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1.2,5 @GASIFICATION —~ UNIT 21

The Texaco Coal Gaslfication Procees (TICGP), characterized ag an
entrained slagging downflow gasifier, is utilized in the design of the
Gasoline Plant. The utilization of this technology was specified in the
Cooperative Agreement Statement of Work with englneering design information
obtained through Texaco Development Corporation.

A. Basis of Design

The quantity of synthesis gas generation capacity required by
the size of the Gasoline Plant nernessltated the Incorporation of 20 operaiing

coal gasifier trains and two gpares intc the design. The total of 22 trains
are arranged in four modules with two moduvles containing six trains (five
operating plus one spare) and :he remaining two modules contain five each.

The feed and product streams shown on the following two pages depict the
design basis utilized in the :d~pign of this umit.

B. Process Selection Ratiorale

The design of the Gasoline Plant centers around the TCGP for
combustion of Kentucky No. 9 high-sulfur, agzlomerating coal specified in the
Cooperative Agreement., This commercially avallable technology has been
demonstrated es capable of efficiently gasifying hipgh-sulfur content, high
swelling index coals; operating at high-preassure and affording an excellent

heat recovery scheme to reduce operating ecost; and producing an
environmentelly acceptable syngas and nonhazardous slag.

In the ensuing years, a commercially sized demonstration
plant has been built and is operating at the Ruhrchemie Chemical Complex in

0'.erhausen-Holten, West Germany. The Ruhrchemie gesifier has been running
succesafully since early 1978. For these reasons, Texaco has licensed this
process for other commereiel installations and considers this process to be
commercial.

11~} .2.5-1

\

|



O R Ly g s o 4R e vaie e o oo v vl ove peemv—

Gaslifier Feed Streama

i
Total Coal Slurry Total Oxygen
to Cacification to Gasification
Component (1Ib mol/hr) (1b mol/hr)
Ho -
CHg -
co -
Caa -
03 54,968,706
N -
Ar 276.28
Hp5S -
Cos -
Total Dry, 1b mol/hr Proprietary 55,245.04
' Hz0 -
Total Wet, lb mol/hr ' 55,245 .04 .
CGoal, 1b/hr A -
Ask, 1b/Lr -
Carbon -
Total, 1b/hry Proprietary 1,770,040
Pressure, psia 1,200 1,015
Temperature, °F 2090 200
o — (w‘ 1
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Product Streams

Total Raw Syngas

Component (1b mol/hr) (mol%)

" 10} 62,580.97 36.19

CcH,, 343 .44 0.20

co 75,760.77 43.81

o, 30,788.72 17.81

G2 - -

Na 823.02 0.48

Ar 276.24 0.16

HgS 2,201.17 1.27

€S 135.71 0.08

Total Dry, lb mol/hr 172,910.04 100.00

Hy0 123,170.76

Total Wet, lb wol/hr 296,080.80

Total, lb/he 5,945,560.00

Pregsure, psia 874

Temperature, °F 435
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C. Process Dascription

The equipment arrangement and materlal balance for-this unit
are shown on Process Flow and Control Diagram D-21-MP-1NP.

The coal-water slurry is pumped at high pressure through the
slurry preheater into the gasifier. In the gasifier, the slurry is partilally
oxidized with oxygen at 900 psig and at high temperature. The hot synthesis
gaps and molten slag generated flows downward from the gaslfier into the
radiant boiler, where much of the heat of reaction is recovered by generating

high-pressure saturated steam. The slag falls into the water sump and
solidifies and shatters to glass-like granules. The synthesis gas is
withdrawn from the radiant boiler for further processiang.

The gas exiting the radiant waste heat boller undergoes a
guccesgion of scrubbiung stages to remove particulate material. At the final
step, the gas is washed with condensate before it flows to the CO Shift Unit.

A substantial portion of the ash and recycle slag im the
gasifier feed agglomerates into coarse molten slag droplets. The slag is
solidified and quenched in the radiant boiler. This slag settles through the
water bath and fs collected in a lock hopper. The contents of the lock hopper
are discharged periodicallyv,

The coarse slag 1s sent to slag disposal while water and slag
fines passing through a screen are pumped tc the clarification system.

Water streams from the radlant boiller, slag discharge, and
the scrubber system contain suspended ash and char particles, which are
routed to a clarification system, The fine slag and unéonverted coal are
formed in a concentrated underflow that is returned to the Coal Grinding and
Slurry Preparation Unit. The clarifivd water averflows into a water holding
tank for reuse in I:h;a gagification system.
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D. Risk Aosesament

The commercially available Texaco Coal Gasification Process
offered through Texaco Development Corporation (IDC) is an expansion of the
well-proven Texaco Synthesls Gas Generatiom Process. TDC, a wholly owned
subsidiary of Texaco Inc., has been engaged In the development and 1licensing
of the Texaco Synthesis Gas Generation Process since 1945. The synthesies gas

generated by this technology is a mixture predominantly of hydrogen and
carbon monoxide, which ies used as a feedstock for the production of ammonia,

methanol, hydrogen, oxo products, reducing gas, fuel gas, and Fischer~-Tropsch
liquid hydrocarbons.

Over 80 Texaco syntheais gas generatlon plants have been

licensed since the early 1950s involving some 150 gasifiers, Early units were
natural gas—£fired. Later, liquid fuels such as naphtha and heavy fuel oil

were introduced. The majority of plants now in operation utilize heavy
resldual olla.

Generator slze has increased steadily, with presant units
producing 20 times the output of the early commercial units. Operating
pressure has risen from 350 psig in initlal plants to 1,200 pulg in one plant
in operation since 1968. Commercial operation as low as 30 peig has also been
demonstrited, Pilot unit commercial operation on residual fuels has been
conducted at 2,500 psig. Syngas coolers have been nsed ia 20 commercilal
plants, while the remainder have used direet quench.

The Texaco Coal Gasification Process 1s a wmodification of the
Texaco Synthuais Gas Generation Process, producing generally the same type of
synthesis gas for the same commercial applications. Development work on coal
gasification, stavted in 1948, has involved large—scale pilot unit operation
on many eolid fuels including lignites, bituminous coals, anthracites, cosl-

ilquefaction residues, and petroleum cokes.
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A demonstration plant was erected at the Morgantown Ordnance
Works in Weat Virginia in 1956. This unir charged 100 tons per day of an
aastern bituminous coal in water slurry and was in operation for 2 years.
This plant confiraed gasifier scale~up criteria and demonstrated the ash-
handling system.

At the Montebello Research Laboratory, extemsive facilities

gre available foc the gasification of solid fuels. These include three 15~ to
20~tpd coal gasification pilot units including one stand-alone pi.lot plant.
Testing has included gac cooling, sulfur removal, and wastewater treatment.
These pllot units have been operating on a wide range of coals at pressures
ranging from 300 to 1,200 psi. Detailed environment data have been
accumilated on both eastern and western U.S. coal,

Ruhrchemie AG (RCH) and Ruhrkohle AG (RAG) completed a
demonstration plant utilizing the Texace Coal Gagification Process in 1977 at
Oberhausen-Holten, Germany. The demonstration plant has been in operation
more than 4 years. Qver 10,000 hours of operation, with a total throughput of

more than 50,000 tons of coal, have been achieved. Eleven different types of

cocal have been tested. Three of the coal grades used were supplied from the
United States.

A numbex of variables that may affect the coal gasification
process in the Gasoline Plant are:

(1) Gasifier thermal performance

(2) Eifectiveness of ash removal and carben recycle systems.
(3) Pumpability range of high solids content slurries.

(4) Assessment of unexpected corrosion, erosion, and
refractory life.

II-1.2.5~6
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The temperatures and pressureés involved in the Gasoline Plant are
within tha range for which aguipment has been supplied for petrochemical and
process plants. Sotie key items in thie procecs area are slurry chaxge pumpa,

slurry preheating, gasifier burner, and gasifier/waste heat boiller system.

The removal and handling of slag from the gasifler are
particularly arduous applications for valving. Special attention was applied
to the detalls of valve design. Safety interlocks on valves and
instrumentation for sequencing prevent maloperation of the lock hopper system
for slag collecting and dumping. The gasification unitse are provided with
£larms to warn of abnormal conditions. The purpose of the alarm system is to
allow operators to take corrective action before an automatic shutdowm is
initiated,

The efficlency of the pracess can be affected by three
gignificont variables including slurry concentration, ash content of the
coal, and melting point of the ash. The gasification facilities were designed
for a range of coal analyses centered on the design coal used in the normal
operating condition. An increase in ash content, a decrease iIn slurry
concentration, or an increase In combustion Zone temperature requires more
coal and oxygen feed per Btu of heating value of gas produced. This results
in higher operating costs than provided in the Operating Cost Summary.

Technical risk is related mainly to equipment life and
maintenance requirements, which includes the rate of wear of the refractory.
Life of at least a year is expected. Two epare gamifier trains were Included
in the design so that replaéement of refractory can be scheduled
sequentially. The spare gasifier trains also allow an aggressive program of
recognizing and solving problems to be carried out by perindic rotation of
units for Ingpection, preventive maintenance, and maintenance.

The slurry charge pumps provided are commmercially available
proven equipment, and require no scale-up or extrapolation of design. The
punps are discussed in the section covering Coal Grinding and Slur:y
Preparation.

II-l a 2- 5_7
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The gaslfier design pressure of 900 psi and design basis
(alurry concentration coal types, gasifier temperaturas, etc.) are considered
well within commercial use and conservatively set. Burner replacement is a
simple matter and adequate spares are stocked. Gasifier lock hopper valves
are critical items, but op_erat:ing units have confirmed technical adequacy.,

Reactions with high-purity oxygen produce large quantities of
heat and require caraful monitoring and control. As described herein, the
gasifier system is highly instrumented to provide operators with information
on the operating conditions. Thie information is integrated into a trip
ayatem that shute down a train automatically 1f unaafe conditiona arise.

The waste heat boller system is a very critical item sir it
represents slmultaneous gas cooling and recovery of a major portion of the
heat (steam) utilized in plant drivers. The design is baced on the successful
operating experlence in the Ruhrchemie demomstration plant at Oberhausen.
Speclial soot blowin.g equipment 1s utilized in maintalning heat tranafer

surface coefficients and that source of technology is used for material
selection.

The means by which slag is discharged from the gasifier
requires special attention during operation to minimize the risk associated
with the acale-up from existing umits,

A significant risk results from the uncertainty relating to
corrosion rates in the circulating water systenm, although information
available at prasent suggests that this corrosion may not be unusually high,

Uncertainties associated with the design and operation of
coal slurry heaters do not pose serious risks as the plant can be operated
satisfactorily without them.

II-1.2. 5"’8
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In general, the gasificacion section contalins certain
equipment mentioned above that has relatively severe operating conditions;
however, commercial operation has proven thc adequacy of the process. In
conjfunction with conservative designs and adequate sparing, the technical
riaic 48 considered minimal.

I1-1.2.5~9
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E. Process Flow and Control Diapgram (Including Material
Balance)

The Proceaan Plow and Control Disgram for Gasification Unit 21
g as follows: '

Drawing No. Titla
D-2]1~MP~1NP PFCD Gasification - Unit 2)

1I-1.2. 5-10
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F. FPlot Plan/General Arrangument Drawings

Plot Plan/General Arrangement Drawings for Gasification

Unit 21 are as follows:

Drawing No.
D-21-PD~1NP
D—-21-FD~2NP

D~21-MH~1NP

Title
Plot Plan - Unit 21 Gasification
Plot Plan - Unit 21 Gasification

General Arrangement = Gasification - Unit 21
Gagifler Area — Plan and Elevation
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G. ﬂggle-l.ine Diagram

Single-Line Disgram for Gasification Unit 21 is as follows:

Drawing No. Title
D-51-EE-3NP One-Line Diagram = Units 21 and 24
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1.2,6 OKYGEN - UNIT 22

The partial oxidation process associataed with the Texaco
Gasification Process (TCGP) requires an oxidizer to oustain the partial
combustion of the coal feedstock, This oxidizer in the form of high-purity
gaseous oxygen is supplied from an alr separatlion plant which cryogenically
separates air into Iits wajor componerts oxygen and nitrogen. All of the
cxygen 1s required for the gasification process while the nitrogen produced
is used for process, purge, catalyst regenmeration, and blanketing
raquirements in the process and offsite units.

A. Bapis of Design

The design of the alr separation (oxygen) plant is based upon
the utility supply of 25,000 stpd of oxygem at 99.5% purity. The oxygen is
compressed to 1,100 psig to feed the TCGP. Due to the large requirement of
oxygen, ten parallel 2,500-stpd air separation plants (trains), which are
based on the lergest commercially svailable, are included in the design.
Total nitrogen produced from theese plants is about 8,500 stpd and available
at 7 peig with a meximum 10 ppmv oxygen content. The feed and preduct streams
for this unit are shown on the next page.

B. Process Selection Rationale

A summary of the process selection ratlonale discussed below
ig based upon the engineering trade-off study performed for this unit.

1. Oxygen Plant Vendor Comparison. Investcigations were

made of the principal air separation plant supplliers in order to eastablish a
source of iInformation for the preliminary design. These investigations
included Air liquiae, Lotepre, Union Carbide, Airco, and Air Products. The
approach dictated for this unit was that the air separation plant is a
precess utility which is required to supply the specific amount of purity
oxygen noted above for process requirements. Therefore, the selection of an

air separation plant vendor was not pecessary and was not made.

I1-1.2.6~1
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Bonoed primarily on the extensive experience by fir
Liquide in its supply of large-scale oxygen plants for the 8A501 facilicy and
lower capital cost, it wse determined that data for the preliminary design
would be obtained from Air Liguide.

2, Gaseous Oxygen Compression vs Liquld Oxygen Pumping.

Two alternative oxygen pressurization process achemes were considered:
gaseous oxygen compreasion and liquld oxygen pumping. Of the five oxygen
rlant vendors contacted, none had considerable experience in Ifiquid oxygen
pumping. Afree, Alr Products, Lotepro, and Union Carbide favored gaseous
oxygen compesaion. Air Liquide was open, however; its very extensive
experience recently in the SASOL plants 1s with centrifugal compression to
500 psig,

From the oxygen plant vendors' comments, it was concluded
that the current industry consensus 18 that gaseous oxygen compression in
preferred to liquid oxygen pumping, and gaseous oxygen compression was
researched further.

3. Gaseous Oxygen CLompression. Based on current commereial

experience, the selected scheme was centrifugal compression to 6§10 psig
followed by reciprocating compression to 1,100 psig. Sulzer and Demag
confirmed that in 1982 there were centrifugal oxygen compressors operating at
1,500 psig and that commercisl experience is being developed for all-

centrifugal oxygen compressocrs.

€. Procesg Description

The equipment arrangewent and material balance for this unit
are shown on Process Flow and Control Diagrams D-22-MP-1NF, -2NP, ~3NP, =-4NEB,
-5NP, and -6NP.
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Alr to Cold Box

Component (1b mal/hr) (molX%)
Ny 210,733 78.11
Ar 2,509 0.93
0z 56,548 20.96
Total dry, lb mol/hr 269,790 100.00
H20 -
Total wet, lb mol/hr 269,790
Total, 1b/hr 7,813,640
Pressure, psia 84
Temperature, °F 95
Product Streams
Oxygen to
Gasification Nitrogen
Component {1b wol/hr) (mol%) {1b mol/hr) {molZ)
N2 - - 23,470.6 100,00
0y 54,968.8 99.50 0.2 Max. 10 ppmv
Ar 276.2 0.50 1.2 50 ppmv
Total dry, lb mol/hr 55,245.,0 100,00 23,472.0 100.00
Hp0 -
Total wet, 1b mol/hr 55,245.0 23,472.0
Total, 1lb/hr 1,770,030 657,600
Pressure, psia 1,115 22
Temperatvre, °F 201 90
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Atmoppheric alry, after pasrming through an inlet air filter,
lg compressed in the air compressor. Following compression, the air is
cooled in direct-contact Water Wash Tower 22-01-1203. The cooled compressed
air then enters the cold box, an enclosed steel otructure containing
cryogenic equipment filled with insulating material. The alr enters through a
set of automatic switching valves that controls the flow to Reversing
Exchanger 22-01-1306. The reversing exchanger 1s an assembly of brazed
aluminum, extended surface heat exchangers that have the dusl function of
cooling the alr and removing water and carbon dioxide from it at the same
time. The air is rooled by heat exchange with outflowing gaseous products and
waste mitrogeu. The passages are arranged so that at predetermined intervals
the air and waste nitrogen streams are switched by operation of the valves at
the warm end, with the check valves controlling the flows ar the cold end.
When the alr is cooled, the contained moisture is condensed as water and ice,
and the carbon dioxide 1s deposited as a solid at lower temperatures. When
the air and waste nitrogen passages are switched over, the deposits are
evaporated into the vent stream in one set of passages and carried out of the
system while the impurities from the air are deposited in the other set.
Since 211 the passages are in thermal contact with each other and with the
products, there is continuous heat exchange.

The c¢ooled air, now at about =-280°F and close to its daw
point, is sent to the bottom of High-Pressure Column 22-01-~1202 gs feed. The
principal function of this column 15 to provide pure nitrogen at the top as
product, impure liquid nitrogen as reflvx for Low-Pressure Column 22-01-1201,
and a liquid rich in oxygen at the bottom as feed for the low-pressure
c¢olumn, Reflux for the high-pressure columm is provided by Main Vaporizer
22-01-1310, which by vaporizing liquid oxygen in the sump of the low-pressure
colunn, condenses nitrogen rising from below.

Rieh liquid from the sump of the high-pressure column is
withdrvawn and passed through either Rich Liquid Filter 22-01-2203 or
22-01~2204, These filters, filled with adsorbent, serve to remove the bulk of
any hydrocarbons that enter with the air and are not deposited in the
reversing exchanger. Following the filters, the rich liquid is subcooled in

II-1. 2. 6"4
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Auxiliary Vaporizer 22-01-1308 by vaporizing liquid oxygen and then expanded
into the low-pressure column as feed. The low-pressure column operates at
about 19 ppia, with boll-up from the main vaporizer and rich liquid feed and
impure liquid nitrogen reflux from the high-pressure columm,

Pure oxygen is produced at the bottom of the low-pressure
colunn. As a safety precaution, part of the liquid is circulated via
thermosiphon action in the auxiliary vaporizer through Liquid Oxygen Filter
22-01-2202, which ig similar to the rich liquid filters. Another part of the
liquid oxygen will be withdrawn to Oxygen Vaporizer 22-0i-1311, where it is
partially evaporated to gilve a gaseous oxygen product. The gaseous product is
withdrawn overhead from Sepawator 22-01-1204, while excess liguid is returned
to the sump of the low-pressure column by either Oxygen Pump 22-01-1503 or
22-01~1504. In order to evaporate the liquid oxygen, a stream of gas having
essentiaglly the same composition as air is taken from the high-~pressure
column, condensed, and then fed back to the column. Par:t of this condensed
air ig withdrawn again from the column and ysed as additional reflux in the

low-pressure columm.

Gaseous waste nitrogen is produced at the top of the
low-pressure columm, This is uvsed in Subcocler 22-01-1309 to subcool the
liquid nitrogenm product and reflux streams and the liquid sir reflux. The
waste 1s be warmed further by condensing a small airetream and by the pure
gaseous nitrogen product before 1t passes out through the reversing
exchanger, removing the deposited water and carbon dioxide as It is fioally
warmed to ambient temperature and exhausted through a silencer. The gaseous
oxygen and nitrogen products also flow out through the reversing ewchanger,
leaving at ambient temperature, ready for compression.

In order to maintain the correct temperatures throughout the
cold box, it is necessary to produce refrigeration at a low-temperature
level, This 18 achieved by taking some pure gaseous nitrogen from the top of
the high-pressure column, reheating it partially in the cold-reversing
exchanger and then expanding it in Turbime 22--01-1803, The turbine is coupled

II-1 o2 6_5
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to an electric generator, and the gas temperature will be lowered by about
70°F while producing power. It is be sent back through the subcooler and the
reveising exchanger as gaseous nitrogen product.

The plant is provided with the weans to dispose of purged
liquids by evaparation, using warm compressed alr in Purge Stack 22-01-1401.
For deriming and reactivation of filters, Derime System 22-01~2803 with
Regeneration Heater 22-01-1321 is provided, and the dry air heated in
Defrosting Heater 22-01-1312.

D. Risk Assessnent

The gasification unit requires a maximum of 24,600 stpd of
oxygen at 1,100 psig. Ten oxygen plante provide this. High-pressure oxygen
gas is provided by compressing the gaseous oxygen from the cold box in two
stages, The centrifugal compressor compresses oxygen to about 610 psig and
the reciprocating compressor vo 1,100 peig. The nitrogen gas required by the
process units is provided by compressing the low-pressure nitrogen produced
in the cold boxr Using this approach, most of the equipment remains within
the limits of commercially proven techrology. The recently commissioned
3 x 1,000 stpd exygen facility near Houstor employs this combination to
compress the oxygen output to 1,250 psig, the only difference being the
capacity of the oxygen compressors: 2,300 stpd vs 1,000 stpd.

The oxygen supply is of critical importance to the gasifiers
to maintain plant output. Fortunately, in recent years there has been
excellent experience with large oxygen plants. The design selected is similar
to the system operated successfully at SASOL. Air compressor and oxygen
compressor selections have been influenced strongly by commercial experience.
The oxygen plants at SASOL and this plaut produce 2,500 stpd of oxygen at 500
psig and 1,100 psig, respectively. The oxygen compression facllieties are now
designed and operated with a very high level of safety and reliability.

I1-1.2.6-6
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The cold box, with few moving parts and 100X installed
spares, contributes very little to shutdown time of the plant. With normal

alr quality, there are no problems of corrosion using the specified staandard
materiale of construction. Adequate oxygen capuacity is included to allow for
flexible operation of the gasifiers and wmaintenance, deriming, etc,

II‘]\ . 2- 6-7
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E. Procesg Flow and Control Diagrams (Including Material Balance)

Process Flow and Control Diagrame for Oxygen Plant Unit 22 are
as follows:

Drawing No. Iitle

D—-22-MP-1 NI PFCD Oxygen Plant - Unit 22 Air Compression
D-22-MP-ZNP PFCD Oxygen Plant - Unit 22 Cold Box
D~22~MP~-3NP PFCD Oxygen Plant — Unit 22 Cold Box
D=22=-MP-4HP PFCD Oxygen Plant - Unit 22 Oxygen Compression
D-22-MP-5KP PFCD Oxygen Plant - Unit 22 Common Equipment
D-22-MP-6NP PFCD Oxygen Plant - Unit 22 Material Balance

i I

P II"'I -206"‘5



.mmmmmmmmmm&mmmmmmmmwmhw,,' ,

s

a
1 | 2 | | “p
22-01-2204 22:01=1302 % 22-01-1301#
IR CONPRESSON Al COMPRESSOR nr——l—;,m o
Al IHTAKE_FILVER 2% STAGE = 311G
NIERCODLER TATERCOOLER
\, A
SEALING AR/ LEAVADE | . .
SEALING ATR/
LEAYAGE
: SILENCER
ot 0 —~-fe===
ARBTERT A o !
e ( n ) 22-01-1801
Y PR
— S
1
Y * a0t (N, z-o1-poy*
N
¢ =
s
D“Wmsm -
D 5
L=~ \iTr-sunee
CONTRL [T 9
Y |
1
° :
l
amn & i
£2-01-1801
ATR COMPRESSOR
E
:
4‘ 8 I ! =
2 [4 [eat- 4D ¥ '
5 : z slcTsvd | w1 2
3 IE g I K1 .
: “ * =] Ay 13
NO. 1 NO. DESCRIFTION NO.| DATE | BY SEC|PROJICLIENT BESCRIPTION No.JOATE | BY P0d |CLIENT)
T a2
1 I 2 I 3 |



-t wéﬂ#.fﬂﬂﬁ%%ﬁ“mmmﬂﬂmw HAEpean

WA R,

L 5 I Q I T
22-012004 ¥ 22-0]+1301 22:01=2003%
LB EYSTEL wﬁﬂ SPENN CEHBEREER NI
EJECTon 1o JAE POULPMENT OH_THIS CRAWING 19
STEAN EORDENSER — o 0 i A
STELN CONDEHSER % ﬂ?ﬁ"ﬁ u1u .t nnE 'm %ea’ﬁ L
A
0 22-01-2004 4 -
22-01-18017 b
PRESSUAR CORTHOL SIGRAL FROM
Bk, DXYGER HEADER
! - 530 F5le STEAM *D
150 516 STEAM *‘D
22-01-2005 Qc
(e f =
- o D
22-01-1301
CORDENEATE >D
22-0i-1505
22011506
D
In
22-01-15017 22-01-1505 EOUIPUENT SHOWK 0N THIS DRANIHG:
AR COPRESSOR 212-01-1506 22-01-1301  22-0i-1801
I e e ol o
SOMDENSATE POPS T2-01-1508  23-0I-2804
22-01-1506  22-l-2805
D22R INP. DGA E
L.S. DEPARTMENT GF ENERGY
BASKETT YA, KENTUCKY
P — e coaL - Ta saﬁaom . SOLINE PLANT
i‘_u;ﬁi:ﬁm]' :Illh Y W - AL - - METHA L = IE‘- GA L N A ,
I % e PROCESS FLOY & CONTROL DIAGRAN NONE wo | e '
F OXYGER FLANT - UNIT 22
f%ﬂm" ] THE RALPH M. %I?m“ AIR COMPRESSION D-22-MP-| NP A
‘ H

Ve g s e Y

|



e R S R SR

NG

i}

—

a
1 ‘ 2 | | ‘o
14201 22-0- 1308
L&ﬂﬂ;"ﬂl JBEVCRSIND ENCHANGERS,
'
|
| : @
| .
|
|
s--<:>— --EH)——(:)-—«
I
) — : :
|
t
i @ @
|
!
22-01-1306
\ H
| { , @ @ (;:)
| —
|
: o ol e o
! !
| &
i [
| -
Quar, o0 [ 87 '-—---:-)—;
D ™ WASH WATER \ }_:%
I i
LB ) \J
(R W e '—:? —
i ) L -
C i t[l [ g &
WASR WATER S | T A
?_ S g '
| ot | v \
i i
X SILENCER @
%
ALL EQUIFMEXT, PIPIKG
: DSTRUENTS FIRRISHED By otHEss
22-01-2801
AYYGER FLANI TOLD BOX _
: ] 2D fl %! fonf
] )
§ ; - 8 ¢ %d' SC" cs .
g 5 - W PI2C s [
. e [ alow ra_6s Lo ee
o Mool 2.0 NI TN W LT LT DISCRIFTION LSO e -3
1 l 2 I 3 | 4



~ M;mﬂﬁ,mm%Wﬁmmm TS s g

v v —— s ke o W

5 |
“4 _
. 22-01-1301 23-b)~}309
EXPANDER EXEIANGER SUBCOOLER HOTESs
— " g s st v
it - -~ - -- - - ———— TRAIHS 10 THIS LNLT.
[T s . A
- N PR
p
; 1
nd Raad Rl bl ~ -22-0P-3 NP 8
! ol Cond Bl £ —_— (T3 W |
J
O-®
.
22-01-1803 c
‘—'\.-(
- | TR W
- <
e b2 W
2-01-1301 “W'n
] 22-01-1303
bl | mupeepr—————
Daae
clees
L ip— D
}
i : | - - ————
I
'J\>———-—|:3 z
5 T22-WA W
DATGER T
Yo\ QXYGEK CONPRESSOR
=) TOUIPNENT SKOWK CN THIS DRANING!
A mew DR L
' NITROGEN - -
o . | NITROGEN COMPRESSOR 22011301 zz-Dl-ze0l
E
210110y BZZPNP DA
LT AL . &C. LTD U.S. DEPARTMENT OF ENERGY
—tilHS ™ "
An saglasering and i of Ale Liguide 34 BASKETT &m‘ KENTUCKY
FOR OESICN R e }W COAL - 70 - NETHRNUL TU BA‘-‘-OLINE PLANT
o L zu-n FRNISS FtE.(I' AND CONTROL DIASTAN
v BEar ne OXYGEN PLANT - unly 22 e p———y
- e THE RILAMH . PSS, S COLD 64X EXGRANCERS L D-22-MP-2 NP 4|
- s ot |



ngy

p—— s T L

T A AT S et e BT M AR A ST R ooy
T __

3
3 I 2 | [ ‘o
22-0=]3 f-01130 20-01-1202 22-01=|3(0 22-01-420) 2-01-
"SEPARAIR OXYGEN_VAPCRIZER HION PAESSURE COLUMN,  MATW VAPORIZER Lom PRESSURC iu.xal:. 1308
TOE e
Lo hyonier

- - - - - — — -

- —

1
T2 B TRoGEn )
@ i ) @‘@ ‘
(ot >
R N T ———" L 22:01-1201
[zl v l
~20:15-2 K7
I @' 'O]_ ,_.--..._...._.q.g
}
&--OH] . |-
T ! T
I 22-01-1310 J kT | 2o
Zor-iil 2-01-1204 - — 1 ™ -
H =
\ 22-01-1202 . -
| ]
1
I 1
& | : |
L —
] __’,J - ';'_:.
I :
| ~ C:
DR - TommmaSem ey T e e e _'= 22-01=2201
4 } ! -
—_— H =
D223 WP } = v
<227 §P @ @ : C‘,
| .
[} M
? !
e €0, |
e e :
22-D1-1503 - !
22-01-1504 |
22-01-2801
OXYCER PLANT COLD BOX
22-01-1503
22-01-1504
COLD 60X LOx
FUNP AND SPARE
- : | e
D |4+ fp1] o B iR e
g jg g Clowend | SOQRAW GS| 1 .
§ 1 g g /e SD|pAW GS L
DRAWING NO. ¥ J‘ = LY T u & T-- -
— DESCRTION DRAWING NO, DESCH PTION | {wo.loare| wvlaw wCOJCLIENT “TDESCRIFT o | [Wo.FDATE | iv josc]sc| majeuent|
~=-LLdJ
1 & 2 ‘ R 2



. ‘_‘__,.,Mmmwrmmmmmmmxmmmmmm.mﬂm_ww,__;v .

h e i s v | SR VAR,

8
l' I o l 7
220122 22012203, 2204 12013 P2-0=1404
Yo —.ri_ﬁ[%us& e RO A HEATER FUREE STACK HOTES:
O 4 gL B— I+ THE EQUPNENT SioWd OF THIS DRAVING 13
_ _ N OR OME YRAIN, THERE ARE Tch IENTICAL
[ - ——— TRATHS 1K THIS URET,
1 A
]
' —
22-0t~ 1401
1
ﬂ% B
]
22:0(-1300
)
|
‘:Il T —
X 1
22-01-2204 ol !
=== COLD BOX INSTRUMENT AlR |
o
P (7} <
t
|7
N / // ser~_|
/] % 22-01-1312
i
DEFRDSTING AIR —
-
— A GERIME SYSTEM
_—d
'
CORDERSATE D
! D
EQUIPHENT SHOWN OX THIS DRANING:
22-01-1201 22-01-2202 2
22-01-1702 22-01-2203
25-01-1304 32-01-220%
22-01=1308 22-01-280
22-01~1310
22-01-
25.01-1412
22-01=401
22-01-1
22-D1-1504
. D22UPINP. DG E
U.S. DEPRATMENT OF ENERGY |
AL E. &C. LTD.
.qu-.l-.h.-:-:uu- -L&RJMMM BASKETY KENTUCKY
:! 5B.m BIPIDI
L P €OAL - TO - MGTHANOL - T0 - GASOLINE PLANT
LG ek [V |
T mpﬂ"; T PROCESS FLUR AKD CONTROL DIAGRA HONE 20 -
5 L[] 0“ - i
-—'—-—%mg BEVIEY  llesvoroasunm THE RALFH W, PRRSONS CLMPRHY e Eﬂufmum u D-22-MP-3 NP &
. DIXCRIrTION “arvn gLigMT PASADENA, CAL IFURHIR
w-__-_Jm_“ [ = :

A rr— ——



TV LT i bl S N LM LELCEY PRV D LS B, .utrnwmwmwmvmmmmmmm._.__.

1 l 2 | 3 | iy
- 22-01=) Y14 ™ 22+01-1316% 2201~ 317
£22-01-2002 % 12-01-P201 11
JLUDE BTL SYSTEM,  Diviei TIANE FILTER L.F._COMRESSON L., TOUPRESSon u.'TT‘nﬁEism
= TTERCOOLER. AFTEICOER TNTEncooLE

— 2802 "
22-01-2802 %
SURGE |___ .
CONTAO] = .
i
L
. — \
f 220118021
1 ' :
- ! I :
i —
L |
. | |
D 1450 PSIC STEAM | - ! .
| ..
1 ————— e e e -
! ¢ T ™
! i 1
& i '
e O =i - § -
OXIGER/COLD BOK N ! e J2:0i-el
22-01-2201
g 4
WITAGGEN e i B & ~
N
] |——— zz-o-imd'lh,
D 335 PSIG STEAM
_ L5201 WP e ot STW TS0 o0 STEW 0 DRl
D

22-D1-10027
E DXYGEN COMPRESSOR
T
11 | 1
3 4 Jalobehll 1.5
z — 2] c}wived su'| Ra
= I’:’ Bloive | so|RA
F = ST A
OESCRPTION DHANING NS, DEICRIPTION ND. | DATE| BY 7 Lol IENT DESCRIFTION —l NOLDATE | BY o:nu\:lrnm CLIENT

1 I ot



TR M E UL T L b

B T T L T T o P

-]
P 4y | o I 4
- 23-0]-1320™ 12-01=1313"
orVeETCOWIESSoR, WP, COUPRESSIN o
~ AFTEACOOLER
BYPls CooLEn T SHOWH DY THIS DRANING IS

le Tgﬁ EQUIPMEN
FOR_OHE TAAIN, umcnz ARE TEH JDENTICAL

TRAINS IN THIS UNIT
2. SPEED INCAEASIHG GEAR Dui.

A
om I"".1
\ IEN
b/ 22-01-|320 % i -
1
|
U |
e P 8 £ 0t et e e ————
22-01~1102
B
\\ HOTE 2 \
)
.
"] ﬂ I
DAYGENZHP DXVGEN HEADER
&
L c
7 C ) A A -
A word® A 2o " P (M 2-01-131
| by b
- COUIPLERT SHOWN CN THIS ORAWING 9
2-01-1205 22-01-1002 i
22-01~1314 22-01-18027
22-01=1316 22-01-1803
22-01-1317 22-01-2201
22-01-1319 22-0|=2802
w2-01-1320
22-01-1802
RYGEN BOPRESSOR D22UP4NP. DGA E
U.S. DEPARTMENT OF ENERGY
BASKETT W.R, GRACE & CO. KENTUCKY
l — von 59.033 B-P-B-
NG e — Vs |__COAL - TO - METHANOL - TO - GASOLINE PLANT
|’Wﬁ%§ﬁ,’:ﬂm‘ e ’ PROCESS FLOF L CONTRIL DGR o "elaz
S FOR CLIENT i GEN PLAKT = UNIT 22 SO
B T a LI TE RALPH M. PRISORS CRPANY GXYCEN COMPRESSION D-22-MP-4 NP A.

[T

a



A O 0 bt B8t AL R o mse,
g —n

1 ‘ 2 ‘ 3 l A ¥
22-01=132 1A% 12-0)-2006% 21-01-7807¥ ,
32-01=15210 22-02-1806 22-01-z001* .
22-021321A% 22 03-1a0a* 22-03-g007%
21-02= :zui: 12-04-2006% 72-04-2001*
22-03-13214 22-05-2806% 22-05-2107
’%—'EF Iy [T COUCING WATER
240K (SHIL] CONDLE
?-‘;ﬂ'- i ed T e e et i e
A BTG I ,
P08~ (3 g {
W, P._DXVGEN COMPREISOR t
BYPASS COOLERS ATH
I I i N
T % sinton
B 100022 22-08-1008 | 10022
e e
28031321
o
ywr 22
TRATR -2z
I
|
10-00-22 22-04-1005 | 10°-pD-22 4
- 22-04-1321 | D)
UNIT 22 _ - —*
TRl 4 %022 -
YNIT 22 10-00-22 | 22-03-1805 |10-DO-22 1
TS B2 2203 132! '
=~
b4 o l b7
: j 317 |
UNIT 22 s & 1
f— | Wz e
P I0e00°22 10°-DD-22 22-02-1803 {10°DD=22
T 1 oz et
o= !
1
UMy 22 ' — - - - ]
TRAIN f 1
22-01-1805 7 !
DETRAENT A7 |_D-2e-kP-2 WP I ="
ETER WASH TOVER| § 202073 P | 10°-DD~32 loon-zz
AIR/COLD BOK THSTRUMENT & DEFROSTING AIR " | !
B N SR TRoVAL P XVGON COWRESSOR 10000 | = |~ | smon §
o L——nus 5
I L L - FOR EACH OF 10
! ! | RECIROCATIN
i t RESSOH:
J C.W.R L
- —— N ———— —
| : |
1 GAS 22-01-132A%
— | iToiaEEw zong T20T-Z0T ™ |
—_——— e o - - - - !
22-01-1805
22-02-1305
2031805
2-04-1805
22-051B05
E P, ORYCEW
COMPRESSORS
Er
w0 [ AD
El’ g § §L_:_I’Zﬁ'é! RN G5
B ] - - 9 T T S
H = & =l Alvw [T =] T
":‘:“ml ST DRAWING HO. owscrrnon ] [NO.JOATE | BY TENT DESCRIPTION NO.FDATE | BY [G#0]sKC| Pwoa|QUIENT]
(] ey
l 1 I 2 i 3 | o




et i
s |

- Miaimﬁlmm%“mﬁ .,,

‘o

LA

P T TR R R T T TR P A

BT

L 1

CHE o pemte g

2p-N4-2003

oFFINE SYSIEN
INCOULE | AND 3}

ey g o e e ek e e e o P vt o

SO AT Cb

NP RETEOI TURD

HES

24*-0p~-22

TRVGEN CRONSTFTENS L Lo2ibP1 BP)

"

HOTES:

1, WHE EUJU‘H!HI' SHOWN Uy 'liIIS ORANIHG 1S Foa
FIVE i “IERE ARE tD RECIFROCATING
wngsms 1N 1D TRAIHS TN OXYGEN PLANT

% JUERE ARE Two LERLUE SrsTeus, on 10
MOOULE @] {SERVING MODULE o7} ARD
[ B=21-38=) WP 04 LOCATED IN MODULE 53 TSERVING HoDULES

U]

22-01-2803

: VENT | __6;___

EQUIPMENT SHOWN OB THIS DReWIdG:

22-01-1321A  22-01-2003
22-01-13218
22-02-1321A
12-02-13218
22-03-13214
22-03-13218

2
22-03-2801

22-05-1205

D220PSHP. DGA

n®

l’-ﬁ

U.S. DEPARTMENT OF ENERGY

R B | r

|_BEVISED/HETSSUED FOR APPROVAL] | Eecnrn

| FOR CLIENT AFPROVAL || avwm atar vig

|_FOR CLIENT S0L AEVIEW ~ |[a>vw rabe wen THE RALPH N, PRASONS COMPRNY
g TION APVD CLIENT PASADENA . Cﬂlimlﬂ

BASKETT

KENTUCKY
50,208 8.P.0.
COAL - TO - METHANOL - TO - UASCLINE PLANT

il

RIS T
PROCESS FLOW AND CONTROL DIAGRAN 2000 eli2

OXYGEN PLANT = UNIT 22 o=
COMOH EQUIPUENT D-22~uP-5 NP

& -!



P RS el o

B s A L e e ey o A

1 l 2 ] a | Aa
v
A 0 & & & & |
&
.
MR LOSS OXYOEH OAS YO |
COMPONENT AMBIENT AIN INTAXE N LOSSES THSTRUNENT AIR FPROCESS AIR VOB ConEon | OASERSS Nrvages |
WOL WElGHT | LG WOL/ER | MOL % | LB MOL/IR | WOL LG WoL/HR | WoL % | LB WOL/HR | 1oL % | L8 oUW | W E .
i 26,02 | 31, Weh BT | 18 11| 828,46 TB.11 _BAST AN} 21,003,30_ T6.1 0.0 0.0 anu::.;u:__] ok
Ar 39,04 261,08 0,03 9, 86 8. 93 ), 2% D. 250, CO 0,9 v, 62 0. 50 s u'l;' i
—_— 3500 | 688388 | 20,96 222,04 | 20,36 50| 0.66] £ eSe.90] 70,98 8 496,04 95,501 ol 10 i
TOTAL FLOW 28, 010.50¢_100.00 |1, B4r, 30 |_100.00 31,20 | )00, 0 26,979 |_ 100,00 | 35 525.50| 106.00 1 2,347 ¢ H
WO WEIGHT 20,96 28.96 28. 86 28,36 32,04 '_z"s‘“—i,@ol toc.e; .
TW/HR a1z, 978 70,108 204 R FERCT - I .
MUSCFD 155, 66 9.65 0,20 245,72 5.9 2l
BT 21.3%
PRESSURE PSIA 14.3 - [5 [1] 22 72
TEUPERATURE “F 80 - ) o5 55 i
‘ I
D
<
D
E
l T -
=
5 g 4 2l 8
*onawmwa no, CLCRIFTION € YTy ¥ HER]
— DESCRIPTION o, | oave] ey MRad [cLiENT BESCNIFTION AT lvlomiuclmm CLIENT
| 1 | 2 3 I



. ¥ it Py T i o L1 1Y YT R S, '
o PP 0 S S R N o . R
4y g (] l 7
NOTES:
1. THE MATERIAL BALANCE SHOMN ON THIS LRAW-
IND IS FOR_DNE OF TEW TRAINS A%D FOR
HORMAL OPERATION,
2, THERE AHE THREE TRAINS IH MODVES ™1 AHD
o3, AND Yw0 THAINS IH MODULES »2 ALD &4,
e <7> @ 3, ATR LOSSES, s OCCUR BETWEEN AIR A
38 INTAKE AND COLD GOX. {STREAM 15 HOT
INDICATED ON THE PFLO'S),
avarcoro | QUVGEN 10 OASIFIERS | WASTE KIVROGEN
= T OL/AA_| WOL % | Ld WOLZHR | WOL
ek T 9.0] 0.4l I8,725.(5) gn.
1wt TR T Zh.62]  0.80 22356 | 1.
* |0 p|_5,4%.88 ) 59,50 150.59 | 0.8 _
wl (D0.00]§,52A50| 100.00| 13,10%.30] 100,00
ST 32,04 26,19
177, 004 534, 60)
m 50,32 .02
2 1. 115 14,7
%0 201 5
- B
v
<
D
(A
D22PGRP, DGA €
N U.S. DEPARTMENT OF ENERGY
BASKETT KENTUCKY
_ 50,268 B.P.O.
. fides V-4 COAL - TO - METHANOL - TO - GASOLINE PLANT
r——— Jj extexes e y > |
A TR DESICN REFORT

e ——— —

FOR CUIENT SB{ REVIER
e 1 DENCRIPTION
o TR T

J et cuseny

THE RALPH N. FIRSONS CONPANY
PASADERA. CALIFORNIA

PROCESS FLOW & CONTROL OIAGRAM
OXYGENR PLANT - UNIT 22
MATERIAL BALANCE




™

F. Plot Plan/General Arrangement Drawings

Plot Plan/General Arrangement Drawings for Oxygen Plant Unit 22
are as follows:
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Plot Plan -~ Unit 22 Oxygen Plant

Plot Plan - Unit 22 Oxygen Plant
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G. Single-Line Diagram

Single-Line Diagram for Oxygen Plant Unit 22 15 as followns:

Drawing No. Title
D-51-EE~4NP One-Line Diagram -~ Units 22 and 23
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1.2.7 €O SHIFT = DNIT 23

The €O Shift Unit processes about 62%Z of the raw synthesis gas
from the coal gasification unit over a cobalt-molybdenum catalyst bed to
obtain the required Hy:CO ratio for the methanol aynthesis unit and
recovers heat as the gas 1f cooled for further downstream procesaing. The
balance of the raw gas is diverted to a separate gas cooling system, which
recovers heat to produce steam.

A laxge amount of heat is available from cooling shift reactor
effluent and unshifted gas. An integrated heat recovery scheme is designed to
recover usaful energy for heating shift feed gas, high-pressure boiler
feedwater, process condensate, and vacuum condensate. Process condensate from

cooled shift effluent and unshifted gas are reheated and returned to the
gasification uvnit.

A. Basis of Design

The large quantity of gyngas from the gasification unit
requires that four parallel modules, each containing one shifted train aad
one unshifted train, be installed. The split of syngas into ghifted and
unshifted train results in lower capital and operating cogts for the

downstream Acid Gas Removal Unit. The Basis of Design includes Feed Streams
and Product Streams (shown on the followlng two pages).

B. Proceso Selection Ratlonale

The raw syngas received from the gasification unit consists
mainly of CO, Hy, and COy, with sulfur present as H3S and C0S. The
water/gas shift reaction converts CO and Hp0 ro COo and Hp so that the
desired Hp:CO ratio is obtained to feed the downstream Methanol Synthesis
bnit.

II-1.2.7-1
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Feed Streams

Raw Shift Feed Gas

Makeup Steam

Unghifted Gas

Component (1b mol/hr) (molZ) (1b mol/hr) (1b mol/hr) (molX)
Hy 39,069.34  36.19 - 23,511.64 36,19
Cll, 214.41 0.20 - 129.03 0.20
Co 47,297.49 43.81 - 28.463.28 43.81
CCo 19,221.42 17.81 - 11,567.31 17.81
N2 513.81 0.48 - 309.21 0.48
Ar 172.46 0.16 - 103.78 2.16
HaS 1,374.19 1.27 - 826.98 1.27
COs 84.72 0.08 - 50.99 0.08
Total Dry, 107,947.84 100,00 - 64,962.21 100.00

1b mol/hr
H50 76,895.59 31,073.04 46,275.17
Total Wet, 184,843.43 31,073.04 111,237.38

1b wol/hr
Total, 1b/hr 3,711,910.00 559,800.00 2,233,650.00
Pressure, psia 850 900 850
Temperature, °F 435 640 435

Product Streams
Shifted Effluent Unshifted Gas Coubined
to AGR to AGR Condensate

Component (1b mol/hr) (molZ) (1k wol/hr) (molZ) (1b mol/hr)
Ho 73,546.72 51.61 23,511.64 36.19 -
CH,; 214.41 0.15 129,03 0.20 -
Co 12,820.12 9.00 23,463.28 43,81 -
€Oy 53,771.42 37.73 11,567.31 17.81 -
N2 513.81 0.36 309.21 0.48 -
Ar 172-46 0012 103078 0.16 -
Hp8 1,446.82 1.02 826.98 1.27 -
Cos 12.10 0.01 50.99 0.08 -
Total Dry, 142,497.86 100.00 64,962,22 100.00 -

1b mol/hr
Ho0 171.42 75.28 119,416,08
Total Wet, 142,669.28 65,037.48 119,416.08

1b mol/hr
Total, lbh/hr 2,951,690.C0 1,401,320.00 2,151,400.00
Preagure, psia 795 820 790
Temperature, °F 100 100 223
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The water/gas shift reaction has been used in many chemical
process plants; however, in most applications, a nonsulfur—-tolerant catalyst
is used to treat a sulfur-free gas. The sulfur content of the raw syngas
requires a sulfur-tolerant shift catalyst (e.g., a cobalt~molybdenum type),
The catalyet manufacturer with the most experience In sour gas shift ls BASF
with ite K6-1] catalyst. The reactor is sized according to the BASF catalyst
requirement. The resulting shift secticn 18 capable of operating with
catalyst from any of the other three vendors solicited for recommendations.

The system is designed for maximum useful recovery of waste
hear from the shifted train and unshifted train. The use of waste hear for

generating steam and heating condensate and boiler feedwater reduces the cost
of providing gasoline.

The feed gas 1s split into shifted and unshifted streams to
individual acid gas absorbers tn give the most economical design. The H2:C0
ratio in the feed to the Methanol Synthesis Unit is adjusted by varying the
f1;w of syngas to the shifted train.

Direct sour shift following zasification is selected over a
scheme uslng sulfur removal, conventiounal hot shift followed by COg
removal. Tosiiioning the conventional hot shift between sulfur removal and
{0, removal involves cooling and reheating the raw gas from gasification

and thus will reduce the overall thermal efficiency of the Gasoline Plant.

C. Process Description

The equipment arrangement and material balance for the €O
Shift - Unit 23 Ls presented on Process Flow aad Control Diagrams
D-23-MP-17%, —2NP, and -3NP.

Z1-1.2.7-3
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The purpose of the CO Shifc¢ Unit is to shift carbou monoxide
and steam to carbon dioxide and hydrogen in order to obtain the ratio
required for methanol synthesis. Approximately 62% of the raw syngas from
gasification passes through the ghift section while the remainder of the raw
syngas 1s routed through the gas cooling section of the CO Shift Unit.

The portion of the raw syngas golng to the shifr section
is mixed with superheated makeup steam to obtain a gteam to dry gas ratio of

1z1. The shift feed gas ia heatad to 600°F in Shift Effluent/ Feed Heast
Exchanger 23~01-1301 and then flows to Shift Reactor 23-01-2501. Approxi-
mately 73% of the CO entering the reactor is shifted with H0 to COp and
Hp. The shift reaction 1is exothermic and the gas temperature rises from
600°F at the reactor inlet to 879°F at th: outlet,

The shift reactor effluent ie cooled by exchange with
reactor feed in Zhift Effluent/Feed Heat Exchanger 23=01-130!. The shift
effluent gas 18 cooled to 250°F in a series of four exchangers: Shift
Effluent Boiler Feedwater Heater 23-01-1302, Shift Effluent 50-psig Steam
Generator 23-01-~1303, HP Boller Feedwater Preheater 23-01-1304, and HP Tur-
bine Condensate EBxchanger 23-01-1305. The heat removed from the shift
effluent is used to heat HP boiler feedwater from 250°F to 500°F and turbine
condensate from 126°F to 220°F and to generate 50-psig steam. The condensate

in the ghift efi ~ent is removed in Shift Effluent lst Knockout Pot
23~-01-1202.

The Shift Effluent lat Knockout Pot overhead is finally
cooled by flowing through a series of two exchangers, Shift Effluent Air
Cooler 23-01-1306 and Shift Effluent Water Cooler 23-01-1307. These
exchangers cool the gas to 100°F. The condeni:te formed in the alr zooler and
water cooler ls geparated from the gas in Shift Effluent 2nd Kncekout Pot
23-01~1204. The cverhead from the Shift Effluent 2nd Knockout Pot flows to
the Acid Gas Removal Unit.

II"l . Za 7-4
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The raw syngas from gasification not destined for the
shifted section 1s sent to the unshifted gas cooling section. The diverted
vaw gas is cooled by a series of alx exchangers. Approximately 94% of the
heat removed from the raw gas in the unshifted section is recovered by

generating steam and heating condensate, while the remaining 6% of the waste
heat is lost to air and water cooling.

The raw diverted gas from the gasification gection is cooled
in Shift Bypass 150-psig Steam Generator 23-01-1308 and then flowa to Shift

Bypass 50-psig Steam Generator 23~01-1309. The partially condensed byrass
stream from the 50-psig Steam Generator flows to Shift Condensate Heater
23~01~1311, where heat is recovered by heating condensate from 223°F to
300°F. The bypass stream is cooled further in HP Turbine Condensate Heater
23-01-1312, where heat removed from the bypass stream is used to heat turbine
condensate from 126°F to 220°F; The bvpass stream flows from HP Turbine

Condensate Heater 23-01-1311 tc Shift Bvoaes lst Knorkout Pot 23-01-1203,
where the condensate is separated from che gaw.

The overhead fvom Shift Bypass lst Knockout Pet Z3-01-1203
is cooled to 100°F by two exchangers in series: Shift Bypsss Alr Cooler
23-01-1312 and Shift Bypass Water Cooler 23-01-1313. The condersste formed in
the two coolere is separated from the gas in Shift Bypass 2nd Kuozkout Pot

23-01=1207. The unshifted gas leaving Shirt Bypass 2nd Knockout Pot
23-01~1207 is ment to the Acid Gas Removal Unit.

The condensate from each knockout pot in the shifted section
and unshifted section is sent to Knockout Pots Bottoms Collecting Drum
23-01~1205. Part of the condensate from the collecting drum is reheated to
300°F in Shift Condemsate Heater 23-01-1310, then returned to the gasifi-
cation unit, The remainder of the condensate is sent to the gasifiecation unit
as makeup water.

II~1,2.7=5
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D, Risk Assessment

The CO Shift Unit uses conventional zobalt~molybdenun (CoMo)
sour-shift catalyste backed by several years of commercial experience. The
catalyst is avallshle from Bsaveral reputable suppliers such as BASF and
United Catalyst Inc. However, the shift unilt designed for this project is
capable of using catalysts from other suppliers as well. The process
configuration of the CO Shift system is simple and process conditions do not
pose any fabrication problems.

The BASF sulfur-tolerant shift conversion catalyst. with
more than 10 years of successful operation, was selected for this project.

Presently thie cetalyst is in operation in geveral plants. BASF shift
catalysts meet the following requirements:

{1) THigh activity in the presence of sulfur compounds in
the synthesis gas.

(2) nigh mechanical strength.
(3) Resistance to high streum partial pressure.

BASF catalyst K8-]1 is used in a temperature range of
approximately 450°F to 950°F. It is resistant to temperatures of up to
1,000°F. Successful pilot tests have been made at pressures of up te 1,500
psia, and there is a plant in operation at 1,100 peia.

Shift catalyst has a lifetime of about 2 years or more when
it 18 directly exposed to raw gas from the gaslflers, such as in this case
where there is only one ghift reactor per train.

Technical risk in this section 1s minimal.

I1=1.2.7=-6
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E. Process Flow and Control Diagrams (Including Material

Balanca)

' Process Flew and Control Diagrams for CO Shifc Unit 23 are
a8 follows:

Drawing No, Title
D=23-MP~1NP PFCD CO Shift = Unit 23 Gas Cooling
D=23~MP-2NP PFCD CO Shift - Unit 23 Shift Section
D=23-MP-INP Mrterial Balance CO Shift - Unit 23
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are a8 follown:

Drawing No.

D=23~PD~-1NP
D-23~PD~2NP
D-23-PD~-3NP
D~23-PD~4NP
D~23-PD-5NP

Plot Plnnlcaneral Arrangement Drawings

Plot Plan/General Arrangement Drawinge for CO Shift Unit 23

Title

Plot Plan -~ Unit 23 CO Shift
Plot Plan -~ Unit 23 CO Shift
Plot Plan -~ Unit 23 O Shifr
Plot Plan -~ Unit 23 €O Shift
Elevation — Unit 23 CO Shift
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1.2.8 COAL GRINDING AND SLURRY PREPARATION -~ UNXIT 24

A. Basis of Deaign

The Texaco slurry preparation technique utilizes wet grindinyg

technology which does not require drylng of the coal prior to slurrying.
Degign of the coal slurry unit was based on a summary of the criteria listed
below:

(1) Top size of coal particles controlled for compatibiliry
of downstream equipment.

(2) Provide a coal particle size distribution as specified
for pasifier feed.

(3) Concentration of solids controlled close to the glurry
concentration specified for the gasifier feed.

The selection of equipment provides a high degree of control
on particle size and water balance In the slurry. These were important design
features required to produce a pumpable slurry of the desired comncentration.

The Coal Grinding and Slurry Preparation Unit has parallel
grinding trains and is arranged in modules compatible with those of the TCGP.

Feed Stresm

Component Total Coal Feed (1b/hr)
Coal 1,921,021

Water 187,674

Total 2,108,695
Average Sclids Density 1.444
Particle Size 2"x O
Temperature °F Ambient

II""].- 2- 8_1
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B, Process Selection Rationale

The process selection of the Texaco Coal Gasification Process
(TCGP) was specified by W.R. Grace & Co. prior to the initial phase of the
preliminary design of the Coal-to-Methanol-to-Gasoline Plant. The slurry
preparation system is considered to be an Integral part of the Texaco Coal
Gagification Process and contains proprietary data; speclifically, the coal
grind distribution and slurry concentration. This confldentiality extends to
equipment assoclated with producing this size distribution.

The Demonstration Plant (SGDPP contract between W.R. Grace &
Co. and DOE) design incorporated wet grinding. However, at this stage of the
program in 1979, the impact of oversize material on the performance of the
Texaco gaslfier had not been demonstrated, particularly the impact of a
slurry on a steady flow through the high-presaure positive displacement
punpe. Therefore, until this problem could be investigated in more detail,
the Demonstration Plant design included the necessary facilities to provide a
positive system for removal of oversize materiai from the product grind.
Similar coal grinding for slurry transportation is a proven technology,
largely developed in the United States.

Experilence with Texaco gasifiers at Montebello and at
Oberhaucen-Holten continued during the time periocd that elapsed between the

SGDPP work amd the Gasoline Plant Project. Dusign of the coal slurry unit for
the Gasoline Plant was based on criteria established by Texaco.

C. Process Description

The arrangement of equipment and material balance for this
unit is showm on Process Flow and Control Diagrams D-24-MP~1KP, -2NP, and
-3NP.

The design of the coal slurry unit is based on criteria set
out by Texaco as indicated above in the Basis of Design.

I1-1.2.8-2



The Coal Grinding and Slurry Preparation Unit has parallel
grinding traina. The grinding trains are arranged into modules for purposes
of constructlion sequence. Each group of grinding trains has a common header,
linking the trains to the slurry holding tanks,

A 29,000-ton covered live day storage in silos is the source
of feed to the coal grinding trains. Raw coal 2 inches and under is reclaimed
from a silo by a discharge feeder and transferred to a belt conveyor for
feeding to a grinding train. An individually controlled variable flow of coal
is used for each of the grinding trains. Provisions were made in the coal

surge storage for downtime of mill trains caused by maintenance.

Each train was designed to handle 2-fnch coal containing 8.9%
molsture at normal operating rates ranging from 118 to 151 toms per hour, 24
hours per day, 7 days per week. Desipn coal feed rate was set at 200 tph.
This rate permits normal production of slurry from each group of grinding
trains for the normal operating condition with design coal, even if the spare
grinding trains are out of service.

The 2-inch and under coal conveyed from each live storage
sllo 15 fed to a first—stage reduction mill for reduction. Feed to the impact
type crusher discharges from a 30-inch belt conveyor operatiag at about 260
fpm. The coal discharges from the head pulley through a chute and drops
vertically to the first-stage reduction mill. Crushed material is removed by

a belt conveyor to a revolving mill. Coal 1s weighed during transport to the
uill on a belt scale.

This digital weigher records the coal flow and provides a
signal to control water addition te the mill and also to the feeding
arrangement iun the coal day storage in Unit 12 to ensure a uniform flow rate
that cun be varied from 70 to 200 tph. The coal is sampled automatically as

it is discharged from the coaveyor head pulley by gravity to a cone for
feeding to the revolving mill.

II"']. - 2 .8-3
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Frash coal feed is mixed with a recycle slurry from Unit 21
plue makeup water and a viscosity additive. Water is added in proportion to
the welfg.ai: of coal feed determined by the belt zcales. The desired coal-ash-
water proportion in the mill discharge varies by weight
according to coal type.

Slurry overflow from the mill passes through a trommel screen
and is discharged to a surge sump. The trommel screen has openings to rerove
tramp materlal. The reject on the screen is discarded. A meter in the sump
monitors slurry viscosity and transmits this information to the plant control
system, whece it 1s tied in with the mill water feed controls.

The slurry fs pumped from the mill sump to a safety screen
for scalping of tramp material from the slurry product, thereby ensuring
adequate protection to downstream equipment from cversize material. The
oversized material removed by the screen deck 18 sluized back to the feed
cone of the mill using a portion of the makeup water. The slurry passing

through the screen deck flows by gravity to a screen sump and is ‘pumpad to
agitated slurry holding tanks.

The slurry tanks are pogitioned adjacent to each other with a
tie-between. If one of the tanks is out of gervice, the flow to the others is
increased. These tanks are desigiied for working volume storage of 4 hours at
a normal operating level that permits over another hour's storage up to a
maximum liquid level, leaving adequate freeboard allowance.

Working volume calculations are prediecated osn maintaining a
minimum operating level to provide proper submergence of bottom propeller. A
tank may be emptied below that level, but the agitator is turned off to
pPrevent dawmage to the shaft. A slurry feeding pump clrculates slurry from the
slurry tanks to the suction side of the gasifier charge pumps.

II-1.2 -8_&
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The preceding description covers the operation of the slurry
preparation subsystem when producing the Texaco grind specification for
normal Operntiﬂg conuditions, The Opersting Costs summary is based on the
atandard grind specification which is used over 85X of the time,

Texaco uses additives In coal slurries to improve slurry
viscosity and increase snlids concentration. Consequently, a slurry additive
Bystem was incorporated in the slurry preparation unit. Storage capacity
provides fcr a maximum of 30 days' storage. One unloading puxp handles the
unloading staticns,

One azea sump and pump per slurry preparetion module is
provided, Spiils and floor cleanup in the slurry preparation building are

gsent to the gasification unit and is pumpad back along with the gasifier
recycle.

For some coals, it may be necessary to add basic material to
the slurry to prevent corrosion because of low pH. Provision was made to add
ammonia, if needed, to the water line to the mill at plant startup. Such

addition ceases after the operating system reaches steady state pH of about
8.0.

D. Risk Assessment

This system includes impact crushers, wet grinding mills, wet
vibrating screens, slurry tanks, slurry pumps, and belt comveyors. All
equipment selected for coal grinding and slurry preparation is conventional,
commercially available, and has a history of successful operation with coal
or in other applications. All pumps are spared., Lines and equipment have
appropriate corrosion—erosion allowances, along with wear plates according to
accepted slurry handling practice.

II-I l2 38-5
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Built—in slurry holding capacity in process sumps provides a
buffer against slurry surge from mills and screens in case of power failure.
Slurry pH is held slightly basic by automatic monitoring and controlling the
pH of the recycle streams.

The Coal Grinding and Slurry Preparation Unit is comprised of
parallel grinding trains. The grinding trains are arranged lnto modules for
purposes of construction sequence. Each group of trains has a common header,
linking the trains to the slurry holding tanks.

The unit was designed in a particularly conservative manner;
that is, to provide a range of potential grind analyses. This provides the
possibllity of varying the grind size to suit slurry concentration, carben
conversion, and gasifier performance for a wide range of coal analyses.

Based on experience with other coals, the equipment is not
expected to encounter undue clogging or plugging problems. The vibrating
screen for each train is a safety or scaiping screen to remove tramp or
oversized product, thereby furnishing protection against oversize material
that might interfere with operation in downstream equipment. The screen has a
built-in feed splitter to produce three feedstreams. Each of these streams is
sent to one of three separate screening sections of the multifeed screen.

Each screen is spared~as further insurance against screen blinding.

The areas of uncertainty include the ability to produce on a
continuous basis the coal slurty required for the normal operating condition
cape without containing oversize solids and the ability to handle these coal
slurries. A system is incorporated to provide an additive ahead of the
grinding mill for modifying slurry viscosity. Screens are subject to blinding
at higher sollds concentration and are spared. The handling of coal slurries
and suspension of polids particles in water are arducus applications for
valving. Speclal attention was applied to the detail of valve design to
ensusz long-term continuous operation without undue maintenance,

II~-1.2 . 8"6



The coal grinding and slurry preparation system must deliver
conl, ground to the proper grind size specification, while still achieving
the design slurry concentration. Failure to meet either of these desired
conditions results in difficulties in the process units downstream of the
unit, principally i: gasification. To a conslderable extent, downstream
facilities were designed to compensate for deviation in slurry concentration.

A flexible coal grinding system was designed to produce the
required grind size digtribution and slurry concentration, while at the same
time protecting against oversize particles. This permice the capability of
producing a divergence of coal grind size distributions. This approach gives
the plant the capability of tailloring the grinding system to optimize the
overall gasification system performance.

The coal slerry presents speclal problems for high-pressure
charge pumps. Some experience was obtained in the Texaco pilot plant where
equivalent coal slurries were pumped to the gasification pressure of 1,200
psig. It is preferable to use pumps with no water dilution. A number of
suppliers are avallable for gelection on this basis.
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E. Process Flow and Contxol Digrams (including Material

Balance)

Process Flow and Control Diagrams for Coal Grianding and

Slurry Preparation Unit 24 are as follows:

Drawing Ro. Title

D-24-MP-INF  PFCD Coal Grinding and Slurry Preparation Unit 24 - Coal
Grinding

D-24-MP-2NP PFCD Coal Grinding aud Slurry Preparation Unit 24 - Slurry
Preparatioc

D-24-MP-3NP PFCD Coal Grinding and Slurry Preparation Unit 24 -~ Viscosity
Additive System

11_1 .2 .B—ﬂ
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Plot Plan/General Arrangement Drawings

Plot Plen/General Arrangement Drawings for Coal Grinding and

Slurry Preparation Unit 24 are as follows:

Drawigg No.

D-24—pH-ZNP

D-24~-MH-3NP

D-24-MH-4NP

Title

General Arrangement Coal Slurry and Grinding - Unit 24 Slurry
Preparation Building - Plan

General Arrangemunt Coal Slurry and Grinding - Unit 24 Slurry
Preparation Bullding - Sactions

General Arrangement Coal Slurry and Grinding - Unit 24 Slurry
Tanks and Pump Building - Plan and Section
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G. Single=Line Niapram

See Volume II, 1.2.5(G), for Coal CGrinding and Slurry
Preparation Unit 24 gingle~line diagram.

II-1. 2- 8_10



STLCT

et ey by

B L T T B R A A

l.2.9 METHANOL SYNTHESIS ~ UNIT 25

A Lurgi methanol synthesis unlt has been selected to cenvert synthesis
gas, after partial CO shift and acid gas removel, to methenol. Approximately
17,000 stpd of methanol are required to produce the nominal 50,000 bod of
gasoline,. Because of the large amount of synthesis gas, four parallel trains

are provided. Because of physical constraints on equipment plze, each
methanol synthesis unlt has two reactors in parall=zl,

Also Included is a single—train Pressure Swing Adsorption (PSA) module
to serve all of the methanol synthesls modules, The PSA deaipgn is based on
Union Carbide's HYSLV process.

A. Basis of Design

The large amount of synthesis gas to be converted to obtain the
required methanol volume necessitates sBeveral parallel trains. Based on the
current status of reactor and catalyst development, four trains have been
used in the design to convert synthesls gas to methanol. Each train has two
reactors operating in parallel.

Feed, product, and fuel/purge gas by~product stream compositions
are given in the following tables.

II-1.2.9-1
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Foed Streams

Makeup Gas

Component 1b mol/hr mol?
Hp 96,813.76 67.54
CHy, 322,59 0.22
co 40,826.39 28.48
Co2 4,300.52 3.00
Nz 814.21 0.57
Ar 273,28 0.19
Total Dry, 1b mol/hr 143,350,75 100,00
Ho0 -
Total Wet, 1b mol/hr 143,350.75
Total, 1lb/hr 1,566,940
Pressure, psaila 750
Temperature, °F 82

11-1.2.9-2
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Product Stre:ns

"Wild" Methanol Crude Methanol®

Component (1b mol/hr) (molZ) {1b mol/hr) (molZ)
R 119.31 0.24 0.57 12 ppmv
CH, 58. 20 0,12 1.23 26 ppmv
co 21.94 0.05 0.26 5 ppuv
CO2 290.90 0.60 29.12 0.06
Ny 48.88 0.10 0.42 9 ppmv
Ar 30.64 0.06 0.42 9 samv
CH40H ‘ 44,092.78 90.59 43,694.08 91.35
Hydrocarbons 0.70 16 ppmv 0.52 11 ppmv
High Boilers 53.06 0.11 52.80 0.11
Low Boiliers 37.10 0,08 31.97 0.07
Hy0 3,920.48 8.05 3,913,.51 8.20
Total, 1b mol/hr 48 ,673.99 100.00 47,724.90 100.0
Total, 1b hr 1,505,720 1,476,610
Pressure, psia 415 10
Temperature, °F 160 9%

3Composition of methanol produced when the MIG unit is down and "wild"

methanol is let down to 10 psia prior to storing in crude methanol tanks.

II—! - 2- 9_3
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By—-products

Flash Gas From
"Wild" Methanol

¥lash Gas From
Crude Methanold

Component (b mol/hr) (molZ) (1b mol/hr) (molZ)
Hp 270.77 61.56 118.74 12,60
CHy, 29.98 6,82 56,97 6.05
co 19.95 4.53 21.68 2.30
CO2 28.77 6.54 261.78 27.79
N3 61.35 13.95 48,46 5.14
Ar 24,47 5.56 30.22 3.21
CH30H 4,46 1.01 398,70 42,32
Hydrocarbons - - 0.17 0.02
High Boilers - - 0.26 0.03
Low Bollers 0.11 0.03 5.13 0.54
Total Dry, 1lb mol/hr 439,86 160.00 042.11 100,00
Hp0 0.03 6.97
Total Wet, 1b wol/hr 439.89 949.08
Total, 1lb/hr 5,700 29,070
Pressure, psia 45 10
Temperature, °F 100 04

2Flash gas from crude methanol is produced when methanol is sent to

storage.

1I-1.2. 9“&
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Purge Gas Leakage Gas

Component: {1b mol/hr) {mol%) (1b wol/hr) {mol%)
Hp 3,483.28 71.43 502.60 69.98
CHy, 216.08 4.43 18.32 2.55
co 174,16 3.57 98,20 13.67
€09 136.68 2.80 21.36 2.97
Ny 645.96 13.25 58,04 8.08
Ar 200.64 4,11 17.56 2.44
CHA0H 19.84 0.41 2.20 0.31
Total Dry, lb mol/hr 4,876.64 100,00 718.28 100.00
Hp0 0.04 -
Total Wet, 1b mol/hr 4,876.68 718.28
Total, 1b/hr 43,130 7,390
Pressure, psila 994 750
Temperature, °F 100 127

B. Process Selection Rationale

Data were requested from ICI, Lurgi, and Topsoe for a 17,000-stpd
methanol plant for this project. Such data, together with meetings with each
of the potential licenssrs and information available from other sources,
formed the bases of a process selection study, Based on an evaluation against
predetermined criteria, the Lurgi process was selected for inecorporation in

the gasoline plant. Key attributes of the Lurgi process contributing to its
selection are as followa:

II‘l- 2- 9-5
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(1) Lurgl's methanol plant experience based on aynthesis gas from
heavy 0il gasification as well as from natural gas reforming.
At the present time, there are four operating plants using

vacuur or heavy residue and four others are under
construction. Also one plant using coal as feedatock 18 under
construction in the United Statea. This 1s supported by
Lurgi's extensive experience with ccal and coal gasification
through its own process - and Lurgi's experience in Rectisol
acid gas removal plants prior to methanol synthesis.

(2) The Lurgi process, because of its apecial reactor design,
recovers heat at a higher temperature level.

(3) The Lurgi process utilizes an isothermal reactor whkich
enables optimization of catalyst and recycle gas

requirements,

C. Process Description

Refer to Process Flow and Control Diagrams D-25-MP-1NP, -2ZNP,
—3NP, and -4NP for equipment arrangement and material balance.

The synthesis gas coming from the Acid Gas Removal Unit is
compressed in Makeup Gas Compressor 25-01-1801 from 750 psia to 998 psia. The
gas is added to the recirculating gas, and the two gases are compressed to
synthesls pressure in Recycle Gas Compressor 25-01-1802.

The gas 18 heated to 437°F in Peed/Effluent Exchangers 25-01-1301
and -1302 by a portion of the hot reactor effluent gas in countercurrent
flow.

II-]. .2 og"6



Conversion of Hy with CO and CO, to methanol takes place in
Synthesis Reactors 25-01-2501 and =502, which are equipped with parallel
vertical tubes holding the catalystf. The heat released during the exothermic

conversion reaction is trensferred in situ to boiling water, which ensures
exact temperature control and eliminates damage to the catalyst caused by
overheating. The reactor outlet temperature is regulated easily and closely
by controlling the pressure in Steam Drums 25-01~1201 and -1202.

As glready mentiomed, a pertion of the hot reactor effluent gas
heats the reactor inlet gas. Boiler Feedwater Preheater 25-01-1303 1ia
installed in parallel with the interchangers to preheat the boiler Ffeedwater
in countercurrent flow to the remalning reactor effluent gas« Further cooling
of the gas and condensation of methanol and water occur in Air Coolers
25-01-1304 and -1305 and Water Coolers 25-01-1306 and ~1307. To avoid an
accunulation of inerts in the synthesis loop, the gystem i3 purged
continuously, with the purge gas being routed to either PSA Unit 25-01-2801
or the plant fuel gas system., The condensate is separated in Methanol
Separator 25-01-1203 and suppliad by level control to Flash Drum 25-01-1204,
where raw methanol is expanded to 415 psia. Flash gases released by this
expansion are routed to the fusl gas header and, under normal operating

conditions, the resultant "wild" methanol flows to Methanol-to—-Gasoline Unit
3l.

When the MIG unit is down, "wild” methanol is expanded further to
10 psia in Low-Pressure Flash Drum 25-01-1205. Low-Pressure Flash Drum Pump
25-01~1503 supplies crude methanol to the crude methanol tanks in
Intermediate Tankage ~ Unit 63. Low-Pressure Flash Drum Eductor 25-01-2802

uges purge gas to produce a vacuum in the low-pressure flash drum. Flash
gagses from the low-pressure letdown flow to the fuel gas system.

D. Risk Assessment

Compressed synthesis gas from the Acid Gas Removal Unit is mixed
with the recycle gas from the product separator and compreggsed to synthesis
pressure. Synthesis gas is charged to the reactor after heat exchange with

11010219"7
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tha reactor effluent, The design of the isothermal methanol synthesis reactor
ie based on experience in the construction of Fischer-Tropsch plants. The
exothermlic converaslon of hydrogea with carbon momoxide and carbon dioxide to
methanol takes place in the tubes filled with copper-based catalyst. The

reaction heat is used to generate steam from the boiler water surrounding the
tubes. The reaction mixrure exchanges the major portion of its sensible heat
with the reactor feed in a heat exchange’:. It is cooled to ambient
temperature with air and cooling water and Be;lt to the product separator.
"Wild" methanol 18 produced after the product separator bottoms is flashed at
medium pressure and sent to the MIG plant.

Lurgl's methanol synthesis process is a highly commercialized,
efficient, and reliable process. Makeup gas and recycle gas compressors are
key items, but operating pressures and flows are not extreme. Service is
clean and nonfouling.

The outstanding features of the methanol synthesls catalyst are
high-conversion efficiency, long 1life, and almost complete suppression of
slde reactions. The methanol reactor may be compared to a shell-and—tube heat
exchanger with no mechanically moved part in the overall reactor system.

The catalyst temperature iln the synthesis reactor is controlled by
the vapor pressure of the evaporating boller water around the tubes, which
ensurea that the copper catalyst is not exposed to extreme temperatures. This
would result in premature aging of the catalyst caused by recrystallization
of the copper. The reactor design and the reactor control of the catalyst
temperature by steam pressure offers the following major advantages:

- GConstant catalyst temperatures even at upset operating
conditions by maloperatiom.

~ Gentle catalyst treatment by avolding excessive temperatures
and sudden temperature changes.

II_]- . 2 [ 9-8



= Almoat complete utilization of the reaction heat for high-
pransure stesm generation.

- Excellent turndown ratio.

= High flexibility regarding varilations of CO and CO03 content
in the synthesis gas.

Although the catalyst 1s sensitive to gulfur, commercial

operation of this type of reactor design in conjunction with Rectlisol unitas
has shown that sulfur poisoning is nmot a problem.

The technical risk of methanol synthesis by the Lurgl process is
Judged to be very low,

1.2.9~1 PRESSURE SWING ADSORPTION (PSA) UNIT

The Heavy Gasoline Treating (HGT) unit used to reduce
durene in the finished gasoline to about 2 wtX durene requires a small flow
‘of high-purity hydrogen. A PSA unit produces this hydrogen stream from the
methanol synthesis purge streawm,

A. Basis of Design

Feed to the PSA unit is the purge gas stream from
the methanol synthesis unit. Product hydrogen is fed to the HGT unit to
catalytically hydrotreat a heavy gasoline stream. The PSA purge or tail gas

18 sent ta the plant fuel gas system. Feed, product, and tail gas
compopitions are shown below.

II-1.2. 9-9
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Fead and Produvct Streems

PSA Hydrogen PSA
Feed Product Tail Gaa
Component {1b mol/hr) (1b mol/hr) (1b mol/hr)

Hy 566.03 329,06 236.97
CHy 35.13 Trace 35.135
co 28,32 Trace 28,32
C0g 22,12 - 22,12
Na 104.98 0.25 104.73
Ar 32,62 0.08 32.54
CH30H 3.23 -~ 3.23
Total dry, 1b mol/hr 792.43 329.39 463.04
Hs0 8 ppn - 13 ppu
Total wet, 1b mol/hr 792.43 329,39 463.04
Total, 1b/hr 7,821.0 673.6 7,147.1
Pressure, psia 994 650 60
Temperature, °F 100 110 100

B. Process Selection Ratiomale

The process selection of PSA was made to meet the
requirement by Mobil for a 99.9 purity hydrogen for hydrotreating use in the

HGT unit. The principal supplier of technology meeting this requirement is
Unlon Carbide.
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C. Process Description

The basic PSA proceas is one in which lmpurities are
absorbed from the feed gas at high pressure and then are desorbed at low
pregsure. The process operates on a repeated cycle having two basic steps -
adgorption and regeneration. There ir no change in temperature except for
that caused by the heat of adsorption and demorption.

The Union Carbide HYSIV PSA unit employs a paterted
PSA process to purify a crude hydrogen feedstream and produce a high-purity
hydrogen product stream. The process uses four adsorbent beds to provide a
continuous and constant hydrogen product flow., One adsorber is always on
adsorption while the other three are in various stages of regeneration.
During the adsorption step, feed gas enters the bottom of the adsorber and
all lmpurities are adsorbed. High-purity hydrogen prodact is available at the
top of the adsorber ar 2 to 3 ;51 less than the feed presgure. Following the
adsorption step, an adsorber is regenerated in four basic steps:

(1) The adsorbzr is depressurized in a direction
cocurrent with the feed flow to a low-pressure
level. This cocurrent flow 1is used ro re-

wrossurize and purge other adsorbers.

(2) 7ne adsorber is depressurizzd in a counter-
current direction to waste pressure aand remove

impurities from the system.

(3) The adsorber ip purged at low pressure with
pure hydrogen (from another adsorber) to
complete the removal of impurities from the
adsorbent,

II~1.2.9~11
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(4) The prensure of the adsorbar ia raised to
adsoxption pressure with puro hydrogen in
preparation for another adsorption etep.

Operation of the PSA unit is completely automatic
wvith all control valves being actuated by an electric/pneumatic control
system. Controls are provided to regulate internal aystem pressures and
flows, The capacity of the unit can be varled from 100% of design to zero by
varylng the hydrogen withdrawal rate.

Tha hydrogen product is available at constant flow,
pressure, and temparature. Hydrogen vecoveriea can be maintained at a flow
rate as low as 30X of rated deeign flow. At the lower withdrawal rates, the
hydrogen recovery decreases unleps the cycle time is increased.

D. Risk Asgegasment

Over 190 PSA hydrogen units have been constructed
worldwide during the past 15 years or are currently under construction. Seven
units have been designed to process a methanol purge stream.

The PSA unit can be operated with any production
rate desired, from 100X of design down to zero flow, while maintaining
product hydrogen purity. It is the feature of operating at zero hydrogen flow
that allows the PSA unit to recover rapidly from upsets caused by changes in
the feed condition. The PS5A unit can be started up or shut down
instantaneously. For lon,gei:' shutdown periods, a short purging procedure may
be necessary. A weekend shutdown with Immediate restart without purging is
common practice with some PSA units.

The operation of the PSA unit ie automatic and

requires no direct operator attention. The adesorbers switch automatically
through the various cycle steps. These steps are controlled by time delay

II-1.2.9~12
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ralays and pregsure switches,. If the feed rata is iIncreased or decreascd, the
cycle time may be adjusted to obtain maximum performance. This adjustment may
bo made at the PSA control panel or from a remo'e location.

The PSA unit shuts down automatically on cycle
advance failure, loes of inetrument air, or losa of adsorption pressure. Fach
adoorber ies imolated at the pressure corresponding to its particular atep in

the cycle sequence at the time of shutdown. Thus, sll adsorbers are ready for
subsequent startup.

The only moving parts in the PSA unit are control
components and automatic valvaes. Conoiderable care haa gone into selection of
the various controls and valveas. The proposed design 13 the remult of over 15
years of continual updating based on field-operating experience. Union
Carbide's most recent survey of operating units showed that the average

onatream availability of the units between scheduled shutdowns exceeded
99.8%.

Units built in the last several years have showm
even better reliability and experience periods well in excess of 1! year
between unscheduled shutdowns. No physical deterioration or reduction in
adsorbent capacity of the adsorbent has been observed in any of the existing
units. This covers a period of over 15 years. Union Carbide concludes from
this that the life of the adsorbent 1s good for the life of the equipment.
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E. Proccog Flow and Control Diagramn (Including

Material Balance)

Process Flow and Control Diagrams for Mathanol

Synthesis Unit 25 are as follows:

Drawing No.

D-25-MP-1NP

D-25-MpP-2NP

D~25-MP-3NP

D-25~-MP-4 NP

Ticle

PFCD Methanol Synthesis - Unit 25 Gas Compression

PFCD Methanol Synthesis - Unit 25 Gas Reaction

PFCD Methanol Synthesis - Unit 25 Pressure Swing
Adsorption

Material Balance Methanol Synthaesis - Unit 25
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