Simultanecus Removal of Hydrogen Sulfide and
Organic Sulfur by Nickel Catalysts

Scme work has baen done at Morgantown with nickel catalysts for use in
a manner similar to the Huff catalysts for simultaneous removal of hydrogen
sulfide and organic sulfur, Data are not complete enough to report at this
time. . - , :

Indications are that, while under certain conditions, results equal to
the performance of the Huff catalysts can be obtained by nickel catalyst,
difficulties are encountered with revivification., In most experiments,
efter catalyst pellets had absorbed a certain amount of sulfur, a silvery
coating (evidently nickel) envelops the pellets, preventing subsequent
revivification by air., Treating such pellets with acid does not evolve
hydrogen sulfide until the pellets are broken, exposing the black, sulfided
interior., One théeory is that nickel sulfide,~which ig first formed, is
reduced to metallic nickel by prolonged heating in a reducing atmosphere,

This theory is supported by results obtained from supported catalysts, .
Nickel on pumice, for example, if sulfided to the break point, was success- -
fully revivified in some instances. In such cases no metallic coating was
observed, ZEven such catalysts, howsver, if subjected to prolonged treatment
by hot reducing gas (with or W1thout hydrogen sulfide) behaved in a manner
similar to the pelletted catalyst, and revivification could not be accomplished

In those experiments where revivification wag obtained, virtually all of
the sulfur was removed during the burn-off, very little belng evolved during
the first part of subsequent purification run, This difference from the
behavior of fhe Huff catalysts makés‘further study of nickel catalyst desirable

Alkalized Iron for Removing Organic Sulfur
Alkallzed iron was found to be successful for reEOV1ng organic sulfur -

(except thiophene) from synthesis gas in German synthetic-liquid-fuel plants.
For this reason, alkalized-iron treatment has been included in the purificetion
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train of the Bureau's demonstration plant at Louisiana, Mo. Its use in
this plant is intended as a safety precaution to protect the Fischer- )
Tropsch catalyst in case of failure of the activated-carbon removal process
which precedes the alkalized iron,

‘Actually, cost estimates repared at Morgantown33/ indicate that the
alkallzed-iron process is much more expensive than removal by a relatively
low cost activated carbon studied by the Bureau's Morgantown laboratory,

The high cost of alkalized-iron treatment of gas had led the Burcau
to work on the development and investigation of other processes for remeving
organic sulfur, For this reason only a limited amount of work has been dene
with alkalized iron, and that work has been chiefly in connection with select-
ing a suitable material for use in the demonstration plant,

One sample of material submitted by an American manufacturer was found
to be much lower in alkali content than that used in the German practice.
In Germany, alkalized iron generally contained 30 percent Va2C03. The sample
submitted to the Bureau contained only 1.2 percent alkall as NaQCO s :

Operating at 300 p.s.il.g., a temperature of 250° C., and a space ve1001ty
of 9,000 standard cu. ft. of gas per hour per cubic foot of catalyst, 25 -
grains of organic sulfur, as carbonyl sulfide,. per 100 cu. f£t. of gas were
removed to a concentratlon below 0.1 grein ner 100 cu, ft. of gas until the
st01ch10metrzcal amount of sulfur equivalent to the alkall content had been
renoved,

Further work on eslkalized iron is in progress.

Removal of Orgenic Sulfur by Activated Carbon

A number of samples of activated carbon were tested for their abillty
to remove organic sulfwr compounds from gas. Work was confined to the study
" of thiopbene removal at atmospheric pressure and of carbonyl sulfide at
- 300 p.s.i.g. .

Removal of Thiophene by Activnted Carbon

Adsorption tests for thlophene removal were mads on four Columbia
carbons, CXA (4 x 6 pellets), SEA (6 x 8 pellets), SW (L x 1k granules),’
and S (h x 14 granules); three of the best carbons used by the Germans in
their gas-purification systems, Supersorbon WS, SK, and TS (6 x 8 pellets);
and cne Pittsburgh Coke & Chemical Co. carbon, BP_(k X 14 granules).

By using 35 cc. of each carbon bed depths of & inches were obtained.
Later tests showed that, with somevcarbons ~this bed depth is enough to
give a true evaluation of & carbon's adsorptive capacity. Hydrogen, used
as carrier gas, was bubbled through dibutyl phthalate containing the amount

33/ Sands, A, E,, end Scamidt, L. D,, The Recovery of Sulfur from Synthesis
Gas: Paper presented at 117th natlonal meetlng, Am, Chem. Soc.,
Houston, Tex., March 1950, .
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of thiophene neceasary to give the hydrogen a sulfur comtent of 4 to 5
gralns per 100 cu. ft. The thiophene content of the inlet and outlet gas
was determined by the isatin method. The tests were run at room tempera-
ture and atmospheric pressure, using a space velocity of %00 hr.-1,

The break point in these evaluation tests was considered to be O. 1
grain of sulfur per 100 cu. ft. of gas. When a carbon began passmng this
amount of thiophene, it was taken off stream.

The carbons were regenerated by steaming for 6 hours at 75 P.S. i.g.,
followed by drying in air for 2 hours at 05° ¢,

In all carbon evaluation tests, no attempt was made to determine
attrition losses. Carbons were evaluated solely on their capacity for
adsorbing the sulfur compound rresent in the geas. However, the volume -
and weight of each carbon were noted after each regeneratlon, and in no
case did there appear to be any noticeable loss in carbon.

Table 14 summarizes the data obtained from the tests on the removal
of thiophene.

' TABLE 1k4. - Removal of thiophene with activated carbon -

Spaée velocitys 400 hr,-1 :
Inlet C,H,S concentration: 4-5 gr. S/100 cu. ft.

No. of | S adscrbed, Percent of original
Carbon regenerations .| . gram/gram C | activity recovered

Columbia: ’ o v

CXA....-.“..-..-.. . - ,‘ 09050 -

SXA-Oo';.o.cno-ooou "Av : ‘055 -

oooo.-oocconouon-. o - : '057 ] ‘-

Columbia: ‘ : ' -

cXA-oni.oo;.aloncoo l .0324» . _ . 68

SXA.O.O'QO..O.IOCQ'., 1 QO)"'E 6

S‘\{....".l.l"'.ll. l .Ohg ’ 6
Columbia; - - '

GXAOOOOIOOCOQCOOOOO 2 -037 : 75

SXA..».....QCIICCOOOO 2 -O)‘!'Ll' 80

m’.l.oi."‘l...-‘a 2 .Oh'6 " 80 T
Supersorbon: - | T . A

Wsnnoo-lcoboo,oooo-- bl : . - '035 ' -

SKO.IQC...".O.'.O.O - . N .Oll-)-# ‘ . -

(AN RN NN NN RN Y RENER] - . .032 -

Columbia: : o R

S.o-.onooonoa.-o-uoo - - ) : .070 : -
Pittsburgh: . .

BPC..I."..ICI.-..' - . |O5l : -
Columbia: o | |

SCC..C..I.........Q 1 _ 0066 . . _ 9}'!'
Pittsburgh: ‘ o

BP'onncocqooooQ’oooc l .0""3 . 85
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The Superscrbon cerbons: sxhibited the lowest initial adsorptive capacity;
congequently, testing of thesme carbons was discontinued without any regenera-
tions,.

It should be noted that all of the remalnlng carbons lcst scme oP their
activity after the first regeneration. No further ‘loss in activity, however,
resulted after the second regenmeration. The greater adscrptive capacity
experienced in the first cycle is characteristic of adsorption in general
and is supposed to represent a certain amount of carbon suwrface which retains
the adsorbate so tenaciously that regeneration falls to remove tne adsorbed
Impurity. . :

From the date presented in table lh 1t canfbe seen that the uolumbla S
carben displayed the greatest capacity: for thiophene, adsorbing 6.6 percent .
of its weight in sulfur after one regeneration. The remaining carbons, with
the exception of the CXA which had a scmewhat lower CaPuClty, adsorbea 4 to
5 percent of their weights, , ;

Although no thiophene has been found in the synthesis gas nroduced in
the Bureau's pilot plant, the removal ‘of: thicphene by:activated carbon should
be of interest wherever it might be desired to nurlfy coke-oven gas which
contains appreciable concentrations of thiophene. Because: thiophene resists
attack by catalytic conversion methods, adsorption by activated carbon is of
special interest. . . . - oo L L e

Removal of Carbonyl Sulfide by Activated Carbon -

As more 1nformat10n became available from operation of the‘Bg;eau s
Louisiana, Mo., Demonstration Plant, 1t became anba*ent that’ thlophene 'is
not involved in the organic sulfur problem. Cost estimates for removing
orgenic sulfur by means of alkalized iron indicated that such removal would -
be expensive, so 1t was desired'to investigate the practicability of ‘removing
organic sulfur compounds (other'than thiophene) by means - of ‘activated carbon.,
This work was undertaken, with S$pecial reference to the selsetion of a suit-
able carbon for use at the demonstration plant, where the alhallzed-lron
catalyst vessels are preceded by activated carbon drunms, . » o

While no determination of individual organic sulfur cempounds (other
than thiophene) has been made on the Bureau's synthesis gas, it is quite
likely that carbonyl sulfide predominates. Activated carbon would not be_
expected to remove carbonyl sulfide as satisfactory as the other forms of -
organic sulfur compounds becausé carbonyl sulfide is a gas rather thén a. .
vepor. For these reasons, in the removal of cerganic sulfur from’ synthe31s
gas by activated carbon, the removal of carbonyl sulfide would be control-
ling, and therefore tests were made using this gas. : .- .

Since no commercial sources of pure carbonyl sulfide were available,
it was necessary to prepare the compound, (It is understcod that Matheson
Co., Inc,, will soon make carbonyl sulfide available in cylinders) Carbecnyl
sulfide was prepared in the Bureau's laboratory, using a method communﬂcatéd
to the authors by Je. A, Shaw, Mellon Institute, Plttsburgh Pa. :
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According to this method, a saturated solution of potassium thiocyanate
is reacted with 40-percent sulfuric acid, The evolved gages are bubbled
through a 20-percent potassium hydroxide solution to remove any acid gases
formed, followed by a 25-percent (by volume) solution of aniline in alecohol
to remove carbon disulfide, The gas is then passed over ice chips to remove
alcohol and water vapors, finally being collected in gas semple botiles over
mercury, This method is slow and tedious but appears to be the best one for
producing emall amounts of pure carbonyl sulfide. A few bried experiments
were tried whereby carbon monoxide was reacted with elemental sulfur at
elevated temperatures but abandoned as being more uncervain and less cenvenient.

The carbonyl sulfide was displaced from the gas sample bottles, by means
of mercury, into é&n évacneted gas cylinder, Presswre in the cylinder was then
built up to 1,000 p.s.i.g., using hydregen and nitrogen. Cylinders were
allowed to stand several days to permit thorough mixing by diffusion.

Appaeratus used for testing was fabricated from 1/2-inch extra-heavy pipe
fittings and nipples., Gas flowed down through the carbon; 13 cc. of carbon
was used as sample in each case, giving a bed depth of approximately 3 inches.
For tests at higher velocities, glass wool was placed on top of the carben to
trevent lifting anid entraimment, :

The piping assembly provided for two samples of carton to be run simul-
taneously, operating pressure being held at 300 p.s.i.g. by means of a pres-
sure regulator on the cylinder, Throttling valves at the ocutlets oft the
cerbons were provided, with pressure dropping to approximately atmospheric
following these valves, Provision was made for sampling gas at the inlet
and outlet of the carbons, sulfur content being determined by the platinum
spiral method. : . _ :

The two carbons tested under these conditions were Columbia S and
Pittsburgh Coke & Chemical Co., BP. One run was made on & 3-inch bed depth
and repeated using a 9-inch bed depth, For the two runs, fresh carbon wes
used in each case. The amounts of sulfur adsorbed to the break point (0.1

_grain of sulfur per 100 cu. ft.) and to a point where only 25 percent of the
inlet concentration was being removed were determined. '

. The latter point is designated as "total" and is of interest in appli-
cations where it is desired to only reduce the concentration of organic
sulfur, with final removal being effected by some other means. This is the
method of operation contemplated for the demonstration plant, where fiml
removal is to be effected by alkalized iron,

The results obtained are shown in table 15. Increasing the bed depth
from 3 inches t¢ 9 inches greatly improved the capacity of the 5 carbon but
hed no appreciable effect (within the precision of the experiment) on the
BP carbon., Because of this marked difference in effect of bed depth, further
work with the 3-inch bed depth was abandoned.

In examining the results of subsequent cycles after the first, the BP

carbon held its initial capacity but a very considerable loss in capacity
was noted in the case of the S carbon,
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TABIE 15. = Removai of carbonyl sulfide by activated carbon

Space velocity: U430 hr,-1

3~inch bed : 9~inch bed

Inlet S adsorbed, eram/sram C S adsorbed, gram/gram C
Run| concentration Break point " Total Break noint: Total
No. lgr, S/100 cu. £t.]” BB S S S BP S BP 5
1 29.2 0.C12|.0,021 10,016 {0.038 |
2 27.0 ‘ 0.11 | 0.057 10.013 | 0.07%
3 5.1 L0184 021 | ,019 | ,02kL
L 25,1 ' 013 | .oxk | .ok | 016

It was noted that, on drying the S carbon at 260° C. as part of the re-
generation treatment, condensate from the effluent nitrogen containcd consid-
erable elemental sulfur., This did not happen with the BP carbon, nor was
this observed with the S carbon when previcusly used for thiophene adsorption.
It was later learned that the S carbon has en alkaline reaction, due to the
rresence of calcium salts, and it was concluded thet carbonyl sulfids reacts
with the alkali forming compounds not evolved by means of 75 p.8.i.g. stean.
Heating to 260° C, apparently broaks down such compounds with the separation
of elemental sulfur, ‘

Presence of the alkali in the S carbon would account for the higher
initial activity of the carbon and consumption of this alkali, togsther with
probably incomplete remcval of the elementzl sulfur formed on dccomposition,
would account for the reduction in capacity in subsequent runs. This also
explaing the large drop in capacity betwcen runs 1 and 2 compared with a
small drop between runs 2 and 3.

In all regenerations of all carbons tested for carbonyl sulfide-removal
abllity, the presence of hydrogen sulfide and sulfur dioxide was noted in the
effluent drying gas, Carrier gas, steam, end nitrogen used were tested and
found to contain no oxygzen. It is believed that cxygen may have been adsorbed
from the air in handling the carbons, which could have reacted with some re-
maining carbonyl sulfide to produce sulfur dioxide at the higher temperaturec
of drying. Moreover, it is conceivable that moisturs could react with carbonyl
sulfide at 260° ¢, to form both hydrogen sulfide and sulfur dioxide.

This evolution of hydrogen sulfide and sulfwur dioxide will be significant
if, in plant operation, purified synthesis gas, available at high temveraturcs,
is used as drying gas, since the effluent drying gas would require purification
before being used for synthesis., C

Because of the regeneration difficulty experienced with the S carbon,
which was attributed to the alkalinity, the manufacturer supplied a sample
of carbon which had been treated to removs alkalinity. This carben was
identified as SA, Several tests on this carbon alone were carried out to
determine whether regeneration difficulties hed been eliminated., Data ro-
sulting from these tests are presented in table 16, These tests also employed
9-inch bed depths, .
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 TARLE 16, - Data from tests of SA carbon

Sp. Inlet COS S adsorbed,
“Run | vel., ccncentration of gram/grem C Percent .original
No., |hr,-1 | $/100 cu, f£t., gr. | To breakpoint Total activity recovered,

1 325 35.5 0.0342 0.0395 -

2 L25 " 20,2 .0239 L0267 €8
3 364 26.9 .0278 L0314 80
Lo} kee 24,0 .0252 L0252 Th
) 379 - 252 L0260 L0292 T4

ithough runs affer the first show less sulfur adscrbéd then in the
1n1t1al run, the difference is believed to be due to lower inlet concentra-
tions employed. It is significant that there is no progressive loss in
capacity; to the contraﬁj3 results from runs 3, 4, and 5 show better capac-
itics than that for run 2,

As the authors were satisfied that the regeneration difficulties experi-
enced with the elkaline S cerbcn had been eliminated with the use of the
alkalil-free SA carbon, werk was resumed on the campariscn with the BP carbon.
All previous tests had utilized a carrier gas that was free of carbon dioxide,
It was now decided that, for evaluation purposes, carben to be used on synthe-
sis gas should contain a concentration of carbon diozide corresponding to that
of synthesis gas. A series of tests with varying carbon dioxide concentrations
in the inlet gas was then carrled out. Results of these tests will be found
in table 17. - )

" These tests show that carbon dioxide has a marked effect on the capacity
- of activated carbons for cerbonyl sulfide adsorption. Moreover, thls effect
is more pronounced with the SA than with the BP carbon, resultlng in improved
relative capacity for the BP carbon when carbon dioxide is present in the gas.
Thus, when the gas contains no carbon dioxide, the test showed that the rela-
tive capacity of the BP carbon was 40 RS percent of the capacity of the SA
carbon, while with 37 percent carbon dioxide in the gas, the relative capacity
of the BP carbon was increased to 97.2 percent,

Unfortunately in .this series of tests, the gas used in two of the runs
(2 and 4) varied considerably in carbonyl sulfide concentration, owing to
the use of cylinders that had not stocd long enough to obtain uniform mixing
of the carbonyl sulfide with the carrier gas., This did not invalidate the
geries of tests as a whole, however, . : :

The improved relative performance of the BP carbon when carben dioxide
is present in the gas - as will be the case in synthesis gas - is of consid-
erable importance, Although the SA carbon is still superior in adsorptive
capacity to the BP, an appreciable difference in the price for the two carbons
made further consideration of the BP cerbon necessary., The SA carbon, an ex-
cellent grade of éocoanut-shell carbon, sells for around $1,10 per pound in
large quantities, while the BP carbon, which is made from coal, sells for
35 cents per nouni
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TABLE 17, - Tests at vorying concentrations of COp

' | Relative
| Sp. | 0o  Inlet CCS capacity
Run ivel., in gas, | oomcentrstian, | S adsorbed, gram/grem C| of BP,
No. Carben ihr.-lpercent |gr, S /100 cu, ft.| Preek point! Total percent
11 8a | 325 o | 35.5 0.0342 | 0.0395 48,4
| BF | 352 0 3545 0155 0151
2 | Sa | 284 Tl 19.5-55 .0060 0136
LB |-276 Tl 19,5-55- +0034 .009L 67.0
3 S& 387 15.8 3245 0069 .0108
BP 338 15.8 3245 0042 «0075 68.5
L | sa 326 3340 25-31 »0026 .0053 :
EP 365 33,0 25=31 .0009- NololN} TTok
51 SA Lok 3740 38 - | .0010 - .0035
BP 368 | 37.0 38 ; #0017 <003k 97.2
i
6| sa 522 18.1 345 0067 «0120

values epproximeting those for synthesis gas,

Cons eq_uently, a new series of tests was run, keeping the carbon dioxide
and carbonyl sulfide concentrations as nearly constant as possible , and at

obtained.

Table 18 shows the results

It will be noted that these results show a samewhat higher relative
capacity for the BP carbon than was obtained fram Run 4% of table 17 which was
the nearest approximation to the conditions of the present series of tests.

No explenation is available for this difference, unless there was & difference
in the degree of regeneration obtalneds

TABLE 18, ~ Additicnal tests of BP and SA carbans

‘ | o , Relative
Operating | Sp. CO2 Inlet COS S adsorbed, capacity
Run |Car- |pressure, - vel., |in gas, concentration, gram /grem C of BP,
Nos ibon | peSeiege hr.-1 percent. |gr. 8/100 cu. ft. Break point| Totael |percent
184 300 291 16.3 . 26.0 . .0,0069 0.0100
BP | 300 341 16.3 26.0 O0kT L0084 84,0
BP 300 302 15.8 25.0 <0041 .0071| 85.0
3 | Sa 300 Lo6 17.8 - 22.7 L0045 0071
B | 300 371 17.8 22.7 0036, L0057 | 80.3
Y isa } 300 498 13.2 3245 L0062 0143
BP | 300 368 13,2 3245 .0068 L0124 | 86,8
5 | SA 0 - 348 15.7 19.6 +0018 0029
BP 0 - 31k 15.4 19.6 0013 | ,0018| 62,2
6 ; SA | o 3L L 15,7 3642 0021 +0039
B! 0 310 | 15,4 36,2 0017 L0026 | 66,7
3313
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The four runs (at 300 p.s.i.g.) shown in table 18, however, show good
reproducibility and are believed to be reliable. The relative capacities
for the BP carbon range fram 80.3 to 86.8 percent, a narrow range consider-
ing inevitable differences  in gas composition and probebly in effectiveness
of regeneration. '

Runs 5 and 6 of table 18 were operated at atmospheric pressure, to show
the effect of pressure on the adsorpticn process, Capaclty (either to the
break point or the 25 percent removal point) ‘is increased in the crder of
3 or 4 times by increasing the pressure from 1 tc 21 atmospheres absolute.

In all of the preceding tests using 9-inch-bed depths, space veloclties
at standard conditions had been held to 300 to 400 and corregponding linsar
velocities approximately 10 ft. per hour (at flow conditicns). It was now
desired to run tests at linear velocities more nearly comparable to plant
conditions at the demonstration plant, Accordingly, tests were carried out
on SA and BP carbons at a linear velocity (flow conditions) of 500 ft. per
hour and higher. To prolong the test.suffigiently to obtain data, the bed
depth was increased to 3 feet. : T

- At the same time, to cobtain the high velocities desired without con-
suming a prohibitive emount of cylinder gas, the diameter of the beds was
decreased, For those tests, the carbon was contained in 3/8-inch extra-
heavy pipes, instead of l/2—inch size as Heretofore. To reduce edge effect
in the smaller pipe, carbon was ground to 16- by 20-mesh, With this size
of carbon, it was possible to have at least 8 granules of carbon across the
diameter of .the pipe. :

A comparison was first made between the 3-fest and 9-inch bed depths at
the previous velocity used, that is, 10 feet per hour, using BP carbon in
both beds, The purpose of this test was”to determine the effect of bed depth.
Using the same gas (28.0 percent COp and 22,5 grains sulfur per 100 cu. ft.),
the 9-inch bed showcd a capacity of 0.0045 gram of sulfur per gram of carbon
and the 3-foot bed a capacity of 0.0042 gram per gram. These results vali-
dated the results obtained with 9-inch bed depths, since no aprreciable
difference in result was obtained between the 9-inch and 3-foot depths,

Next, BP and SA carbons were compared, using a 3-foot bed depth and a
linear velocity of approximately 500 feet per hour. Table 19 gives the

results of these testa.

TABLE 19, - Tests comparing carbons BP and SA

i Sp. | Linear co, - Inlet COS |  © adsorbed,

Run ' vel. vel., | in gas, ! concentration, ‘gram/gram C
No, |Carbon | hr. 1 g4, /hr, | percent | gr. S/100 cu. ft. [Break point | Total
1 BP 3,590 510 17.5 32,1 0.0060 0,0078
2 BP. | 3,560 505 18.0 32.1 _ 40055 .0078
3 SA 3,500 469 14k 30.3 T L0075 L0110
4 SA 3,720 500 18.0 27.5 S A o o' £ 'S S ¢ Yo g
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It is cbserved that each carbon exhibits substantially the same adsarp~
tive capacity under the new condition of- greater bed depth and higher velocity
ag it did when tested at the lower velocity and using a shallower bed depth,

At this time, Pittsburgh Coke & Chemical Co. supplied a new sample of
carbon (GW) which was quoted at 15 cents per pound, and no further work was
done with either the BP or SA carbons.

Table 20 gives data from a series of runs made cn carbon, in which the
carbon dioxide content was varied from O to 3,5 percent and the carbonyl
sulfide concentration was varied from 5.1 to 48,6 grains of sulfur per 10C
cu., ft. These data are graphically presented in figure 17, Ccmparing taese
data with those previcusly presented for BP carbon, it is evident that the
performance of the GW carbon is substentially the same as that of* the BP,
The effect of carbon dicxide on the performance of the GW carbon is similar
to that experlenced with the BP carbon.

TABLE 20, - Resulfs of tests on carbon GW

Linear : COp i Inlet COS | S adsorbed,
Run | Sp. vel,, vel,, in gas, | concentration, | grem/crem C
No.| nr,-1 £t,/hr. | percent | er. 5/100 cu. ft.. Break point | Toial
1 4,210 ho 15.6 22,8 ~0.,0041 - | 0.0058
2 k,110 ' 486 17.9 30.8 : L0056 0075
3 L,050 L68 17.9 - 27.3 _ -, 0050 . 0069
L 3,950 450 16,7 L8.6 .0083 L0111
5 4,470 4o8 16.5 21.8 -~ .0055 .0075
6 L 650 500 .1 7.0 .0018 . 0024
7 L 1ko 430 3L.5 23.6 . 0021 L0034
8 k700 L8y 0 20.0 L0195 ,0212
9 4350 432 16.0 - 12.5 . 0026 , 0035
10 | 4,270 Los 8.7 9.7 .0016 . 0022
11 770 77 19.7 10.0 L0036 ! ,0066
12 . 992 97 19,7 18.6 .00k0 . 0055
13 1,010 | ol 16,3 32.6 <0063 .0C79
| . 9,570 1,083 1,1 23.1 .00L3 006k
15 9,520 | 1,060 0 2k,g 0229 | ,0259
16 21,500 | 2,170 0 22,9 o2kl L027h
17 18,600 1,960 10.8 22,k .0059 .0078
18 18,600 ! 2,020 11.3 25.9 L0071 L0096

- In.carrying out the tests, results of which are presented in table 20
and figure 17, it was noted that in run § , where the inlset crganic sulfur
content was 7 grains per 100 cu. ft. s the carbon reached the break-point at
about the same timé as in those runs where the orgenic sulfur content was as
high as 30 graihs per 100 cu, ft. T o -

Because of this ovservation, more tests were run in which the organic
sulfur content of the gas to be treated was veried, These tests proved that
the service time of the carbon to ‘the break-point is the same within limits
of organic sulfur content between 10 and 30 .grains peyr 100 cu. ft. when the
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linear velocity is between 500 and 2,000 feet per hour. (‘I‘he 2,000 linear

velocity corresponds to a space VelOCl'tJ of 21,000 hr. ). For concentra,-

tions above 30 grains per 100 cu, ft., and also when the velocrcy is lowsred

to 76 feet per hour, the service time is affected by changes in concen"’"atlon
and velocity.

The lack of dependence of service time (within limits) on concentraticn
of organic sulfur was next confirmed with BP and SA carbons. Data from cne
run follow:

Sp. | Linear S adsorbed,

Run ! Carben| vel., | vel., COp Inlet COS conc. gram/gren C,
No.| used | hr, ft./hr. | in gas, |S/100 cu. ft., gr.|Break point Total
1 BP 3820 Lot 15.9 12.5 | 0.0025 0.0031
1 SA 4170 432 15.9 12,5 ' L0037 .0050

Comparison of these data with those previously presented shows that re-
ducing the organic sulfur to one-half the former value did not change the
service time, )

The fact that the service time .of the carbons is the same for inlet
organic sulfur concentrations between 10 and 30 grains per 100 cu. ft. is
important, since it peints to the fact that, if the active carbon is used
for removing organic sulfur, the rcmoval cos’c does not change (within the
limits indicated) for changing organic sulfur concentrations. Service time -
that is, the length of the adsorption period in the cycle - is the determining
factor J.n cost of removal, gince this determines the size of vessels used and
the amount of steam req_ulred. for regsneration,

Since the cost of organic sulfur removal by means of activated carbon
does not change For -concentrations between 10 and 30 grains per 100 cu, ft.,
it means that coals having sulfur contents between 1.0 and 5.0 percent can -
be used with no effect on cost of organic sulfwr removal, providing thet
the steam:coel ratic is controlled (as can be done) to keep the organic sulfur
content within thé limits specified.

In another pa.pe«r by one of the authors of this report.._/ a cost estimate
for gas purification in a 10,000-barrel-per-day liquid-fucl plant (treating
336 000,000 cu, ft., of raw gas per day), indicates that with sulfur recovery
by the Cla.us kiln process, the cost of removal of hydrogen sulfide decreases
with increcsing sulfur in the coal., The same estimate shows that, if only
0.1 percent of the corbon life is lost (due to carbon degrao.atlon) per cycle,
the total cost of organic sulfur removal by meens of activated carbon using
GW carbon would be 0,216 cent per 1,000 cu. ft. This cost, under conditions
already stated, would remain constant for coal-sulfur content between 1 and
5 percent. '

Thus, it appears thet the cost of total sulfur removal in the hypothetical
plant crbed. would decrease from a figure of about 1.0 cent per 1,000 cu. ft.

34/ See footnote 33.
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when the coal sulfur content is 1 peréent4to‘a.CQsﬁ"bffabout 0.6 cent per
1,000 fu. ft. when the sulfur content of the coal is 5 percent, ¢ -

It should be noted that these costs are predicated on'the?fbllowing _
conditions: o

1. Credit for recovered sulfur at $18.00 per ton; less coste feor
conversion of hydrogen sulfide to elemental sulfur,  ~ o

2. Plent capacity,336{OOQ,QOO”cu. ft. per day. .. .. . .

3. Assumption th@t plant operating results with activated carbon
duplicate laboratory results. -~ ' e

Cost estimates at this stage should be considered as tentative only.
One cof the prime functions of the Bureau's demonstration-plant is-to- -
determine costs. With demonstration plant operations on a scals larger
than the usual pilot plant, theres will be an ‘excellent opportunity to
obtain reliable cost data. o R R I

Morgantown Gas-Purification Pilot Plant Ny

Because bénch-scale exveriments in the laboratory are not alvays adequate
to evaluate processes, and because the size and other requirements of the
demonstration plant preclude its use for the study of a large- number of
of different processes of gas purification independently of the other uses
for the demonstration plant, the intermediate rilot-plant scale is necessary
to evaluate processes that eventually will find their way into the demonstra-
tion nlant, SR S e S

In cooperation with the Gas Processes Division of -the Girdler Corp., a
ges-purification pilot plant was designed., ‘Component parts of “the plant
were supplied by Girdler, the assembly and éfeétion”being;carried'out-by
the Morgantown Station's mechanical section. o I

This pilot plant includes an adsorber and reactivator for the Girbotol
rrocess, ircn oxide towers, activated-carbon drums, gas heater, hot catalyst
vessel, and the necessary pumps, piping, and instrumentation,- A flow sheet
of the plent is given in figure 18, and a photograph of the plant is shown
as figure 19. - - : : . C _ o )

It should be noted that, while the absarber and reactivator were designed
for the Girbotol process, this equipment can be used, with little or no _
modification, to study other processes and will be so used. "In general, the
equipment can be used for studying any process infwh;ch hydrogen sulfide is
removed by absorption with reactivation of the fouled absorbent accomplished
by the use of steam. Thess processes, in addition to the Girbotol process,
include the Fluor process, Koppers vacuum carbonate process, Shell phosphate
process, and others, B

© . Similarly, the hot catalyst vessel was supplied for studying: the Girdler
organic sulfur conversion catalyst, For this use, the catalyst would be first
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in series. Piping and velves are so arranged as to permit use of the hot
catalyst vessel at the end of the train, where it might be used for alkalized-
iron catalyst, Various possible cambinations are possible., Por sxample,
Huff catalyst could be used as the single method of treatment to remove all
of the organic sulfur and hydrogen sulfide (probably requiring an additional
catalyst vessel)., In this case the hydrogen gulfids scrubbing and iron oxide
steps would not be used. Or, the Huff catalyst could follow the scrubbing
step, in which case residual hydrogen sulfide and crganic sulfur would be
removed by the Huff catalyst.

The pilot plent was originally designed for 500 cu. ft, per hour and a
pressure of 6 p.s.i.g. The plant has been modified, however, 0 permit
operation of all but the hot catalyst vessel at 300 p.3.i.g. Under this
pressure, it is assumed that a gas capacity approaciing 10,000 cu. ft. per
hour can be trecated,

Figure 18 gives some design data and the flow system followed when the
organic sulfur catalyst is used., As has been previously stated, laboratory
investigations showed that the low organic sulfur value of O,1 grain per 100
cu. ft. cannot be obtalned directly froam the use of the Girdler catalyst,
although this is indicated on the disgram,

When the Girdler catalyst is used, the Tlow can be traced by referring
to figure 18, Raw gas containing up to 600 grains of hydrogen sulfide and
75 grains of organic sulfur per 100 cu. ft, enters the gas heater, is heated
to L00° C., and passes to the converter where organic sulfur is largely con-
verted to hydrogen sulfide. The gas then passes through the gas cooler,
vwhere the gas passes up through l/e-inch Ragchig rings and is cooled by a
water wash, The gas then posses on to the Raschig-ring-packed absorber,
where the gas is scrubbed counter-currently with 50 percent triethenolamine
solution., Leaving the top of the absorber, the gas ncxt flows through one
to three iron oxide towers where the remaining (perhaps 25 grains per 100
cu., £t.) hydrogen sulfide is removed, The gas then flows through one of
the two activated-carbon drums, where eny residual organic euifur compounds
or other miscellaneous impurities, such as gum-forming hydrocarbons, are
removed. The purified gas is then metered,

The mas-heater and hot catalyst vessel have not been converted to 300
p.s.i.8., because the heat duty of the heater is not sufficient to supply
the heat required when the gas flow 1is increased reaerly twenty-fold, as is
the case in increasing the pressure fran atmospheric pressure to 300 P.5.1.8.

This vessel can be used at gas rates of 500 cu. ft, per hour (atmospheric
pressure), When it is desired to cperate at 200 p.s.l.g. and use hot catalyst,
it will be necessary to supply two new vessels and a higher-capecity gas neater.
The present gas heater can then be used for heating regeneraticn air for the
Huff cetalyst when that mrocess 1s studled.

The ges-purification pilot plant will have considerable flexibility and
will permit effective study of new processes developed or modified in the
Bureau's leboratcry, The study of commercial processes, their relative
evaluation, and their applicability to the special requirements of synthesis-
gas purification can also be undertaken,

It is believed that, with concurrent investigations made in the laboratory
and pilot plant, definite contributions to the art of gas purification can be
made, not only for the resultant advantage to the synthetic liquid-fuels pro-
gram, but in the interest of the gas industry generally.
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