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Introduction

Within DOE, METC is responsible for research on processes for the preoduction
of synthesis gas as part of the Surface Coal Gasification Program. All MEXC
programs are organized to develop integrated systems for specific
applications. The Surface Gasification Program, includes the development of
systems for the production of power, which involves the development of IGCC
systems for the production of a hot fuel gas and steam; the development of
systems for the production of industrial fuel gas, which involves the
development of instrumentation, materials, and components for gasification
systems; the development of systems for the production of co-products, which
involves the development of mild gasification processes to produce high value
solid, liquid and gasecus products; and the development of systems for the
production of synthesis gas, For the production of synthesis gas the objective
is to develop improved routes to lower cost synthesis gas, including improved
process concepts, gasification reactors, gas cleanup and gas separation
processes, and shift catalysts. )

Each program includes the development of improved process concepts, modelling
and economic analysis studies, performed by both outside contractors and by
METC’s Systems and Technology Support Division. Also within the METC
organization, the Office of Applied Science and Technology is doing research
in house to expedite the coammercialization of these technologies. Other
closely related activities at METC include programs to develop hot-gas cleanup
technologies to fit specific applications, such as the production of synthesis
gas, including methods to remove particulates, sulfur, alkali, and trace
contaminates from gasified coal, generally at temperatures from 1,200° to
2,000°F. Two of these technologies which are particularly applicable to the
production of synthesis gas are the development of the zinc ferrite external
desulfurization process and the cross-flow filter for particulate removal.

Matching Synthesis Gas Production and Use

Processes for the production of synthesis gas from coal, shown in Figure 1,
include coal handling and preparation, gasification, cleanup, and shift

s21  Preceding page blank



Figuze 1 ‘
Typical Process for the Fradustieon of Eynthesis Gas
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end/or gas separation to adjust the hydrogen/carbon monoxida ratio. Almost

all of the organi¢ matter in coal can be converted to crude ayngag, The

byproducts isclude aulfur, ammonia, carbon dicxide, heat and steam.

Eovironmental concerns must alse be addresged. The conversion of coal to

tlean synthesls gas generally accounts for 70-80 percent of the capital cost

of an indirect liquefaction plant (Haag, Kuo, and Wender June 1887, p.11B). J

S5yntbesis gas has besn produced commercially in each of ths differant generies
types of gasifiera ahown §n Figure 2 (Wilson, Halow, and Ghate 1388). Fer
example, tha Lurgi fixed-bed gasifiar in the Sasol plants in South Africa, and
the Texaco gasifiar in the Tennesses Lastman Coal-to~Chemicals plant in
Kingsport, Tennessss.

Projected clean gas compositions from each of these gasifiers types is shown
in Table 1 (Haag, Xuo, and Wender June 1387, p.183). The varying proparties
of these gas nmixtures, including the twoperaturs, is clear. The variarisn in
thase properties requires the uss of different gas clemnup techniques and,
‘mast importantly, can ba used to mateh the guaifier to the temperaturs and
presyure raguirements ¢f the downstream processes. An entralned ganifier
produces a relatively hydrocarbon-frea gas at a vary high exit ges
tesperature. The reaction takes place at 2,500°F7 and most of the heat in the
ga8 is removed from the gesifier 30 that large amounts of heat exchange
surface are required to cool the gas and recover the hest. Flaold-bed
gasifiers produes gas at intermediate temperaturas. After cleaning, the gas
contains a few parosnt of msthana. Plixed-bad gaziflers prodoce gas near the
temparature nseded for most direct liquefaction processss but the gas
typicaliy containg less than 50 paréent hydrogen plus earbon moncxide and must
be cleaned of significant quantities of methan= and condenaables hydrocarkons.
Each gasifier typs can produce synthesis gas at different pressures.

The stoichiometric hydrogen/carbon monoxide ratis required for various
preducts variss despending on the chemical to be produced sy xhown in Table 2. )
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Figure 2

Generic Coal Gasification Reactors
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Table 1
Typical Properties of Clean Synthesis Gas
—SRElL- ROPFEES- ' Y-SR R
GASIFIER TEXACO EOPPERS  TOT2IX xRV VINELER _ LURG] LURGT |
GASIFIER TYPE ENTRAINED ENTRAINED ENTRAINED FLUID-  FLUID-  FIXED-  FIXED-
sED BED M BED '
!
CoAL 1LLINOIS ILLINOIS  TVA WYOMING GERMAN  WYOMING  FRANCES
¥o. & »o. ¢ BROWN
COAL
EXIT PRES- 600 435 20 415 30 430 365 '
SURE, PS1G :
CLEAN GAS |
CoMPOSITION, :
oL % ;
Hy 40.0 3.8 8.6 40.1 50.2 55.7 29.4 ]
co 5.8 6.5 60.1 82.4 46.1 26.9 58.4 |
ai, 0.1 -- . ' ] 2.3 16.1 7.0
[ - -- .- - .- 0.9 6.5 |
v, 1.1 0.7 1.3 0.7 1.4 0.4 a7 !
H,/CO RATIO 0.679 0.694 0.638 0.763 1.09 2.07 0.506
My * co, 8.8 5.3 .7 2.5 96.1 2.6 878
PLRCENT OF
GaS
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Floure 3
Caranic Cress-Flow Filter

ALAIASANNS

Gas Separstion

The Jet Propulsion Laboratory is developing a solid alectrolyte mathod, called
the Zirconia Cell Oxygen Production Source, for producing lowsr coat oxygen
for coal conversion plants. The tachnology iz intended for uss in
&pplications requiring less than 50 tons/day axygen, whers it iz projectad to

be sconomically compatitive with crysgenic Flanta. A disgram of thke zirconia
menhzane 14 shown in Figure 4,

The membrans conslsts of the rirconls sandwiched betwesn elactronically
conductive porous slectredas. Oxygen molscules diffuse through the porous
slsctrods to the zircenia intarface, whers they are decoopossd to singie
oxygen fons. Electrons are supplied from the DC power supply, which drives
thy cxygen lons inko the zirconia mizbrans where they are transported through
oTygen vacancias to the second alectrode. At this point they recombipe inta
oxyyen molscules and the slectrons are given up to complete the circuit, The
tirconia slectrelyte operates at 1470-1830°F to increass OXYJen vacancy
mobility. The culls will be stacked and cuonbined inte modules with
appropriate plping to admit and exhaocst gasas and oxygen. It may be pessible
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Figure 4
Zirconia Membrane
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to manifold the modules in such a way that they can act as heat exchangers to
remove heat from the gasified coal and obtain the high temperature needed for
operation. The major effort at this time is on the production of thinner
zirconia sheets to improve the oxygen production rate.

Organic membranes are also being studied for use in gas separation. One
exzmple is a project by the National Institute for Standards and Technology
(NIST) to demonstzate the use of carrier impregnated ion exchange membranes
for the selective removal of acid gases. Such membranes have excellent
selectivity, are simple, and require low energy. A smaller membrane can be
used when the acid gases rather than the bulk gas stream pass through the
membrane. However, the membranes are temperatuze sensitive and expensive. A
diagram of the system being studied by NIST is shown in Figure 5.

The mexbrane is a polysulfonic acid material called Nafion, a DuPont product,
with a chemically bonded ethylenediamine carrier. The acid gases interact
selectively with the carrier and are conducted through the membrane by passing
from one carrier molecule to anothet. A solvent swelling step has been
developed to improve facilitated transport through the membrane at 25-200
degrees C and atmospheric pressure.
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Tabis 2

Bydrogen/Carbon Monoxide Ratic Requirmments
for Varicus Synthesis GSax Applications

Chemical H2/CO Stoichismetric Ratic

Carbonization Pure O
Acetle Acid 1.0
Ethylene Glycol 1.5
Ethylane 2.0
Mathannl 2.0
Ethanol Z.0
Amonia Pure H2Z

For the moat comwon wses, hydrogan is deficlent in most gasification product
gad streams, Tradeoffs must be made. Gasiflcetion rates and coal thraughput
sre fevored by higher gasifiar temperatures but the production of hydrogen is
favored by lower temperatures, as ars the formstion of msthans and othar
liquid hydrocarbona, which must be removed from the ges. Thersfors, hydrogen
concentration is generally increased in a separate water-gas shift reacter in
the pressnce of & catalyst.

Other properties of gynthesls gas are alss lxmportant. Iypical synthesia gas

proparties required for varzious indirect liquefaction applications are shows

in Table } {Raag, Kuo, and Wender Jupe 1987). The Sasol Arge procesa produces ‘
®ostly diesel ol] and heavier matarial and tha Synthel process producas

lighter material, boiling predominately in the gasoline range. -

Tahle 3
Synthesly Gay Propartiss for Indirect Liquefactioan

HeGH ZASOL 1 EASOL T
PRODUCT LOW PRESSURE ARGE EYNTHOL

CATALYST Cu/Zn0/AL 10, Fe/Cu/K/310, Fe/T/ME/AL,04-510,
" FRESSURE, PSIC 130 360380 335-358
TEMPERATURE, *F 482 658 569
Hy/c0 : » 2:1 1.5-2.5:1 2.0-3.0:1
ALLOWARLE SULFUR 0.2 1-2 1-2
LEVELS, FPM
OTHER CATALYST' Hi, Fe
FO150NE

The required temperature of the gas is low, from 4B0*-700°F and the preazyure
is mcdezate, in the range of 335-730 psig. The requirements for lew
temperature do not appear to reguire hot-gas cleanup., However, there are scome J
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. 160 applications where ons~pasy methanol :Enmat:l.oﬁ may he incorporaked to
\‘ produce peaking fuels for utility appliesticns while the major product is fusl
gan, and heat must be conssived for producing steanm. :

Ths level of sulfur remcval required is high, with the sulfur concentzation
which must ba achleved in tha 1-2 ppr range. Sulfur removel proceszsas and
sulfur resistant water-gas shift catalysts aze therefore nesded. Ash
concentrations in the ges must alse be virtually nil, Partlele removal
tystems which do not involwve the additisn of large axounts of water to the gas
atream are also nesdwed.

Research end Development Needs for the Production of Syntheais Gas

An extensiva discussion of the ressarch and development nesds for the
developument of gasificatlion aystems for tha production of low coat symthesls
gas has besn published recently (Haag, Fuo, and Wender June 1987)., The
¢varall procsss econcmics must always be considered. Among the
recommendations and cooments aze the following:

Irtegrate the gasifier with downstream indirect liquefaction procesaing.

. Integrate the production of syrthesis gae with the productien of ensrgles
in wvarlous forms, including uses for hydzogen, steam, heat and possibly
carbon dioxide. .

v .  Enhancs co-productisn applicationa by the uae of hot=gas clesanup
techniques to preserve heat in the gas stream.

TUse oxygen in the gasiflers because of the need for high hydrogen plus
carbon monoxide partial pressures in the indirect liquefactlon procsssea.
(It iz alse cheapsr to compress oxrygern than the resulting synthesis gas.}
But define the optimm cxygen purity requiremsnt. The oxygen nesd not ba
pure in all applicaticne and ths produstion of purs cxygen i a high-cost
component of gasification processes. )

Study the uss of low volatile content cocals in gasifiecw with short
resldence Ltinss to minimize hydrocsrben formation.

METC Programs on Systems for the Production of Symthasis Gaz

METC currently has proidects in progress en improved gasifier operationm,
catalytic gasification, hotegus particulate removal, sulfur resistant weter~
gas=ahift c=atalysts, gas separation, the yinc ferrite hot-gas desulfurization
process, mcid gasm removal, and syatem cptimization studies., ZThere aze¢ many
projects currently in progress on cperation of gasifiers, primacily coupled
with hot=gas cleanup. These and the rinc farrite hot-gas desulfurization
procesy davelopmant, which is also being developad in many separate projects,
will net be disenssad in thiz paper. Details of thess projects are avallabie

. ) (Fothari and Longanbach May 198E).

I
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A discussion of ssveral current METC-sponscrad projects with applicaticon to
the development of syatems for tha production of ryntheszls gas Tollows.

Catalytie Gaaificatimn

Lavrence Berkeley Laboratory is continuing & program called Fundamental
Studies of Catalytic Gasification, The objective of this work is to
inveetigate the role of catalysts in low temperature steax gasification of
coal chard. They have shown that catalysts pempoeed of miXturas of caleiwm
and potaxsium oxides are almost as active as nickel/pobassium mixturas and are
not deactivated by the pressnce of metaly and sulfur on the char surfacs. The
catalysts react by diasocisting water on the char surface and produce hydrogen
and carbon mongzide at temperatures greater than 1300°F and hydrogen and
carben dioxide at 1080-1300*F. They have found no evidencs for water-gas
Bhift on the catalyst surface by following the presenca of carbos monoxide
using Auger spactroscopy and temperature-programued desorption of carbon
monoxide. All types of char have bean shown to havs tha game anacrgy of
activetion, indicating a esewon reaction mechanism, Low rank seais gazily
faster due to grester catalyst coverage which is propartional to the larger
turface area in coals as coal rank 15 decreased.

Ceramic Cross-FPlaw Filter

The Westinghouse RiD Center is developing the ceramic cross-flow filter,

The objective of one of the cu-rent programs is te verify bthe sultahility of
ceranic cross-flow filter technolegy for use in a coal gaaification
envizonment., A diagrem of the current configuration of the cermmic rross-flow
filter {s shown in Figurm 3.

The fijter is a 4 inch x 12 ineh x 12 inch module which consists of
alternating channels and porous geramic plates. The dirty gas pasases into the
filter through one wet 0f channels, passes through the pozges ceramic plats,
and exits through a second set of shannels, Thase filtars have been
succesafully tested in A prassurizad-fluidized bed combustor {EFBC}
envirooment and, st METC, on & gasififer. The filter will be now be testad an
& Texaco gasifier and, using a simulated gasifier product stream with 2000
3000 ppm ash on & test loop at 1,50(°T and 160 peig and 100 actn gas flow.

Low Temparature Water-Gas Shife Catalysts

SRI International has recently ccmplated a program to investigats the
devalopment of a asvel bomoganesus, low-tempsrature, water=-gas shift cakbalyst.
The goal of the work waa to find a singls homogensous, carbonyl=cooplex
catalyst which could convert greater than 95 percent of the carbon menoxida to
hydeegen at 390°T in an apwotic solvent/amine base system, After sCreaning a
saries of catalysts they identified ruthenium and melybdeim-iron catalysts sa
candidates for further testing and =howsd that 1,000 ppm of hydrogen sulfide
had little effect on the performance of these catalysts. BHawever, the
turncver frequeancy for these catalystz is not high anough to support further
development _ .
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riggfe 5
Facilitated Transport Membrane Mechanism
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Economic Analysis of Coal-to-Chemicals Processes

An econcmic analysis of coal-to-chemicals processes, recently completed at
METC, concluded that fluid-bed gasification with zinc ferrite desulfurization
and cross-flow filter hot-gas cleanup seems to be the most economical process
combination, Fluid-bed gasification produces gas at a pressure and
temperature reasonably close to that required by indirect liquefaction
processes. Zinc ferrite sulfur removal and cross-flow filter particulate
removal processes preserve heat in the gas stream, The heat and power evolved
during gasification must be integrated into the indirect liquefaction process.

Summary

METC has identified key technical issues in the low cost production of
synthesis gas and hydrogen and initiated research and development activities
to address some of the issues. System studies are continuing to analyze and
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develop optimum process conflgurations for the integration of gaslfication and
irdirect liquefaction processes.
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