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From Flue Gases Using Carbon
At Elevated Temperatures

The inferaction of a typical flue gas with active charcoal and bituminous coal char at temperatures between

400 and BOO°C and ctmospheric pressure has been studied,

carbon to form primarily HuS, COS, and a carbon-sulfur surface complex.

carbon bed much in advance of SO,

50, breakthrough occurs.

produce sulfur, which deposits on the carbon, has also been studied and found to be feasible.

The SO, in the flue gas interacts with the
H.S and COS breck through the
At 800°C, sulfur retention on the bed exceeds at least 119, before
The reaction of HaS and COS with O. over active charcaal at 100-140°C to

As a re-

sult of this study, a new process is outlined for the removal of $Q. from flue gas, with the ultimate conversion

Most of the processes for the removal
of 80, from stack gases recover either
50, sulfuris acid, or ammonium sul-
fate. Elemental sulfur is a more de-
sirable produet Decause of its ease in
handling and storage and greater value,
To produce elemental sulfur, 8O, ean
be reduced. A cheap materinl avail-
able for the reduction of 80, is carbon
in the form of coke, anthracite, or char
rom coal gasification processes! Coal
and coke have been widely used in re-
ducing 80, in smelter gases,® but these
materials have not been applied, to the
authors’ knowledge, to removal of 80,
from flue gas. Smelter gases have, in
comparison to flue gases, a much higher
50, content and only 2 small amount
of water. Optimum conditions in the
case of the flue gas-carbon system
would thus be expected to he different
than that used to elean smelter gases.
Therefore, an investigation of this sys-
tem, with respeet to a possible appliea-
tion in the desulfurization of fue gases,
liag been studied,

One important parameter in such a
process is the reaction temperature. A
brief look at the literature pertinent to
the subject gives an idea of the most
promising range. At temperatures be-
tow 300°C, 80, reacts with earbon in
the abgence of air and water only
stightly. About 1% of the tofal BET
surface aren is covered with chemi-
sorbed 50, as was shown recently by
Stacy and co-workers? In the presence
of water and oxygen, as in the ease of
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of the SOh o elemental sulfur.

flue gas, the carbon catalyzes the oxi-
dation of SO, to 80, and then 1o
H,80, at temperatures of about 100
to 150°C.47 This reaction is the basiz
of the Reinluft process, The chemical
and technical problems have besn in-
vestigated recently by Dratwa and
Juntgen 89 At temperatures around
200°C the sulfuric acid formed reacts
with the carbon giving CO, CGC., H.O,
and SO, (regeneration of the carhon in
the Reinluft process). The continuous
reduction of 30, to elemental sulfur
over active earbon, in the absence of
other gases, is only possible at tempera-
tures higher than 500°C3 Therefore,
it seemed reasonable to study the fuc
gag-carbon interaction in the tempera-
ture range from 500 to 800°C.

Experimentat

The interaction of a simulated Pue
gas with different earbons was studied
in a flow system. A quartz tube with
an outer diameter of 2.5 em was used
as a reactor vessel. Ii was connected
on the inlet side to the gas storage
tank., The outlet led directly to an
analyzer unis. The flue gas was passed
through the carbon bed at volume flow
rates ranging from 280 to 300 ce/min
(NTP). Residence times were recorded
for the various runs. The system was
equipped with calibrated rotameters to
measure the gas flow before and after
the reactor tube.

A mass spectrometer {(CEC gas
analyzer type 21-610) was used for
analysis of the different compounds in
the gas mixture. The spectrometer
was furnished with a capillary inlet
system, thus making possible 2 contin-
uous recording of gas composition.
Pure gases were used to calibrate the
instrument for quantitative analysis.

The simulnied flue gas mixture has

the following composition: 0.35% S0.,
349¢, Ho0, 3.29% Q,, 168% CO. in
He. Helium was used instead of N, to
simplify anaiysis of CO. Both N, and
He are inert gaszes in the process.

Results and Discussion

Reaction of Flue Gas with Medium
Activated Coconut Shell Charcoal

Though coconut, shell chareoal will
probably not be of practieal use in the
high-temperature  desulfurization of
stack goses (because it is too expensive
10 be consumed in large smounts), it
was selected to study the basie features
of the interaction. The high reactivity
of this material made it possible to oh-
tain accurate results. Some character-
istics of the charcoal used are sum-
marized in Table L

For each run about 6g of the char-
roal were pisced in the reactor tube.
The sample was degassed for 2 hr at
950°C in o He stream, Thysically ad-
sorhed water was desorbed and the sur-
face was freed from most of the sur-
face oxides. The sample was then
cocled to reaction temperature in He,
and the reaction with the flue gas
staried. Atf the beginning of the reac-
tion, the bed length was about 4.5 em.
The reaction was followed over a pe-
riod of 350 to 500 min, aceording to
the special conditions at each temper-
ature. Carbon burn-off during the re-
action ineressed from 259 at 500°C,
to about 509 at 600 and 700°C, i0 859%
at 800°C. The simplest way to de-
seribe the results obtained is to explain
the eourse of runs at two different tem-
peratures. The main features of the
interaction within the temperature
range studied were the same in all the
runs. Figures 1 and 2 show the con-
centrations of some of the different spe-
cies in the exit gas for runs at 600 and
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800°C. XNot ail the eompounds are
shown. A complete picture would in-
clude also Ha, HaO, and He; H, con-
stituted about 0.5% of the exit gas at
sooeC,

The first significant result is that for
a certain period of time no suifur com-
pound was seen in the exit gas. All
the sulfur was bound by the varbon hed
probably forming a carbon-suifur sur-
face complex. After this period, H.8
apd COS appeared in the exit gas.
Their breakthrough time increased with
inereasing temperature.  Further, their
concentration in the gas steadily in-
creased until it either reached a max-
imum, as in the case of the run at
600°C, or leveled off, as at 800°C. The
breakthrough profiles of HaS and COS
were quite different at the two tem-
peratures. An explansation is suggested.
The reduction of the 80, oceurred, es-
pecially at the higher temperatures,
within a small length at the inlet of the
enrbon bed. The primary product of
the breakdown of the 80, was prab-
ably elementsl sulfur, which either
formed a carbon-suifur surface com-
plex or, in the presence of H,, CO and
H,0, was converted to H.8 and COS.
The latter gases interacted with free
carhon sites while traveling through the
bed again sulfurizing carbon. The
more the surface was saturated with
sulfur the less the H.S and COS were
consumed, or the more was found in
the exit gas. The rate of reaction of
H.5 and COS with the carbon increased
rapidly with increasing temperature.
Therefore, more of the carbon surface
was saturated before zny sulfur com-
pound couwld leave the bed; and conse-
quently, the break-through profile was
much steeper at higher temperatures.

This iz also demonstrated in a quan-
titative way in Table II. In ecolumn 2
of the table, the average sulfur content
of the carbon bed (ealeulated from a
sulfur halance, as will he explained
Iater) and in column 3 the residence
time of the gas in the bed at the breale-

Table l. Analytical data on medium acti-
vated coconut shell chareeal.

Surface area (n-butane- 1030 my/g
ET)»

Surface area (N,-BET)" 1122 m/g

Helium densitys 2.20 gfemd

Mercury density® 0.83 g/cm?

Qpen pore volume 0.75 emijg

Particie size 4 % 18 mesh

Ash content 1.6
7.5

Average weight loss
during degassing at
950°C in He

Bed porosity 31%,

P

* Ash-free basis,
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Figure 2. Interaction of flue gas with coconut shell eharcoal at 800°C,

through time of the H,8 and COS are
listed. Even though the sulfur content
of the bed at break-through increased
3.4 times from 600 to 800°C, the resi-
dence time still decreased by 40%, in
going from 600 to 800°C.

The H.S/COS ratioc was almost con-
stant.from the very frst appearance of
the two gases. It was 3.3 at 500°C,
increased to about 6 a$ 600 and 700°C,
and decreassed again to 2.3 at 800°C.
The maximum in the experimental
H,S8/COS ratio 2t 600 - 700°C is con-
sistent with what theory would predict
if the two main reactions determining
the ratio are H.8 1 CO = C80 4 H,

and H.8 + CO, = C80 - H,0. Tak-
ing experimental values for the praduct
cencentrations of H.S, CO, H,0, H,
and Cos, computer ecalculations give
for the equilibrium H.8/COS8 ratio the
following: 2.9 at 300°C, 5.4 at 700°C,
and 1.9 at 800°C.

$0: Breakthrough and Reactivity of the
Carbon Bed

Finally also 80, appeared in the exit
gas. The break-through time increased
from 200 min at 500°C o abeut 500
min at 700°C. Ag 800°C no 80, was
seen after 450 min, at which peint the
run was stopped; only 15%% of the
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Figure 4,
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é \v\"‘ue initial carbon remained. This is strong
% o4t ng@o 1 evidence that the reduction of the 80,
g RS o1 BE to HaS and COS, at least at the higher
So3 nER temperatures, took place in a rather
@ small reaction zone. In the rums at
0.z 600 and 700°C, some elemental sulfur
condensed on the cooler parts of the
alt " < reactor tube. It appeared at about the
50z BTEAKTHROUGH same time as the 30,; its amount was
05 00 565 300 200 500 roughly one-sixth of the suifur in the
REACTION TIME, MINUTES H,S and COS.

Figure 3. Sulfur balance on the run at §00°C.
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Further cencluzions on’ the interac-
tion can be drawn by making a sulfur
balance over the entire period of the
reaction. The amount of sulfur re-
tained by the hed is caleulated as the
difference hetween the sulfur fed into
the bed as 50, and the sulfur which
appeared as H.5 and COS or in some
cages as SO. and 3 in the exit stream.
The latter information can he derived
from a quantitative analysiz of the
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mass spectrometric data.  Elemental
sulfur was determined by weighing.
The results of such & caleulation for
the 600 and 800°C runs are presented
in Figures 3 and 4. All the values are
ks E expressed in grams of sulfur. In the
o2 case of the 600°C run, the sulfur con-
tent of the bed inereased for the first
R Sy 360 min and then remained almost con-
stant. The explanation for this effect
] is thought to be straight forward,
. Bven though carhon was continuously

o . being consumed, the total surface area
BT ors & remained almost constant since the
suLFUR specific area of the carbon increased.

»
o7 Sep

o] 0o

fa

Sulfur bafance on the run at 800°C,

266 60 306 At 800°C (Figure 4) the renctivity of
REACTION TIME, MINUTES the carbon was so great that its gasi-
fication oceurred more non-uniformly,
Development of additional surface area
was not as efficient as at 600°C. One,
therefore, finds a maximum of retained
sulfur. Because some sulfur was liber-
ated from the carbon as it was con-
sumed, more sulfur eame out than was
fed into the bed for reaction times be-
yond 270 min. Nevertheless, the per-
centage of sulfur retained on the re-
maining carbon ingreased in all the
runs over the pericd investizated. The
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SULFUR CONTENT, PERCENT BY WEIGHT

o —

sulfur buildup for the runs at 600 and
800°C is represented in Figure 3.

A ; From the results of the sulfur bal.
4 ance, one can deduce whether a contin-
uous conversion of the incoming S0,
to HoS and COS at a given bed length
is possible. If 5O, breaks through the
1 bed before the bed is saturated with
1 sulfur, then a continuous reduction at
that bed length is not possible. But
if, to the contrary, hrenkthrough oe-

800°%

o

o

Figure 5, Sulfur retention
of reaction time,

%55 50 5 00 curs after saturation, the carbon bed
REACTION TIME, MINUTES length is sufficient. There is, of course,
on charcoal for the 640 and 860°C runs as a function .iIl the second case o m.mnmal length or
in other words a universal residence
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time for the gas in the carbon bed.
This value can be easily determined.
Because the bed is burning down, it
continuously approaches and then
reaches the critical length where 80, is
breaking through. From Figures 3 and
4, it can be conciuded that for the
600°C run, 80, broke through at the
same time that the bed was saturased
with sulfur; for the 800°C run, the
bed was saturated but no 80. break-
through was seen, Therefore, it can be
congtuded that in the runs at 600, 700
and 860°C the bed length was, for a
certain time, sufficient to reduce 350,
continuousty. The S0, breakthraugh
oceurred ai the critical bed length as
stated above. In the 300°C run, the
situation was different as will be shown.

The residence times at the moment
of breakthrough of 30, are caleulated
from the experimental data. They are
termed the “eritical residence times”
and are listed in Table 11, The eritical
residence times can be ireated like a
reaction velocity constans. Because the
80, concentration in the feed gag is
kept constant, these values represent a
time during which a constant amount
of 80; is reduced at a certain temper-
asure, Plotting their reciprocal against
the reciprocal of absoluie temperature
{an Arrhenius plot) should produce a
straight line. This is indeed the case
as shown in Figure 6. Sinee the value
for the 800°C run falls on the straight
line, it is suggested that the eritical
value was almost approached at this
temperature. The value for the 500°C
run is far off the line. In this experi-
ment, the carbon bhed length at the
start of the run was too small; and thus
the critieal residence time was greater
than the residence time of the flue gas
in the bed at the atart of the run. Sate
uration of the hed with sulfur was also
not achieved ar the time of bhreak-
through of 80,

A considerahle amount of sulfur was
fixed at the surface during the reaction.
It should be expected that the sulfur
bloeked some of the active sites on the
surfaee, Rates of the carbon-carbon
dioxide and carbon-steam reactions are
of concern because these reactions, in
part, determine the CO and H, con-
centrations in the exit gas, The effect
was studied briefiv. The system was
stmplified and instead of the fue
s, He-S30,(04474)-H,0(2.7%) and
He-H..5(0.505% -H,0(2.7%) mixtures
were rescted with the coconut shell
charcoal in the temperature range 600
to 860°C. Though the results are pre-
liminary, they showed the expected re-
sardation of carbon gasification but the
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effects were rather small. It is interest-
ing to note that the CO/CO, product
ratio progressively decreased as gasifi-
eation proceeded in the presence of the
mixtures containing either Ha8 or SO..

Thermal Siability of the Carbon-Sulfur
Surface Compound
For a possible application to Bue gas
desulfurization, the thermal decomposi-
tion of the carbon-suifur surface com-
peund should be considered. There-
fore, the influence of heat treaiment on
the sulfur content of coconut shell char-
conl samples sulfurized with & He-850,-
HaO mixture at 600 to 800°C was
studied. Small samples, placed i a
platinum boat, were degassed af vari-
ous temperatures in a double wall re-
actor tube for 2 hr. The results of the
experiments are shown in Table IIT.
The decrease in sulfur content up to
10600°C is smail. Tt is a well esiablished
fact that the carbon-sulfur eomplex has
a high thermal stabiligy 10.11

Reaction of Flue Gas with Other Carbons

The use of several other carbonaceous
materials, sucl as charg from coal gasi-
fication processes or anthraeite, has
been studied briefly. TExperiments
were performed in the same manner
and with the same equipment as de-
seribed above. The weight of starting
material used was about 5 to 6 g The
main features of the interaction with
flue gns were similar fo those with co-
conut shell echarcoal, though in detail it
is more complex. Therefore, only one
run with one of the chars will be dis-
eussed briefly,

A bituminous char, resulting from
partiat  hydrogasification of coal at
about 800°C, was used. Table TV gives
some of the characteristics for this par-
ticular material. The char had a rela-
sively low Na BET surface area, while
the CO, area was rather large, indieat-
ing that most of the open pore area was
in the micropore range. Ancther im-
portant difference between the char and
the coconut shell charcoal was the
smaller particle size of the char. Un-
der the experimental conditions of gas
fiow and temperafure used, this and all
the other chars were, contrary to the
coconut shell charcoal, in a fluidized
stafe.

Figure 7 presenis results of the in-
teraction of the char with flue gas at
S00°C. H.3 and COS appeared im-
mediately. With all coal chars studied,
the break-through time for these gases
was much smaller than found when
coconut shell charcoal was used and
the break-through profile was not as
steep. TFurthermore, activation of the

gas in the carban bed during the reaction.

Residence Times
for Gas at Break-
through, Sec

Sulfur Content
Re- of Carbon at
action Breakthrough

Temp., of H,$/C0OS, ——
“ 2, by Welght H.$/C0S S0
500 0.3% . 0.34 0.23
600 1.3 0.28 0.20
700 2.2 0.23 (.096
800 4.4 0.18 <0.05

REACTION TEMPERATURE, °C
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Figure 6, Temperature dependence of the
reritical residence time.”

Table ili. Remaval of sulfur from previously
sulfurized charcoal by thermal treatment.

Previous De- Sulfur
Treatment gassing Content
Temp., Temp,, o7 by
°ge °C Weight

600 Criginal 4.84
600 700 4.88
600 800 4.76
600 900 4.54
840 1000 3.96
800 Criginal 5.04
800 800 5.00
300 900 4.68
800 1660 4.76

8 Sylfurized with He-S0, (0.447%)-H.0 (2.7%)
mixture.

Table IV, Some physical properties on a
bituminous char.

Property Value
Surface area (N.BET)* 112 m#/g
Surface area (CO-BET)* 479 m¥/g
Helium density? 1.83g/cms
Mercury density® 0.80 g/cny
Open pore volume 0.56 emi/g

9,19
6395 20 X 48 mesh

Ash content

Particle size for screen
analysis

8 Ash-free basis,
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Figure 7. Interaction of flue gas with a bituminous char at 800°C.

char by the Hue gas was rather pro-
nounced. This perhaps iz the reason
for the increase in CO, CO,, and H.
{the concentration of H, at the end of
the run was about 0.29%) at times be-
tween 80 and 130 min, Also the de-
crease in .8 ar ahous 150 min could
be explained by thiz effeci. Alore of
the HaS is consumed by the freshly
developed surface. The BET N, area

; increased from an original value of 112

m3*/g to a final value of 700 m%/.
Sulfur dioxide broke through the bed
after 370 min. At thar time, 48% of
the original char was left. The abrupt
brealk-through of 80, and the simulta-
neous decrease of HoS and COS suggest
that the rexctivity of the bed was not
decreased but rather that a good flui-
dized state wag no longer maintained.
The gas was channelling through the
bed, only partly reacted. As in the
case of the coconut shell charconl, it is
concluded from the sulfur balance that,
a continuous productioa of H.S and
COS from 30, iz possible at 800°C.
The “eritical residence time” is nof as
easily determined as with the coconut
shell charcoal, A rough estimate gave
n vaiue of about 1 sec for all the char
samples. This value might be some-
what too high since, as just discussed,
it is suspected that ideal fluidization
conditions were not achieved, The sul-
fur uptake of the chars was about 10%
hv weight.

Conclusions from the Resulfs Obtained on

the Removal of S0, from Flue Gases

Two possibilities for removing S0,

. fram stack gases can be envisaged as a

-

result of these studies:

1. Some sulfur iz fixed at the surface
of the carbon aven in the presence
of Ho0, CO, and CO. hefore any

860
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Figure 8. Conceniration profile of sulfur in
an active carbon bed after an H,S-oxidation

sulfur breaks through the bed (the
bituminous char mentioned above
being an exception). A process with
a eyeling bed could be imagined dur-
ing which the SO, is bound as sulfur
to the earbon surface between 6G0
and 800°C. The carbon bed is re-
generated by lesting to a fempera-
ture where the sulfur is released
from the carbon.

. Sulfur dioxide is reduced in a con-
tinuous reaction to Ha.S and COBS.
These products could be either re-
moved by adsorption at tempera-
fures between 25-180°C and affer
desarption converted by the Clauss
precess (2 Ho3 4 80, — 2H.0 +
33) to elemental sulfur or eould be
oxidized directly on an activated
carbon. Active carbon is a good
catalyst for the reaction H.S + 1/2
0, =+ 3 4 H,0. Also COS is oxi-
dized under these eonditions to sul-
fur, as will be demonstrated later.
The final product would be elemental
sulfur in both processes.

R

The first possibility can be ruled out
for several reasons. The breakthrough
time for any sulfur species is reasonable
at 700 and 800°C in the case of the
activated coconut shell charcoal. But
it drops considerably when a char is
used. In the case of the bituminous
char deseribed above, Hl.3 and COS
appeared immediately. Therefore, only
a very smali amount of sulfur could be
fixed on the carbon. Furthermore, the
regeneration of the carbon would he a
serious problem. High temperatures
are required to decompose the carbon-
sulfur-surface complex, as was seen
sarlier.

More promising is the second possi-
bility. Experiments have proved that

experiment at 142°C.

a continuous reduction of 30, 1w HaS
and COS within the temperature and
eoncentration range studied s quite fea-
sible. The adsorpiive removal of H,8
and COS under the actual conditions
in a power plant and their conversicn
inte elemental sulfur in a separate unit
has no advantage over the direct re-
moval of the 30, itself. The adsorp-
tion has to oceur af around 100°C. Ay
this temperature and at the concentra-
tions involved, a large amount of ad-
sorbent would be required. A very
convenient method to remove Hys from
gases is its catalytic oxidation over ac-
tive carbon with elemental oxygen.
This reaction has heen applied on a
large scale to purify gases1® Tt is es-
pecially applicable for gases with a
very low HiS concentration. Because
the temperature of the carbon catalyst
is mostly kept below the due point of
sulfur, the activity decreases with the
deposition of sulfur. The carbon has
to he regenerated. The uptake of sul-
fur is considerable; up to 70% by
weight of the earbon bed is reported.t?
Water plays an important role in the
reaction. The sulfur content of the
bed a% the time when the first traces
of Ha3 appear in the exif gas is, in the
cagse of a dry H.5-0, mixture, only
7, of that when a wet siream is used.
Another eompound thai enhances the
oxidation is NHy  An important ad-
vantage of the reaction is its high ve-
locity. The gases can be passed through
the bed nt very fast flow rates. Vari-
ous methods have been deseribed for
the regeneration of the carbon. The
slfur can be extracted with organic
soivents ar ammonium sulfide or blown
out with super-heated water vapor at
about 180°C (the liguid sulfur is a4 &
tow viscosity}.1® The mechanism of the
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reaction has been investigated in great
detail by Siedlewski.13.14

H:8 and COS Oxidation hy Oy over
Coconut Shell Charcoal

COS was formed in a considerable
amount during the reaction of flue gas
with earbon. If was of interest to fearn
i COB could also be oxidized by oxygen
aver active carbon, as is HoS, aecord-
ing to the equation COS8 + 1/2 0, —
3 + CO.. The reaction was studied
briefly and a comparizson with Ha8 oxi-
dation under similar conditions was
made. Experiments were run at 143°C.
A He-H,3(0.719%)-0.(0.38%) -H,0-
{25%) or a He-COS(0569%)-0,
(030%)-HaO(2.5%) ‘mixture was
passedd through the carbon bed. The
residence {ime was 1.4 sec. Analysis of
the produect gases was performed with
the mass spectrometer as described
above, For the H.S mixture, break-
through oceurred when the average sul-
fur content of the bed was 18.6%, or
after 63 » 10~ moles of H.S had been
oxidized. For the COS mixture, breal-
through occurred after the bed had re-
tained only 1.6% sulfur or 5 x 108
moles of COS had been oxidized. Thus,
carben is a poorsr catalyst for COS
oxidation than it is for H.8 oxidation.
Further experiments are desirable to
obtain additional information on this
subjeet,

The sulfur in the carbon bed was not
distributed homogenecusly. TFigure 8
shows the concentration profile of sul-
fur as a function of the carhon bed
length afier one of the H,8 oxidation
experiments. The sulfur content was
rather high at the inlet of the bed,
which is of importance in any practical
application (moving bed).

A final test established the feasibility
of removal of SO, from fue gas as just
described. A second reactor tube con-
taining 11 g of coconut shell charcosl
was connected to the outlet of the re-
duction reactor tube. The flue gas was
reacted at 790°C. A slight excess of
oxygen, required for the oxidation of
Ha3 and COS, was sdded to the con-
verted flue gas. Then the mixture was
passed through the second carbon bed,
which was held at 100°C (residence
time in the catalyst bed 1.6 sec). The
experiment was run for 4 hr. Ne sul-
fur compound was seen in the exit gas
during this period. At intervals, the
gas coming from the reduction fube by-
passed the oxidation tube and the H.8
and COS concenfrations were measured.
The ratio HaS/COS was 2.5, Over the
run, 0252 g of elemental sulfur was
formed, bringing the sulfur content of
the catalyst bed to 2.29.

Proposai of a New Flue Gas Desulfur-
ization Process

The results of this investigation en-
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courage us to outline a process for the
removal of 80, from stack gases.
Basically two units are required

1. The 8O, of the flue gas is converted
in the first reactor to H.8 and COS
by reduction with carbenaceous ma-
terials.

. The gas coming from this unit is
cooled down, oxygen (air) is added,
and H.5 and COS zre oxidized in a
seconrd reactor to elemental sulfur.
Active carbon could be used as a
catalyst.

S

From ihe temperature at which the
two uniis have to be operated, their
place in a power plant is determined
automatically. The reduction reactor,
working at high temperatures, should
be located in front of the air preheater.
It could be a fixed or fluidized bed re-
actor. Its operaiing femperature is a
question of optimization, Acsording to
the results of this work, it sheuld be be-
tween 600 to 300°C. A low tempera-
ture has the advantage of low CO and
H, concenirations. On the other hand,
the carbon bed length must be greater,
resulting in & larger pressure drop.
The heat required to bring the flue gas
from around 300°C when leaving the
steam superhesters to 600 -800°C
could be supplied by the combustion of
a partion of the earbon in the reactor.
A heat balance reveals that 2 minimum
of 4% 0O, in the feed gas is necessary
to heat up the gas by 500°C. If some
type of heat exchange would be used,
the amount of oxygen could be de-
erensed to a level which is usual in fue
gases (~225). By tlese means also the
amount of carbon burned in the reac-
tor would be within reasonable limits.
The heat evolved by the combustion is
not wasted because it is fed back in the
air preheater.

Carbon monexide and Hs are not de-
sirable produets. Their concentration
could be reduced by reacting part of the
Hue gns, which could by-pass the carbon
hed, with the converted gas. SO, and
0y would reexidize the gas, consuming
the CO and Ha. The fly ash could act
as a catalyst. Small amounts of CO
could be tolerated. The threshold lim-
its for CO are a hundred times higher
than those for 80, thus CO is the less
serious pollutant.

The second step in the process is the
oxidation of .8 and COS. This unit
should follow the dust colleetor. It
could be operated at the gas tempera-
ture at that part of the system (150°C).
Because no cooling is necessary, the gas
does not lose its buoyaney. The cata-
lyst bed could he a suitable type of
active carbon. It is cyeled and regen-
erated in a separate unit, where the sul-
fur is removed by some process as de-
seribed earlier.

Whether this proposed method of de-
sulfurization of flue gas is commercially

feasible cannot be answered af prosent.
The results of this investigation have
elearly demonstrated, however, that the
method is technically possible, The
authors feel it should recoive furtlier
attention,
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