gases are disposed of along with f£lue gas via power plant
stacks. Section 1100 includes the treatment of water for
the make-up to the boilers, aeration and blow-down.

Cocling water inventory and circulation to the coolers
requiring water cooling are provided by sectien 1700,

which includes chleorination and blowdown. Makeup to this
section is from section 1600, Water Treatment, where water
is collected from various parts of the plant. For example,
one stream to section 1600 is from section 1400, Effluent
Water Treatment, where foul process condensate is purified

by activated sludge waste water treating.
b, PROCESS CONSIDERATIONS

It should be noted that a SASOL-type plant as presented in
this report is a plant representative of a twenty-year old
technology. Improvements in this technology have been made by
SASOL principally to suite their needs for fuels and chemicals.
Over the years these needs have changed as new products, (e.g.,
pipeline gas, ammonia, ethylene, synthetic rubber, etc.) were
added tc the list manufactured from the raw material feeds, viz.,
coal, water and air. SASOL's continued study of processes in
their complex has doubtless given much fundamental information
that would be a real asset to a designer tailoring a coal-to-
gascline facility twenty or more years after the original design
was committed. For circumstances plausible for such a plant,
changes could be called for in the synthesis catalyst manufacturing,
leading to a modified product spectrum to suit economic or other
circumstances for the projected piant. Optimization of any
such design would reguire information that is unlikely to be
found from any source other than SAS0L. Lacking access to
SASOL's proprietary information for possible attempts at optimi-
zation of the facilities described in this report, the present
coal-to-gasoline plant can be presented only on the basis of
the twenty-year cld techncology with some minor updating modifi-
cations made public by SASOL in the intervening years.
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It is significant that the major process steps of the SASQOL
plant have been proven to be compatible members of the complex
and that the complex is amply proven successful for the manu-
facture of gasoline from cecal, It follows that each major

process unit is amply proven successful for its intended service.

Sections 200 and 1000 employ the Lurgi pressure gasification
process developed by Lurgi Gesellschaft fuer Waermetechnik
of Frankfurt, Germany. This process was selected for SASOL
in the belief, now confirmed by both pilot plant and later
commercial application, that this process and the South African
¢oal were suited for each cother. For the present study there
is every reason to believe that the same suitability exists
for the process and the Western c¢oal chosen. Of course there
are other gasification processes that might be used if properties
of the coal contemplated were not suited for large-scale
pressure gasification by the Lurgi process. Advantages or
disadvantages of such processes could only be assessed from a
complete knowledge of thefcoal properties plus possibly some
actual test gasification work. Conceivably a coal in question
would be handled most economically if pretreated to destroy
possibly caking tendencies, or coked to recover byproducts
of attractive sales value and then gasified by some process

best suited for the product coke.

Gasification by the Lurgi process leads to the production
of coal tars, oils, naphthas and phenols, that may or may not
have attractive wvalues, and also leads to the formation of methane
in the gaseocus product. The methane content of the fuel gas
is an asset as it gives the fuel gas a higher heating value;
however, for the synthesis gas methane is a liability as it
requires catalytic splitting with oxygen and steam to supply
the reactants needed in the Fischer-Tropsch synthesis. Conceivably
a proper choice of gagsifiers would involve a low pressure process
for synthesis gas production and a pressure gasifier (e.g.,
Lurgi) for fuel gas production, On the other hand, the Lurgi
gasifier with its excellent record at SASOL is not easily
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replaced at this time by less experienced processes unless

it 1is not at all suited to the coal contemplated.

Gas purification is an important process step in the SASOL-
type dasoline-from-coal plant. The Rectisol process first
used commercially at SASOL has been an outstanding success
and its performance has been phencnenal. In this single contin-
uously-operating process, the wide~cut mixture of gases and
vapors is freed of resin formers and cbjectionable sulfur
compounds to mere trace proportions (less than 0.1 ppm total
sulfur}) while being separated from most of the carven dioxide
contained at about 30% concentration in the raw gas from the
gasifiers. Extreme high purity is a requirement of the gas
feeding to the iron catalyst of the synthesis, the same as
it iz for the iron catalyst of ammonia synthesis. This high
purity is achieved in an absorber/stripper process in which the
lean oil is a refrigerated polar solvent, e.qg., methanol.
For the present plant design a departure from the SASQL Rectisol
design was made to achieve a more concentrated HQS stream for
sulfur recovery and a nearly sulfur-free stream for discharge
to atmosphere. This departure involved the use of nitrogen
from the oxygen plant for stripping of foul methanol. This
1s according to a variation of the Rectisol process proposed
by Gesellschaft fuer Linde's Fismaschinen, Hoellriedelskreuth,
Germany, developers of the Rectisol process.

Conversion of light hydrocarbons into Fischer-Tropsch
reactants (H2 + CO) is ancther important operation in the
SASOL-type plant. The procedure whereby unwanted light
hydrocarbons and methane are converted into reactants is
a Kellogg development employing high temperature reforming
of the hydrocarbons in a steam atmosphere, oxygen being used
to supply the endothermic reaction heat. This is a regenerative
process in which the reaction feed streams are heated by the
reaction product stream. Unconverted steaﬁ is condensed as the
product gas is cooled to cooling water temperature. This con-
densate is sent for treatment preparing it for reuse in steam
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raising. Methane splitting in this plant, as at SASOL, is
accomplished in a fixed~bed catalytic reactor. The composition
of the synthesis feed gas is adjusted in this reforming.operation
by proper choice of oxygen and steam rates corresponding to the

inlet gas composition and rate.

Although the H2/C0 ratio of the synthesis feed leaving the
methane splitter is essentially the ratio at which these
reactants are consumed in the synthesis reactiens, the ratio
prevailing in the reactor is much higher. The reactor Hz/CO
ratio is made higher by the internal recycle of the synthesis
cycle, this gas being a light tail gas from the synthesis.

The mixture of feed and internal recycle is fed to the high
velocity fluid catalytic reactor especially developed by Kellogg
for the highly exothermic Fischer-Tropsch reaction, The mixed
stream, only slightly preheated above cooling water temperature,
contacts hot fluid iron catalyst descending a standpipe leg of

a catalyst loop circuit and becomes heated 'to a kindling tempera-
ture at which the reactions begin. This mixture of catalyst

and reacting gases rises vertically through the reactor leg of
the catalyst loop circuit, transferring reaction heat to an
external cooling medium through surfaces built inte the reactor
leg, Although there is considerable shrinkage of the gas

volume. through reaction, and a corresponding reduction in velocity,
the mixture travels completely through the vertical reactor and
over an inverted U-bend to the separator vessel in which the
catalyst disengages from the gas stream to complete the loop

via the bottom-connected standpipe leg. The product distribution
obtained in this reaction is dependent on the catalyst type

and acEivity as well as on the outlet temperature and the

reactor temperature profile. The high velocity fluid reactor

puts the important variables in easy control of the operator,

Heat removed from the reacting stream traversing the reactor
is used to raise steam at about 175 psig which in term is used
in turbine drives for compressors, e.,g., internal recycle com-
pressors. Hot gas separated from the catalyst flows to an eil

23



scrubber in which cooling and condensation is effected through
direct contact with circulating oil, dumping heat to boiler
feed water for boilers in the synthesis section., The oil
circulation circuit is followed by a water circulation circuit
that, through direct contact with the reactor gases and vapors,
effects further cooling and condensation of reactor products.
Tail gas following these condensation stages is split four
ways: 1) a large stream of internal recycle; '2) a net stream
that is to be subsequently processed into light gas for external
recycle; 3) a purge stream which is used as fuel in steam and
power generation section; and 4) a heavy hydrocarbon stream
feeding product separators,

Bottoms of the o©il scrubber contain catalyst fines
washed down in the condensation process; these bottoms are
returned to the catalyst circulation. Just above the catalyst
settling zone of the scrubber, a heavy oil is decanted and sent
from the unit as a separate stream for further processing, -
Light oil separated by gfavity from the water circulation cir-
cuit is first water washed to remove water soluble chemicals and
then sent from the unit for further processing. Tail gas is
similarly water washed and then sent on to the product recovery
area. Agueous streams condensed from the reactor product join
the wash water streams and become the feed to the Chemical
Recovery section 700,

Heavy o0il decanted above the catalyst settling zone of the
synthesis unit c¢il scrubber enters section 600, Product Recovery,
where it is flashed to remove its very heavy components, The
lighter fractions of this oil join the lighter o0il of the syn-
thesis production and together the mixture undergoes vapor phase
catalytic clay treatment for the removal of oil soluble chemicals
and mild catalytic cracking of the synthetic crude molecules.

The catalyst is regenerated in the usual way by burning off

carbon with a mixture of air and nitrogen.

Synthesis tail gas from section 500, Synthesis, is passed
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directly to the absorber of the section 600, Product Recovery.
Lean oil stripped in the lean o0il distillation tower preferentially
absorbs the heavier fractions of the gas and only a small amount
of the lighter unwanted fractions. The unwanted fractions are
partly purged from the system to remove the inerts (e.qg., N2

and Ar brought in with c¢oal and oxygen} and mostly returned to
the Methane Splitter, Section 400, for conversion to CO and .,
for the synthesis. Absorbed components become feed for the
catalytic polymerization unit which, under high pressure and in
the presence of a catalyst, unites unsaturated molecules to

form high octane gasoline molecules. Some excess of stripped
molecules over those consumed by polymerizaticn are liquefied
and transfered to LPG storage for eventual marketing. Part

of the cat poly feed is generated in the c¢lay treating of the
synthetic oil.

A fractionator separates the liquids recovered from clay
treating and cat poly into gascline, diesel oil and furnace,

or waxy, oil.

The agueous stream from section 500, Synthesis, is treated
in section 700, Chemical Recovery, for the recovery of alcohols
and ketones. The first separation is made to dispose of the
acids and the bulk of the water. This mixture is sent to the
activated sludge treatment unit in section 1400. Overhead
product of the first separation is rich in alcohols and ketones
and this stream is separated into two main streams in the following
distillation tower. Both of these streams are processed further
in a system of eight distillation towers and two hydrogenation
reactors to yield ethyl alcohol, propyl alcohol, a stream of
heavier alcohols and a mixture of ketones as intermediate
products. The heavier alcohols are simply distilled to yield
butyl alcohol, pentyl alcohol and a small residue of heavier
alcohols, used as fuel. Thé:mixture of ketones is first
caustic treated then distilled to recowver acetone and MEK

(methylethyl ketone).
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Ethyl alcohcl is blended with the gasoline product for the
octane benefits it supplies. All other products of section 700
are pumped to storage in the ofisites. Section 600 products
are pumped to storage also with the gasoiine getting the treat-
ment and/or additives it may reguire for marketing, e.g.,
color addition, inhibitor addition.

Sulfurous gases from sections 300, Gas Purification, and
1000, Fuel Gas Manufacture, become feed to the section 1500,
Sulfur Recovery Unit, which, employing a Stretford solution,
recovers the sulfur of HZS as solid sulfur. The waste gas is
vented through stacks. Air for the oxidation is supplied by

a compressor incorporated in section 1500.

The steam and power section, liOO, is visualized in a
location close to air separation, section 900. Large compres-
sors of the air separation plant could thus be driven by gas
turbines exhausting into the firebox of boilers and steam
superheaters of section 1l00. Steam systems have not been

sketched for the plant and for the section 1100 in particular.

It is very likely that steam generation, unlike steam generation

at SAS0L, will be at high pressure, e.g., 1500 psig. Super-
heated steam at this pressure likely will be sent to topping
turbines for the generation of electrical power for the plant.
Exhaust of these turbines will supply the process

steam for gasification in sections 200 and 1000. Low level
steam generated in section 500 will doubtless find use for
turbine drives within the section, probably supplemented with
the process steam level established by the gasifiers. Still
lower level steam generated in waste heat boilers of the
gasification plant probably will supply boiler feed water
deaeration needs, reboiler duties, space heating requirements,
etc, Condensates will be collected in separate tanks
according to whether they are expected to be always clean or
whether possibly contaminated by gases or liquids reaching
the condensates, possibly through equipment leaks.

-~
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It is possible that this plant could be redesigned for a
more interesting array of products from cocal at a much
reduced plant cost. The prospects would be dependent upon the
product array sought and newer technology available than .
were at hand for the SASOL plant design. This newer technology
may possibly exist with SASOL at the present or could result ‘
from the aims of research and development that may need tolbe
undertaken. It is clear that the Methane Splitting caould, for
example, be eliminated if the desired preoduct array included
a reasonably high Btu gas. The external recycle would go to
fuel gas, Conceivably the Lurgl gas issuing from the gasifiers
could be reformed catalytically with oxygen addition at temperatures
high enough to convert the tars, phenols, oils and methane to
the reactants CO and HZ' Considerable savings weuld be made
if this step could be taken. Of course, the incentive would

depend on possible sales values of phenols and coal tar products,

Depending on product array desired, the catalyst may be
profitably altered with possible changes in amount or kind of
catalyst modifiers. Presumably there is knowledge and experience

to guide steps that may be taken tc this end development.

Considerable savings could doubtless be made if coal fines
could be fired directly to the power plant and expensive stack

gas cleaning were not a reguirement for the power plant.

Tie-ins with other industries may have some interesting
prospects for a gasoline-from-coal plant, Gases from a refinery
handling natural crude possibly could be processed with gases
from a synthesis plant to a mutual advantage. Gases or liguids
from a steel mill might be exchanged with products of the synthesis
to a mutual advantage. It should be remembered that the pro-
ducts of the synthesis are remarkably free of many troublescme
contaminants, e.g., metals, sulfur. The probable octane of the
gasoline from the subject plant is about 86 research., 1If
cctane levels were important, the scope of operations would
probably have to be increased to inéluﬂe isomerization and

alkylation.
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B, Methanol-From-Cocal (MWK Dwg. P3355-D)

A block flow diagram for the methanol-from-coal process is
given in the cited drawing. The process may be divided into three

steps:
e Coal Gasification and Raw Gas Purification
® Synthesis Gas Preparation

& Methanel Synthesis and Purification

1. Coal Gasification and Raw Gas Purificatiocon

This step is identical toc the one in the gasoline-from-

coal plant.

2. Synthesis Gas Preparation

‘Feed gas introduced into the methanol synthesis loop
must contain the correct proportions of carbon monoxide,
i
carbon dioxide and hydrogen according tc the following over-

all reactions:

+ =
CQ 2H2 CH3OH

002 + 3H2 = CH3OH + H20
Synthesis gas composition will be adjusted by shift reaction
and steam reforming. Raw synthesis gas from the purification
section contains methane which is an unwanted component in
the synthesis feed., The methane and cther light hydrgcarbon
produced are split intc hydrogen and carbon oxides by steam
reforming. However, due to the relatively high concentration
6f carbon monoxide in the raw synthesis gaé, carbon may be
formed by disproportionation and deposit on the reformiﬁg
catalyst surface and render the'catalyst inactive. Part
of the synthesis gas is sent to shift conversion and the

E---"---—--n‘-ln
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remainder is by-passed. In the shift reaction carbon monoxide
reacts with steam to form eguivalent amounts of carbon dioxide
and hydrogen. The shift reaction is exothermic and the shift
effluent is cooled against boiler feed water. Water condensed
in the cooling of the gas is separated and the cooled gas is
then sent to the methane reforming unit. Steam reforming of
methane is highly endothermic and heat is required as input

tc the reformer. Reformer effluent exits at about 1600°F,

is cooled against the incoming feed and alsc used to boil

feed water. The final synthesis gas is adjusted to the com-
position desired by a carbon dioxide make-up stream from the

Rectisecl unit.

3. Methanol Synthesis and Purification

Synthesis gas, containing hydrogen, carbon moncxide, carbon
dioxide and small amounts of nitrogen, argon and methane,
flows to the suction of the two-stage centrifugal feed
compressor. The compressor is driven by a steam turbine using
high pressure superheated steam. Presh synthesis gas is com-
pressed to about 1370 psig in two stages with intercooling
between stages. Following cooling and separation of condensate,
the compressed synthesis feed gas joins synthesis loop recycle
gas containing about 0.3 percent methanol vapor., The combined
stream is then compressed by a single-stage, turbine-driven
centrifugal compressor to about 1485 psig and delivered %o
the methanol converter. Prior to entering the converter, a
major portion of the feed flows to the interchanger which
preheats the gas by exchange with the hot methanol converter
effluent. The two. overall reactions occuring in the converter
are those associated with the combination of hydrogen and carbon
monoxide to form methanol and the reaction of hydrogen and
carbon dioxide to form carbon monoxide and water. Other side
reactions invcelve the formation of dimethyl ether, ketones
and higher alcohols., The hot effluent is cooled by the inter-
changer and again by water-cocled exchanger tc 100°F thus
condensing out the crude methanol product. The vapor/liguid
stream then flows to the catchpot for separation of vapor
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£rom liquid. Disengaged vapor, containing unreacted hydrogen,
carbon meonoxide, carbon dicxide, methancol vapor, water and di-
methylether flows to recycle compressor suction where it. is com-
bined with fresh feed make-up gas. Prior to compreésion, a
proportion of the recycle gas is vented continuously to the

fuel system to control the concentrations of methane, nitrogen
and argon in the synthesis loop. These components would other-
wise build up in the system and reduce the effective synthesis
pressure, which would be reflected by lower methanol conversion
per pass and reduced production capacity. - Purge gas is delivered

to the fuel gas system for power and steam generation.

Crude methanol from the catchpot, containing methanol,
water and various impurities, flows to flash drums where the
stream is flashed at 50 psig for removing the bulk of gas dis-
solved in the stream. Flash gas from this pressure reduction
step also flows to the fuel system. Liguid from flash drums

flow to the crude methanol storage tank.

purification of methanol 1s accomplished in a two-tower
distillation facility. The fractionation system consists of a
topping column whose primary purpose is to remove light-ena
impurities such as dimethyl ether, ketcones and aldehydes and
a refining column to remove the heavy ends including ethanol

and other higher alcohols from the methanol product. It should
be noted that a twoe tower purification system may not be necessary

for "fuel grade" methanol in which case the investment and operating
cost would be reduced slightly,
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