EXXON CATALYTIC COAL GASIFICATION PROCESS
AND LARGE PILOT PLANT DEVELOPMENT PROGRAM

ket Lk 4

. ISPk 3 T e

H, A, Marshall
Exxon Research and Engineering Co.

F. C. R, M, Smits
Esso Steenkool Technolegie, B.V.

Lt b R EENE

2357



EXXON CATALYTIC COAL GASTFICATION PROCESS
AND LARGE PILOT PLANT DEVELOPMENT PROGRAM

Harry A. Marshall
Exxon Research and Engineering Co.
Florham Park, New Jersey 07932
United States of America

and

Frans C. R. M. Smits
Esso Steenkool Technologie, B.V.
3100 AE Schiedam
The Netherlands

Introduction

Exxon Research and Engineering Company {ER&E) has been engaged
since the eatrly 1970's in the development of a uTiaue process for the com-
version of coal to substitute natural gas (SHNC).-* The developmenr started
wirh the discovery that coal catalyzed with potassivm salts premotes metha—
nation of coal gasification products. From this discovery stemmed a one-
reactor process concept which offers an efficient route to produce methane
from coal.

The objective of this paper is rto describe this process cencept,
tecent development activities, and plans to bring the process te commercial
rezdiness by constructing and cperating 2 large pilot plant. The process is
called Catalytic Coal Gasification, or CCG.

CCG Process Concept

The fundamenral reaction in ccal gasification, as shown in
Figure 1, is the reaction of carbon with steam to form a mixture of carbon

monoxide and hydregen. When producing methane for use as a substitute natural

gas, this is follewed by the water—gas shift reaction in which steam reacts
with some of the carbon monoxide to form additional hydrogen. The last
step in the sequence is methanation, the reaction of carbon monoxide and
hydrogen to form methane and water. The overall reactiom is thus carbon

plus steam yielding the desired product methane and 2 by—product, carbon
dioxide.

The heats of the individuwal reaction steps are shown in Figure 1.
The gasificarion reaction is highly endothermic, requiring the addition of
64 keal of heat for each 2 moles of carbon. The shift reaction is slighely
exothermic, releasing 8 kecal of heat for each mole of carhon monoxide
shifted. The wmethanation reaction, however, is highly exothermic, releasing
54 keal for each mole of methane formed. The overall reaction, as shown, is
slightly endothermic, and requires very little heat input. Therefore, from a
heat balaoce standpoint, it is clearly beneficial to carry out gasificazion,
shift, and methanation in a single reactor, rather than in three separate
reactors as in most coal gasificarfon processes.
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The overall reaction zan be bade te tzke place in a single reactor
by recycling the carbon monoxide and hydrogen. Unfortunately. a gasifier
operatiag at 1700°F or higher wouid require an unacceptably high recycle rate
because of unfavorable methanation equilibriuvm at high temperatures. The
recvcle gas rate could be reduwed to 3 reasonable level by dropping the
gasifier temperature Lo 1306°F, if the methanation reaction rate were high
enough to approach equilibrimm in the gasifier at that temperature. Bowever,
the gasification and methanation rates are much too slow at 1300°F, thar is,
too sliow without the use of a catalyst.

It has beec known for over half a century that alkali metal salts
of weak acids, such as potassium carbonate (K,C0,), catalyze the steam
gasificarion of coal. Exxon'ts research has confirmed that commerciallg
acceptable gasification rates can be obtained at a temperazture of 1300"F usiug
a catalyst. versus tecperaturas of 1700-1300°F withour a caralyst. Catalyst
ioadings on the order ol 10-20 wrX K,C0; on dry coal are required to achieve
a2ccaptable gasification rates.

The discovery that this same catalyst system als¢ promotes the
methanarion reaction is relatjively new and is essential to the Emxton CCC
process. Figure 2 presents some bench—scale fixed bed reactor data for the
methanation reaction, with X,C0; catalyst on an Illinois No. 6 bitmminons coal
char. Ar cemperatures above about 1300°F, conversions near equilibrium are
obrained even at high space velocities. This figure alsc shows the effect of
temperature on equilibrium. Since the catalyst permits the steam gasification
reaction to take place at lower temperatures, it permits more convarsiom of
the resulting carbon monoxide and hydrogen to methane. The ability of the
catalyzed char to promote methanation is the key to the CCG process, since it
allows z one-reactor process to use directly the heat released in methamation
to balance the heat requiremeat for coal gasification.

Commercial Flow Scheme

The proposed commercial plant flow scheme for the CCG process is
showm in Figure 3.

Feed coal is crushed to minus 1/8 in., partizlly dried, and fed to
a catalyst mixer. Catalyst is added in the mixer as an aqueous solution at a
loading of about 15 wtX (as K,C03) on dry coal. The damp catalyzed coal is
dried with a mixture of air and recycle flue gas. For some caking and swelling
coals, this dryiung step will also incorporate pretreatment by mild oxidation
te reduce swelling in the gasifier. The prepared coal is then fed via a lock
hopper system to a fluidized bed gasifier opsrating at 1300°F and 500 psia.
ibe gasifier contains no internals other than a gas distributor. Here the

coal is gasified with a mixture of steam and recycle synthasis gas (carbom
monoxide and hydregen).

'The gasifier effluent is primarily |,, ¢, B,, C0,, and uncon—
verted steam. This effluent flows through cyclones in which the coarser
entrained fines are recovared for returm to the fiudid bed. After bigh level
beat recovery from the gas, the remaining fines are removed by cvclones and a
venturi scrubber, and asmmonia, hydrogen sulfide, and carbon dloxide are
removed using conventlional techmnology. Product metBane is separated from CO
and H, by cryogenic disrillation, and rhe methane is sent to saltes. The OO

359

i 4 .



and are tecycled ro the gasifier. Since the amount of 0 and H% fed
balances the amount of CO and H2 leaving the gasifier, the net products of
gasification are only methane and carbon dioxide along with small amounts of
hydrogen sulfide and ammoniz.

As previously described, this overall reacticon 1s esseatially
thermally neutra), and culy & small amount of heat is required in the gasifier
to heat up the feed coal and offset heat losses. This heat is supplied by
preheating the feed gases to about 1500°F before they euter the fluld bed. A
emall steam/methane reformer may also be included to provide a supplemental
source of synthesis gas which methanates iIn the gasifier and thus supplies
additional heat. This approach is more economical than raising the preheat
temperature much above 1500°F.

Alsc shown on the flow diagram is a catalyst recovery Steép. This
step is required because catalyst leaves the gasifier with the ash/char
residue, and the catalyst is Too costly to diseard., Fortunately, wost of the
catalyst is water scluble and can be recovered in a counter—current water
washing operation. However, a portion of the caralyst reacts with the coal
ash ro form imsoluble compounds, princlpally potassium aluminesilicartes. The
degree of catalyst tie-up is a functiom of the coal ash coatent and com—
position. With a typical Illimols coal about 70% of the catalyst 1ls wvater
soluble. Thus, some makeup catalyst in the form of potassium hydroxide or T
- potassium carbonate is required. '

Figure 4 summarizes borh rhe benefirs and debits of using potas-
sium caralyst in the CCG process. First among the benefits, the rate of steam
gasification is accelerated allowiag gasification temperatures tc be reduced.
Second, and most significant, the rate of methanation is promoted sc¢ that this
resction i¢ close to equilibrium. This results in an almost thermally neutral
overall reaction which requires little heat input. In contrast to thermal
gasification processes, no oxygen is required, and no separate shift and
maethanation reacrors are needed. Third, the catalyst reduces the swelling and
caking teundencies of biruminous coals during devolatilization, thus making CCG
capable of processing a wide range of coals. And fourth, the potassium—char
bed effectively destroys all hydrocarbons heavier than methane, eliminating
any tars and oils which can raise costs and create operating problems in
gasifier effluent heat recovery equipment and waste water treating facilities.

The use of potassium as a cactalyst in the CCG process also briongs
some debits. One debit is rhe fagilities required to recover catalyst. Also,
fresh makeup catalyst is needed. Another is the higher quality construction
materials required to offset the corrosive effects of the potassium salts.
This problem is somewhat micigaced by the relarively low 1300°F operating
temperature of this gasification process. Last is the volume of residual ash
to be disposed, consisting of the coal ash, some unconverted carboa (since
carbon conversion is limited by the fluid bed concept used), aad unrecovered
insoluble potassium salts. The unconverted carben and insoluble potassium are
not expectad ta cause any envirommental disposal problems beyond those preseant
with coal ash. Exxca is developing several disposal and utilizariov options
for CCG residual solids.
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CCG Process Development

Ta developing a2 process to commercial readiness, ER&E follows a
development path through four major phases as shown in Figure 3: expleoratory
research, predevelopment, development, aud precommercialization. Each phasa
involves a mix of activities including fundamental research and process
teating in the laboretory, and engipeering studies of commercial systams to
provide critical guidance to the development. Exxon's exploratory research on
catalytic coal gasificatioan began in 1971. The discovery that a mixture of
potassium carbonate and coal char catalyzes the methanation reaction lad to
the definition of a new coal gasification process concept, which is now called
CCG, ‘

Major compoment technolagies of CCG were exam%ned in the pre-—
development phage, which took place in 1975 through 1977. This work included
bench-scale research, operation of a 0.25 T/D Fluidized Bed Gasifier (or FBG)
at 115 psia, and engineering support studies including a conceprual “study
design™ for a commercial-scale CCG plant.

The process development phase of work covered the peried 1978
through early 198] and was aimed at advancing CCG technoloiy sufficiently to
make it ready for further scale-up in a large pilot plant.” The major task in
this phase was the operation of a 1 T/D Process Development Unit (or PDU} at a
pressure of 500 psia. Bench-scale research and engineering studies were also
carried out to support the integrated development effort.

A major portion of the funding for the predevelopment and develop~
ment phases was provided by the U. S. Department of Energy and the Gas
Research Iostitute. ERSE wishes to express its gratitude for this SUppoTE.
Currently the program ie totally funded by Exxon.

The CCG process has now entered the final or precommercialization
phase of its development. This phase will involve a 100 T/D large pilot plant
(or LPP) which is now being designed. Supporting laboratory and englaeering
programs will contiouwe during the precommercialization phase, which ds
expected to be completed in 1989. The large pilot plant project will be
described in more dectail later in this paper.

Figure 6 illustrates the key pilot unit sizes for the last three
development stages and the projected commercial plant. The capacity of the
fiuid bed unit used durivg predevelopment was 0.25 T/D of coal. The process
development unit now in operation feeds 1 T/D. The two pictures on the right
look ahead to the future large pilot plant of 100 T/D and commercial gasifier
reactors of 3,000-5,000 T/D which could be in operation in the late 1990's.

The current development effor: centers on the ! T/D POU lacated at
ER&E's Syunthetic Fuels Research laboratory in Baytown, Texas.” This wir is
large snovgh ro permit continuous feed and withdrawal, and it operares at the
rrojected commercial conditions. The PPU includes complete facilities for coal
preparation, gasification, product gas cleagup and separation, and caralyst
recovexys The gasifier is a slender tube 10 inches in diamerer and 8D feet
long. The purpose of the PDU has been to confirm the operability of the
process at commercial conditions and to provide the dauta base for design of
the large pilot plant. To date, the wit bas been rwm for over 2,500 bours,
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with the lomgest uninterrupted run period being 33 days. ERAE is proud of
these operating achievements, especially in view of Lhe substantial chal-
lenge which operation of high pressure coal gasification pllot plants
presents, During the large pilot plant phase, continued operation of this
1 T/D mic is emvisioned.

The PDU achieved irs most signifigagt mllestone to date in
April, 1981, with a 23—-day demonstration run.”’ This run showed the oper—
ability, sustainabiliry, and coatrol of the CCC process at the target
commercial conditioms. The results of this run are shown on Figure 7.
Tempearature and pressure ware controlled at 1280°F and 500 psia, and coal
and steam rates were gaintained near the targets. The fluid bed density
was held at 16 1bs/ft”?, steam conversion was 35Z, and cacbon conversion was
85-80% — all met the original targets. Eatrained fines were not recycled -
during the demonstration rum, and it is expected that carbon conversion
would increase with fines recycle. Methane content in the product gas was
20-25%, somewhat lower than target, but this level was comnsistent with the
higher steam/coel ratie used. Material balances within 5% were recorded,
and no gasifier plugging was observed. This run was a major success. The
PDU demonstrated process operability and provided data nécessary for the
next phase of the program: rhe design, constructiom, and operation of the
large pilot plant. The PDU is now focusing on evaluation of alternative
coals, process improvements, and improved carbon conversions

large Pilot Plant Project Bagis

Figure 8 presents the project planning basis for the CCG large
pilot plant. The pilet plant will be built and operated in Rotterdam Europoort
in Holland by Esso Steenkool Technologie, B.V., an BExxon affiliate. A site
next to an existing Exxon facility has been selected o take advantage of cer-—
rain available utilities. The prime purposes for the large pilot plant are to
develop process and equipment data and scale-up capability to design commer-
cial plants and to demonstrate the applicabilicy of the process om a range of
coals of interest. 4&n in—depth size study taking into account process and
hardwsre issues, scale-up capability, and commercial representativeness
resulted in a size selection for the large plleot plant based mainly upen the
gasifier section. The conclusion wzs that a large pilot plant gf about
100 T/D is needed to bring the process to commercial readiness.

Biruminous coals which are reasonably representative of coals
expected to be intermationally traded in the furure will be tested in rhe
large pilot plant. The product gas will b SNG, which will ba sent to the
adjacent Exxon facilities as fuel. The 100 T/D large pilot plant, its
operation, and the associsted RED activities are expacted te oSt over
500 million deollars.

The facilities which will be included in the large pilot plant are
iilnstrated in Figure 9, which repeats the commercial flow scheme showm pre—
viously in Figure 3. Tha facilities indicated with shading were identifilad
during the size study as areas which should be demunstrated on the large pllot
plant scale in order to obtain adequate scale—up data for commercializatioun.

Inciuded in this category are: f-fﬂx‘-,_

T
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® The fluid bed pretreatment step.

® The gasifier, including coal feeding, cyclones, and char wirhdrawal and
depressuring equipment.

& The gasifier effluenmt high temparature heat recovery equipment,
consisting of 2 gas—gss heat exchanger and a waste heat boiler.

® The catalyst recovery facilities.

The remaining faciliries will probably be included in the large
pilot plamt, but they represent conventional techmology or can be demonstrated
separately without inclusion in the LPP. To enable che plant to operate, it
will be necessary ro provide for coal crushing/drying, coal/catalyst mixiag,
fines removal, and preheat. The steam reformer will be included to provide
additional heat input for the gasifier which is essential at the large pilot
plant scale to offset relatively high heat losses from swmall equipment. Acid
gas removal and cryogenic separation will be included to close rthe recycle gas
loop.

Large Filot Plant Process Basis

A major effort, carried out in late 1981 and early 1982,
established cthe process bases for all large pilot planl equipment. An
important aspect of this work was the fact thar the large pilot plaat must
have the flexibility toe handle a variety of coal feeds and a range of
operating conditions. A seriaes of flexibility studies was carried out To
estimare the impacts of altermative operating couditious on the material and
egergy balance and to establish design ranges for major process varlables,
such as coal fead rate, gasifier temperature and pressure, Steam ratae, and
gasifier effluent rate. The ranges in some of the key process veriables and a
few operating modes presented in Figures 10 and 1l reflect such flexibility
considerations. Some of the ranges are very wide, and therefore present
significant challenges in designiung the LPE,

The base coal feed rate to the large pilot plant is set at 100 T/D
of Illipois No. 6 coal. Yliinois No. 6 has been used as the primary design
feed because the data base ro date is mainiy on this coal. As mentioned
bafore, several bituminous coazls will be run in the LPP. Since no specific
coals have been selected vet, the LPP will be desigoed for & considerzble
range of coal properties. Ash coatents ranging from 1.5-17 wti have beer
specified. 4sh is =n important parameter since aluminosilicates in the coal
tie up active potassivm and form water—imsoluble compounds which cannot be
recovered by the counter—current water wash train in the catalyst recovery
section. pal feed heating values in the rapge of 8,000-13,500 Bru/lb,
moisture levels between 3.5 and 16.5 wr¥, and sulfur levels betwesn 0.5 and
4 wt¥ have been assumed ip the basis. The catalyst loading will be in the
range of 10-20 wcX &s potassium carbonate on dry cozl, depending oo the ash
content of the coal amd required carben conversion.

The fluid bed pretrgater which is used to dry the coal/catalyst
nixture and to reduce coal swelling and caking tendencies will be designed to
rum at temperatures between 350 and 400°F at a pressure of about 17 psia.
Designing for this range of tempsratures, along with the capability to vary
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residence time and inlet gas oxygen content, will provide flexibility te
adjust pretreater operations to best satisfy the pretreatment requirements of
individual coal feeds. For mildly caking coals, The pretreater will be used
as a drier only and oxygen conswapfion will be minimal. When strongly caking
coals are processed, condirions will be adjusted to obtain oxygen consumptions
in the range of 2.5-10 wtX on dry coal.

Cousiderable Flewxibility has heen provided in the gasifier process
basis as indicated in Figure 1l1. A temperature range of 1275 to 1325°F at a
pressure of 500 psia has been specified. Steam—to—coal welght ratios ranging
from 1.3 to 2.0 and carbon conversicns of up to 95% have been assumed in the
heat and material balance calculations. Together with kinetic_and fluidizarion
correlations incorporated in a computerized CCC Reactor Modei,’ heat and
material balance calculaticons have led to the sizing of the gasifier and
showed the need to be able to run at a range of bed heights from 60 to 100 ft
to allow operations under 21l conditions likely to be of commercial interest.

Beat recovery from the gasifier effluent gas will be by a2 gas—gas
exchanger which preheats gasifier feed steam and recycle gas, followed by 8
waste heat boiler producing 600 psig steam, Because it may be desirable to
vary the exchanger configurations to determine the best operating conditions
for the high temperature, dusty enviromment, the LPP will be designed to runm
with either the gas—gas exchanger or the waste heat boiler or both bypassed.
These operating modes will allow modifications to the exchangers while
continuing to operate the gasifier. :

Catalyst recovery will be desigaed for a 95% recovery of water-—
soluble npotassium, which represents for Illineds No. 6 coal about 70% of the
total potassium added te the coal. Six stages of settlers and several filters
will be required fo haandle all potential solids rates. Significant exrtra
allowances will be specified as a result of uncertainties ia solid properties
and the large range of ash content of the feed coals for the large pilet
plant.

Large Pilot Plant Project Schedule

The current schedule outlook for the large pilot plant project is
shown in Figure 12. The plaaning effort is nearly completed, and the design
activities starced earlier this year are expected to be completed in 1983.
Derailed engineering and construction are scheduled in the 1983-1986 time
frame. Operation of the plant will take 2-3 years.

Supporting RAD activities will coacinue throughout the large pilot
plant program. Much remains to be done to bring CCG to commercial
readiness. As in any major process davelopment, some technical challenges
must be resolved, esnd wnexpected findings may occur- Onr rthe other hand,
ERSE's continning work ou process improvements could lead to enhancements to
the current commercial process concept. Either the process development or

process luprovement activities may lead to changes in this development
«~hedule.
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Conclusion

In conclusion, Exxon Research and Engineering and Esso Steenkool
Technologie, B.V. believe That, in the longer teru, CCG offers an efficient
route to SNG from coal, particularly from bhituminous coals. Mire than a
decade of development work has brought the process f£rom an early concept to a
point where process fezsibility has been demonstrated. The Departmeént of
Energy and the Gas Research Institute played an important part in CCG's
evolution through their fiopancial support and encouragement. BExxon is now
proceeding with the final development step — the design and operation of a
large pllot plant — to ready CCG for commercial applicarion.
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