the
flat portion of the isotherm and is expressed in
terms of “monolayer area equivalent”, is most
suitable. Qur adsorption results have been calcu-
lated in such fashion and are depicted in Figs, 1-3.

The very high surface areas (1000 m?/gm) for
Saran carbons prepared sbove 500°C and the
significant separation between isobutane and neo-
pentane adsorption for Saran 489 carbons prepared
above 800°C and for Saran 428 carbons prepared
over the whole temperature range examined are
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notewortly. The observed, sharp maximum in the
neopentane adsorption at 600°C (630 m*/gm) for
the Saran 489 carbon contrasts sharply with the
low adsorption for the Saran 428 carbon over the
entire carbonization range. The difference in the
polymers is that the latter contains 297 plasticizer,
whose carbonization products must be influencing
the pore structure of the resultant carbon.

The areas for the PVDC carbon (Iig. 3) go
through a maximum of ca. 1300 m?/gm for a
carbonization temperature of 1000°C—a maximum
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area significantly higher than that found for the
Saran carbons. As evident by the large neopentane
areas of the PVDC carbons prepared up to 1200°C,
their pore size is somewhat larger than that of
Saran carbons prepared at equivalent tempera-
tures. Marst and WynnE-Jones'® and Dusinin{t?)
have reported on the high thermal stability of
PVDC carbons. In the present work, it is apparent
that the majority of the pores only shrink to helow
6A in the temperature range 1200--1400°C.

The variation of pore volume, accessible to the
various probes, with heat treatment temperature is
depicted in Fig. 4. Values included for the 700°C
Saran 428 carbon are very similar to the 1400°C
PVDC carbon.

The close agreement between the butane, iso-
butane and neopentane areas for PVDC carbons
up to 1200°C (Fig. 3) indicates that the molecular
area values of Wynne-Jonest?! (Table 1), caleu-
lated by comparison with nitrogen as a standard
(16:2A%), are consistent. "T'he carbon dioxide areas
(based upon 17-2A%)?%) are approximately 8%
lower than the hydrocarbon areas; taking a value
of 20:5A%+*3) ag the molecular area would over-
correct by ca. 89,

The pore size of zeolite molecular sieves can be
determined accurately by X-ray analysis.?®
Correlation of the adsorption data on these
materials has shown that molecules have an appre-
ciable activation energy for diffusion when the pore
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is about 0-5A smaller than the minimum collision
diameter of the molecule.**’ By analogy, we can
say that a negligible number of pores and/or pore
constrictions greater than ca. 55 to 6-0A are
present in the carbons when low neopentane areas
are observed.

WoLFr'*® has suggested, although probably not
on conclusive evidence, that the pores of activated
carbons are slit shaped. WALKER ¢t al., @7} found
higher adsorption for benzene and cyclohexane
than for neopentane on a series of SA Composite
Carbon  Molecular Sieves (made by coating
granular activated carbon particles with a thermo-
setting polymer, followed by curing and carboni-
zation of the polymer layer) which clearly indicated
the slit-like nature of the pores. The authors,
however, were unable to determine whether the
slit-like nature of the pores resulted from the
geometry of the activated carbon substrate or was
purely an effect of the polymer coating. Similar
comparisons of benzene and cyclohexane adsorp-
tion have been made on the Saran 428 carbons
{Table 2). Both benzene and cyclohexane are
adsorbed to a greater extent than neopentane,
suggesting a structure of slit-like pores and for pore
constrictions of less than ca. 5:7A in thickness and
greater than ca. 7-0A in width. The fact that isobu-
tane adsorption is substantial for the Saran 428
carbons heated between 500-900°C indicates that
the thickness of most of the pores is greater than
ca. 45A.

It is difficult to think of the molecular sieve
effects in terms of uniform pores, The equivalence
of the carbon dioxide, butane, isobutane and neo-
pentane areas up to 1000°C heat treatment for the
PVDC carbons suggests that the majority of the

void volume is situated in pores of at least two
neopentane diameters, On sintering at 1400°C, the
negpentane area drops to less than 109 of its
maximum value, while the isobutane area decreases
only slightly. Shrinkage of a uniform pore structure
to a point where it still admits at least two layers of
isobutane should result in its admitting at least one
layer of neopentane, Thus, sintering at 1400°C
would be expected to have only decreased the
neopentane area to ca. 30%, of its maximum value
or to 640 m?/gm. The very low neopentane area
for PVDC carbon after heat treatment to 1400°C
suggests the existence of a pore system containing
cavities connected by pore constrictions, with most
of the surface area and pore volume in the cavities.
For PVDC heated to 1000°C, the pore system
consisted of cavities greater than iwo necopentane
diameters (ca. 12A) in size and constrictions only
slightly larger than ca. 5-7A in thickness. Heating
to 1400°C resulted in shrinking the pore constric-
tions below 5:7A (making the cavities inaccessible
to neopentane). Some shrinkage of the cavities will
also occur, but they remained at least greater than
two isobutane diameters in thickness.

Using a similar argument, it is concluded that
the Saran 489 carbons also have a pore system
consisting of cavities connected by constrictions,
That is, upon heating this carbon from 600 to
800°C, the neopentane area decreased from 630 to
50 m?/gm, while the isobutane area underwent a
negligible decrease.

The observed separation ratios for the Saran
carbons and the 1400°C PYDC carbon are of the
order of from 10-20 to l-—similar to the ratios
observed (but for different adsorbates) for the
zeolite molecular sieves.*®) The latter have a

TABLE 2, ADSORPTIVE CAPACITIES OF SARAN 428 CARBONS

Carbonization

Adsorbate Uptake, cc of liquid/gm

Temp,, °C Butane isobutane neopentane Benzene Cyclohexane

400 0-202 0120 0-0034 — —
500 0-373 0-329 00173 0-353 0301
600 3332 £-332 00445 341 0-317
700 -360 0-360 0-0360 3-350 0-325
800 373 0370 0-0595 0337 0-326
900 0369 (360 3-0680 L i

1000 0-302 0-238 060204 — —
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regular crystalline structure, with spherical cavities
of the order of 124 in diameter, which are acces-
sible through windows of 3-5, 42, 8-0 and 9-0A in
diameter. Amorphous carbons do not have a
regular crystalline structure. However, results of
this study show that carbons can be made which
have a system of cavities connected by slit-shaped
pore constrictions less than ca. 6A in thickness and
adsorption capacities comparable to those of the
zeolites. At the moment, there is no commercial
zeolite available with an aperture size of ca. 6A.
Therefore, possible uses for Baran and PVDC
carbons appear premising.
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