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ABSTBACT

Exxon Research and Engine:rirg is de-
veloping a donor solvent coal liquefaction
process to produce low-suifur liguid prod-
ucts from > wide range of coals. The
primary goal is to achieve a state of
comnercial readiness by 1982 through an
integrated program of !aboratory and engi-
neering research and development in con-
junction with operation of a 250 T/D pilot
plant. This rresentation will discuss the
bagis ¢ *his devel’ 'ment project aad the
status of the procram.

RO IO

txron was been doina receerch on coal
iilvuctact ion for oleven v /e, Early in
e program many different o roaches to
liquefyingy coual were explorc-* ami tested.
The goal was to define a process that
would be relia’ and operable on many
different kind Jf coal, and that would
have a high pr oability for successful
development. B late 1973 the Exxon Donor
Sulvent (12)S) ; rocess was defined and
early in 1974 .1 agyreszive rescarch and
development pr ram wvas launched to bring
the EDS prucer ; t~ commercial rcadiness.
Since Januar: 1776 the project has been
jointly funded by Exxon, the Electric
Power Research Insctitute, Atlantic Rich-
field Company, ’hillips Petroleum Company,
and rhe ..S. Department of Energy.

EDS PROJECT GOALS

The gqoal o {nce EDS coal licacelaction
project is 1o develop the | rocess to a
state vl commercial readiness, i.e., the
technoloyy will ke available at the end of
the project to design and build a full-
scale, pioneer cosmmercial plant with a
reasonable and acceptable level of risk.
The term "commercial readiness™ has broad
implications and for a new technology such
as val ligquefaction depends on a nr aber
ol factors. These factors inclade the
natur> of the new technology, the assess-
ment of ulte.nate development routes, the
technical capsbility of the organization
that will design the pioneer commercial
rlant, the level of risk in the pioneer
plant that is acceptable to the owner, and
the incentive for early commercialization.
The rvajuation of these factors, ir combi-
naticn it~ re crnther, will determine
the ° -ith f2° reachinc cormercial

¢ 1 'ilar technology.
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EDS PROCESS DESCRIPTION

Toe

The EDS process is illustrated schemat-
ically in Fig. 1. The feed coal is
crushed, dried, and slurried with hydroge-
nate? recycle solvent (the donor solvent)
and fed to the licuefaction reactor in
admixture with gaseous hydrogen. The re-
actor design is relatively simple: an
upward plus flow design operating ~* mod--
erate conditions of 800-900°F and abuut
2009 psi total pressur= The reactor
effl.ent is separa®=Z by a series of con-
vent.nnal distillation steps into a re-~
cyc:®: solvent depleted of its donor
hydregen, light hydrocariaog sjases, g -
1800°F distillate, amd a Incavy voecunm
bottoms stream containimg 1000°F' Qiquids,
unconvertoed coal, amt coal manetael mattenn .
The spent recycle solvent is catalytically
hydrogenated in a conventional tixed bed
catalytic reactor. The light hydrocarbon
gases are steam reformed to produce the
necessary process hydrogen.

The hcavy vacu'ms bottoms stream is fed
to a FLEXICOKING® unit along with air .aal
steam to producce additional distill«d?
licuid products and a low Btu fucl gas.
This fuel gas is used in the furnaces re-
cuired to operate the process. FLEXICCK-
ING 1s a comme:rcial putroleum process that
employs an integrated coking/gasification
sequence in circulating fluidized beds.

In this process. the unit is operated at
low pressure { ) psi) and intermediate
tenperatures (%900-1.J0°F in the coker ancd
1500-1800°F in the agasificr). Dzsentially
all orgaanic material o the vacuus ot toms
foed 1t FLIXICORKING 18 vecovered as lioeuid
moduct or conbast ible gqases.,  Residual
rarbon 1s rejected with the ash trom the
gasifier fluidized bed.

The EDS process has a number of dis-
tinct features. The process stepns are
based on demonstrated petroloum technology
where applicable, and are panaceable amd
uncomplicated The noncatalytic licuefac-
tion and catalytic hydrogenation steps are
separated. As a result the hydrocerction
catalyst is exposed to only distiliate
coal liquids. This rosults in very low
catalyst deactivation rates and also
allows direct concrol of thr amount of
hydrogen actually added tc the coal
through the donor sclvent. The use of a
properly tailored donor solvent h.s sub-
stantial benefits in process operability
and produc. cuatitv.
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Distillation to separate liguefaction
products is the most cozt effective method
and provides direct control over the prop-
erties of the separated streams. This
control is of critical importance when
pumping high viscosity vacuum bottoms
sStreams to tr~ FLEXICOKING unit.

EDS PRODUCT DISTRIBUTION

T™h” roducts from liquefying Illinois
bitum.oous coa' are shown in Fig. 2. One
ton of dry bituminous coal will yield 2.6
barrels Of liquid praducts--0.1 barrel of
LPG, a barrel of maphtha and 1.5 barrels
of fuel oil. These yields are in keeping
with the constraint of carbon bMalance to
prxduce process fuel and hydrogen. The
naphtha is a good feedstock for gasoline
product:ion and the fuel oil can be u ed in
stationary turbines for peak shaving ren-
eration of electric powr and as heating
o1l and boiler fuel. The pracess also
produces 78 pounds of sulfur, 12 pounds of
ammonia amd 223 pounds of ash per ton of
coal feed.

PROJFCT FEATURES INTIGRATED R&D PROGRAN

The EDS project features an integrated
ReD program involving bench scale reseaxch
ard a number of pilot plants of different
sizes. Fig. 3 *llustrates the reproduci-
bility of the au--. Liquefaction distil-
late l:iquid yields (expressed as weight
percent of dry feed coal) is plotted
against the residence time of the slurry
in th’ liquefaction reactor. The data are
for Illinois #6 coal at 840°F and 1500 psi
hydrogen parti-! pressure. Each of the
data points represents an average of four
24-hour balance periods of steady-state
operation at the indicated conditions and
with material balances of 98 to 102%. The
sclid line represents a least sguares fit
of the data fiom the 100 pound per day
pilot plant. Data from the 1 ton per day
pilot plant agree with this correlation.
The dashed line is from a liquefaction
kinetic model based on different levels
of reactivity for different coal macerals
tied together by a network of co.pled
chenical reactions. The agreemeni with
the experimental data is eviellent, 1In
adéition to reproducri:y these data for
Il1linois coal ~_cy well, the kinetic model
is also vulid for describing ihe liguefac-
tion of a “yoming subbituminous coal.
use of a kinetic model and the high &
ity of confirmatory data obtained fron. .o
considerably differcat size pilot plants
leads to a high level of confidence in
predicting cthe y 1ds in the 250 ton per
day pilot plant, which is now heing built.

The 250 ton per day pilot plant is an
important part of the irtegrated proaram.
The size of the pilot plant was minimized
while maintaining consistency with commer-
cial plant scale-up practices in the
petroleuam industry., Coking in the slurry

proheat.aa, Tlow disty bt ron and stability
1 the Dapaetunct ton veacts, .nmkilnl
m of
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and entrainment in the vacuum distillation
step were identified as <ritical areas.
Satisfying engineeting scale-ur and operu-~
bilxty criteria for these areas determined
the size of the unit. The desijn basis
for the 250 ton per da) unit his *'een con-
firmed from operations of the e ton per
day pilot plant and this gives us added
confidence in the successful operations of
the larger unit.

Actual operations of the 250 ton per
day unit, which will begin in late 1979,
will be aimed at confirming engineering
scale-up criteria, determining the relia-
bility of the pr:ferred operation conci-
tions, defining oractical operating
limits for various process steps, and
determining operating procedures in criti-
cal process areas to allow smooth start-
ups, shutdowns, and transiiions from ~ne
mode of operation to another. To achieve
these objectives, the unit was designed
with fleribility to accomsmodate 20 alter-
nate modes of operation such as different
coal feeds, different liquefaction reactor
configur ations and different coal concen-
trations. Analyses of the 250 ton per day
pilot plant operations will provide an
important part of the basis for a commer-
cial plant design.

PROJECT STATUS

The preseniL status of the EDS project
can be summarized as follows:

(1) The feasibility of basic process
steps Las been confirmed in laboratory
studies in which over 30,000 hours of
pilot uni* operation have been logged.
Liquefaction conditions foc Illinois and
tlyoming coals have been successfully de-
fined in pilot plants prcecessing both
100 pou. ds per day and one ton per day.
In addition, the liquefaction conditiions
for two different lignites have been dc¢-
fined in the 109 pound per lay pilot
plant. These studies Lave investigated
virtations in reactor temperature, pres-
sure, residence time, tireat gas rates and
composicicn, and solvent composition.

{(2) The FLEXICOKING process step has
been successfully operated on vacuum
bottoms from “llinois coal in a two barrel
per day pilot :‘'lant. Operations are now
in progress with vacuum bottoms from
Wyoming coal. This scale of operations
parallels studies used in the commercial
developrent of FLEXICOKING for petroleum
residua.

(3, Flexibility to vary the procict
distributicn by chanjing severity in the
iiguefaction reactor has been established.
For oxample, the ratio of C; - 3150°F naph-
tha to 359°F* fuel oil has been varied
from 0.3 to 1.3,

(3) Engineering studics utilizing re=-
sults from operations o the one ton per
day prlot plant have contirmed the craiti-



cal desiyn bvar 5 for the 2%0 ton per day
pilot plant.

(S) Corprehensive commercial plant
study designs, involving 10 engin®er years
of effort, for Illinois and Wyoming coals,
have been cumpleted. These studies in-
corporated the latest lal rratory data de-
fining the process steps and included
provisions for coal preparation, steam,
fuel gas and power generaticn ana product
recovery. In addition, corrclations have
been developed which relate process re-
sults to operating conditions ond econromic
models have been developed to select opti-
mum plant confiquration and to predict
coamercial plant cenacriics. Thoar curre-
lations and models allow us to stuay rne
effect of pricess coniitions on commercial
plant investment and operating ¢r :t.

(6) Product utilization studies are in
progress ‘o detine the preferced comper-
cial outlets and the trade-offs, if anry,
which will he necessary to insure effec-
tive use. This work has primarily focused
on end use testing, incorvoration of prod-
uct into existing fuel outlets, and
product hydro:ireating at different condi-~
tions. The coal naphtha is ~rojected to
wake excellent gasoline cu.-vnents after
catalytic reforming, and the 35)°F to
1000°F and 350°F* liquids meet current
ASTH =specifications for No. 4 and No. o
fuel vils. Combastion testing in comar-
cial «yuipment has been encouraging from
the standjoint of the complctencss of fuel
o] fon . In addition, existing part ic-
tedates emizizitenns sNtoshatrds weeres et wit bl
mevchortioaa ]l mwd i) foeat tons Toe 2l cqquigament

In cunclusion, the outlook for success-
ful development of the EDS process is
excellent and small cosmmercial plants
roul)d be on-stream in the late 1930°'s,
assuming that adequate commercial incen-
tives exist.
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