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SUMMARY AND CONCLUSIONS

An ethanolamine purification unit for removing carbon dioxide and hydrogen
sulfide from Fischer-Tropsch synthesls gas was installed at the Bureau of Mines
synthetic liquid fuels demonstration plant at Louisiana, Mo. The unit was a sur-
plus Radford Girhotol unit from the Missouri Ordnance Works modified for a capacity
of 90,000 std, cu. ft. per hour of synthesis gas at 430 p,s,i.g., operating pres-
sure, The hydrogen sulfide loading of the feed gas was specified at 500 grains per
100 cu. ft. The unit was designed by the Girdler Corp. and installed by the
Koppers Co.

Tnitial operations were conductad for 11 days in May 1951. Thereafter 7 addi-
tional runs were made, varying in duration from 8 to 54 days. The last run was
terminated on May 29, 1933, the total time the plant was in operation belng 219
days.

Although scrubbing gas with ethanolamine solution to remove hydrogen sulfide
and carbon dioxide has been uged extensively in the oil-rvelining, natural-gasoline,
and natural-gas industries in steel finishing, this report is the first de-
seription of semi-commercial-scale application of the process to the purification
of synthesis gas produced from coal or coke for Fischer-Tropsch synthesis. A briel
account of each run and a summary of the operational data are prescnted, A mate-
rial balance is given for a period typical of the cperation with a gas produced
from coke,

In all runs except the last the gas handled by the unit was from a Kerpely
oxygen~blown coke producer and had a hydrogen sulfide content of less than 150
grains per 100 cu. ft. After the first two preliminary runs the unit performed
satisfactorily, not only with the gas from the Kerpely producer but also, in the
final run, with gas from a coal gasifier; this gas had a hydrogen sulfide content
of 600 grains per 100 cu. ft.

¥rom the performance of the Girbotol unit the following conclusions were
reached:

1, The Girbotol unit cffectively removed the bulk of the carbon dioxide and
hydrogen sulfide from synthesis gas produced either from coke or directly from
eoal,

2. The performance of the unit indicated the nced for further research into
(a) the causes and control of corrosion of the materials of conmstruction of the
unit with such research evaluating the effects of temperature and intermittanece of
operation and (b) the cause of foaming in the reboiler and means for abating it.
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INTRODUCTION

The Bureau of Mines at Louisiana, Mo, , operated semicommercial plants to demon- -
strate twe processcs for the conversion of coal to oil - the first, direct hydrogen.
ation of coal and the second, gasification of coal followed by Fischer-Tropsch syn- . .
thesis, An important step in the Fischer-Tropsch or gas-synthesis process was ’
purification of the synthesis gas produced by coal gasification,

The meost satisfactory amd active catalysts employed in Fischer-Tropsch synthe-
sis are sulfur sensitive, and a maximum concentration of 0.1 grain of tetal sulfur
per 100 cu. ft, in purified synthesis gas is all that can be tolerated. The pPrege
ence of carbon dioxide also has a deleterious effect on the catalytic hydrogenation
of carbon monoxide and, in addition, adversely affects the absorption of orgenic
sulfur in the activaled carbon tower of the raw-synthesis~gas purification system.

The planning period for the gasification and purification units coincided with
the development of amine gas-scrubblng procegses in which the fouled amine solution
is regenerated, not by using ste?m but directly by using the sensible heat of the
raw gas that is to be purified;3/ considerable savings are made possible by so
doing.ﬁ These savings are readily apparent when consideration is given to the
report?/ that about 60 percent of the cost of diethanolamine operation lies in the
cost of the steam needed to regenerate.the foul solution, In some of the installa=
tions the amine solution is stripped in a tower mounted over the combustion chamber
or gasifier in which the raw gas is made, and in others the stripper consisets of a
flat, rectangular, closed vessel mounted over the gasification or combustion space.
In some of these processes copper sulfate is addad to the lcan amine solurion to
Inhibit corresion,

Howevaer, the comstruction period for the Louisiana, Mo,, gas-synthesis plant
also coincided with a period of shortage of durable gouds, and this circumstance
weighed heavily in selecting and using the surplus Radford Girbotol plant from the
Missouri Ordnance Works,

The Girbotol unit was not expected to suffice in itself for removing the sul-
fur constituents of the gas but rather to lessen the burden on the subsequent iron
oxide and activated carbon units for final sulfur cleanup, Thus, the unit was de-
signed to reduce the hydrogen sulfide content of the synthesis gas to 10 to 20
grains per 100 cu. ft. and the carbon dioxide content to 1 to 3 percent.

5/ Hotchkiss, A. G., and Webber, H, M,, A New Heat-treating Atmosphere Producer:
Iron Age, vol. 158, No. 21, Nov. 21, 1946, pp, 48-535.

6/ Hotchkiss, A. G., and Webber, H. M., Protective Atmospheresy: Johm Wiley & Soms,
Inc., New York, N. Y., 1953, pp. 93-99,

7/ Bureau of Mines, Annual Report of the Secretary of the Interior on Syntheric
Liguid Fuels for 1954: Part I, 0il From Coal: Rept. of Investigations 5118,
1933, p. 46,




Originally the intent was to use triethanclamine as the scrubbing liguid in
the Girbotol unit, but as a result of laboravory investigations at the Bureau of
Minee stationm at Morgantowm, W. Va., the decision was made to use diethanolamine
instead. Triethanclamine, which is selective to hvdrogen sulfide would facilitate
the commercial rccovery of sulfur in the acid gas fxom the uwnit; however, use of
diethanolamine would permit more nearly complete removal of carbon diexide from the
gas and simultaneously remove much of the hydrogen sulfide, Morgantown investiga-
tions established that lower residual concentrations of carbon dioxide in the gas
would be beneficial not only to the Fischer~Tropsch syathesis process but also to
the active carbon absorption process for removing the organic sulfur compounds.
Moreover, a sulfur-recovery process became available for which acid gas streams of
much lower hydrogen sulfide content would be suitable.8/

The results of laboratory investigations of the abasorption of carbon dioxide
and hydrogen sulfide %n Stga?olamine at atmospheric pressure were published in
1335, 1936, and 1941,—_2___5 and a report on plant~scale operation was published
in 1941.22 Laboratory and pilot-plant work on the removal of impurities in syn-
thesis gas under pressure was conducted at Morgantown, W. Va., and the results of
this work were published in 1952,13/  The complete gas-purification operation at
Louisiana, Mo., has also been reported.t

DESCRIPTICN OF THE MODIFIED RADFORD GIRBOTOL PROCESS

In the Girb?tol purification plant gas from the Kerpely coke producer,iﬁf the
coal gasificr,ég or from the synthesis-gas holder was compressed in 1 or 2 hori-
zontal, 2-stage compressors, The discharge pressure was governed by the operating
pressure of the synthesis r*ctor of the gas-synthesis plant, Normally this pres-
sure was 330 to 340 p.s.i.g. and required that the gas be delivered to the Girbotol
unit from the aftercooclers of the compressors at 370 p.s.i.g. Normally thc temper-
ature of the gas entering the absorber was 100° F,

8/ PResen, F. L., New Sulfur Process: O0il and Gas Jour., vol. 50, No. 4, 1951,
p. 59.

9/ Bottoms, R. R., and Wood, W. R., The Girbotol Purilication Process: Refiner
and Natural Gasoline Manufacture, vol, 14, 1835, p, 105,

10/ Mason, J. W., and Dodge, B, F., Equilibrium Absorption of Carbon Dioxide by
Solutions of Ethanclamines: Trans. Am. Inst, Chem. £ng., vol. 32, No. 27,
1936.

11/ Cryder, D, 8., and Maloney, J. 1., The Rate of Absorption of Carbon DMoxide in
Diethanolamine Solutiens: Trans. Am. Inst. Chem. Eng., vol. 37, No. 827, 1941,

12/ Reed, R. M., and Wood, W. R., Receni Design Developments in Amine Gas Purifica-
tion Plants: Trans. Am. Inst, Chem, Eng., vol. 37, Ho. 363, 1541,

13/ Wainwright, H. W., Egleson, G. C., Brock, C., M,, Ficher, J., and Sands, A. E.,
Removal of Ilydrogen Sulfide and Carbon Dioxide From Synthesis Gas Using Di-
and Tri-Ethanolaminc: Burcau of Mines Rept. of Investigations 4891, 1952,
19 pp.

14/ Wenzell, L. P., Jr., Dressler, K. G., and Batchelder, H. R., Plant Purification
of Synthesis Gas: Ind. Eng. Chem,, vol, 406, 1934, pp. B58-862,

15/ Willmott, L. F., Batchelder, H, R., and Tenney, R, F., Production Operating Ex-
perience With Oxygen in the Kerpely Producer at Louisiana, Mo.: Bureau of
Mines Rept. of Investigations 5108, 1953, 16 pp.

16/ Dressler, R. G., Batchelder, H. R., Tenney, R. ¥., Wenzell, L. P., Jr., and
Hirst, L, L., Operation of a Powdered-Coal Gasifier at Louisiana, Mo.: Bureau
of Mines Rept., of Investigations 5038, 1954, 35 pp.



Figure 1 is a photograph of the purification unit, The central tower is the
absorber, and that on the right is the regenerator. The small vessel between the
two 1s the oil-entrainment separator. The two bottow horizontal vessels are the
heat exchangers. Above them is one of the solution coolers and above it the
rebodler,

In figure 2, a flow diagram of the unit, synthesis gas is shown entering the
unit at the middle of the left side of the diagram. The gas passed first through
an entraimment separator, which removed any oil or moisture carried over from the
compressors. The gas next entered the base of the abgorber and was scrubbed coup-
tercurrently with lean diethanolamine solution, which entered the absorber through
a distribution ring above the packing. The absorber was a 30-inch-diameter tower
packed with 35 feet of 1-1/4- by 1-1/4~inch stoneware Raschig rings.

Scrubbed gas left the top of the absarber through ancther separator, which
separated entrained solution from the gas and returned it into the base of the
absorber. A bull's-eye, sight-flow indicator showed the amount of entrained liquid
being returned. Excessive flow indicated foaming in the absorber, The temperature
of the diethanolamine solution was adjusted to give an outleb-gas temperature of
105° F., thus insuring the right humidity for hydrogen sulfide removal in the irem
oxide towers, the next step in the purification train.

The rich diethanolamine sclution flowed under absorber presgure through a
liquid~level control valve and thence to the tube sides of 2 golution heat ex-
changers in series and inte the top vf the reactivator operated at approximately
12 p.s.i.g. In passing through the two solution heat exchangers the rich diethano-
lamine solution was warmed by the lean solution flowing on the shell sldes, 1Its
temperature on cntering the reactivator was approximately 205° F,

Rich diethanelamine solution flowed dovmward th’Bugh the reactivator over 13
successive trays. The bottom tray collected the liquid and diverted it ta the far
end of the shell side of the Teboiler. Heat was supplied to tha diethanolamine
solution by steam on the tube side of the reboiler, the amount of steam delivered
being controlled by the indicating bressure controller. The tcomperature of the
solution in the reboiler was approximately 240° F., Natural gas was admitted to the
reboller at a rate of approximately 1,000 c,f,h. to reduce Logming and assist in
stripping the solution. :

Liberated carbon dioxide, hydrogen sulfide, and water vapor pasgsed from the top
of the reactivator into the shell side of the acid-gas cooler. Water Vapor was con-
densed and returned to the Teactivator at the top, the l6th tray, after passing
through a drip leg which acted 45 a seal, The rate was approximately 2 g,p.m.

Water was used as the ceoling medium, and the rate of floy (about 120 g.p.m,) was
adjusted so Lhat the temperature of the acid gas was held at 150° F. Acid gas was
released to the low-pregsure relief header by a back-pressure controller set to
maintain 10 to 12 p,s,i.g. in the teactivator. A low-pressure relicf header carried
the acid gas to the [lare stack.

was continuously released through the shell sides of 2 solution heat exchangers and
2 solution conlers to the suction of 2 triplex pumps, 1 or both of which were used
to deliver lean diethanclamine to the abserber, 1In the heat exchangers the temper-
ature of lean diethanolamine was reduced to 170° F, and in the solution coclers to
105° F. After Passing through the second heat exchanger and before it cntered the
first solution cooler, a small side stream of lean diethanolamine was taken and
delivered to a decanter for continuous clarification of the soclution,




iaries.

Figure 1. - Absorber, amine reactivator, and auxil
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The rate of flow of lean splution to the absorber was indicated on a flow in-
dicator and in the base of the reactivator a gage glass indicated the liquid level,

OPERATIONAL DATA AND DESCRIPTION OF QPERATIONS
The following is a brilef description of the purification runs that were made:;
Run 1

Thie 8-day run served to train operators, determine mechanical performance,
and produce a gas with which to test the performance of the iron oxide towers for
residual hydrogen sulfide removal. These towers followed the Girbotol unit in the
purification train. No attewmpt was made to obtain maximum removal of carbon dioxide
and hydrogen sulfide. In general, the unit was operated to produce an off gas con-
taining 3 to 5 percent carbon dioxide and 15 to 30 grains of hydrogen sulfide per
100 cu. ft. at a gas~flow rate from the absorber ranging from 65 to 75 M ¢.f.h.

Amine solution was lost during the run, necessitating fregquent additions of
both fresh amine and reboiler steam condensate to maintain the solution volume and
the desired amine concentration. Good stripping of the rich amine was not possible
because of Elooding of the reactivator tower at any reboller temperature higher
than that attained with 20 p.s.i,g. steam. It was suspected that the heat exchang-
ers were not adequate, thus limiting the temperature of the rich solution entering
the top of the reactivator and placing an excessive heat load on the reboiler.

The automatic speed contrel on the raw gas compressors did not function satis-
factorily at the speed at which a single compressor was required teo aperate to
deliver the requisite quantity of gas. Fluctuations in compressor speed caused
upsets in the absorber tower and loss of amine solution, Om the other hand, 2 com=
pressors on the line performed better than only 1 as their reduced speeds were
within the range of satisfactory tachomerer control,

During mest of the run the absorber pressure was 400 p.s.i.2., but toward the
end of the run it was reduced to 325 p.s.i.z, Earlier in che run some sticking of
the feather valves of the compressor occurred, which was eliminated when the oper-
ating pressure was lowered and two compressors were used. A possible explanation
is that the quantity of nongaseous impurities passing through each valve was con-
siderably raduced,

Run 2

This run of 19 days was Interrupted several times by tar deposits in the valves
of the gas compressors and in auxiliary equipment. Much the same difficulty of sol-
ution loss was cxperienced as in run 1, amine being carried over from the reactiva-
tor inte the flare stack seal. The loss was reduced when it was found that, in
constructing the plant, the inlets to the reactivator of the rich solution and the
reflux from the acid-gas cooler had become transposed. At the same time that this
was corrected, the bypass arcuand the acid-gas cooler back-pressure regulating valve
was partly opened, the valve having been found to be undersized, This further re-
duced the loss of solution.

An attempt was made to Increase the circulation of diethanclamine frem 35 to
70 g.p.m., but excessive vibration of the piping with attendant breakages forced a
return to the lower rate.



As in Tun 1, it was difficult to mailntain the liquid lcvel in the reactivator
system. The level could net be held constant when the reboiler steam pressure was
increased above 22 p.g.i. Consequent low reboiler rates resulted in poor stripping
of the rich amine and poor removal of both carbon diexide and hydrogen sulfide.
There was also evidence of sludge accumulations in the system,

Cperating with approximately 90,000 std., cu, ft. per hour feed gas containing
15 to 16 percent carbon dioxide and 130 to 140 grains of hydrogen sulfide per 100
cu. ft. and with a circulation of 36 g.p.m., of 35-percent diethanclamine resulted
in a scrubbed gas containing about 2-1/2 percent carbon dioxide and 10 grains of
hydrogen sulfide, The absorber pressure was 350 p.s.i.s.

Run 3

During this run the gas purified in the Girbotol unit was used, after further
purification with iron oxide, alkalized iron, and activated carbon, in Fischer-
Tropsch synthesis throughout the first run of the gas-synthesis plant.

Before the run was begun the Girbotol unit was cleaned, particularly the tuhbe
bundles of the heat cxechangers and solution coolers, which were pulled and cleaned,
The reactivator was emptied of amine and thoroughly flushed with water.

Diethanalamine scolution used in the previous runs had become contaminated with
a fine, heavy, black sludge and some oily wmatter. The oll was apparently carried
over in the gas from the compressors, and changes were made to the inlet-gas scpara-
tor on the absorber to correct this condition. The sludge was partly irom sulfide,
and this may have formed by the reaction of rust in the system with hydrogen sul-
fide in the gas. The sludge, however, was not analyzed for the presence of organic
sulfur compounds. It settled quite rapidly so batch decantation from a 500-zallon
tank was deecided on for initial clean-up of the amine solution before the run began.
Puring a short down periocd toward the end of the run provision was made to withdraw
150 gallons of solution each day, allow it to settle, and then pump the clarified
solution back into the system. The reactivator had a capacity of 380 gallons, of
which 250 gallons was held in the trays with the balance in the reboiler and base
of the reactivator,

Although fluctuations in liquid level in the reactivator were believed to be
attributable to the dirty solution hampering. liquid flow in the trays, foaming in
the rebeiler also was thought to be a cause. In consequence, a connection was made
to admit natural gas to the shell side of the reboiler, When the run began 1,500
cu. ft. per hour of natural gas was admitted over the surface of the boiling amine
solution in the reboller, and it was then found possible to raise the pressure of
the steam to the reboiler to 30 p.s.i.g. Considerable reduction in fluctuations
of liquid level in the reactivator and better stripping of the rich diethanolamine
at the higher steam pressure resulted also.

From the beginning of the run the concentration of amine was brought up to and
maintained at 45 percent and the circulation rate held at 40 g.p.m. Treating gas
containing 16,7 percent carbon dioxide and 130 grains of hydrogen sulfide per 100
cu. ft., the Girbotonl reduced these impurities to an average of 1.5 percent carbon
dioxide and 2.0 grains hydrogen sulfide per 100 cu. ft. The rate of feed gas was
75 M-std., cu, fr. per hour and the absorber pressure was 350 p.s.i.g.



Run 4

Clarity of the diethanolamine solution was maintained by the intermittent da-
cantation procedure established near the end of the previous run. Liquid-level
fluctuations in the base of the reactivator, however, contineed to be a source of
trouble, It was noted in particular that the problem was aggravated by the inter-
mittent additions of clarified amine or when condensate was added to compensate
for losses of water distilled from the system.

In previocus runs serious fouling of the amine ccoler and heat exchangers had
occurred, Before this run the exchangers were thoroughly cleaned and treated with
chromite inhibiter. No trouble was experilenced with these units during the run,

A temperature indicator, for the reactivator, installed in the control room
contributed to cleser contrel of the system. A new liquid txap in the synthesis-
gas line on the inlet side of the absorber reduced the amcunt of 0il contaminating
the amine solution, Losses of diethanolamine again coincided with pressure upsets
in the system,

The concentration of amine averaged 44 percent, and the circulation rate was
39 g.p.m. The thiosulfate content remained at less than 0.2 percent equivalene of
the diethanolamine solution, Treating gas containing 16,6 carbon dioxide and 105
grains of hydrogen sulfide, the unit reduced these impurities to 1.8 perceant carbon
divxide and 1.5 grains hydrogen sulfide per 100 cu. f£ft. The feed-gas rate was 74
M cu, £t, per hour, and the absorber pressure was 345 p.s.i.g.

in this run period 46 million cubic feet of raw gas was treated from which 7
million cubic feet of carbom dioxide was removed.

Run 5

This run was made to test alterations to the system and to study further the
activated carbon towers. The gas-synthesis plant was not operated during this
period.

One alteration was the installation of a continuous settling system for the
amine. The decanter was connected to a bleed stream flowing at 10 to 15 gallons
per hour, equivalent to treating the entire liquid in the system once a week, 'The
amine was cleaned up satisfactorily, and trouble in fluctuations in liquid level
in the reactivator was reduced.

Another alteration was Installation of a continuous makeup stream for water
lost by vaporization from the reactivator. The original methed was direct, inter-
mittent addition of condensate into the vapor space of the rebeiler, there being a
connection from the 30 p.s.l.g. steam side of the reboiler to the solution side,

By this means very little heat was added to the solution side, but the intermittent
addition of water upset conditions until the additions of condensate had thoroughly

mixed with the entire circulating system., Steam at 275 p.s.l.g. was substituted for

condensate, and finally the addition point was changed to the rich amine line imme-
diately before it entered the reactilvator. By using the 420° F. steam much more

heat could be added for the same amount of added condensate, Before this alteration

was made the temperature of the rich solution going to the top of the reactivator
was approximately 195° F,, and after the change had been made the temperature was
212° to 219° F, This change made for smoother operation of the reactivator because,
by adding the heat to the rich solution, its stripping began in the upper trays,

and flow of acid gas upward through the tray was reduced te the point where it
could not appreciably retard the flow of solution dovmward through the tray.

|
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The third alteration was the installation of a second lean amine cooler. It
js shown in figure 2 as the top cooler in the tier. As can be seen in figure 1,
the solution cooler is mot housed, and the first operation in warm weather had in-
dicated that at the cooling-water temperatures prevailing and at the 40-gallon=-per-
minute circulation rate it was not adequate to maintain the desired temperature of
the amine to the absorber, This temperature is important because it, in turn, con-
trols the temperature and humidity of the gas going to the iron oxide towers at
optimum values for best perfoxmance of the irom oxide. Installation of the second
cooler in series with the original one permitted this closer temperature contrel
of the amine.

Another alteration was the installation of a meter to measure the quantity of
water supplied to the amine coolers., Also, the hairpin-type tubes of the reactiva-
tor reboiler were cleaned,

Gas feed rate to the Girbotol unit for the £irst 8 days was 45,000 cu. ft. per
hour of a 5l-percent nitrogen gas with 8 percent carbon dioxide content and 30
grains of hydrogen sulfide per 100 cu, fr. The gas was from the Kerpely coke pro-
ducer, operating on low air blast. With a diethanolamine concentration of 45 to
50 percent and a circulation rate of 40 g.p.m. the gas cleanup in the Girboteol uanit
was substantially complete. The carbon dioxide content was reduced to less than
1/2 percent and hydrogen sulfide to less than 1/2 grain sulfur per 100 cu., ft.
The absorber pressure was 350 p.s.i.s.

Oxygen btast was then applied to the Kerpely producer and the gas feed rate to
the purification plant was increased to 80,000 cu, ft. per hour. The carbon diox-
ide content of the raw gas was 19-1/2 percent, and the hydrogen sulfide was 72
grains per 100 cu. ft. With 45 percent diethanolamine circulating at 38 g.p.m.,
stable Girbotol operatlon reduced these impurities to 4-1/2 percent carbon dioxide
and 3 gralns hydrogen sulfide per 100 cu. ft.

Run &

The principal objective of this run was to supply the Gas=-Synthesis Plant with
a steady flow of 65,000 cu, ft. per hour gas containing less than 0.1 grain of sul-
fur per 100 cu. ft. and not more than 3 percent carbon dioxide,

Diethanolamine losses during rhis operating period were quite small, except on
occasions of pressure upsets in the system. There was no indication of chemical
deterioration of the amine solution, except for an increase of thiosulfate from 0.2
to 0.4 percent diethanolamine equivalent. The continuous decanter maintained the
solution free of sludge.

During this run the amine concentration was maintained at 44 percent and the
circulation rate at 38 g.p.m. Treating gas containing 18.4 percent carbon dioxide
and 75 grains of hydrogen sulfide per 100 cu, ft., the Girbotol unit reduced these
impuritles to an average of 3.0 percent carbon diloxide and 3.0 greins of hydrogen
sulfide per 100 cu. ft. The rate of feed gas was 75.8 M cu. ft. per hour, and the
absorber pressure was 350 p.s.1.g.

Run 7
This run was made to supply synthesis gas to the Fischer-Tropsch reactor.

As a result of the previously described changes that had been made, operation
of the Girbotol unit was extremely smooth, Its performance, however, was less
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satisfactory thamn in previous runs, Inspection of the diethanolamine circulation
system at the conclusion of the run indicated the cause. The sprays in the absorber
tower distribution ring were found to be pertly plugged. In addition, the Raschig
rings in the tewer werc coated with tarry material, and some of the rings were
broken,

The amine solution remained clear and the thiosnlfate of an equivalent of 0.5
pexcent of diethanolamine. Small losses of diethanolamine were noted, larger
losses occurrcd with pressure upsets in the system.

Operating with approximately 72 M cu. ft. per hour of feed gas containing 19.4
percent carbon dioxide and 75 grains of hydrogen sulfide per 100 cu, ft. and with a
circulation rate of 41 g.p.m. of 4l-percent dicthanclamine resulted in a scrubbed
gas containing about 4,2 percent carbon dioxide and 2.1 grains of hydrogen sulfide
per 100 cu. ft. The absorber pressure was 340 p,s,i.g. During the run 88,600,000
cu. ft, of gas was fed to the Girbotol unit, and a total of 13,900,000 cu, ft. of
carbon dioxide was removed,

Bun &

This was the first run during which gas produced directly from coal by dust
gasification was treated in the Girbotol plant. ALl previcus Girbotol operations
had been confined to treating gas of much lower hydrogen sulfide concentration
that was generated from coke in the Kerpely producer. This necessarily short run
gave good reason to believe that gas from coal could be purified readily and prob-
ably almost as economically as gas from the producer,

It was also found that the Girbotol unit was capable of removing a considerable
portion of the organiec sulfur compounds in the raw feed gas, an average of 20 graing
per 100 cu. ft. at the inlet being reduced to 1-1/2 grains at the outlet of the
absorber tower, The sulfur compounds, however, were mot identified; consequently,
it was not known whether the organic sulfur was tying up amine as an unregenerable
compound, No attempt was made to strike a balance between the organic sulfur taken
out of the system in the acid gas from the regenerator and the organic sulfur dis-
appearing from the raw synthesis gas in the absorber,

During this run the average concentration of Jdiethanolamine was 38.6 perceant,
and the circulation rate was 43.4 g.p.m. Treating raw gas at an average flow of
52,000 cu. ft. per hour, containing 17.8 pcrcent carbon digxide and 600 grains of
hydrogen sulfide per 100 cu. ft., the gas leaving the Girbotol absorber contained
only 0.15 percent carbon dioxide and 2.35 grains of hydrogen sulfide per 100
cu, ft. This excelleat scrubbing performance in the absorber tower must be attri-
buted to the cleaning of the Raschig rings and tower sprays in preparation for the
Tun and the higher L/G ratio at which the absorber was operated. In the previous
rung this ratio of amine circulation to feed gas was usually about 32; in this run
it was 50.

DISCUSSION OF OPERATIONS AND RESULTS

A summary of the data obtained from each run is shown in table 1. The effect
of higher pressure steam for regenerating the rich amine is evident in the carben
dioxide content of the lean amine. However, approximate mass transfer coefficients
indicate that, owing to other variables, the better stripping did not result in in-
creased absorber efficiency., The effect of ratio of free amine tu carbon dioxide
in feed gas on the percentage of carbon dioxide removed is quite pronounced. The
trend 1s shown graphically in figure 3, the curve being a plot or results obtained



12

2l

ool x { @34
It Ol

"aAIND wUCDE._DT_mn_ - .M Oh_._m_n_

200 40 Q1S + 3ININV ,3344,81V9)
6 g L 9 S

?

_ _

_ _ | _ !

98 ¢

<
o

O
~

Q
@

o
o]

o
Q

V101l 40 LN3IOH3d ‘a38480S8V 09



13

during runs 1, 2, and 3. The results of the other runs are identified by their
corresponding numbers, those for runs 5, 6, and 7 being departures from the trend.

As mentioned previously, at the termination of run 7 the absorber was opened
for inspection. Over half of the spray head was rlugged, and the packing and the
tower wall were coated with a black deposit. Some of the Raschig rings were broken.
The tower was emptied, the spray ring and packing were cleaned, broken rings were
eliminated, and enough new packing was addad to bring the packing level to within
12 inches of the spray assembly, The entraimment separator on the scrubbed-gas
outlet line was also cleaned, as it too contained the same black coating as the
packing. Probably the condition of the shsorber during run 8 was more comparable
to its condition during runs 1 to 4 than during the runs succeeding these. Conse-
gquently, it is not unreassonable to assign to contamination ome reason, at least,
why the scrubbing performances of runs 5-7 lie outside the curve of figure 3,

The scrubbing performance represented by the curve (runs 1-4) was made when
the average free amine concentration was 37.3 percent. 1In runs 5-7 the average
concentration was 43 percent. Other investigators have reporteddd! that with in-
crease in amine concentration the Increase in viscosity tends to produce films of
greater thickness and thus counteracts the effect of increased coitcentration, the
net effect depending on the comparative magnitude of the influence of the two
variables. Thus, it may or may not be significant that the better serubbing
achieved during run 8 coincided not only with the removal of the effects of con-
tamination but alse with a reduction in amine concentration to 38 percent or very
close to that obtained duripng the rums on which the curve of figure 3 is based.

Figure 4 shows diagrammatically typical operating conditions of the Eystem
when synthesis gas {rum coke is scrubbed and figure 5 the operating conditions with
gas produced in the coal-dust entrainment gasifier,

Carbon dioxide and hydrogen sulfide balances were made throughout the runs and
are presented for each run in table 1. Calculations for a typical balance and ana-
Iytical methods are presented in the Appendix.

17/ Cryder, D. 5., aud Maloney, J. O., The Rate ot Absorption of Carbon Dioxfde
in Diethanolamine Solutioms: Trans, Inst. Chem. Eng., vol, 5, 1941, p. 827.
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APPENDIX

Typical Material Balance

The following material balance for the Girbotol absorber is included as being
typical of those made for each purification run. Period: December 7, 1952, to
January 19, 1953 (1,032 hours). Average data for peried.

a, Feed gas to absorber: 74,036 M std. cu. ft,
C0; = 19.4 percent
HzS = 75 gr./100 cu, f£t.
14,360 M std. cu. ft.
7,930 1h,

COo2
Hy5

nu

b. Lean gas from absorber: 62,300 M std, cu, ft,
COy = 4.2 percent
HpS = 2.1 gr./100 cu. ft,
Coy = 2,620 M std, cu, ft.
Hpy8 = 190 1b.

From gas analysis and flows:
CQg removed from gas = 11,740 M std. cu, ft, or
11,380 std. cu. ft, per hour in 1,032 hours
HoS removed from gas = 7,740 1b,

c. Amine: 41 g.p.m.

Rich: C£0p = 5.2 cu. ft./gal. solution
Hp8 = 54,9 gr./gat,

Lean: COp = 0.5 cu. ft,fgal, solution
HyS = 37.1 gr./gal.

From amine analysis and flow:

€Oy picked up by amine = 11,930 M std. cu. ft.
Hy5 picked up by amine 6,460 1b, or 6.3 1b./hr.

Balance

€02 in lean gas + CO; picked up by amine

x 100 = 101.3 percent

C09 in rich gas

H28 in lean gas + HyS picked up by amine
Hy8 in rich gas

x 100

83.9 percent

Analytical Methods

Befoxe the first run of the Girbotol unit sampling connections were installed,
A supply of sampling bombs was obtained for collecting samples of feed, scrubbed,
and acid gas under pressure,

The sampling schedule was as follows:

(1) Feed gas, for carbon dioxide and hydrogen sulfide, three times daily,
(2) Scrubbed gas, for carbon dioxide and hydrogen sulfide, three times daily.
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(3) Rich awine, for carbon dicxide and hydrogen sulfide, three times daily.

(4) Lean amine, for carbon dioxide, hydrogen sulfide, and percentage of
diethanolamine, three times deily,.

(5) Acid gas, for carbon dioxide and hydrogen sulfide, once daily.

(6) Lean amine, for thiosulfate, as required.

(7) Total sulfur in feed and scrubbed gas by platinum spiral method,18/ as
required. The samples were sent to the plant laboratory for determination,

In addition, the plant operators were instructed in analytical procedures and
performed plant~control determinations as required in order to obtain a more rapid
check on plant operations. The following plant analyses were made:

1. Total spparent hydrogen sulfide in rich and lean amine sclutions by oxida-
tion in an acild medium with standard iodine solutiom.

2, Free diethanolamine in rich and lean solutions by titration with standard
sulfuric acid, using wmethyl red indicator.

3. Determination of hydrogen sulfide in gas mixtures by the Tutweiler methed,
using appropriate size of Tutweiler burettes and concentration of iodine solution,
depending on whether the sample was feed gas, scrubbed gas, or acid sas,

4, Carbon dioxide by Orsat analysis.

Tables were supplied so that the operators could directly convert the volumes
of the titrations intc tha terms applicable to the determinations - grains per gal-
lon, percent diethanolamine, or grains per 100 cu. ft.

In the plant-control determinations of total apparent hydrogen sulfide in amine
solutions, extra precautions were taken to guard against loss of hydrogen sulfide on
addition of acid and before the titration with iodine. A quantity of standard ied-
ine estimated ar only slightly less than that required to oxidize the hydrogen sul-
fide present in the sample was measured and acidified. The sample was then added
and the titration quickly completed.

18/ sands, A. E., Wainwright, H. W., and Egleson, G. C., Organic Sulfur in Synthesis
CGas: UOccurrence, Determination, and Removal:; Bureau of Mines Rept. of
Tavestigations 4692, 13850,51 pp.

Int, = Bu, of Mines, Pgh., Pa. 7190




