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F. Plot PMlan/General Arrsangement Drawinga

Plot Plan/Ganeral Arrangement Drawings for Methanol
Synthesis Unit 23 are as follows:

Drawing No. Title
D-25-PD-1NP Plot Plan = Unit 25 Methanol Synthesis
D-25-FD-2NP Elevation - Unit 25 Methanol Synthesis
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is as follows:

Dl:aw:lng No.

D=51~EE-5HP

G.

Single—Llno Diagram

Singla-Line Diagram for Methamol Bynthesis Unit 25

Title

One-Line Diagram - Unite 25, 26, and 27
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1,2.10 AMMONIA RECQOVERY ~ UNIT 26

Unit 26, Ammonia Recovery compresses and liquefies the ammonia vapor
atream from Effluent Water Treatment (Texaco) - Unit 27, The unit normally
produces about 43 stpd of anhydrous ammonia. The product is pumpad te Ammonia
Storage ard Shipping = Unit 57.

The vapor feed is compressed to 2053 psig in a two-stage Teciprocating
compressor. Knockout druwms are used upstream of each stage of the compressor
to remove entrained liquid. The compressed ammonia is condensci at 100°F and
stored in the ammonia accumulator, which provides surge time for delivery to

the storage area.

A. Basis of Design

Unit 26 consists of one train capable of handling the total
aimonia vapor stream from Unit 27. Turndown capability is 50%.

Feed Streams

Ammonia Rich Gas From Effluent
Water Treatment — Unit 27

Component (1b mol/hr) (molZ)
NH3 210.90 98.64
H2S traces -
Total Dry, 1b mol/hr 210.90 -
H90 2.91 1.36
Totel Wet, 1b monl/hr 213.81 100.00
Total, 1b/hr 3,644 -
Pressure, psia 70 -
Temperature, °F 100 -

II-1.2.10-1



Product Streams

Anhydrous Ammonia Condensate

Component (1b mol/hr) {mol %) (1b mol/hr) (mol2)
NHz 210.50 99.07 0.40 30.00
HaS trace - trace -
Total Dry, 1b mol/hr 210.50 - 0.40 -
Ho0 1.97 0.93 0.94 70.00
Total Wet, lb mol/hr 212,47 100.00 1.34 100.00
Total, 1lb/hr 3,620 24
Pressure, peia 215 103
Tenperature, °F 100 100

B. Process Selection Rationale

The production of liquid anhydrous ammonia from ammonia-rich
vapor by compression is a simple, reliable, and proven commercial process
with wide application worldwide.

The present state of the art in ammonla compressor
technology allows a long period of trouble~free performance with proper
scheduled maintenance and ensures a high degree of flexibility for turndowmn

purpose,

C. Process Description

Refer to Document No. D-26-MP-INP, the process flow and
control diagram for the Ammonia Recovery Systems, Unit 26.

The vapor stream from Unit 27 contains about 98.6 molZ
ammonia, l.4 moll moisture, and possible trace quantities of hydrogen

1I-1.2.10-2
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sulfide. The vapor feed stream plus any compressor spillback enters Feed Drum
26-01-1201. Very little water condenses at operating conditions. Liquid from
the feed drum Is returned to Unit 27 on level control,

Vapor exiting the feed drum passes through Suctfon Filter
26-01-2701 to ensure clean feed to the first~stage compressor. Filters are
inatalled to protect the compregsor from possible damage caused by solid or

liquid entrainment. Typically, the feed streams contain only traces of
contaminants.

The ammonia vapor atream is compressed from 42 psig to about
92 peig in the first-stage of Ammonia Compressor 26-01-1801. The compressor
discharge temperature is about 218°F. The discharge stream is cooled to about
100°F in Ammonia Compressor Intercooler 26-01-1301. Water condenses at these
operating conditions. The condensate collects in First-Stage Ammoniz Knockout
Drum 26-01-1202 and is returned to Unit 27 on level control. Vapor from the
knockout drum enters the second-stage of Ammonia Compressor 26-D1-1801, where

it 1 compressed to 205 pelg. The compressor discharge temperature is about
23B°F.

The compressed vapor stream is condensed at 100°F in Ammonia
Product Condenser 26-01-1302. The stream i8 condensed as anhydrous ammonia.
This stream enters Amuonia Accumulator 26-01~1203. The accumulator was
designed to allow separation of the vapor/liquid stresm and to provide
sufficlent surge time to smooth out feed to storage, Unit 57.

D. Risk Assessment

The Ammonia Recovery Unit is composed of two knockout drums,
two 2-stage compressors (one opevating and one spare) with an intercooler and
ammonia product condenser, and one ammonia accumulator. The operation of the
unit is simple and routine; no process riskes are anticipated.
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E. Process Flow and Control Diagram (Including Material
Balance)

The Process Flow and Control Diagram for Ammonla Recovery
Unit 26 is as follows:

Drawing No. Title
D-26-MP~1KP FFCD Amonia Recovery - Unit 26

I1-1.2.10-4%
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F. Plot Plan/General Arrangement Drawings

See Volume II, 1.2.11(F) for Plot Plan and Gereral
Arrangement Drawings for Ammonia Recovery - Unit 26.
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Single-Line Diagram

Recovery Unit 26.

See Volume IXI, 1.2.9(G) for Single-Line Diagram for Ammonia
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1.2.11 EFFLUENY WATER TREATMENT (TENXAGC) - UNIT 27

The Texaco Effluent Water Treatment Process wag utillzed
to process the wastewater from the gagification plant. The Texaco Effluent

Water Treatment Process is a proprietary process supplied by the Texaco
Development Corporation.

The Texaco Effluent Water Treatment Unit produces amuoola-rich
gas for recovery as anhydrous liquid ammonia and treated clarified water for
reuse . By-product sludges are produced in the precipitation section and the
blological section., The sludge from the precipitation section is considered
toxlc since sufficient data are mot available at this time to support s more
favorable classification; therefore, it is routed to the water treatment
8olid waste disposal area. The blotreatment sludge undergoes further
treatment and is disposed of ar nonhazardous inert landfill.

A. Basis of Design

The effluent water treatment plant features common storage
and pumping facilities for ferrous sulfate solution, lime slurry, caustic
solution, and sand filter backwash water. In case of failure of any one of
the strippers, the piping interconnection batween the trains permits the
stripperas in operation to process the total design flow of wastewater.

A common sludge sump is used for both biotreatment trging.
The clarified, treated, stripped water is suitable for reuse.
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Foed Streams

IR L NTEIT I A RL

Blowdown from
Gasification Unit

Components (1b mol/hr)
pH 8
T0G, ppuw 140
TIC, ppmw 104
TDS, ppmw 2,000
158, ppuw 132
CoD, ppmw 500
Oxganics, ppbw 9
Ammonia 215.66
Bromide 0.03
Chioride 116.20
Fluoride 21.11
Cyanide 3 9 6
rormate 26.58
Nitrate 0.35
Sulfide 6.94
Sulfate 0.50
Thiocyanate 0.31
Dissolved Solids, 1b/hr 4,596
Wsrer, 1lb/hr 2,291,480
Total, ib/hr 2,296,080
gpo 4,700
Freggsure, psia 70
Temperature, °F 170

Note:

This stream does not include 4,596 1lb/hr of ash/slag.
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Product Streams

Ammonia Rich Gas
to Ammonia Recovery Unit

Components (1b mol/hr) (mol%)
Armonia 210,90 98.6390
Sulfide Traces Traces
Total Dry, lb mol/hr 210.90 98.6390
Water 2.91 1.3610
Total Wer, 1b mol/hr 213.81 100.0000
Total, 1b/hr 3,644.00
Preasure, psia 70
Temperature, °F 100
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Product Streams (Contd)

Bilotreated Water

Components (1b mol/hr) {mol%)

pH 6.5

TOC, ppmw 4

TDS, ppmw 447

TS5, ppmw 110

COD, ppuw 17

Organice, ppbw 1

Ammonia 2.06 0.0015

Bromide 0.03 0.00002

Chloride 102.62 0.0772

Fluoride 0.32 0.0002

Cyanide D.15 0.0001

Formate 1.23 0.0009

Nitrate 0.30 0.0002

Sulfide 0.003 0.000002
( Sulfate 1.49 0.0011

Thiocyanate 0.01 0.00001

Calcium carbonate trace -

Phosphate 0.69 0.0005

Total Dry, 1b mol/hr 108.90 0.0B19

Water 162 ,246.39 99,9181

Totel Wet, 1b mol/hr 162,355.29 100.0000

Total, 1b/hr 2,924 ,390.00

Epn 5,850

Pressure, psis 15

Temperature, °F 0
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B. Process Selection Rationale

The process wastewater effluent Ffrom the Texaco Coal
Gasifier Process is a major stream that requires treatment to make it
suitable for reuse in the complex. The treatment process is a demonstrated
system that ean be relied upon to perform dependably and consistently.
Process aberrations resulting in unacceptable quality of the treated water
cannot be tolerated. Thus, adequate capacity, equipment sparing, and means
for reprocessing the wastewater were provided. Several parallel modules were
provided together with miscellaneous equipment common to the modules.
Turnaround or shutdown of one stripper does not impalr operation of the
gasifierx.

Because the process wastewater contains a variety of metal
ions and a substantial quantity of anions, it is not readily processed via

the common gystems of steam or air stripping. The pH adjuatment to Ffacilitate

stripping fixes some components in solution while releasing some components .

that sreate difficult disposal problems. Reducing the pH tends to ralease
acids such as hydrochlorie, hydrofluoric, nitric, sulfuric, hydrogen sulfide,
and hydrobromic. On the other hand, increasing the pH tends to precipitate
most of the metallic ions as hydroxides, fix sulfides ir solution, and
xeleagse ammonia.

The Texaco wastewater chemical treating process results in
the disposition of sulfides, cyanides, and carbonates as insoluble sludges;

the production of useful by-product anhydrous ammonia; and a stream that is
auenable to bilotreatment. Furthermore, the inclusion of minor quantities of

soluble organics does nmot interfere with the Texaco wastewater chemical
treating process. Most of the organic components are removed in the
biotrearment.

II-1.2,11-5
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C. Process Deacription

The arrangement of equipment and material balances for
Effluent Water Treatment (Unit 27) are presented on Process Flow Control
Dingrams D-27-MP-INP, D-27-MP-2NF, D-27-MP-3NP, and D-27-MP-4NP.

The Effluent Water Treatment (Texaco) — Unit 27 applies the
Texaco Effluent Water Treatment process to treat the wastewater generated
from Gasification = Unit 21. Ammonia vapor aund biotreated stripped water are
the products. Texaco design criteria were used in the design.

Wastewater enters the battery limit at 170°F and 70 psia. &n
ip-line mixer is installed on the wastewater line leading to the chemical mix
drums for the injection of caustic solution to adjust the pH to the desired
range if required.

At the proper pH, the volatile form of hydrogen sulfide is
kept at minimal level. The caustic drum holds a 7-day supply of NaOH for the
entire unit. A metering pump delivers the necded quantity of caustic selution
to the wastewater lime through the in~line mixer, and a pH controller is used
to regulate its flow.

The wastewater is discharged to the first compartment of the
chemical mix drum, where it i1s mixed with ferrous sulfate solution. The
reaction of ferrous sulfate with hydrogen sulfide and the cyanides produces
iusoluble ferrous sulfide and iron—cyanide complexes.

The ferrous sulfate solution 1s stored in the ferrous
sulfate storage “ank, with a net capacity of 7-day supply. A nmixer is
provided to maintain the homogeneity of the solution. To prevent oxidation,
the tank is blanketed with nitrogen. The ferrous sulfate pump supplies the
chemical mix tank with the solutlon from the storage tank.

II-1.2. 1 1""6
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Lime glurry is added to the second compartment of the
chemical mix tank. The addition of lime frees the fixed ammonia from the
ammonium salts in the effluent, precipitates the sulfate, and raises the pH.

The calcium salte formed by these reactlons precipitate and are removed by
filrering., The flow of lime feed is regulated by a pH controller mounted on
the outlet of the chemical mix tank. To ensure the completeness of these

reacticons and to keep the precipitates in suspension, mixers are installed on
the chemical mix drum.

Lime alurry is diluted in the lime supply tanks. Dilution
and mixing take place in the tank to wmaintaln a continuous flow of lime to
the chemical mix drum through the 1lime supply pump.

After treacment with ferrous sulfate solution and lime
alurry, the treated effluent is pumped by the sludge separator feed pump to
the aludge separator. The supernatant is drawn off near the top of the vessel
while the concentrated sludge exits from the bottom. Part of the sludge is
pumped by the pludge recycle pump to the chemical mix drum to supply nuclel
for producing precipitates during lime addition. The remainder of the sludge
is directed to the plate and frame filters by the filter press pump.

The flow controller on the line to the plate and frame
filters responds to the level in the chemical mix drum and regulates the flow
of the supernatant from the separator,

The sludge enters the parallel plate and frame filters,
where the water 13 separated from the solids, leaving a clear water gtream
and a sludge discharge. The sgludge 18 removed from each filter by a screw
conveyor. A belt conveyor is used to collect the sludge discharged from the
gcraw conveyors. These belt conveyors discharge onto a main belt conveyor,
common to all trains, for disposal. The filtrate is piped to the inlet of the
sand filter feed pump.

II-1.2.11=7
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The combined water stream enters the sand filter feed pump,
which pumps the stream through the sand filtera to the ammonia stripper surge
tank. The sand filter performes a polishing function, removing whatever galids
remaln in the wastewater after settling and dewatering operations.

Watew 1s pumped under flow control from the surge
compartment of the ammonia stripper surge tank by the stripper feed pump to
the feed/product exchangers, where the temperature will be raised. The water
then enters the ammonia stripper,

Within the stripper, steam Is provided by the reboiler to
strip the ammonia., The overhead gas enters the overhead ceadenser, which

cools the gas, causing a portion of the gas to condens=. The two-phase stream
then enters the ammonia stripper reflux drum, where the phases separate. The
liquid phase is pumped back to the top tray of the stripper by the reflux
putip. The ammonla-rich gas is sent cro the Ammonia Recovery - Unit 26, where
ammonla is recovered in liquid anhydrous form. The bottoms pump discharges
the hot stripped water through the feed/product exchanger, and the stripped
water is cooled further in the bottoms cooler.

The cocled stripped water pH is adjusted by addition of
sulfuric acld in the neutralization basin. Phosphoric acid is added to
provide the necessary nutrients for bacteria growth. The neutralization basin
is divided by baffles vith over- and underflow into three equal compartments.

A mixer is installed in each compartment to ensure the homogeneity of the
solution that flows from one compartment to the next.

The overflow from the last compartment goes into the
trickling filter feed pump that sends the water to the trickling filter
through the rotating sprinklers. The filter contains trickling media on the
surface of which a gelatinous film of aerocbic bacteria develops. As the water
trickles over the film, dissolved and suspended organic matter is removed by

adgorption. The adsorbed material is oxidized by the metabolic processes of
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the bacteria, Effluent from the trickling filter 1a split into two streams,
one of which is directed to the clarifier by the clarifier feed pump, and the
other is recycled through the trickling filter recirculation pump. The sludge
exits through the bottom and flows by gravity to the sludge sump. Sodium
carbonate is added to the clarifier to precipitate the soluble caleium salts.
The eclarifier sludge pump operates intermittently under level controls to
send the gludge to the sludge handling facility.

The clarified effluent from the clarifier overflow launder
is digcharged by the clarifier effluent pump to reuse.

The biotreated water fleow is 5,489 gpm at ambient
temperature in snormal operating conditions.

D. Risk Ascgessment

l. Chemical Treatment. The chemical treatment of the

Texaco Coal Gasifier water blowdown is based upon demonstrated technology
consigting of the addition of ferrous sulfate, caustic, znd lime to remove

such pollutants as sulfide, cyanide, and carbonates. The chemical additiona
are nouitored to maintain rates required to achieve the reduction of
pollutants needed. The pH control is effected by caustic and lime to maximize
the pollutant removal for the actual chemical consumptions in the process.

Risks in chemical treatment are realized by inadequate
attention given to pH control and chemical addition rates, If pH is too low,
corrogion of equipment is accelerated and acid gases such as H»8, HCN, and
CO0p way be released. If the pH is too high, insoluble hydroxides may be
precipitated, thus adding to the sludge load. Risks from poor pH control and
improper chemical additiona consist of excessive use of chemicals, failure to
remove pollutants, and possible increased equipment corrosion.

Ir-1.2,11-9



The release of toxic pollutants is not a danger bacauge
any acid gases released will go to the relief system.

2. Biotreatment. The biotreating faclility is a
conventional system such as is available in commercial use worldwide. If
maloperation of the blotreatment occurs due to fallure to provide adequate
nutrition for the bacteria or if toxins are introduced into the biotreating
system, high BOD and COD may occur in the effluent stream., This can be
corrected by adjusting the chemical nutrients and/or reseeding the biomass
with sanitary sludge.

J. Ammonia Recovery. Recovery of ammonia is effected by
steam stripping the chemically treated wastewater st an appropriate pH,
condensing the ammonia and pumping it to storage.

The process risks involved are improper pH adjustment
and selection of pressures and temperatures in the stripper that yleld excess
water vapor mixed with the ammonia vapor. With a low pH, the ammonia is not

stripped and the biotreatment may be adversely affected, producing excessive
BOD and COD in the treated water. If the ammoula stripper pressure and
temperature are improper, excessive water vapor is carried out with the
ammonia. This may interfere with the marketability and use of the ammonia
product .

It is anticipated that the designs presented are
satisfacrory for any likely variations in the feed to the wastewater chemical
and biotreatment systems. Similarly, the ammonia stripper accepts major
varilations in its feed composition and quantity. The only adjustments
expected are those within the capability of the equipment specified.

II-1.2.11-10
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Pertinent to feed compositlion is the selection of
materials of construction. The presence of ¢yanide and chlorides were

consldered. The problems of corrosion were considered and accounted for in
the design choice of metallurgy,
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E. Process Flow and Control Diagrama (Including Material

Balance)

Process Flow and Control Diagrams for Effluent Water
Treatment Unit 27 are as followa:

Drawing No.

D-27-MP-1NP

D~27=-MP-2RP

D~27-MP~INP

D-27-MP-4NP

Title

PFCD Effluent Water Treatment - Unit 27 Unis
ftorage

PICD Effluent Water Treatment - Unit 27 Sludge
Separation/Ammonia Stripping

PFCD Effluent Water Treatment = Unit 27
Blotreatment

Effluent Water Treatment - Unit 27 Material
Ralance
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F.

Plot Plan/General Arrangement Drawings

Plot Plan and General Arrangement Drawinga for Effluent

Water Treatment Unit 27 are as follows:

Drawing No.

D—-27-PD~1NF

D-27-PD-2NP

D-27~PD-3NP

Title

Plot Plan - Unit 26 and Unit 27 Ammonia Recovery
and Effluert Water Treating

Plot Plan -~ Unit 26 and Unit 27 Ammonia Recovery
and Effluent Water Treating '

Plot Plan - Unit 27 Effluent UWater Treating

II"‘l . 2| 11_13
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G. Singlu-Line Diagram

See Volume II, 1.2.9(G) for Single-Line Diagram for Effluent
Water Treustment Unit 27.
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1.2.12 METHANOL-TO~-GABOL/.NE — UNIT 31

This subsection describes the process deasign and key equipment
mechanical design features of a battery limits methanol-to-gasoline (MTG)
plant to produce a nominal 50,000 bpd of gasoline. This design is the fixed~
bed, version of Mobil Rescarch und Development Corporation's MIG technology.

The MIG plant requires a feedstock of approximately 131,000 bpsd of
crude methanol derived from coal, The MIG Reaction unit described here
converts the methanol to raw gasoline plus light gases, with all hydrocarbons
being sent te Gag Fractiomation ~ Unit 32, Significant emounts of process
water are separated from the hydrocarbon gtream and sent to Process Water
Treatment — Unit 39 for blotreatment of minor organic constituent.

A. Basis of Desipgn

Production of finished gasoline from methunol by Mobil's
proprietary MIG process requires the arrangement of units ghown in Figure
II~1.2.12~1. This processing scheme includes MIG Reaction, Gas Fractiomation,
Heavy Gasoline Treating, and Process Water Treatment. A supply of hydrogen
and faclilitdes for gasoline blending and product storage also sre necessary.
The informaticn presented in this section is limited to the MTG reaction
unit.

The MIG reaction umit i1s sized for a methanol feed rate of 18,256
short tons (131,000 barrels) per stream day, including 5 wtX water and the
dissolved gases of methancl production. It produces row gasoline, light
gases, and process water. Following fractionation of fhe hydrocarbouns, heavy
gasoline treating, alkylation, and blending, 52,460 barrels of gasoline are
produced along with LPG (propane), isobutane, and fuel gas. The feed
composition, product stream rates, and physical properties are presented in
subsection 1 below. The product volumes vary slightly with the MTG catalyst
life and cycle; average values are given. The blended gasoline is estimated
to have an (R+M)/2 Octane number of B8 and an API gravity of 63°. It contains
no detectable sulfur, nitrogen, or oxygenates and is suitable for sale after
the addition of normal additives.

I1-1.2.12~-1
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1. Feedstocks and Products. The methanol feed to the MIG plant
containa about S5 wtX water and dissolved gases as gshowm on the next page. The
product streams from the MIG plant are shown on the subsequent page.

The MTG Reaction unit 18 deslgned to produce the following
ptraams and quantities:

Hydrocarbon Liquids 61,330 bpad
Mixed Light Gases 9,140 macfad
Process Watexr 1,750 gpm

The hydrocarbon liquids and gases are sent to Gas
Fractionation = Unit 32. The process water stream, containing minor

quantities of various organics, is blotreated in Process Water Treatment -
Untt 39.

2. Plant Degign Basis. This gubsection summarizes key
conslderations and basic design philosophy that have been incorporated in the
design of Methanol=to-Gasoline - Unit 31.

a. Number of Trains and Turndown Flexlbility. For a nominal
50,000 bpsd of finished gasoline, three MIG trains equipped with one
dehydration and five conversion reactors in each train are required. Bach

train is desgigned to operste at full capacity while one reactor is undergoing
catalyat regemeration.

To provide for less than full capacity operation, the Gas
Fractionation unit is designed with a turndown so that it can be operated to
fractionate the products of one MIG train. To accommodate startup and upsets,
intermediate crude methanol storage facilities are provided.

b. Layouts. A key consideration in the layout of the MIG
reaction unit was provision for adequate room for the expansiaon bends needed

for the large-~diameter lines, the effluent/racycle gas exchangers, and for

II-1.2.12-3



MTC Plant Feedstack

Wild Methanol
Feed

Component (1b mol/hr)
Hydrogen 83.70
HMethane 380.10
Carbon Monoxide 31.38
Carbon Dioxide 366,15
Nitrogen Se22
Methanol 44,212.80
Dimethylether 52.32
Butanol 58.23
Water 4,139.85
Total, 1b mol/hr 49,329.75
Total, 1b/hr 1,521,390
bpsd 131,000
Pressure, psia 390
Temperature, °F 100

11-1 . 2. 12-4
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MTG Plant Product Streams

Hydrocarbon Hydrocarbon MIG Process
Vapovr Product Liquids Product Water
Component (1b mol/hr) {1b mol/hr) (1b mol/hr)
Hydrogen B3.71 6.18 -
Mathane 479.25 204.33 -
Carbon Monoxide 32.46 5.01 -
Carbon Dioxide 174.33 190,50 -
Witrogen 4,59 0.63 -
Ethena 3.15 4.65 -
Ethane 26.70 57.87 -
Propene 3.93 24.45 -
Proyane 79.77 565.44 -
Isobutane 5?.08 889.86 -
1=Eutene 5.87 113,97 -
N-Butane 12,18 279.51 -
Isopentane 18.99 1,013.04 -
1-Pentene 3.60 189,27 -
N-Pentane 1.65 115.74 -
Cyclopentane 0.z21 ) 20.64 -
2-Methylpentane 5.79 867.15 -
C6+ Haavier 8.94 3,004.35 =
Total, 1b mol/hr 1,002.15 7,552.59 48,436.50
Total, 1lb/hr 28,080 513,690 B74,170
bpsd - 61,330 -
mecfed 9,140 - -
gpm - - 1,750
Pregsure, psia 193.0 193.0 193.0
Temperature, °F 100 100 100

IT~1.2.12~5



the large motor=-oparated valves around 2ach conversion reactor. The major
pipoway is sized to contain the process amnd raegencration lines. The
effluent /recycle ges exchangers will not have space for bundle pulling, but
gdequate ppace 1g provided to remove ap entira exchanger by mobile crane or

othcr meana.
The layout of the MIG equipment is based onm having good access to

equ. pment as well os fire and safety consliderations. The layout was reviewed
agoinst the spacing standards for the overall plant.

B. Process Selection Rationale

Mobil Research and Developmsnt Corporation's Methanol-to-Gasoline
(MIG) process was preselected by W. R. Grace & Co. and specified for use in
the preliminary design of the Coal-to-Methanol-to~Gasoline facility as a part
of the Cooperative Agreement. Thls selectlon reflects the selectivity of the
MIG process for maximum gasoline production.

€. Proceas Description

In the MIG process, low-energy methanol is catalytically
converted and dehydrated and catalytically converted to high-energy gasoline,
with water a by-product of the conversion. The initial step in the
transformation of methanol is the reversible catalytic dehydration of
methanol to dimethylether. These two oxygenates dehydrate further over the
converslion catelyst to give light olefins, which in turn react to form
heavier olefins. Finally, most of the olefins rearrange to paraffins,
cycloparaffins and aromatics. Almost no hydrocarbons will be found higher
than Cjp due to the shape pelective nature of the converaion catalyst.

1I-1 .2. 12—6



The reaction path is as follows:

2(CH30H) CH30CHy+H0

Light Olefins + Hp0

(C5 Olefina}

Paraffins, Cycloparaffins, Aromatics

Three trains of methanol conversion are provided in the MTG
reaction unit to produce raw gasoline for blending to a nominal 50,000 bpsd.
Each train operates independently. The following description addresses the
design and operation of one methanol conversion train.

The process operates at esgentially 100% conversion of methanol
to hydrocarbons und water until the catalyst deactivates by carbon {coke)
formation to an activity level such that only partial conversion of methanol
occurs. As the catalyst deactivates, methanol breakthrough occecurs when
anconverted wethanol (e.g., 0.1 wt%Z) appears in the aqueous phase product,
the cycle is terminated. The catalyst in the conversion reactor then
unjergoes regeneration,

Catalyst regeneratiom is cyclic and is achieved by controlled
combustion of the coke using air diluted with nitrogen.

The dehydration reactor operates for about a year before
dehydration catalyst regeneration to remove coke is needed. The conversion
reactor regeneration system I8 used to burn off the coke froam the
dehydration catalyst. With the conversion reactors in parallel in a single
methanol coaversion tvain, only one is typically undergoing catalyst
regeneration. Thus, at any time the remaining reactors are convercing
methancl in each train.

I1-1.2.12-7



[pE—— TR PLAREILE N R S I T T Vo ey S

The stolchiometric yield for every 100 tons of pure methanol
converted 18 44 tons of hydrocarbons and 56 tons of water. Approximately B5%

of the hydrocarbons are processed into high-quality gasoline.

The conversion Is an exothermic reaction. About 750 Btus of heat

are released per pound of methanol converted. The heat is released in two

steps. About 20% of the heat release occurs in the dehydration reactor, and
the remainder ocecurs in the converslon reactors. To control the conversion
reactor temperature rise, effluent gases are recycled and mixed with the
methanal feed downstream of the dehydration reactor. This mixture is then fed
to the conversion reactors. The recycled effluent gases act as a heat sink to
absorb the heat of reaction. To improve proceds thermal efficlency, the heat
of reaction is also used to vaporlze the methanol feed and to heat the
recycle gas stream.

l. Plant Deslgn. The, mechanical design of the MIG unit follows
principles used commonly in the design of petroleum refinerles. A few ltems

require special attention.

a. Conversion Reactors. The mechanical design of the MIG
conversion reactor is Important in maintaining proper flow pattewxns. The
converslon reaction starts at the top of the catalyst bed and slowly maves
downward in a horizontal band. This downward movemant occurs evenly
throughout the bed or premature methanol breakthrough occurs and the catalyst
is underutilized.

Valving arrangements are provided for i1solation of any
one conversion reactor during regeneration. Isolation is achieved by using an

appropriate block valve and bieed system.

b. Heat Exchangers. Also of importance are the conversioa
reactor aeffluent heat exchangers. Each methanol conversion train has a large
heat exchanger per rxeactor consisting of two shells in a series. Adequate
room and sufficient load-bearing capacity have been provided arcund the
exchangers to allow equipment to be brought in to remove the exchangers, if

necessary. These exchangers are designed to have very low-pressure drops.

I1-1.2.12-8




c¢s. Compressors. Each methanol conversiaon train is equipped
to compress recycle gas. In addition to ita normal operation of recycling gas
for cooling the conversion catalyet, the recycle gas compressor operates in
the startup mode circulating nitrogen. A regeneration gas compressor is also
used during startup and purging operations, flowing nitrogen.

d. Process Controls. The MIG unit requires process controls
similar to those used in petroleum refineries. A distributive control system
using microprocessor hased electronic instruments with local controllers is
incorporated in the design consistent with the plant instrumentation design
criteria.

A programmable logic ecoatroller (PLC) is vrequired to
switch each of the reactors individually from process operation to the
catalvst regeneration mode. A shutdown system that operates in conjunction
with the PLC 1s required to close off a conversion reactor, to shut off
nethanol feed, and to depressure the methanol feed system in the event of an
emergency.

2. Operating Procedurzs. Precommissioning activities are
completed prinr to the initilal operation of the MTGC reaction unit of the

plant. Pressure testing, utility availability checkout, equipment
lubrication, instrumentation checkout, verificatior of relief va.lve settings,
line cleaning, valve closure, and installation of isolation blinds at battery
limits, etc., are required. Catalysts are then loaded into the reactors in
accordance with the procedures provided by Mobil, the catalyst manufacturer.
All equipment is secured and readied for startup.

a, Normal Operation. The normal MIG plant operation starts
with the crude methanol entering the MTG reaction unit battery limits. The

methanol is preheated, vaporized, and superheated in the crude methanol
preheaters, vaporizer/reactor effluent exchangeras and the superheater/reactor
effluent exchanger. The heat of vaporization and superheat are provided by
cooling a portion of the hot conversion reactor effluent. The dehydration
reactor is a downflow fixed bed adlabatic reactor in which the methanol feed

II-1 020 12—9
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is converted to an equilibrium mixture of methanol, dimethylether, and water.
The exothermic reactlon heat is absorbed by the equilibrium reaction product,

The effluent from the dehydratioen reactor 1s mixed with
recycle gas from the recycle gas/reactor effluent exchangers and distributed
to the operating conversion reactors.

The conversion reactor is a downflow fixed bed adiabatic
reactor. The feed mixture i converted selectively to gasoline components and
water in the converaion reactors. The conversion reaction is highly
exothermic. The recycle gas serves as a heat sink to limit the temperature

rise across the reactor.

The reactor effluent from each recycle gas/reactor
effluent exchanger is combined with the reactor effluent flow from the
methanol preheat exchangers and enters the reactor efflvant coolers. Reactor
effluent is partially condensed and flows to the product separator, in which
the liquid stream separates into a liquid hydrocarbon phase and an aqueous
phase. The liquid hydrocarbons are pumped to the gas fractionation unit. The
MTG water aqueous phase Is transferred to the Process Water Treatment unit.

Part of the gas from the product separator forms the
recycle to the conversion reactors and the remainder i1s sent to the gas
fractionation unit,

b. Catalyst Rugeneration. When methanol appears in the
reactor effluent, the reactor is switched to the regeneration mode.
Regeneration consists of burning oif the coke with owygen supplied fron
controlled quantities of air. After regeneration is completed, the reactor is
ready for operation.

The dehydration reactor catalyst is regenerated in the

same manner as the conversion catalyst.

IT-1.2.,12-10



3. Catalysts. The catalysts required for the MIG Reaction Unit
are as follows:

Service Dehydration Convereion
Type: Mobil Dehydration Z5M=5
Size, inch 1/16 1/16
Volume: ft3
per train 2,951 11,460
per plant 8,853 34,380
Loading Density: 1bs/ft3 32 32

4, Environmental Considerations. The MIG plant is relatively

free from troublesowe emissions. However, water from the MTG reaction unit
requires treatment. Other emigsions are similar to those of other hydrocarbon
processing plants.

a. Solid Wastes. The primary solid wastes generated by the
MIG process are spent catalysts and the sludges resulting from wastewater
treatment. An MIG plant has two types of spent catalyste which require
disposal. Estimates of the quantities are given in Table II-1-2,12-1.

The MTG conversion catalyst is proprietary and must be
returned to the supplier in accordance with the liczensing agreement, The
dehydration catalyst is used commercially and has posed no disposal problem.

b. Atmospheric Emigsions. The two main categories of
atmospheric emissionz arz the normal process emissions when the MIG plant 1is
in operation znd the abnormal emissioms that occur on startup, shutdown, and
during emergenciles,

The greater part of the normal emigsions congists of flue
gas from the fired heaters and the fugitive emissions. Other normal emissions

arise from perlodic regenmeration of the catalysts.

IT-1.2.12-11
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Table TI-1.2.12--1 - Spent Catalysts for Disposal

Service Lehydration ‘ Conversion
Quantity,
Volume: £t3 8,853 34,380
Weight 283,0002 1,107,0002
Type: 1/16~in. diameter Zeolite 1/16-in, diameter
extrudate extrudate
Disposition Landf£ill Return to hobil

8These values do not include the welght of coke on the
catalysts. The catalyste arz assumed to be regenerated before
removal from the reactors.

Regeneratlon offgases will contain products of coke

combustion with air. The primary pollutant will be approximately 5 1b/hr of
carbon monoxide during part of the regeneration.

D. Risk Assessment

Besides the MIG process, Mobil has in operaticn today numerous
petrolevm refining and chemical processes uasing the Mobii 2ZSM-5 zeolite
catalyst. These include M-Forming for octane upgrading, Distillate Dewaxing,
Ethylbenzene Synthesis, and Lube 01l Dewaxing. Mobil estimates there are more
than a half-million pounds of various ZSHM-5 zeolite catalysts at work in
operating facilities around the world. All of these processes use fixed~bed
catalycic reactors that were scaled up from bench—-gcale pilot plant data.



Mobil presently has plans for two new MIG projects, a commercial
plant and a pilot plant. In New Zealand, a commercial scale 14,000-bpd plant
will use merhanol from natural gas and will utilize the established fixed—-bed
catalyet technology. In West Germany, a 100~bpd pilot plant will use methanol
from coal to test the feaslbility of a fluid bed z:atalym': system.

The MTG design incorporated in the gasoline plant is the
fixed-bed catali "¢ process with regeneration of the catalyst initiated when
methanol breakthroug,. occurs in the reactor effluent. Regeneratirn consists
of burning off the coke by oxygen supplied from controlled quantities of air.

ThLis type of regeneration has been used for many years in
catalytic reforming processes in petroleum refining facilities where a swing
reactor was placed onsiream during the regeneration period. The burning
operation is the same in both cases, the main difference being the higher
frequency of regeneration in the MIG process.

Because of thls, Mobil has sgpecified process controls similar to
those used in existing catalytic regenerative processes. A programmable logic
system 1s used to switch each of the reactors individually from normal

process vperation to the catalyst regeneration mode.

An emergency shutdown system is8 also provided to shut off
methanol feed if recycle gas circulation is lost due to compressor fallure.
In cape of an atnormal temperature rise across a reactor, provisions have
been incorporated in the design to cool the reactor and to protect downstream
equipment. This is done by injecting propane vapor into the reacter imlet and
outlet streams as a coolant by activaticn of a standby propane vaporizer

system.

Although the process for the conversion of methanol to gasoline
is relatively new, the catalyat is presently in use in several operating
facilities throughout the world. Thus, the scale up of equipment is similar
to the design of existing petroleum refining processes. The operational
aspects of the MTG unit are also similar to petroleum refining facilities in

II-1.2.12-13
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present day operation. Congideration has teen given to safety requirements by
carefully instrumenting the regeneration, emergency shutdown, and reactor
temperature control systems. Corrosion is not a problem based on similar
experience with construction materials in methanol and hydrocarbon
processing. Equipment reliability should be comparable to present day
refinery equipment from the standpoint of onstream time. In conclusion, the
MIG plant design and operation present a low technical risk.

II-1.2.12-14



B+ Process Flow and Control Diagrams (Inclading Material

Balance)

Process Flow and Control Diagrams Ffor Methanol-to-Gasoline
Unit 31 ara as follows:

Drawing No. Title

D=3]-MP-1NP PFCD MIG - Methanol Vaporization
D-31-MP~2NP PFCD MIG - Conversion Reactors
D-31-MP-~-3NP PFCD MIG - Regeneration

D=31=-MP=4NP Material Balance ~ Methanol-to-Gasoline

II-1.2.12-15
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F. FPlot Plan/General Arrangement Drawing

The Plot Plan and General Arrangement Drawing for Methanol=
to-Gasgoline Unit 3] is as follows:

Drawing No. Title
D=31-PD-~-1NP Plot Plan — Unit 31 Methanol-to—Gasoline

TI~1.2.12-16
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as follows:

Drawing No.

D~51~EE~6NP

Single-Line Disgram

The Single=Line Diagram for Methanol-to-Gasoline Unit 31 is

Title

One-Line Diagram — Units 31, 32, 33, and 38
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1.2.13 GAS FRACTIONATION = UNIT 32

The Gas Fractionation Unit is designed to separate the liquid
and vapor streams from the Mobil (MIG) unit into feed streams to other units
for further processing, interim streams to gasoline blending, and product
streams to sales. The Gas Fractionation Upit 1s a single train consisting of

four fractionation towers, as follows:

(1) Absorber—Deethaniser
(2) Depentanizer

(3) Gasoline 3plitter
(4) Depropanizer

The process configuration of combining multitrain and single
train units requires a highly coordinated design philosephy for the
continuous operation of the gasoline plant. Adequate storage capacity hss
heen provided to ensure continuous operation during schesuled maintenance and
unschaduled downtime. The gas fractionation system 1is a conventional

petroleum refinery-type facllity based on in-house process and mechanical
deaign by The Ralph M. Pargsona Gompany.

A. Basis of Desipgn

The feed streams for the single train Gas Fractionation umit

are derived from the three Mobil MIG units. These feed skreams result from
the conversion of methanol to gasoline in a Mobil MIG unit and consist of a
full range of hydrocarbons from methane through raw gasoline, the heaviest
hydrocarbons being Cg aromatics in the gasoline range.

The product streams from the gas fractionation unit consist
of the following:

(1) Fuel gas
(2) HP alkylation unit feed
{3) LPG (propane)

IT~1.2.13-1



1 e ot 1R O I TP LR TR W1t S 81 45t b aemrmmme - mnt saes v ver v

{4) Light gasoline
. {(5) Heavy gasoline

The origin and disposition of these product streams in the
gas fractionation unit will be as follows:

The feed streams are sent to an absorber-deethanizer tower
initially to remove ethane and lighter hydrocarbons for Fuel gasa and to
recover the propane and heavier fraction for further processing. The
absorber—deethanizer operates at low pressure, which allows vapor flow from
the MTG unit product separator without the use of a compressor. The
low-pressure absorber-deethanizer system uses depentanizer bottoms (lean o01l)
as the absorbent, which eliminates the high-pressure condensation requirement
for conventional refluxed deethanizers. Also, the low-pressure deethanization
ensures that the equilibrium approach temperature is below the critical
values of the gasoline components in the feed. The absorber~deethanizer
system deesign prepares the MTG unit feed for further fractionation in the
depentanizer. Fuel gas from the absorber~deethanizer averhead, with a heating
value of about 800 Btu/acf (HHY), will be sent to the fuel gas drum for plant
consunption.

Deethanizer bottoms are fractionated in the depentanizer to
produce feed streams to both the gasoline asplitter and the depropanizer.

Generally, hydrocarbons higher than C5 flow to the gasoline splitter and
the depentanizer overheads are further processed in the depropanizer.

Light gasoline containing hydrocarbans inm the- Cs through
C9 range enists as gasoline splitter overheads and is sent to gasoline
storage to be blended to 10-Reid Vapor Pressure (RVP) gaaoline. Heavy
gasoline containing hydrocarbons in the Cg range is separated as gasoline
splitter bottoms to concentrate durene in the feed to the splitter. Durene
has a high freeze point, which may cause carburetor problems if not reduced
in the final gasoline product. The gasoline splitter bottoms consisting of
approximacely 50Z durene are sent to MRDC's Heavy Gasoline Treating (HGT)

II-1.2.13-2

B ]



for conversion of dureme to high-octane branched-chain hydrocarbone of low
freeze point.

Depentanizer overheads are split in the depropanizer,
resulting in an LPG product skreams available for sales and an alkylation
feed stream containing primarily C€; and Cg hydrocarbons.

Compositions of the Gas Fractionation unit feed and product
streams are given in the followlng tables.

Feed Streama

Deethanizex
Liquid Feed

Deethanizer
Vapor Feed

Component (1b mol/hr) (1b mol/hr)
Hydrogen 6.18 85.71
Methane 204.33 479.25
Carbon Monoxide 5.01 32.46
Carbon Dioxide 190,50 174.33
Nitrogen 0.63 4.59
Ethene 4.565 3.15
Propene 24.45 3.93
Propane 565.44 79.77
Isobutane 889.86 3514
1=Butene 113,97 5.82
N-Butane 279,51 12.18
{sopentane 1,013.04 18.99
1-Pentene 189.27 3.60
N-Pentane 115.74 1.65
Cyclopentane 20.64 0.21
2=Methylpentane 867.15 5.79
Cg + Heavier 2,995 .47 3.546
Total Dry, 1b mol/hr 7,543,71 996.81
H20 8443 5.28
Total Wet, 1b mol/hr 7,552.14 1,002.09
Total, lb/hr 618,651.60 28,075.59
Pregsure, psia 183.0 183.0
Temperature, °F 100 100

II~1e2413=3




Product Streams

R T T L

Alkylatlion Light Heavy
Fuel Gas® Feed? LPGC Gasolined Gasoline®
Component (1b mol/hr) (1b mol/hr) (1b moi/hr) (1b mol/hr) (1b mol/hr)
Hydrogen 91.62 - - - - §
Methane 682.10 - - - -
Carbon Monoxide 37.35 - - - -
Carbon Dioxide 364,14 - Q.02 - -
Nitrogen 5.20 - - - -
Ethel'le 7 . 78 - 0 -01 - -
Ethane 79.22 - 5.18 - -
Propene 3.77 0,91 24,60 - -
Propane 64.99 1.92 578.16 - -
IBObutane 1-15 933-70 10.15 - -
1-Butene 0.04 119.29 0.46 - -
N=~Butane 0.03 291.43 0.23 - -
Igsopentane 0.59 1,016.53 - 14,91 ~-
1-Pentene 0.10 192.54 - 0.23 -
N-Pentane 0.04 107.88 - 9.47 -
Cyclopentane - 11.03 - 9.82 ~
2~-Methylpentane 5.03 59.99 807.91
Cg + Heavier 3.16 4.14 - 2,484.24 508.07
Total Dry, 1,346.31 2,738.46 618.81 3,326.58 508,07
1b mol/hr
Hs0 - - - - -
Total Wet, 1,346.31 s 2,738.46 618.81 3,326.58 508.07
1b mol/hr
Total, 1b/br 34,770.65 178 ,898,.66 27,306 .81 337,761.72 67,658.58
Pressure, paia 173.1 225.5 215.0 20.0 31.4
Temperatura, °F 55 237 112 210 442

dpeethanizer Vapor Overhead
epropanizer Bottoms

Cpepropanizer Overhead

dSplitter Overhead

€gplitter Bottoms

IT-1.2.13-4

]



B. Process Salection Rationale

The process selectlon for the Gas Fractionation Unit was
based on an evaluation of fractionation configurations to arrive at an
optimum scheme from both economic and operating viewpoints. Since four

processs separations are involved, that is, deethanization, depentanization,

depropanization, and gasoline aplitting, the order im which the separations
occur was evaluated. The progression racosmended by The Ralph M. Parsons
Company places the separation processes in the following order:

(1) Absorber-Deethanizer
(2) Depentanizer

(3) Gasoline Splitting
(4) Depropanizer

This process scheme allows a low-~pressure absorber-
deethanlzer system using depentanizer bottoms (lean o0il) to the absorber,
thereby eliminating the high-pressure condensation requirement for
conventional refluxed deetbanizers. Also, the low-pressure deethanizarion
ensures that the equilibrium approach temperature is below the critical

values of the gasoline components in the feed.

12 the deslgn of the gas fractionation process, no

compresgors are required. All fractionation ie relatively low preasure, and
refrigeration is required only on the Absorber-Deethanirzer vapor to recover
gasoline components., From an operating and maintenance standpoint, the
facility 4s similar to a petroleum refinery gas plant,

1. Operability. The Gas Fractionation unit has a turadownm
ratio of 5:1. It can be brought to full-ioad operation within a few hours.

2. Reliability. The plant is designed with pumps spared
and with block valves and bypass valves installed around contrel valves. This
deslgn permits maintenance on such items without shutting down.

IT-1.2.13-5
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3., Onstream Time. The operating factor for the Gas
Fractionacion Unit 1s estimated at 95%,

4, Maintenance Costs. Maintenance costs For the Gas

Fractionation unit are estimated to ba about 3% per year of unit capital
cost,

The Gas Fractionation unit 4is scheduled for a
maintenance turnaround 18 months after startup and every 2 years thereafter.
The downtime 1Is estimsted to be 14 daya.

5. Equipment Lead Time. With the exception of the valve
trays in the fractionation towers, which have stainless steel valves, the Gas

Fractionation unit is designed entirely of carbon steel, which makes for a
normal equipment lead time.

6. Commercial Experlence. The Ralph M. Parsons Conpany
has built sewveral petrolsum refineries that are in operation containing gas
plants of a design similar to that incorporated in the W. R. Grace & Co
plant.

The Gas Fractiomation unit does not discharge any
liquids or gases to the atmosphere; all relief systems are vented to the
Gasoline Plant flare system. The impact of the unit to the environment will
be minimal.

C. Process Description

1. Absarber—-Deethanizer. Hydrocarbon liquid feed from the
methanol conversioa unit product separator at 100°F is pumped to

Absorber-Deethanizer 32-01-1101 and will enter on tray 26. Hydrocarbon vapor

from the methanol conversion unit at 100°F flows to tray 27 of the absorber

by pressure drop from the methanol conversion unit product separator.

I1-1.2.13-6



The Abgorbor-Deathanizer contains 26 four=-pass valve
trays in the deethanizer scction and 23 one-pass valve trays in the absorber
#ection. Thae overhead vapor combined with lean oil at 161°F enters Absorber—
Deethanizer Air Coolers 32-01-1301~A and =B, where it 18 cooled to LD9°F.
The cooled stream then enters Absorber-Deethanizer Chiller 32-01-1302, wbere
it 1s chilled to 55°F by liquid ammonia at 40°F. The chilled stream
temperature i1s controlled by regulating the flow of ammonia vapor. A level
controller maintains ammonia level in the chiller from Refrigeration
Package 32-01-2801,

The resultant liquid and vapor mixture 15 separated in
Absorber—-Deethanfizex Contact Drum 32-01-1203. Vapor is withdrawn as an
overhead product and flows to the fuel gas header. The Absorber-Deethanizer
top pressure will be held at 165 psig by a pressure controller, which
regulates the overhead product flow from the Absorber-Deethanizer Contact
Drum.

The Absorber-Deethanizer Contact Drum alsoc separates
water from hydrocarbons. The water flows to Water Knockout Drum 32-01-1204
and from the water knockout drum on level control to a wastewater treatment
syatem, The hydrocarbon liquid from the Absorber—-Decthanizexr Contact Drum is
returned to the Absorber-Deethanizer as reflux by Cold Lean 01l
Pump 32-02-1501.

Reboil heat for the Absorber-Deethanizer is provided by
Absorber-Deethanizer Reboiler 32-01-1303. This is a kettle reboiler that uses
150~psig ateam on flow control reset by a temperature cont:roller. from tray 3
vapor of the Absorber-Deethanizer column. Additional reboil heat is provided
by Absorber-Deethanizer Side Reboiler 32-01-1321. This is a horizontal
reboiller that uses lean oil controlled by a temperature controller on
reboiler vapor-liquid mixture at 287°F leaving the reboiler.

Water drawoff from the Absorber-Deethanizer trays 25, 26,
28, and 29 flows to Water Draw Drums 32-01-1201 and -2, where hydrocarbon
vapor is disengaged and returned to the Absorber-Deethanizer. The water flows

II-1.2.13-7
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from the water draw drums on level control to the watar knockout drum, where
any resldual vapor 1ls separated and vapor sent to the low-pressure f£lare and
water sent to wastewater treatment.

The Absorber—Deethanizer bottoms on level control flows
to two parallel Depentanizer Feed/Bottoms Exchangers 32-01-1319 A and =B,
where they are heated to 254°F by exchange with depentanizer bottoms. The
stream then enters Depentanizer 32-01-1102 on tray 19.

Z2. Depentanizer. The depentanizer contains 19 four-pass

valve trays in the bottom section and 22 two-pass valve trays in rhe top
section of the column. The overhead vapor at 151°F 1s partially condensed in
four-bay Depentanizer Air Coolers 32-01-1304 A, -B, -C, and -~D to a
temperature of 137°F. The cooled stream then enters two=parallel, two-series
Depentanizer Overhead Condensaers 32-01-1305 A, ~B, -~C, and -D, where the
remaining vapor 1s condensed with the liquid accumulating in Depentanizer
Beflux Drum 32-0i-1205 at 101°F. These are flooded condensers that control
changes in overhead vapor rate by covering and uncovering tubes. The
Depentanizer top pressure 1s maintained at 58 psig by pressure control of a
hot vapor bypass to the depentanizer reflux drim. Reflux is returned to tray
41 by Depentanizer Reflux Pump 32-01~1507.

The overhead product on level control will be pumped by
Depentanizer Overhead Pump 32-01-1509 to Depropanizer Feed/Bottoms Exchanger
31-01-1312. The depentanizer reflux drum also separates water from the

hydrocarbon streams. Since water iz not expected in depentanizer feed, flow
to the water knockout drum is normally closed.

Reboll heat for the depentanizer 1s provided by parallel
Depentanizer Reboilers, 32-01-1306 A and —-B. The two parallel kettle

reboilers use 150-psig steam on flow control reset by temperature controllers
from tray 14 vapor of the depentanizer column.

1I-1 0201.3-8
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The depentanizer bottoms at 333°F are split into two
liquid stroams. Ona atream, designated ap lean oil, is pumped by Lean 0il
Pump 32~01-1303 on flow control to absorber-~deethanizer Side Reboiler
32~01-1321 before finally combining with absorber--deethanizer overhead vapor.
The other stream 1s gasoline splitter feed, which is pumped by Depentanizer
Bottoms Pump 32-01-1505 to parallel Depentanizer Feed/Bottoms Exchangers
32~01~1319 A and ~B and then to parallel CGagoline Splitter Feed/Overhead
Exchangers 32-01-1320 A and -B.

3. Gasoline Bplitter. The gasoline splitter contains
17 four—pass valve trays iu the bottom section &nd 14 two-pass valve trays in
the top section of the column., Feed to the splitter entera at tray 17
following heat exchange with eplitter overhead in Gasoline Splitter Feod/
Overhead Exchangers 32-01-1320 A and B. The overhead vapor from the splittar
is partially condensed in parallel Gasoline Splitter Feed/Overhead Exchangers

32-01-1320 A and =B to a temperature of 291°F. The cooled stream then enters
a four-bay Gascoline Splitter Air Cooler (32-01-1308 A, -B, -C, and -D)}, where
it is condensed with the liquid accumulating in Gasoline Splitter Reflux Drum
32-01-1206 at 210°F.

The gasoline splitter top pressure is contrclled by
varying the overhead product rate. This results in operating the gasoline
splitter air cooler as a flooded condemser and controlling changes in

overhead vapor rate by covering and uncovering tubes. The overkead product
and reflux are pumped by Gasoline Splitter Product/Reflux Pump 32-01-1517,
with the reflux on flow control to the top tray of the splitter. The overhead
preduct liquid fs cooled in Light Gasoline Product Alr Cooler 32-01-1310 to

110°F, further cooled in Light Gasoline Product Cooler 32-01-1311 to 100°F,
and then sent to gasoline storage for blending.

Reboil heat for the gasoline splitter ia provided by

parallel Gasoline Splitter Reboilers 32-01-1309 A and -B. The two parallel
kettle reboilers use 800-psig steam on flow control reset by temperature

controllers from tray 13 vapor of the gasolime splitter column.

II-1.,2.13-9
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The gasoline splitter bottoms are normally pumped to the
HGT unit by the firat gesoline splitter bottoms pump, 32-01-1515. Provisions

are included in the Design for pumping splitter bottoms to storage during
Heavy Gasoline Treating (HGT) unit regeneration. This stream is the total
splitter bottoms £low and is cooled to 175°F in Splitter Bottoms Alr Cooler
3201=1307 before golng to storage foxr a li-day period during HGT
raeganaration. The splitter bottoms atorage tank will be hald at 175°F to

prevent solidification due to the high durene content of the liquid. Rundown

of storage 1 accouwplished by makeup to the HGT feed downstream of Gasoline
Splitter Bottom Pump No. 1.

4. Depropanizer. The depropanizer contains 31 two-pass

valve trays in the bof:tom section and 13 two-pass valve trays in the top
section of the column. Feed from the depentanizer enter the depropanizer at
tray 31 following heat transfer in Depropanizer Feed/Bottoms Exchanger
32-01-1312. Ovarhead vapor from the depropanizer at 116°F is condensed in
parallel Depropanizer Reflux Condensers 32-01-1314 A and —B to a Ctemperature
of 112°F, with the liquid accunmulating in Depropanizer Reflux Drum
32-01-1207. These are flooded condensers that control changes in overhead
vaper rate by covering and uncovering tubes. The depropanizer top pressure 1s
maintained at 205 pslg by pressure control of a hot vapor bypass to the
depropanizer reflux drum. Reflux is returned to tray 44 by Depropanizer
Reflux/Product Pump 32-01-1519,

The condensed portiovn of the overhead product on level
control is pumped by the depropanizer reflux/product pump to Propane Product
Cooler 32-01-1316, where it is conled to 105°F and sent to propane-storage.

Reboll heat for the depropanizer is provided by
Depropanizer Reboiler 32-01-1315. This 1s a kettle reboiler that usen
150-paig steam on flow control reset by a temperature controller from tray 4
vapor of the depropanizer column.
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The depropanizer bottoms on leval control flow to
Depropanizor Feod/Dottoms Exchanger 32~01-1312, where they are cooled to
160°F by exchange with depentanizer overhead. They then enter Alkylation Feed
Air Caoler 32-01~1313, where they are cooled to 110°F and then enter
Alkylation Feed Water Cooler 32-01~1317, where they are cooled :o 100°F and

gent to HF Alkylation Unit feed storage tank,

D. Risk Assesament

The Gas Fractionatlon unlt contains conventional petroleum
refinery-type equipment that has a high reliability from the standpoint of
oustream time, The plant is deslgned with all pumps spared and with block
valves and bypass valves installed around control and rellef valves. The
design permits maintenance on such itenz without shutting down the operation.
The operational aspect of the unit is similar to petroleum refining
facilities 1in present-day operation. Corrosion is not a problem and equipment

fouling is not expected to occur. The tachnical risk is considered to be
miaimal.
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E. Process Flow and Control Diagrams {Including Material
RBalance)

Process Flow and Control Diagrams for Gas Fractlonation
Unit 32 are as follows:

Drawing No. Title

p-32-MP-1NP PFCD Gas Fractionation - Depentanization
D=32-MP-2NFP PFCD Gas Fractionation « Depentanization
L=32-MP-3NP PFCD Gas Fractionation - Gasoline Splitting
D-32-MP-4NP PFCD Gas Fractiomation - Depropanization
P=-32-MpP-5NP Material Balance - Gas Fractionation

11"1 -2. 13-12 -
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G. Bingle-lLine Diagram

See Volume IL, 1.2.i2(G) for the Single-Line Diagram for Gas
Fractionation Unit 32.
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1.2.14 NP ALKYLATION — UNIT 33

As Basis of Degign

A hydrofluoric acid (HP) alkylation unit has been selected
for the conversion of a mixture of butylenes, amylenes, and isobutane to
produce alkylate as a blending component of finfshed gasoline. The HF
Alkylation Unit is a conventional-type facility without octame upgrading. The
HF Alkylation Unit selected is based on a proprietary alkylation process
licensed by Phillips Petroleum Company.

The feed stream is derived from the converaion of methanol
to gasoline in a Mobil MTG unit with subsequent fractionaticn tc separate the
butylene and amylene components in depentanizer and depropanizer towers. The
feed 18 depentanized to keep the Cgt fraction at a low level so that the
hexane fraction is less than 0,22 by volume of alkylation feed. This is
necessary to reduce tar and decrease acid consumption during the alkylation

process. The feed is also depropanized to keep total propanes at a low level
for alkylation and to reduce acid losses that occur when propane is vented.

The feed contains a high-amylene content with about 60X dry
volume amylenes to the total olefins present in the feed. Phillips has
experience processing feeds with a high-amylene content, up to about 31% by
volume amylenes to the total olefins present in the feed,

The HF Alkylation unit product streams consist of alkylate
as a gasoline-blending component, n-butane to adjust gasoline vapor pressure,
and isobutane te adjust gasoline vapor pressure with the excess to sales. The
synthetic alkylate product is about 7.5 by volume of the total gasoline
pool, with Cg+ naphtha about 83% by volume and the remainder butanes., Since
n-butane 1s in short supply and there is excess isobutane in the feed, some
isobutana is added to gasoline when needed for vapor pressure adjustment of
finished gascline,

11-1 L] 2- 14-1
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Proviplon for an n=butane side—-cut from the deisobutanizer
is included in the HF Alkylation unit design. The alkylate product should be
flexible in on~butane content to allow for a Reid vapor pressure (RVP) of
total alkylate of about 5 to 6 psi for storage. When blending alkylate with
naphtha for storage, a higher RVP is allowed; for instance, about 8 to 9 pei.

Since the feed contains excess isobutane, the overhead
product from the deisobutanizer is exported for sales. The isobutane product

is a high-purity stream with less than 0.5% by volume n-butane content.
Alkylation unit feed and product stream composgitions are presented in the
following tables.

HF Alkylation Unit Feedstock

Component 1b mol/hr mol?
Propene 0.01 -
Propane 1.92 0.07
Isobutane 933.70 34.11
iI-Butene 119.29 4,36
n-Butane 291,43 10,64
Isopentane 1,016,53 37.14
1-Pentene 192.54 7.03
n~pentane 107.88 3.94
Cyclopentane 11.03 0.40
2-Methylpentane 29.99 2,19
Cgt Heavier 4.14 0.14
Total, 1b mol/hr 2,738,45 100.00
Total, lb/hr 178,900
Pressure, psia 45
Temperature, °F 100

IT-1.2.14-2



Product Streams

Igobutane Product n-Butane Product  Alkylate Product

Component (1b mol/hr) (molZ%) (1b mol/hr) (mol%Z) (Ib mol/br) (molX)
Propene - - - - - -
Propane 1.92 0.35 - - - -
Isobutane 552.13 99,22 12,20 4.62 - -
]-Butene - - - - - -
n~Butane 2.41 43 254.24 88.47 44.87 2.80
Isopentane - - 19,56 7.11 1,067.42 66 .55
1-Pentene - - - - - -
n-Pentane - - - - 107.95 6.73
Cyclopentane - - - - 11.03 0.69
2-Mathylpentane - - - - 59.97 3.74
Cgt+ Heavier - - - - 0.54 0.04
Alkylate - = - - 312.00 19.45
Total, 1b mol/hr 556.45 100,00 276.00 100.00 1,603.78 100.00
Total, 1lu/hr 32,315 16,310 130,196
Pressure, paia 85 60 5-6 ‘
Teuperature, °F 110 110 110
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B. Process Selection Rationsle

The Phillips HF Alkylation Process is a commerclally proven
technology. Phillips has about 80 plants operating successfully throvghout
the world. Its capital and operating costs are lower than for the other
processes examined. Phillips experidence with high~amylene feeds fits well
with the present design, which contains about 60% by volume amylenes to total
olefins in the feed. The process provides reliability with a good turndown
ratio,

l. Operability. The HF Alkylation Unit can be operated at

about 50% of design capacity. It can be brought to full-load operation within
a few hours.

2. Reliability. The plant is designed with all pumps
spared and with block valves and bypass valves installed around control and

relief valves. The design will permit maintenance on such items without
shutting down,

3. Onstream Time. The operating factor for HF alkylation

will be better than that of a fluid catalytic cracking unit and is estimated
at about 95Z stream factor.

4. Maintenance Costs. The maintenance cost estimate for
the HF Alkylation unit is 3,5 of unit capital cost.

5. Equipment Lead Time. With the exception of the HF
regenerator, the Phillips alkylation plant is designed entirely nf carbon
steel. The acld regenerator can be of either Monel-clad or solid Monel

construction. Momel construction is a major facter in determining the
equipment lead time.

6. Commercial Experience. Table II=1.2.14=~] summarizes

plants using Phillips HF Alkylation Process in operation and under
construction.

I1-1.2.14%~4
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Table II-1.2.14~1 - Recent Phillips HF Alkylation Licenseas

Startup Deaign Capacity

Company Refinery Location Year (bped) {mtpd)
Gulf 04} Corparation Philadelphia, PA 1973 15,000 1,667
Marathon Qil Company Texas City, TX 1974 11,000 1,222
Getty Oil Company El Dorado, K5 1976 10,000 1,111
Texas City Refining Texas City, TX 1979 6,000 667
Lindsey 01l Limited Killiogholme, England 1981 4,200 487
BP Trading Limited Rotterdam, Holland 1982 5,000 556
BP Trading Limited Grangemouth, UK 1981 4,200 467
Marathon 01l Company Garyville, IA 1980 21,000 2,333
Texaco—Gulf Fembroke, Wales 1982 18,000 2,067
Amoco-Murphy Limited Milford Haven, Wales 1981 3,000 333
Mobil 0il Corporation Croydon, England 1982 14,500 1,611
Mobil 01l Corporation Durban, South Africa 1981 2,500 278
Gulf 01l Corporation Cincinnati, OH 1920 2,000 222
BP Trading Limited Kwinana, Australia 1981 3,000 333
CFR LaMede, France 1981 3,000 333
Mobil 01l Corporation Saudi Arabia 1984 14,500 1,611
Petrobras Cubatao, Brazil 1984 3,000 333
Irintoc Point Fortin, Trinidad 1984 5,500 611
NNPGC Warri, Nigeria 1933 3,oc0 333
Albatross 0Oil Procesaing Antwerp, Belgium 1984 4,800 538
Saber Refining Corpus Christi, TX 1983 7,700 859
Tenneco 0il Chalmette, LA 1984 16,000 1,778
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C. Process Deacrigtion

Refer to Process Fiow and Control Diagrams D-33-MP-1KP,
-2NP, ~3NP, and -4NP for equi:ateat arrangement and material balance.,

Depropanized hydrocarbon liquid from the Gas Fractionation
Section flows to Feed Surge Tank 33-01-1205, which has an 8~hr holdup to

ensure continuous hydrocarbom flow to the HF Alkylation Unit. The hydrocarbon
feed composition is shown in the above table as a mixture consisting of
butylene and amylene olefins.

The total hydrocarbon olefinic feed, along with recycle
igobutane, is charged to the reactor section of the HF Alkylation unit, The
combined feed is dispersed through epray nozzles and mixed with hydrofluoric
acld before entering the reactor riser. The reactor operates by differential

gravity flow and has no noving parts such as impellers or mixers; also, acid
circulation pumps are not required. Total conversion of reactants to
high-quality alkylate occurs almoat instantly.

From the reaction zone, the hydrocarbon zomponents and acid
catalyst flow upward to the settling zone., Here, acid catalyst breaks out as
a bottom phase and flows by gravity on a return cycle through the shell side
of parallel Acid Coolers 33-01-1301 and -1302 to the reaction zome, where the
reaction cycle is repeated., Heat of reaction is removed by heat exchange with
a large volume of coolant flewirz through the tubes, Cooling water used ig
available for further cocling elsevhere im the unit. The hydrocarbon phase
from the sectling 2zone, containing minute quantities of propane, recycle

iscbutane, normal butane, pentsnes, cyclopentane, and alkylate, is charged to
Main Fractionator 33-01~1101 for recovery of product stresms.

The main fractionator overhead is charged to HF-Isobutarne
Stripper 33-01-1103 for HF acid removal overhead. The bottoms isobutane
product is catalytically defluorinatad, KOH treated, and yielded as iscbutane

product. Becycle isobutane, eesential for favorable control of reaction
machanisma, is prcduced as a vapor overhead stream from the naln fractionator

IT-1.2.14~6




and also from the HF isobutane stripper bottoms, The condensed and cooled
recycle isobutane is returned to the reaction zone,

The alkylate bottom product from the main fractionator
containing about 2X n-butane is acceptable for motor fuel blending. An
fi-butane product of about 85Z purity and suitable for motor fuel blending is
taken as & vapor side~draw near the b.ottom of the mailn fractionator. This
sldestream 1s condensed and sent to storage for vapor pressure blending in
gasoline,

A small slipsetream of acid is withdrawn from Acid Settler
33-01-1202 and fed to Acid Rerun Tower 33~01-1102 fo remove dissolved water

and polymerized hydrocarbons. The overhead product from the rerun column is
clean hydrofluoric acid, which is condensed and returned to the system. The

bottom product from the rerun tower is a mixture of acid-soluble oils and an
HF water azeotrope. This stream 1is sent to Main Fractionator Heater
33-01-1401 to be disposed of by burning.

Auxiliary systems included within the battery limits include
(1) Acid Relief Neutralizer 33-01-1201 to remove HF from relief gas leaving
the battery limits, (2) Recycle Acid Rerun Tower 33-01-1102 to temove
acid<goluble oils that occur in the reactor acid, (3) Acid Storage Tank

33-01-1203 for anhydrous HF acid during periods wheo the unit is shut doun

for turmaround, (4) HF Acid Neutralizer 33-01-4102 for surface drainage and
sewer drainage In the acid area, and {5) a change room and storage room for
cleaning and storing necessary protective clothing required on occasion by
opereting and maintenance personnel.

Process hydrocarbor vapors from the relief gas header
contalning HF acid are contacted in Acid Bellef Neutralizer 33-01~1201 with
dilute aqueous sodium hydroxide prior to entering the flare system. Calcium
chloride is used to precipitate calcium fluoride from spent caustic in
Calcium Fluoride Precipitator 33-01-4101. Imsoluble calcium fluoride settles
out to form an inert sludge, which has been successfully used age a sanitary
landfill without known enviropmental problems.

1Y-].2.14=7



From product streams that require KOH treaters, the spent
KOH 18 processed through a spent caustic neutralizer using NayC03,
Drainage from the apent caustiec neutralizer flows to the plant wastewatar
treatment system.

Product streams such as LPG, are defluorinated over an
activated alumina bed. After the bed is "spent ,” it i1a considered inert and
can be disposed of in a sanitary landfill.

D. Risk Assessment

The hydroflunric acid (HF) alkylation unit designed by
Phillips Petroleum Company converts a mixture of butylenes, amylenes, and
igobutane to produce alkylate as a hlending component of finighed gasoline.

The Phillips HF Alkylation Process is a ccmmerclally proven
technology. Phillips has about 80 plants operating throughout the world.
Phillipe experience with high—amylene feeds tits well with the present
design, which contains about 60% by volume amylenes to total olefins in the
feed. The process provides reliability with a high-onsetream factor. The plant
is designed with all pumps spared and with block valves and bypass valves
installed around contrel and relief valves. The design permits maintenance on
such items without shutting down. Corroasion and equipment fouling are not
expected to be problems. The technical risk is considered minimal.

II-1.2.14~8
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are as follows:

Drawing No.

D=33-MP=1NP
b-33~MP-2NP
D-33-MP-3NP
D=33=MP=-4NP

Process Flow and Control Diagrams (Including Material

Balance)

Process Flow and Control Diagrams for HF Alkylation Unit 33

Title

PFCD HF Alkylation — Acid System
PFCD HF Alkylation — Fractionation
Material Balance — HF Alkylatior,
PFCD HF Alkylation - Waste Disposal
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(“" G Single—Line Diagram

See Volume II, 1.2.12(G) for the Single~Line Diagram for HF
Alkylstion Unit 33.
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