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Abstract—Microporons carbon of high purity was produced by the
activation in either CO. at 900°, O, at 300°, or air at 425°. The act
adsorption at —195°, CO, adsarption at 25°, and mercury and helium displacements. Hydrogen sulfide oxidation (at
H.$ pressures between 0-4-3-8 Torr) by O: (in excess of stoichicmetric amount) was studied between 100-160° using
a microbalance, that is by weighing the build-up of sulfur on the carbon. The predominent reaction, HaS +5 Ga—4
S.+ H.O was frst order in H.S concentration and independent of 0. concentration. The rate was only slightly
reduced by sulfur build-up to at least 36%, by weight, on the carbon. The oxidation rate was significantly higher over
the Qp-activated carbon than over the COg-activated carbon, Throughout the studies, oxidation rates could be
correlated with area active to O, chemisorption. It is concluded that H.S oxidation proceeds via rapid dissociative
chemisorption of oxygen on carbon sites followed by reaction with E.S. Rates of H.S oxidation were also studies
over commercial, granular activated carbons of significant ash contents.

carbonization of Saran at §00° followed by
ivated carbons were characterized using N:

1. INFRODUCTION

One method that has been proposed to treat low-
concentrations of H;S as encountered in waste gas
streams is its selective oxidation to elemental sulfur over
an activated carbon catalyst at about 130°[1, 2% Sulfur
recovery appears promising as the sulfur deposited on the
carbon can be easily removed using solvent extraction or
steam distillation. Activated carbons prepared from coal
and cocorut shells have been used to catalyze Ha.S
oxidation. However, it is known that such carbons contain
appreciable amounts of impurities which are derived from
the mineral matter content inhereat in the raw materials,
The main impurities, silica, alumina, iron oxide, calcium
oxide, and magnesia, might be good catalysts. Therefore,
there is a question as to whether the impurities are the
catalysts and the carbon is in essence acting as a support
or whether, indeed, the carbon surface has significant
catalytic activity.

In this study carbons of high surface area and high
purity were produced by carbonization of Saran and then
activation of the resultant chars. Their catalytic activity
for the oxidation of H.S was measured and compared
with the activities of granular, commercial activated
carbons of significant ash content,

2, EXPERIMENTAL

2.1 Materials

Saran 489, supplied by the Dow Chemical Company,
was used as the precursor in this study. This Saran is a
co-polymer of vinylidene chioride and vinyl chioride in an
approximate mole ratio of 90:10. A 251b sample was
slowly heated to 900° and held at this temperature for 4 hr
in a flowing dry, high purity N, stream. Under these
conditions chlorine is Hiberated stoichiometrically as HC,
leading to the production of a microporous char[3, 4]. The
char was ground, with 28x48, 65x 150 and 150%250
mesh sizes used in this study,

The Ha.S used for the oxidation study was obtained
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from Matheson Gas Products, Inc. It was diluted with
helium to a concentration of {-502%; this concentration is
typical of that found in fiue gas.

2.2 Characterization of microporous carbons

A standard volumetric adsorption apparatus was used
to measure Na uptake at —195" and CO; uptake at 25°
Surface areas were calculated from N adsorption using
the BET equation[5] and from CO: adsorption using the
Dubinin equationi6}. Molecular areas used for N. and
CO., at adsorption temperatures, were 16-2 and 253 A%
respectively.

Mercury densities and macropore volumes were deter-
mined using an Aminco laboratory porosimeter. Mercury
density was measured from mercury displacement by the
sample under a pressure of 73 psi. The sample macropore
volume was that volume filled by mercury under a
pressure of 7000 psi, which is equivalent to a pore
diameter of 300 A.

The apparatus used to determine sample density by
helium displacement was a constant pressure lype,
thermostated to operate at 32-5°=0-1°,

2.3 Activation of Saran carbon

Activation was conducted in a silica glass fluid bed
reactor, S0mm o.d. and 80cm long. The reactor and
auxiliary equipment are described in detail elsewhere[7].
Activation was conducted at atmospheric pressure in CO:
at 800°, O. at 300° and air at 425°. Under these conditions,
rates of carbon burn-off (to produce activatiom) were
closely similar.

Samples of carbonized Saran were air-dried at 105" in a
separate oven prior to activation. Approximately 25g
samples were introduced into the pre-heated reactor
under a flowing stream of N: and allowed to reach
reaction temperature prior to introducing the activating
gas. Following activation for the desired time, the sample
was cooled in the reactor under N The activated sampie
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was removed from the reactor and re-weighed to
determine weight loss (defined as carbon burn-off) due to
gasification.

2.4 Hydrogen sulfide oxidation

Oxidation of H.S was foliowed gravimetrically by
measuring the weight of sulfur depositing on the carbon.
At the end of selected runs, sulfur contents on the carbon
were also analyzed chemically using a Leco Suifur
Analysis Apparatus.* Agreement between the two ap-
proaches was within 5% in all cases.

A Cahn RG electrobalance, having a total capacity of
2-5¢ and a sensitivity of (-1 ug, was used to follow
continuously sample weight change. Weight change
read-out was monitored directly on a 1 mV recorder. The
microbalance, housed in a glass vacvum bottle, was
connected to a mercury diffusion-mechanical pump
combination in order to attain a running vacuum of
i07° Torr. A Vycor glass tube, 27 mm o.d. and 65 cm long,
was connected to the microbalance housing and served as
the reactor. The carbon sample was held en a cylindrical
fused quartz pan, 10 mnm dia. by 15 mm high, which in turn
was suspended into the reactor from the balance by a
4mil dia. Vycor wire. Generally, a 125 mg sample was
used in the studies. Temperature was menitored and
controlled using a chromel-alumel thermocouple located
at the outside wall of the reactor tube and connected to a
Westbend type temperature controller.

Generally, prior to an oxidation run the carbon sampie
was heated to 900° under vacuum to remove most of the
oxygen complex held on the surface. At reaction
temperature, O. was first dosed into the reactor at a
pressure {(usually 7-6 Torr) which would give an Or-H:S
ratio of 2 to 1. Immediately thereafter sufficient pre-mixed
H.S in He was added to attain a total pressure of I atm.
Since the concentration of H,8 in He was 0-5%, the H.S
partial pressure was close to 3-8 Torr. An oxidation run
could be monitored within 2 min of the first introduction
of O, into the reactor. Most runs were carried out for
about 5hr. During this period, the decrease in H.S
pressure because of oxidation was less than 10%.
Following a run, sulfurized carbons could be outgassed at
temperatures up to 160° with no detectable change in
weight, provided a nitrogen cold finger was located
between the mercury diffusion pump and the reactor {8}

*Obtained from Laboratory Equipmest Corp., St Joseph,
Michigan,

3. RESULTS AND DISCUSSION

3.1 Nature of porosity in Saran carbons

Tables 1 and 2 summarize surface area and pore volume
results, respectively, for the carbonized Saran carbon (of
150 x 250 mesh particle size} and samples activated in
different oxidizing gases. The effect of activation of Saran
carbon in CO. on surface areas as measured by N and
(O, is similar to that reported previously by Lamoend and
Marsh[9]. That is, the N, area increases monotonically
with increasing burn-off; whereas the CO. area essentially
remains unchanged. Samples activated in air and O; also
have N areas significantly larger than the CO, areas. High
N, areas are thought to be largely fictitious[%]. Micropore
areas, as given by CO: adsorption, are closely comparable
for the CO. and O.-activated samples but are clearly
lower for the samples activated in air to high burn-offs.

Total accessible pore volumes, as calculated from the
differences in the reciprocal of the mercury and helium
densities, are given in Table 2. Alse given are the
macropore volumes, as measured by mercury penetration,
for voids larger than 300A in dia. As expected, pore
volumes increase sharply with increasing burn-off, with
the macropore volume contributing in all cases less than
10% to the total pore volume. At comparable burn-offs the
total pore vol. generated by CO: activation is greater than
that generated by O- or air activation. This is attributed to
a more uniform gasification rate in the radial direction
within the particles for CO- activation, as discussed
elsewhere [7].

3.2 Kinetics of H.S oxidation over Saran carbons

3.2.1 Long time runs. Unless otherwise mentioned,
oxidation runs were carried oot at 140° over 150 %250
mesh material. Long time runs were conducted on the
O.-activated Saran sample to determine the effect of
significant depletion of H:S in the gas phase and
significant build-up of sulfur on the carbon on oxidation

Tabie 1, Surface areas of Saran carbons

Surface areas (m*g™")

Sample Burn-off {%%} N2 CO.
Unactivated — 760 880
CO, activated 1%-6 1160 880
CO. activated 383 1790 920
CQ, activated 60-4 2510 820
0. activated 180 1160 . 8530
Alr activated 486 1480 720
Air activated 63-8 1250 680

Table 2, Pore volumes of Saran carbons

Hg He Total Open Macropore

Density Density Pore Volume Volume

Sample Burn-off (%) g cm™) (g cm™) (emg™"} {emg™"
Unactivated —_ 1-18 218 0-388 0-032
€O, activated 19-6 0-99 218 0-552 0-02%
CO. activated 383 0-7% 218 0-807 0-066
CO, activated 604 0-57 2-22 1:305 0-106
(O, activated 18-0 107 218 477 0-021
Air Activated 48-6 0-88 2.2 (-688 038
Air Activaled 63-8 093 2-22 0-625 0-038
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rates. Two runs, each of about five days duration, were
conducted consecutively. Between runs, the apparatus
was outgassed at 140° and a new charge of gas then
admitted. Resuits of these runs are summarized in Fig. 1,
where for convenience the data are only shown for
reaction up to about three days. Consider the first run.
Over the five day period of reaction the H:S concentration
decreased about 909 and the total sulfur content of the
carbon increased to about 18% by weight. As is seen,
during the run the instantaneous rate of sulfur build-up on
the carban is directly proportional to the concentration of
H.S in the gas phase. Further, oxidation rates during the
second run agree closely with rates during the first run
despite further build-up of sulfur on the carbon to about
36% by weight, If oxidation of HiS is proceeding by the
reaction HaS + 30,35, + H:0 it is expected that the rate
of the back reaction wili be negligible until over 99% of
the H.S is oxidized. That is, at 140° the standard state free
energy change for the reaction is highly negative (about
—39kcal/mole). Indeed, the addition of 1% water
(7-0 Torr) into the reaction mixture had no detectable
effect on oxidation rate.

The long time oxidation runs suggest that Ha.S oxidation
at 140° is fist order with respect to H.S (or O»)
concentration. By changing the H,S and O. pressure
independently, it was found that the reaction is first order
in HsS but zero order in O..

The possible reaction of deposited sulfur with Oy was
checked on a carbon sample containing about 109 sulfur.
Oxygen (1% by vol.) in He was exposed to the sample at
140° over night with no loss in weight detectable.

The decrease in surface area of the unactivated Saran
carbon and the Os-activated sampie with sulfur baild-up
on the carbons is summarized in Table 3. Significant
decreases in area are observed, with the N; areas falling
off more sharply than the CO. areas. Such results are
characteristic of molecular sieving. Puri{108] previously
suggested controlled addition of suifur to carbons as a
methed of producing molecular sieve materials, Taking
the density of liquid sulfur at 140° as 1-79 gfem’[11], it is
calculated that the total open pore volumes in the
unactivated and O.-activated samples could hold about 41
and 46% sulfur, by weight, respectively.
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Fig. §. Long time consecutive runs for the oxidation of H,3 at 140°
over Oq-activated Saran carbon. AY, first run; O@, second run.
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Table 3, Surface area of sulfurized carbons

Surface Areas {m*g™")

Sulfur Content {%0) N. CO.
Oxygen-activated carbon

il 1160 830

10-3 890 620

14-6 730 —

18-3 520 330

30-0 44 160
Unactivated Sarancarbon

nil T 880

12- 2 480

3.2.2 Short time oxidation and chemisorption rung
3.2.2.1 Catalytic activity over different carbons. By
definition, short time runs are those of about 5 hr duration.
Qver this period of reaction the decrease in HzS and O,
pressure would be less than 10%. Figure 2 shows runs
over the unactivated Saran and selected sampies activated
using different oxidizing gases. During the early stages of
reaction, the rate of H;S oxidation decreases rapidiy with
increasing reaction time and then becomes essentially
constant. Carbons activated in Os or air have both a higher
initial catalytic activity as well as a higher activity in the
“constant-rate” regime than samples activated in CO..
3.2.2.2 Rates of adsorption of O, and .S, It is
instructive to compare H:S oxidation rates with rates of
uptake of O: and H,5, separately, on the carbons. Figure 3
shows results for oxygen adsorption. Adsorption is rapid,
with oxygen uptake being completed in less than 1 hr. The
kinetics of oxygen chemisorption en carbons has been
treated in detail by Bansal, Vastola, and Waiker{12].
Oxygen uptake is characterized by dissociative
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Fig. 2. Runs showing the build-up of sulfur on various carbons asa

function of time of oxidation of H.$ at 140° H, unactivated and

activated in: @, 0. {1855 B.O.); O, air {64% B.0.); A, CO, (60%
B.0.): A, CO, (20% B.0.).
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TOTAL OXYGEN UPTAKE (mg/g¢)

REACTION TIME (HOURS}

Fig. 3, Runs showing the amount of oxygen uptake on different

carbons exposed for various times to an O, pressure of 76 Torr at

140°, BV, unactivated carbon of 150 % 250, 63 % 100, and 28 x 48

mesh particle size and carbons activated in: @, 0. (18% B.G.); O,
air (64% B.0.); A, CO. (60% B.0.); A, CO. (209 B.0.).

chemisorption, where the oxygen can only be removed
from the surface as CO and CO: by outgassing at
temperatures considerably in excess of 140° Since it has
been shown that oxygen chemisorption occurs on the
prismatic planes {(or carbon atoms at the edges of
trigonally bonded carbon crystaliites), an oxygen atom
bonded to a carbon atom would occupy about 8-2 A of
surface area[13]. On this basis, it is calculated that -0 mg
of oxygen per g of carbon is equivalent to about 1-5m/g
of surface. Thus even for the Q--activated carbon, results
in Fig. 3 show that chemisorbed oxygen would only
occupy about 7 m*/g of surface or less than 1% of the total
surface of the sample.

The quajitative similarity of rates of H.S oxidation and
oxyger chemisorption shown in Figs. 2 and 3 is striking.
That is, the O, and air-activated carbons show identical
rates for both the oxidation and chemisorption processes.
Over the reaction pericd when the oxidation rate
decreases the oxygen chemisorption rate decreases, Over
the reaction period where the oxidation rate is essentially
constant, oxygen chemisorption is constant and at its
maximum value. The rate of oxygen chemisorption and
maximum amounnt chemisorbed on the unactivated Saran
carbons and those samples activated in CO: are signifi-
cantly less than for the oxygen-activated sarnples. This is
very suggestive that chemisorption is strongly sensitive to
the geometry of the carhon sites on the surface and that
activation in O, creates a template more susceplive to
subsequent oxygen chemisorption than the template
created by CO, activation, It is also noted in Fig. 3 that the
rate of oxygen chemisorption on the unactivated Saran
carbon is independent of the particle size used.
~ In marked contrast to oxygen chemisorption results, it
15 seen from Fig. 4 that the rate of H.S adsorption is
unaffected by the activation process. Since the three
carbons used have very similar COp-surface areas
(850-882 m’/g), these results suggest that H:S adsorption
'8 primarily nonspecific or physical in nature. Taking the
area occupied by a molecule of HaS as 21-5 A*[7], the
amount of H.S uptake in Shr (about Smglg C) is

estimated to result ip occupancy of about 19mifg (or
about 29%) of the surface,
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Fig. 4. Runs showing the amount of H.S uptake on various

carbons exposed to an H.S pressure of 3-8 Torr at 140°. BAOQ,

unactivated carbon of 150%250, 65130, and 28 x 48 mesh

particle size and carbons activated in: ®, 0. (18% B.O.); A, CO.
{6095 B.0.).

3.2.2.3 Effect of oxygen pretreatments on catalytic activ-
ity. The catalytic activity of the carbon is strongly
dependent upon the nature of pretreatment preceding an
oxidation run. Generally the carbon was degassed under
vacuum at 900° prior to a run. Figure 5 compares the effect
of this pretreatment on catalytic activity with pretreat-
ments of (i) outgassing the COy-activated sample at only
140° and (ii) exposing the sample to O at 300° for 30 min.
Treatments (i) and (i} result in decreases of 23 and 54%,
respectively, in the steady-state rates as well as decreases
in initiai rates over the 900°-cutgassed sample. Thus the
cleaner the surface of the carbon is of oxygen at the
beginning of a run the higher its catalytic activity.
Pre-exposure of carbon to H. also reduces catalytic
activity. For example, activity of the Oractivated carbon

TOTAL WEIGHT SULFUR DEPOSITED (mg/g C)

REACTICN TIME {HOURS)

Fig. 5. Runs showing the effect of various pretreatments of the

COp-activated carbon (60% B.0.) om its subsequent catalytic

activity. @, degassed at 960°; O, degassed at 140°; A, exposed to
7-6 Torr O at 300° for 30 min,
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was reduced about 36% by preexposure to Ha over night
at 140°. The rate curve, however, had the usual shape, that
is a more rapid initial rate followed by a region of constant
rate. Bansal, Vastola, and Walker have shown that
dissociative chemisorption of hydrogen on active carbon
sites occurs at 140°[14].

rogen sulfide oxidation runs were conducted at tempera-
tures between 100-160° over O,-activated and unactivated
Saran carbons. At temperatures much in excess of 160°,
evaporation of sulfur from the carbon becomes signifi-
eant; and, therefore, a pravimetric technique cannot be
used to follow progress of the reaction. Figure 6 presents
Arrhenius plots summarizing the results, where rates are
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Fig. 6. Arrhenius plots for H.S oxidation over 125mg of &
unactivated carbon and A sample activated in G, (1892 B.O.).

taken in the constant rate regime. The activation energy
for the reaction over both carbons is about 4-8kcal
mole™'; As will be discussed later, it appears that the
oxidation reaction is proceeding in Zone I1. In this case,
for a first order reaction the true activation energy for the
chemical control step is twice the experimentally-
determined activation energy{13}—or 9-6 kcal mole™ in
this case. It is thought noteworthy that a change in slope is
not evident in the Arrhenius plots, That is, since
monociinic sulfur meits at about 115° it might have been
thought that the rate of HaS oxidation would be affected
by the physical form (and mobility) of the product suifur
on the surface. ‘

3.2.2.5 Effect of total pressure on HaS oxidation rate. The
effect of the removal of He from the reactant gas mixture
and operating at & total pressure of 11-4 Torr (3-8 Torr of
H.S and 7-6 Torr of Q.) was studied at 140°, Over the
Owactivated carbon, reduction in total pressure resulted
in a rate increase from 0+78 to 6-0 mg H.S oxidized per hr.
Such a strong effect is suggestive that the oxidation rate is
influenced by mass transport resistance, that is transport
of reactants to active sites and products away from active
sites. Calculations show that resistance to mass traasport

*The contribution of natural convection to total mass transportin
the reaction space, because of the temperature gradient in the
vertical reactor tube, is estimated as a major one.

of H,S in the reactor space above the carbon bed (through
the He)* and through the porous bed (height about 0-2 cmy)
should be negligible [7]. The fact that reduction in carbon
particle size from 28x48 mesh {about ¢-5mm) fo
150 %250 mesh (about 0-08 mm) had no effect on H,S
oxidation rates also might be taken to suggest that mass
tramsport resistance within the carbon particles has a
negligible effect on rates, However, the carbon particles
do have a distribution of pore sizes, with a significant
fraction in voids about 300 A in diameter, as seen in Table
2. The gas diffusion coefficient in the larger voids would
be significantly larger thar in the Angstrom-sized micre-
pores in which most of the surface area resides and where
the majority of H,S oxidation is expected to occur. Thus
mass transport resistance in the micropores could be
significant and yet reduction in particle size would have
no effect on H.S oxidation rate uatil the particle size was
reduced sufficiently to decrease the average length of the
micropores. Reduction to onty a 150 % 250 mesh particle
size would not be expected to be sufficient to reduce
micropore length.

Therefore, assuming that mass transport of reactants
and products in the micropores is contributing to
controlling the rate of H.S oxidation or that reaction is
occurring in Zone 1[15], for a first-order reaction it has
been shown that the reaction rate per unif external area of
the particles can be expressed as

Rate = CoV/(kAD.q) o))

where C, is the reactant concentration outside of the
particles, A is the total internal active surface area, and
D.r is the effective diffusion coefficient in the pore system
in which mass transport is limiting reaction rate.

A reduction in total pressure while keeping the pressure
of .S and Q. constant would not change C, or k. The
possibility that a change in total pressure couid affect A is
interesting to contemplate. That is, there has been a
number of experimental results reported which suggest
that a fresh edge carbon site resulting either from carbon
gasification or from gas desorption is a nascent site of high
activity[16-18]. Further, it is suggested that there are
rejaxation times associated with the sites decaying to less
active sites. The oxidation of H.S to efemental sulfur and
water is highly exothermic {about 54 kcal mole™). If the
mechanism of the reaction is taken to be an HaS molecule
from the gas phase colliding with an oxygen atom
chemisorbed on an active carbon site, reaction will result
in the removal of the oxygen atom from the carbon site,
producing a nascent site. It is suggested that the length of
time which the site has excess energy (or excess cataiytic
activity) decreases with increase in total pressure. That is,
each collision of a He atom with a nascent site would be
expected to remove some of the excess site energy.
Therefore, the average energy of sites undergoing
coilisions with 0. would be expected to be decreased.
This would, in turn, result in both a decreasing rate of
oxygen chemisorption and subsequent FaS oxidation. At
this stage of our knowledge, it is not possible to calculate
theoretically the possible change of A with total pressure.

From Figs. 2 and 3 a qualitative relationship between
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oxidation rates and amounts of oxygen chemisorbed was
seen. At saturation coverage the amounts of oxygen
picked up were 4-80, 1-60, and (-85 mg oxygen g’ of
carbon on the Os.-activated, COr-activated, and unacti-
vated carbons, respectively. To a first approximation, if
these amounts of oxvgen chemisorbed are assumed to be
proportional to A in equation (1), taking their square roots
and normalizing the data to the unactivated Saran gives
values for V' A of 2:37, 1-37 and 100 for the Os-activated,
CO.-activated, and unactivated samples. From Fig. 2,
normalized rates of oxidation over the three carbons are
1-84, 1-32 and 1-00. Thus the square root dependence, rate
~+/A, using this crude approach, holds closely when
comparing the CO.-activated and unactivated samples.
Agreement is not as good when comparing the O
activated and unactivated samples.

Change of total pressure in the reactor from 760 to
11-4 Torr might aiso affect Des. If Dex were inversely
proportional to lotal pressure the ratio of D in the
absence and presence of He would be 66-7. Taking the
square root of this ratie, according to equation (1}, gives a
valte of 81, which is in close agreement with the ratic of
oxidation rates in the absence of and presence of He in
the reactor, that is 7-7.

In light of the considerations of the possible effects of
changes in active area and diffusion coefficients on H.5
oxidation rate, it is surprising that extensive accumuiation
of sulfur in the pores of the carbon has a negligible
retarding effect on reaction rate. The filling of the total
pore volume to at least 80% with sulfur apparently results
neither in an effective coverage of active sites nor a
decrease in D.z. This ability to avoid catalytic deactiva-
tion upon extensive sulfur build-up is cerfainly the key to
the possibie effective use of porous carbons as catalysts
for H.S oxidation.

3.3 Catalytic activity of commercial active carbons
Hydrogen sulfide oxidation was studied at 140° over
three commercial, granular activated carbons. Table 4
presents some pertinent data on the carbons. Each of the
carbons has a significant ash content, but the major
elements present in the ash are variable. Whereas ali the
samples have a high SiO: content, the Barneby Cheney
sample also has a high sodium oxide content; the

Table 4. Analyses of commercial activated carbons

Barnebey-Cheney Columbian  Westvaco

N, surface area

{m* 2™ 1190 1120 1000
Hg density

(2 em™ 0-8% (-84 092
Ash conlent {%) §-25 1-57 5-66
Major constituents of ash (%)
Al O, 31 12-8 32:0
Si0. -2 322 410
Ma0 075 10 -85
a0 22 22 2.3
Fe, 0, 34 336 76
Na.( 119 12 t-7

Columbian carbon has a high iron oxide content; and the
Westvaco carbon, a high aluminum coxide content. The
ash contents of the commercial carbons could be reduced
substantially by treatment in warm hydrofluoric acid. Ash
contents of acid treated Barnebey Cheney, Columbian
and Westvaco carbons were 0-40, 0-55 and 0-75%,
respectively, Nitrogen surface areas were increased less
than 10% as a result of acid treatment.

Figure 7 presents resuits for HaS oxidation in 5 hr runs
over the original and acid treated carbons. By compari-
son, the oxidation curve for the O.-activated Saran carbon
(Fig. 2) is almost identical to that of the most active
commercial sample, that is the Barnebey Cheney carbon.
Differences in catalytic activity of the three commercial
samples are seen. Acid treatment of the samples had a
variable effect on their catalytic activity. That is, activities
of the Barnebey Cheney and Columbian carbons were
reduced; whereas acid treatment had no effect on the
catalytic activity of the Westvaco sample. As with the
Saran samples, catalytic activity for H.S oxidation could
be correlated with the rate and amount of oxygen
chemisorption, as seen in Fig. 8. The fact that acid
treatment of the Westvaco carbon had no effect on the
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Fig. 7. Runs showing the build-up of sulfur on various commercial
carbons as a function of time of oxidation of H,S at 140°. @,
Barnebey Cheney; El, Westvaco; A, Columbian. Open circles -
represent acid-treated sampies,
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Fiz. 8. Runs showing the amount of oxygen uptake on different
commercial carbons exposed for various times to an O, pressure
of 7-6 Torr at 140° @, Barnebey Cheney; B, Westvaco: A,
Columbian, Opencirclesrepresentacid-treated sumples.
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rates of H.S oxidation or oxygen chemisorption clearly
shows that it is the composition of the ash which
determines whether the ash wili have catalytic activity.
The two major constituents in the Westvaco ash, silica
and alumina, appear'to have negligible activity for HaS
oxidation; whereas the sodium oxide in the Barnebey
Cheney sample and iron oxide in the Columbian sample
appear to have significant activity. That is, the expected
removal of sodium and iron by acid treatment appears to
be responsible for loss of some catalytic activity in these
carbons.

It is noteworthy that the most catalvtically active
commercial sample, Barnebey Cheney, had a lower rate
of oxygen chemisorption and total capacity for oxygen
uptake than did the Oz-activated Saran carbon. Normaily,
commercial carbons are activated in steam-carbon diox-
ide mixtures. From resuits on the Saran carbons, it was
concluded that activation in CO; dees not lead to a carbon
as active for oxygen chemisorption as one activated in Oa.
This perhaps is the reason for the lower activity of the
commercial carbons towards 0. than the activity posses-
sed by the O--activated Saran carbon.

The effect of conducting the reaction at a reduced iotal
pressure was also studied over the Westvaco carbon. Ata
total pressure of 106 Torr (consisting of 3-8 Torr of .8
and 6-8 of Oa), the rate of H.S oxidation was 9-3 times the
rate at tatm total pressure. This ratio again compares
closely with the square root of the pressure ratio, that is
83

4, CONCLUSIONS

Microporous carbons of high purity have a significant
catalytic activity for the oxidation of H.S to elemental
sulfur. The oxidation rate is first order in H,S pressure
and zero-order in O, pressure. The rate also varies
inversely as the square root of total pressure, where He is
used as the diluent. The extent of this catalytic activity
can be correjated with the carbon activity for the

_dissociative chemisorption of oxygen. Thus it is con-
cluded that the reaction invelves the interaction of pas
phase H.S with oxygen atoms chemisorbed on carbon
active sites. The concentration of carbon sites active to
oxygen chemisorption is dependent upon the oxidizing
gas used to activate the microporous carbon. That is, the
use of O, or air as the activating pas media is more

39

efficient at producing active sites than is the use of CO..

From activity studies using commerciai active carbons of |

significant ash contents and acid-treated samples in which
most of the impurities were removed, it is concluded that
some impurities present in some commercial active
carbons are also catalysts for H.S oxidation,
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