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TRANSPORTATION FUELS FROM INDIREST COAL LIQUESACTION
Richa=¢ F. Schehl®

ASSTRAST

Cca. san de coavertes o liguis Zuels via
tEree generically delines sect=nologies:
pyrolysis, irecs aydroligquefaction. and
indirec: ligquefastion. Thi= piper presents a
genetzl ovérview 0F the indireet liguefacTioz
technology ané a discussion 0 processas that
2=e scmmerciallr aveiladle ax well ‘as those =
the gevelopaens stage. Finally, the objective
of the 20t research and development Program in
sonversidn of syntaeais gas derived from eoll
to traasportation fuels i3 summeiZed.

TECHNOLOSY BACRGROUND

Tadirect coal liguefaction is distinguished
f=oz other thods o0f producing coalederived
liquids i that the cozl structure i3 Tirst
essentially destroyed througt  StesD-oRygen
gaailizacion to produce synthesis gas
(hydrogen plus carbon sonoxide). The syntheais
gas thus produced can then be converted IO
cheaicals, gzseous Zuels, o= clean liquid
transporsation fuels by a variety of catalytic
proceasas. A generalized bdlock diagram of
various indirect liguefaction routes is skown
in Figure 1.

The ganesis of indirect liqueZsction 1is
considered o be the work of Sabatier and
Senderens in 1902." They wmaported the
synthesia of methane froz bhydrogen-carbdon
monaxide and hydrogenecardon dioxide mixtures
over reducted nickel catalyst 2t temperatures

tween %73° an2 572°%. More than 3 decade
later, Badische Anilin anc¢ Soda Fabrik (BASF)
observed that alkzlized cobalt and oszium
oxides catalyzed the reaction of carbon
monoxide and hydrogen to praduce mixtures of
aliphatic nyarocarbdon and oxygeaatec
pro::uc'.s.z After 3n intermuption caused by the
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19141018 European conflist. BAST coutinuecd
taeir mesegmen efforts wnE in 52 disclosec 2
wirogess For synthesizing rmethanas Serve
synthesis pgas o the exclusion of other
products. This higk pressure procean (20.000-
3£,00C kPa) was fi=s2 put tc commpercial use at
Leuna, Germany, angd ungil 196E. was the basis
for all commersinl Jeshancl plants. Isperial
Chemical Indussries, Lic.. 2&7) 4introducec
their low preasure (3,000-1C,.000 kPa) methanol
syntheais process in 1965.3 The more active
ISI copper-sine-gchromium catalys: mesulted In
lower capizal and operating costs thar cic the
BASF zinc-chremiuz based catalyst.

Researck directed a: the syathesis of higher
molecular weight hvdrocasbons was  firs:
raponted by Franz Fischer and Hans Troosck ==
1923 as 2 result of several years uork 4t the
Kaiser Wilhelz Imszitus fii- Kchlenforschung.’
The product they obtained at 10,000-15,000 kPa
and 673°-723°F using an alkalized iron catalys:
consiste? primarily of oxygenated cozpounds

th a very sgail quantity of hydrocarbdoas. I
was subsequently founc that operaticn at louer
pressures (700 kPa} shifred the product aistri.
dution to chiefly aliphstic hydrocasoons. AKS
zhat sime, the German governoent was Righly
interested in the production of synthetic potor
fuel, and Fischer and Tropsch actively pursucc
their research throughout the 192C's and
reported their findings on a number of catalyss
systems. During this =ime, interes:t in the
possibility of synthesizing wmotor fuels
=pread, and Smith and coworkers at the U.S.
Buroau of Mines perforasc tests 2 using
syntheticezmmoniz catalyst (fused iron oxide
promoted with potassiuz and aluminus czzc:es).s
By the late 1920's, catalys: development
ssudies ueme 2also Dbdeing cohducted by the
British and Japanese.

Significant advances were made in the
development of Fischer-Tropsch catalysts a few
vears later with the preparation of the nickel.
shoria-kieselgunr anéd the cobaltethoria-
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Figure 1- Genoralized Indirect coal liquefaction process.

kieselguhr catalysts. An iptensive camalys:
developmen:t prograz in Gerzamy in the period
1933-1939 resulted in the choice of Co-ThO,-
MgOeicieselgunr (100:5:8:200 parts by weight)
as the best catalys: for commercial opuration.
The 2i*s: large-scale Fischer-Tropsch plant
was drousnt inte operation by Ruhrchemie 3t
Sterkrade-Holten about 1935. Nine Fischer-
Tropsch iustallations were erected and put into
operation in Germany in the period freom 1635 to
e85, All of these plants were of the
Auhrchenie Stype operating at either normal

prassure or mediur pressure 100 kPa) anc
temperatures of 853°-173°K. At the height of
produesion in 1952/8L, the annual ouspus from
these plants reached pearly 570,000 satric tons
of primary product, or 15% of the total German
synthetic fuels productioc. The product slate
vas -eported to consist of approximately 46%
gasoline, 23% diesed oil, 3% ludricsting oil.
and 28¢ waxes, detergents, and aynthetic fat
and 0£1.% The bulk of the coal-derived Iiquids
at this sims were obtained froz= high-pressure
direct hydrogenation. Intensive Alljed
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bo=binz —aicz betveen May and 0otoder o 18RE
sesulte? i alunost complete destruetion OF the
rine Trocner=Tropsen plants (only taree of the
slaz=zs sould de put Satk izte operstion). &
sLant i SergiqQmesn santinued oSperatics after
the wvar unger Schering AC unsil it was s3but
down in  Maeen 1062 ague e ecomomic
sansideraticns,

in ageinion To the Ger=an plants. Ruhrchemie
A3 =lszz  lisenmses Tlsgher-Trodsenr  planss
ay=saZ. Eefame °"385, 2lants basec oz the
Ruhrshenie proceas wert opersted iz France {one
plant), Japan (four planmts). and Manchuria
fone plant) anz hae a o2l productica capacily
of 3W0,.000 metric tons OF primary products per
NI

Iz April 193&, she T.S. Congress snacted the
Syntneziz Liguic¢ Fuels Ac:, whick comm:asioned
the Ddepariment of the Iateric™, more specili-
cally, the U.S. Bureau of Mines, 0 conguct
laborazory ang pilet plant stucies that would
nopefully leac to the construction of demon-
Tratior plants and the subsequent developzent
of 2 synthesic ligui¢ Tuels industry in the
Onitec States. Extensive research was carried
out a: Bruceton, PA, now the Pitssburgh Energy
Technology Cepter of the U.S. Depa=tzent of
Snergy, qauring the period of 1158& to 19&9.
Studies were concentrated on  the oll-
eirtulazion and  ollesiursy Fischer-Tropsch
systez=s, an¢ in 15489 3 pilot plant based on the
oil-cirzulation process was buils in
Louisiana, 50.7 his plant had & capacity of
50 to 80 barrels per day and was supplied by
asynthesis gas produced by the 4fication of
coal. HNew discoveries of petroleuz in the

ite¢ States, Canada, and Middle East,
nowever, caused decreased government interest
in synthetie fuels from coal, and couasequently
oparation o©f the plant ceased 3in 1953,
Research on Fischer-I=cpach synthesis
gcontinues at the Rurean of Mines' Brucetor
station until about 196C. This work has
recently been summasized by Baird et al.a

With financing fron | several petroleus
companies. a synthetic gasoline and by-product
chemieals plan: using a  fluidized-bed

Fisgher-tropach convester waT Draug=t ints
operasion in 195 in Drownsville, Texas. The
plant, ikmown a= the Carthege Hdydrocal. was
designed br Hyarocarbon Rezearcrs, Inc.. S0 proe
duce abdout 7,300 tblsday of produs:s ooz

Tarmed cmatural gas. Scale=up problems
plagued the plant from the degimnning, anZ the
modification required ) =each desig:
conditions was considered too a223tly - view of
the availzhility of cheapr 3zetroleu= at that
time. The complex finmally suspendec sperations
in 1957.

The only commercial operaticn that produzes
hydrocarbons frox syathesis gas today Is fount
in South Africa. T7The Scutk African Coal, 0L,
and Gas Zorporation (SASOL! brought the plant
into operation in 195E. This plaat. SASOL I.
is loecated at Sasoldburg, 50 =ziles sousn of
Johannesburg. .

The SASOL I technology =onsists of coal gas-
ification via Lurgl d-y-ash gasifiers, gas pur-
ification using Rectiscl scrubting, ang hydro-
carbon synthesis using two types of Fischer-
Tropsch rezctsr Systens, namely, the Synthol
and Arge relcta:-s.g The Arge reactor is 2
Zixed<bad gystem developed by Lurgi i Wess
Germany. It produces primarily higher-boiling
hydrocarbons, inecluding a range of solid waxes.
The Synthol resctor is an entrained Jfluid-bed
unit that produces lighter bhydrocarbons con-
centrated in the gasoline and diesel el
range. The Synthol reacto™ was designed by
M.H. Kellogg in cooperation with Uhde of Hesst
Germany and built by Kellogg.

Adlthough SASCL I has basc in production for
25 yesrs, operation of the plant has not always
bsen withou: difficulties. Whea first started
up, the Synthol reactora did net functioz as
designed. It required five yezrs for SASOL to
gavelop better catalysts and podify the reacte
ors before they could be brought into reliable
cozmercial produetion. A third Synthol umit
was later added. SASOL has also significanzly
refined the Lurgi gasifiers.
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Whem ne Amtesmgiigasl pruse 88 Sl was
ralsec in  Oetoder 1073, South  Africe
wntensifiec efforts It cut it3 dependente On
fome.am CLL imnores,  The decision wvas made
sacriiy  taereafter IT dulils & Zen  larger
synshe=ic Tuels planz, SASOL IZ. Latern, when
the Sham of Zrar was deposec, oll imparts roe
tng® TounRiTT Wwere nC Longer directlv avaliable.
=nd Sgust Afriza quiskly decided o bdbulld a
mim? 2lant. SASSL I7I. viresually identical o
SASTL IZ. 3a3CU I amg ZiZ, wnaich are based on
SASY, = eocnaclogy, are located ir Secunds,
abous QC =iles ems: of Jonamnneabursg. The Fluor
Corporacion of faliforaza L= managing the
egcastmucstion o©f these  plants, which are
=eportes 0 cost a total of $ T bmien.w
ince She current empnasis is on the production
ef transaortation fuels, only the Synthol-type

=apczors are uSed ix SASOL I amd II3.  S&SCL
22 went on stream at the end of 1980, and SASOL
222 ¢s schedulme =z de comaissioned in late
1982.

A si=plified schematic of SASOL II is shown
in FTigure 2. After o002l orushing anc
screening, he coal fines are s¢nt to the
ysility boilers o produce seaz and
elecsricity for she proceas while the coarse
material (12«50 am) is transierred to the
gasifiers. The gasification section conalsss
of 36 Mark IV Lurgi high-preasure gasifiers

sh 30 units on line an% 6 on standdy. Oxygen
is supplied 3o the gasifiers by six air
separators desigmed by L*Air Liquide. Witk the

camatility  ¢f delivewming ssee  shan 12,000
sonnesday, tnie iT the lamges: coxygen fasilisy
2w tae woric.

The raw gas leaving the Lurgl gasiflers =
coolez. and The tar. 4Aust, 0il. pnencLs. an=
zxmania present it the effluent are Tenovec.
The ::.‘:2 anz? EES are ther m~ewowvel by Resiison
azis sa= szrunbers; 3T ThRigf peint, She Froges:
gas streas consists primarily of CC. :-:2. ans
B Tme  zaphtha  fraction Ttz the
gasifisation area and foom the acil sSas resoval
section 18 ayarotreated and beccmes part o7 tae
gusoline pool.  Synthol w=eactorss are usel It
SASIL II to zonver: U and F‘z to hydrozardons.
The choice of the Synthol over tae Arge "eacior
was cdicsazes by sShe sSpeetmu= of procucts
desired anc the ease of scale-up of the desagn.
There are 8 Synthol meactors in SASS. ZI. Zacnh
reactor is about 7S~m high and cemsists of @
reaction chamder sontaining twe danks of
cooling eails D remove the reactionl neal, anc
a catalyst settling chamber. Bronoted iron
catzlys: in powder. form i3 made fron =il
scale. The catalyst is metered Shrougs special
alide valves i 8 standpipe into the prehented
feed and Tecytle gas stream, ané Is carmec By
ensrainment to the reaction zone. The
synshesis reazction takes place at 2 temperature
of 310° to 3%0°C and 2 presmure 8T 2300 kPa.
Catalvst apd product vapor are separatecd in the
settling chamber, with the vaper leaving the
system and the catalyst being recycled bdack ¢
the atendpipe. The synthesis proauct is then
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Figure 2~ SASOL Fischer-Tropsch synthesis
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fractiorai~2 and the methane that i3 produced
o e gasifiews 23 welil as that . produced
WTLRg Synthesis LS routec O pArtial Ooxidssticn
~efommere o provide Jurther synthwesis gas feed
o the  Syminpl  rezcToTs. The ' memaining
PUOAUCT STrEars go to the refinery area where
“PS, ctransportation fuels, and a variety of
che=izals are mnoe =easy for cistridution.

®n 1

‘s

MIRZL TETTHUNILOGT

With Ine recen: 2iscovery of 2 novel family
©f  mSediumepore  (5-6R),  shapa-selective
zeolites by MOdLY, az entirely Dev approack %o
the production of fuels ané¢ chemicals 2rom

thesis gas vas 3pde availadle. The most
publicizec memder of this femily, ISM-S5, was
founc 0 conver: alcobels and olefins to
sasoline in high yiels withour =3pic eoks.ng.“
The unigue structural cnaracteristics of thig
zeollize =0t only innibit the formation of
carbonacecus depos3its within the catalyst

Synthesia gas

COAL (co,

poT™Es But AN30 resirict the farmatiecn = hyeroe
carbons grezter tha: about Z2.,. Fortuitously,
this cor~esponcs very closely *2 the ead poant
ol the gascline doilinmg ~ange.

After baving discovered the properties af
ZSM-5, Mobil begar work =c optirize the
catalyst and to develop the proceas It convers
peshancl tC gasoline. These studies wuere
continued in 1975-197% under DOE  (formerly
ERDA] contract. This worx was jointly Zundec
by DOC and Mobil. The results of this preject
provided data for the <fixed-dec Mobil
M=Gasoline proceas. The methanol-to-sasoline
reaction is highly exother=ic (approximately
170C ki/kg of methancl converted), and ir order
to control catalyst temperature, sSpaciil pre-
cautions must be taken. The srude pethano.
Tirst partially debydrated to ar equillibriuc
mixtuse of methanol., water. and dimethyiether
in a first stage teactor, lLiberating 2 portion
of the total heat of ~eactioz (Figure 3). The

Hz) fRethano!

OXYGEN =i Gasification
STEAM

Byproducts
(naptha,tars, etc)

—
l
|
|
I

— — e OBIL. PROCESS ~o= s s e .—._l

fMothanol
Dimethylathet

-5 BrOCass

Steam

GasoLNE - [N i}
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|
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Figure 3- Mobil m~gasciine process .
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senans  s%age  PepsisT,  0ONTALNIRE ISM-S
catalyst, =then coaverzs <the Dethanol ans
sivesayiesher tc hydrocarpons and water. The
sezmeratura Tise Anm the sezonc  T™HACSO™ is
sansrsaled oy recyslaing lignt product gases
Back t¢ the ~eactor inlet. Abouyt B5% of the
setal hydrocamdona formed £311 in the gasoline
-ange,  This imsluger the alkylate Tformed Ifroz
=he ligns clefins that are procuced.

The remaiminz hvarscardon Produet consists

sf liguis petrcleu= sas (WP and Tuel gas
< Je

:1":2
The YNew Zealand government has decided o
duild a 13,000 bbdl/zay »lant based upon the 2.

Me3330line fixed Dded :u‘oeesa.12 New Zealand
slana o utilize its adundant supply of matural
gas as feedstock TO che piant. The natural gas
will be stea= reforped te synthesis gas, which
will zhen bde converted =t methanol and Tinally
%o high octane gasoliae.

t.S. DSPARTMENT OF ENERGY RESEARCE

The production of ligquids frezm coal yia
indirecs iliguefaction has gained nev ingserest
in this country as a resul: of recent technical
discoveries and improvements iz gasification
technology 2n¢ in  low preasure pathanol
aynthesis catalysts, ané of Mobil's discovery
of a precess for converting methanol o high
octane gasoline.

Pelflecting this renewed Interest in
indirect  liguefaction, the Department of
Snergy has forsulated a research prograd
directec at developing improved processes to
conve™: synthesis gas from coal to high quality
Transportation fuels. 13 The Progran 3.
activities fall withirn three general areas:

1. Izproved integration of the gasification
step with the liquefaction step. Recent
tudies buve indicated that second
generasion gasifiers, such as the Slagging
Lurgi or ShelleRKoppers, with reduced steas
requirezents. have the poteatial of produc-
ing a synthesis gas at higher  thermal
efficiency and at a lower syngas ees:.“"s

This synmthesiT gps, however, naT @ i-:‘.__ =z 20
ratic in the range of C.& zo U.7. Methancl
vnthesia as well =as SASTL-type Fiscner-
Tropsch: aynthesis mequases 3 syngas matic oF
abous 2.0 or greater. II tois syngat Sust
be shifted To a 2.0 ratio for sSynthes:is
conversion, then maen of the  agvantage
gained ir the gasificastion szer i= los:t.
Cozsequently, thesz ip sStronpg inceniive for
develooing ©atalivsts ang reactor sSyss

sapable o0f direstily conversing oW rasic

synthesis gas o liguid hydrosardons.

Increased yield of prexiuz transperiation
fuels <chrough use of shape-selesilive
casalysts. "Classical®™ Tiscaer-Tropsc:n
catalysts yield a dbroad spectmz of products
rangans Zvom Dethane = solif waxes. For
the U.S. market, extensive progust
upgrading would bde rejuired In crdes IS
imorove the qualisy ands/or rield of trans-
porsation fuels. Mpbil's Methansl-toe
Gascline procea® 3is one Toute 3o the
production of Rkagh qualityr liquids I= hige
yield. Studies have alsc shown that shape=
selective catalrzts may be used tc convert
synthesis gas cdirectl =] gasoline.15
Casalysts of this type posae=s botk a2 CO
reduction fumetior anéd a Zeollite to restrict
the product wdolecular size, Another

sernative for increasing gasoline yields
iz to use shape-selective catalys:s 4in a
second stage “refining® step that is coupled
to a "scandard™ Fischer-Iropsch syxtheais

i,

Development of ioproved thermally efficient
synthesis reactors. The conversion of
synshesis gas o aydrocarbdbons anc
oxygenates is a highly exothermic reactioz.
an¢ careful control of reaction tesperature
is necessary to prevent excessive fcrmation
of 1ight gas (C.l and Cz) and to avoid ~apiZ
deactivation of the catalys:t. The three-
phase slurry mctor." Tirst investigatec
by the Germans dur-iag the 1930's, offers
attractive alternatives tc the gas-phase
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~az2z0%s L) e=playes for methaaol
syatnesis ang at SASOL. The excelient
tezperature eonzrol Proviced Dy the slurry
enadles nigh single=pass

somverziine, thur redusing recycle require-

~e32Tor

Dents; results in reduced yield of methene
ang ethane; and izhibits deactivation of the
z2zalves Sy coke formution. Coupled witk
=he appesrTiate eatalys:s, She slursy
rezsio= L®  expesteld 0 be cadadle of
srosessing Low E_/CT ratio synminesis zas
without the rn:-‘.‘. catalys: desciivation
that i3 observed in vapor phase sysiems,

CONCLUSION

The curren: outlodk for indirect lique-
faciion 13 encouTasing. New faciliziies are
being duile i= ek ATrica an? New 2Zealand,
and commercial plants couid de designed and
DyLlt for cperation an the United States using
araven technology. At the aame time,
developmentzs in gasificaticn as well as ligue-
fasrins  ecasalys:  ané reactor - technology
srozise significant improvemeats in indirect
liguefaction processes in the years toc come.

DISCLAIMER
Reference 4in this report to any specific
compersial producs, process, or service ia te
facilitate  understanding and does mnot
necessarily imply its endorsement or favoring
by the Unized States Depa-tment of Energy.
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DISCLAIMER

This report was prepared as an t of work sponsored by an agency of the United States
Government.  Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process discloed, or represents that its use would not infringe privately owned rights. Refer-
ence berein to any specific commercial product, process, or scrvice by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its eadorsement, recom-
meadation. or favoring by the United States Government or any agency thereol. The views
and opinions of authors exprsssed herein do not necessarily state or reflect those of the
Uhnited States Government or any agency thereof.



