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
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Plot Plnn[ﬂanernl Arrangement Drawings

Plot Plan and General Arrangement Drawings for Gas

Practionation Unit 32 are as followa:

Drawing No.

D~32-ED-INP

D=32-PD=2NP

Titla

Plot Plan - Unit 32 and Unit 38 Gas Fractionation
and HGT

Elevation — Unit 32 and Unit 38 Gas Fractliounation
and HGT
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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

II-1.2. 14-3
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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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Plot Plan/General Arrangement Drawinge

Plot Plan and General Arrangement Drawlngs for HF Alkylation

Unit 33 are ag follows:

Draving No.
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Plot Plan ~ Unit 33 HF Alkylation
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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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1.2.15 ACID GAS REMOVAL — DNIT 34

A selective Rectisol process has been selected to remove sulfur
compounds (H28/C05) and carbon dioxide (CO2) from a coal derived synchesis
gas. The process uses methanol for physical absorption of the acld gases. The
licencor of the proprietary process selected for this project is the Lotepro
Corporation, The shifted and unshifted feed gas streams are washed
separately. In the regemeration of the methanol, sulfur—bearing gases are
isolated and transferred to the sulfur recovery unit for the production of
elemental sulfur.

The Acid Gas Removal unit product stream consists of purified
gynthesis gas that is compressed and used for methanol synthesir,

A. Fasis of Design

In the selecticn of an acid gas removal process, the
following design parameters had to be fulfilled for & candidate process to be

considered: \

(1) A treated product gas purity of less than 0.1 ppnv
total sulfur and 3 to 6 volume percent CO2 achieved by
absorption of CDz, H2S, and COS from the feed gas.

(2) The €Oy tail gas stream must contain less than 10 ppmv
of total sulfur so that it can be vented to the

atmosphere without thermal incineration.

(3) An Hp5-rich acid gas stream containing a minimum of 25%
HyS and suitable for a Claus unit feed must be produced,

(4) The technology must be commercially proven.

The following feed and product stream data summarize the
normal operating conditions for the four-module Acid Gas Removsl unit.

I1-1.2.15~1
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Feed Streams

Shifted feedgna Unshifted Feedgas Strippirg Gas

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

Hp 73,546,7 23,511.6 -

No 513.8 309,2 B,655.6

co 12,820.3 28,463.3 -

Ar 172.4 103.8 -

CHy 214.4 129,0 -

COy 53,771.4 11,567.3 -

HaS 1,446.8 827.0 -

cos 12.1 51,0 -

02 - - -
Total Dry, 1b mol/hr 142 ,497.9 64,962.2 8,655,.6

Haz0 171.4 75,3 -
Total Wet, 1b mol/hr 142,669,3 65,037.5 -
Total, lb/hr 2,951,690 1,401,320 242,500
Pressure, psia 790 790 33
Tsaperiture, °F 100 100 68

I-1,2,15~2

2250



PETRTE e S e e st K T AH AN g A ae a .

Feed Streams (Contd) :

Wash Water

]

.
.-s_f'

Alr to to Tsll Gaw
Torvex HWash Column
Component (1b mol/hr) (1b mol/hr)
Hgp - -
Nz 3,07709 -~
€0 - -
Ar 39.5 -
Ciy - -
C02 - -
HaS - -
cos - -
09 828.7 -
Total Dry, 1b mol/br 3,946.1 -
HoQ 42.4 30,595.0
Total Wet, 1b mol/hr 3,995,5 30,595.0
Total, 1b/Yr 87,810 551,200
Pressure, psla 63 16
Tamperature, °F 82 100

II-1.2.15-3
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Product Streams

Shifted Unshifted Total Acid Gas
Syngas Syngas Syngas to Claus

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

Hp 73,392.8 23,359,5 96,752.3 0.6

No 508.2 304.8 813.0 113.7

co 12,815.8 27,880.3 40,700,1 0.3

Ar 166.4 101.2 267.6 Trace

Cily, 196.6 122.7 319.2 Trace

C0q 733.3 3,480.2 4,213:4 3,331.7

H38 Trace Trace 2,273.7

cos Trace Trace Trace 62.8

02

(‘ Total Dry, 1b mol/hy 87,817.1 55,24B.7 143 ,065.6 5,788.8

Ho0 - - - -

CH30H 4.3 3.0 7.3 6.0

Total Wet, 1b mol/hr 87,821.4 55,251.7 143,072.9 5,794.8
Total, 1b/nr 563,490 995,830 1,559,320 231,450
Pressure, psia 760 766 760 25
Temperature, °F 82 82 5z 92

1T=1.2.15=4




Product Streams

{(Contd)

Total Wasate- Water from
Tall Gas water Wash Column
Component (1b mol/hr) {1b mol/hr) (1b mol/hr)
“2 5 -0 - -
Np 11,624.0 - -
CO 35 - 5 - -
Ar 47 T - -
ca4 5 . 6 - -
€02 58,354.2 - 19,9
st 0 . 1 i -
Ccos 0.3 - -
0z 360,2 - _ -
Tctal Dry, 1b mol/hr 70,432.6 - 19.9
Hy0 3,511.4 327.7 27,480.9
CH30H 1.6 0.2 14.0
Total Wet, 1b mol/hr 73,945,6 327.9 27,514.8
Total, lb/hr 2,971,680 5,910 496,420
Pressure, psaia 16 46 17
Temperature, °F 145 279 65

11-1.2.15~5
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B, Prouvess Selection Ratiomale

The selective Rectisol process as offered by Lotepro
Corporation is a commercially proven technology. Its capital and operating
costs are lower then costs for other processes examined, For the Gasoline
Plant, the procesy has hsen configured into four identical traine. The
water/methanol separation is configured inte two krains. This arrangement
provides flexibility and a high turndown ratio., The licensor goarantees the
process performance and utility consumptions.

1. Prepsuvre. The higher partial pressure of C092 and
H3S in ths feed gas results in increased sbsorption rates and solvent
temperature rises Ir the absorption columns, reducing the solubility of acid
gae components in the solvent and requiring a higher solvent circulation. A
cold solvent presaturated with €02 minimizes the solvent circulation rate.
There are a mumber of Rectisol plants that operate at higher pressures than

this plant will require. Ho problems are anticipated related to system
pressvre.

2, Gas Impurities. Impurities enter the gas purification

nuit in the feed gas stream and are produced in the unit by side reactions
with cirrculating solvent.

A sldenstream of spent methanol is continuously distilled

in a methanol fractionatoxr thst will remove all dirts and dissclved
inpurities via a hottom waste stream.

3, Maintenance and Operation Characteristics. In the
Rectigol process, hydraulic turbines are not required to recover emergy; it

nakes use of fewer rotary machines and vessels compared to competitive
processes. Therefore, its maintenance cost will be lower than the maintenance
cost required for other processes. Algso, the Rectiscl process should be
somevwhat eagler to start up, opesrate, and shut down.

I1-1.2.15-6
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4. Variations in HyS Concentration. The sulfur content
of the coal may vary from 2.3 to 5.1 weight percent, The concentratfon of

sulfur compounds (H3S + COS) present in the feed to the gas purification
system may vary from 1.3 to 3.3 volume percent. In order to avold large

variations in HyS concentration of the feed going to sulfur recovery unit-

(which may vary from 25 to 40 volume percent if not controlled), the gas
purification system must be flexible enough to separate the correct amount of
COy and produce a constant composition feed for the sulfur recovery unit.

The Rectisol process achieves this objective by
adjusting the amount of CO3 in the vent stream in a stripper/reabsorber

colutn as discussed in the Rectisol process description.

5. Equipment Availability. Equipment availability is
defined as the ratio of daya each plece of equipment is available to operate,

vhether operating or not, to days in a fixed period of time (usually the
perlod between two planned major overhauls).

The Rectisol acld g&s removal process uges conventional
equipment, simple in design. The availability of equipment in the systems is
bettar than 97%.

6. Proven Technologz. At least nine planta employing the
Rectisol process have been successfully conatructed and are being operated in

the United States. Table II-1.2.15-1 shows the list of the plants, plant
capacities, and other process variables. Many other plants that utilize the
Rectigol process are opernted outside the United States.

C. FProcess Description
Refer to Process Flow and Control Diagrams D-34-MP-1NP,

-2NP, —3NF, -4NP, -~5N?, and -6NP for the acid gas removal material balance.
The equipment arrang aent is shown on Drawings D-34~FD-1NP and -2NP.

II-1.2.15~7
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Table II-1.2.15-1 ~ List of Rectisol Units
Installed in the United Statas

Feed Gas Pressure Components
Customer Order (MMSCFD) (psig) Removed (vol %)

Texaco Inc.?2 1965 80.0 460 €03, H3S
Wilmington, California (H3 rich gas

from P.0.)
Texaco Inc. 1966  0.90 1,100-2,500 COg, HS
Montebello, California (Hy rich gas

from P.0.)
Borden Chemical Co. 1966 17.0 300 GO
Gelsmar, Louislana
Rohm & Haas Co. 1966 13.0 340 COp
Philadelphia, Pennsylvania
Brooklyn Union Gas Co. 1968 12.0 340 Co»p
Brooklyn, New York
Long Island Lighting Co.® 1969 4.3 600 €Oy, HpS
Holbrook, New York
American Alr Ligquide 1969  53.0 340 Coq,
for Monsanto (H2 rich gas 10,27 —=20 ppmv
Texas City, Texas from steam

reformer)
tlelanese Chemical Corp. 1975 (Hp rich gas 425 C0p, HaS
Clear Lake, Texas from P.0.)
Syngas (Dupont U.S.L.) 1976 (Hp rich gas B840 €Oy, HyS
Deer Park, Texas £rom P.0.) {2 stages)

8Turnkey Project

II-1.2.15-8
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l. Hy5/C02_ Removal. The shifted and unshifted feed
gases that are supplied to the Acid Gus Removel unit in sepsrate streams are

injected with methanol tc prevent the formation of ice and hydrates as the
gas 1s cooled down in Heat Exchangers 34-01-1301 and 34~01-1308 against

purified product gae and cold tail gas. After separation of the condensed
methanol-water mixture in Knockout Drums 34-01-1201 and 34~01-1205, the
shifted gas enters Shifted Gss Methanol Wash Column 34~01-1101. The unshifted
feed gee enters Unshifted Gasm Methanol Wash Column 34-01-1104. Both streams
will be washed with methanol.

In the upper part of Shifted Gas Methanol Wash Columm
34-01-1101, COy 1s removed to the required level with cold lean methanol
from the warm regeneration section. In the bottom sectiaon of Column
34-01-1101, HyS + C0S is absorbed down to 0.1 ppm,. In order to minimize the
temperature rise in the lower section eaused ty the heat of solution, a

split—rtream of COp-loaded methanol from the CO0p wash section of the
absorber is used for sulfur removal. The heat of solution for the

€Oy absorption is removed by temperature rise of the downstream flowing
methanol and by cooling the methanol in Exchanger 34-01-1302 against
vaporizing refrigerant.

As the solubility of COs in methanol is less than the
solubility of H25, the methanol flow of the CO; removal section of Wash
Column 34-01-110! must be greater than to the H2S removal section. The

methanol surplus from the CO2 removal section of the tower ig taken from
the middle of the column.

The unshifted fced gas in Unshifted Gas Methanol Wash
Column 34-01-1104 is washed with cold lean methanol, The purified gas leaving
the top of the column is warmed in Unshifted Feed Gas Cooler 34-01-1308 and
then combined with the purified shifted gas. The heat of solution is removed

by warming the solvent and vaporizing external refrigerant in Methanol
Chiller 34-01-1309.

I1-1.2.15-9



The HgS-loaded methanol from the sihe Hz5-loaded methanol from the @
34~01-1101 is routed to Recycle Gas Flash Drum 34-01-1203 p Recycle Gas Flash Drum 34-01~1203,
at an intermediate pressure to recover dissolved Hjp anreasure to recover dissolved Hy an
from vrum 34-01-1203 is recycled by Recycle Gas Compressor s recycled by Recycle Gas Compressor
feed gas.

The seame procedure is used for the he 3ame procedure is used for the
from Column 34-01-1101, which is expanded into Drum 3201, which is expanded into Drum 34
flashed gases recompressed by Compressor 34~01-1801. sased by Compressor 34-01-1B01.

The HyS-loaded methanol from thehe HpS-loaded methanol from the
34-01-1104 is flashed in Recycle Gas Flash Drum 34-0ed in Reeycle Gas Flash Drum 34-C

dissolved Hp and CO to be recyeclad via Compressor 34~0p be recyclad via Compressor 34-0}

from Drum %4~01-1206 is flashed in the sump of CO Strippinls flashed in the sump of €O Strippin
to remove the bulk of dissolved CO. digeolved CO.

2. CO-Rich Tail Gas. To limit the CO {—Rich Tail Gaa. To limit the CO <
gas, a CO-rich gas 1s generated by expanding separately tlgenerated by expanding separately tt
from Flash Drums 34~01-1202, 34-01-1203, and 34-01~01-1202, 34-01-1203, and 34-01
34-01-1106. The CO-rich tail gas leaves the top of CO ich tall gas leaves the top of CO
34~01-1106. After warming in Exchanger 34-01-1301, it igtming in Exchanger 34-01-1301, it is
catalytic incineration before venting to the atmosphere.  before venting to the atmosphere.

3. Hp8 Enrichment. The methanol from S _Enrichment. The methanol from t
34-01-1106 will be fed into H5 Concentration Colum?d into H35 Concentration Colum:
increase the H25 concentration in the tall gas feed toientration in the tail gas feed to
removal process, (03 is stripped from the vent stream ia 5 stripped from the vent rtream ia
of the column, and H3S is rewashed in the uvpper ! H25 is rewashed in the upper ;
sulfur-free methanol from Drum 34-01-1202 not used for rerom Drum 34-01-1202 not used for re
34-01-1104,

The tail gzas from Column 34-01-1102e tail zas from Column 34-01-1102
sulfur—free., The gas 1s warmed in Exchanger 34~01-1301, aw warmed in Exchanger 34~01-1301, an
the methanol content is reduced in Water Wash Column 34-01-) reduced in Water Wash Column 34-01-!

I1-1.2. 15-10 II-1.2. 15‘10
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At an intermediate tray of Column 34-D1-1102, cold
methanol is withdrawn and used as refrigerant in Exchanger 34~01-1307. To
provids the necessary head, Pumps 34-01-1503 and —1504 are used.

4. Warm Rapgeneration, The methanol from the sump of
Columm 34-01-1102, now enriched im H38, is pumped by Cold Stripper Bottoma
Pemp 34-01-1507 through Heat Exchangers 34-01~1310 and 34~01-1311 to Methanol
Regenerator Column 34-01-1103. The complete desorption of H3S and CO»
from the loaded methanol will take place here by means of methanol vapors,
generated in Regenerator Reboiler 34-01-1313,

The vapors from the top of Column 34~01-1103 will be
cooled in Water Cooler 34-01-1312 and then in Exchangers 34-01-1314 and
34~-01-1315 against the cold HpS fractiom and refrigerant. The condensate is
separated in Separator 34~01~1208 and routed back via Cold Stripper Bottoms
Puep 34-01-1507 to the regeneration column. The HaS fraction leaving Drum
34-01-1208 will be warmed in Exchanger 34-01-1314 and will leave the unit as
feedstock for a Claus sulfur recovery plant,

The regenerated methanol leaving the sunp of Column
34-01~1103 is cooled in Regenerator Bottoms Exchanger 34~01-1311 to ambient
temp. .ature and buffired in Methanol Collection Vessel 34-01-1207 before
being pumped to the methanol wash columns for shifted and unshifted gas. Ttas
temperature ia lowered in Exchangers 34-01-1310 and 34-01-1307 against c¢old
loaded methanol. A small portion of the regenerated methanol is injected into
the two feed gas streams.

5. Methanol-Water Separation. The condensate from Drums
J4-01-1201 and 34~01-1205 that contains a wixture of methanol and water is
heated in Reflux Cooler 34-01-1317 and fed to Methanol Fractionator
34~01-1105, where methanol ard water are separated by distillation. The
column is heated by means of mediumpressure steam in Methanol Fractionator
Reboiler 34-01-~1316. The methanol vapor from the top of Column 34-01-1105

11_102115”11
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will be routed to the hot regeneration, while the water is withdrawn as
waste. The reflux supplied to Column 34-01-1105 is regenerated methanol from
Column 34~01-1103, jumped by Pump 34-01-1509 and cooled in Bxchanger
34-01-1317.

6. General, In order to reduce the methanol lomses, a
mathanol slop system 18 provided. It consiests of a buried main merthanol
header with branch connections to all pieces of equipment whaere leakages of
methanol can occur.

The methanol header will collect such lealages into
Methanol Slop Drum 34-01-1210, also buried. Vertical Pump 34-01-15i1 is

ingtalled in order to recycle the solvent to the regeneration section of the
unit.

Storage Tank 34-01-1211 is used to store methanol. A
filling pump is provided. The tank is used to collect methanol streams during
plant shutdowns. In such cases, when the methanol is not pure, it 1s made up
through the regeneration section.

D. Risk Asgessment

Shifted and unshifted raw feed gases are treated im the
Rectigol unit for the removal of €Oz, H3S, COS, higher hydrocarbons, gum
formers, and other impurities that are produced in the coal gasifier.

Crude gas, gaturated with water vapor, will he indirectly
cooled by cold purlified gas and external refrigeration. Icing will be
prevented by the injection of methanol. The gas then enters the first
absorbar, where sulfur compounds and C07 will be removed to the required
level by washing the raw feed gas with cold methanol. The overhead from the
absorber column is routed to the methanol syanthesis unit, and the rich

mathanol frowm the absorber bottoms, after £lushing and heating, 1s
regenaratad conpletely In the H9S tegenerator.

II-1.2,15-12
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Although methanol is classified as toxic and flammable,

these potential hazards are controlled to acceptable levels of safety by
application of standard methods for plant design and operational handling.
This plant will be the largest installation of its kind in the world, Thus,
it is important to cxamine some of its risk factors and evaluate the process
reliability.

1. Capactty. The large capacity of the plant will not
cause any processing problem, In order to avoid mechanical and installation
problems, the system is designed in four parallel trains.

2. Integration With Other Processing Units. The Rectisol

process has not been oparated in conjuctior with the Texaco Coal Gasification
Process, However, it has been uvsed in conjunction with a different coal
gaslfication process producing gas of similar composition in a plant in South
Africa. The operation of the African installation has been satisfactory, and

there is mno reason to believe that the performance would be different lo the
W.R. Grace & Co. project.

3, Equipment. The Rectisol process uses equipment of
simple and conventional design. In certain parts of this system, spiral wound
exchengers are used. Lotepro Corporation has used spiral wound exchangers of

comparable size and duties in its other installations without mechanical or
operational difficulties.

4., Pressure. There are several Rectisol acid gas removal
inatallations that operate at higher pressures than the 7D0-psia pressure
required for this project. Pertinent information accumulated from the
experience with high-pressure installations is incorporated into the final
design of this project.

The risk of designing a Rectisol acid gas removal
process with a feed rate nf 2 billion scfd at 790 psia has been reduced to a
low level by attention to the detailed engineering design and accumulated
know~how from other installations. The licensvr guarantees a plant
availability of better than 97% for the Rectisol section of the project.
II~1.2.15-13




E. Process Flow and Control Diagrams (Including Material
Balance)

Process Flow and Control Diagrams for Acld Gas Removal

Unit 34 are as follows:

Drawing No.

D=34-MP—-1NP
D=34~MP-2NP
D-34~MP-3NP
D-34-MP-4NP
D~34-MP-5NP
D-34-MP-6NP

Titla

PFCD Acid Gas Removal ~ Methanol Wash
PFCD Acid Gae Removal ~ Gas Separation
PFCD Acid Gas Removal - Methano! Cooling
PFCD Acid Ges Removal - Methanol Wash
PFCD Methanol Storage — Methanol Storage
Material Balance - Acid Gas Removal

II-1 -2 015-14
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Removal Unit

Drawing No.

D-34-PD—1NP
D~-34~PD-2NP

F. Plot Plan/General Arrangement Drawingsa

Plot Plan and General Arrangement Drawings
34 are as follows:

Title

Plot Plan — Unit 34 Acid Gas Eemoval
Elevation ~ Unit 34 Acid Gas Removal
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follows:

Drawing No.

D—-51~EE-7NP

~.

G. Single-Line Diagram

The Single-Line Diagram for Acid Gas Removal Unit 34 is as

Title

One-Line Diagram - Units 34 and 39
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1.2,16 SULFUR RECOVERY (CLAUS) - UNIT 36

The Sulfur Recovery Unit (SRU) is designed to couvert the sulfur
compounds in the acid gas from the Acid Gas Removal (Rectisol) Unit to
elemental sulfur, which will bhe recovered as a salabla product. The tail gas
£vom the SRU is further treated for the removal of the remaining sulfur
compounds in the Sulfur Removal Unit before being vented to the atmosphere.
Two parallel, 507 SRU trains are provided.

A. Basis of Design

The quantity of acid gas from the Acid Gas Removal - Unit 34
requires that two parallel 50% SRU trains be installed. This arrangement
requires less field fabrication and provides greater operationmal flexibility.
The following feed and product stream data summarize the normal operating
condition information for the two 50% plants.

Feed Streams

Total Acid Gas

Component (1b mol/hr) (mol%)
Hy 0.59 0.01
CHy - -
co 0.34 60 ppmv
coy 3,331.73 57.55
Np 119.67 2.07
A - -
Cos 62.80 1.08

Total Dry, lb wol/hr 5,788.84 100.00

Total, 1b/hr 234,490

Pressure, psia 25

Temperature, °F 92

II-!. ala 16"1
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(; Product Streams

Tail Gas (end of rum) Sulfur Product (end of run)
Component (1b mol/hr) {molZ) (1b mol/hr) (molX)
Ha 67. 14 0.88 -
CHy, - - -
co 130.90 1.7 -
COn 3,199.9 41.75 -
N9 4,142.12 54.05 -
02 - - -
HgS 79.32 1.03 -
cos 2.28 0.03 -
509 38.74 0.52 -
‘ Sg 0.34 440 ppm -
{ Sa 2.10 0.03 274.54 100.00
Total Dry 7,663.90 100,00 274,54 160.00
Hp0 2,514.08 -
Total Wet 10,177.98 274.54
Total 1b/hr 311,960 70,430
Pressure, psia 18 65
Temperature, °F 280 290
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B. Process Selection Rationale

The Claus sulfur recovery process 1is universally usaed
throughout the world €or bulk recovary of sulfur from acid gasas centaining
hydrogen sulfide (H38).

An alternative methed of recovering sulfur from such gases
is to manufacture sulfuric acid. However, handling, storing, and shipping the
quantities of sulfuric acid generated by this plant would be much more
difficult than marketing the smaller quentity of sulfur.

Hydrogen sulfide could be converted diTectly in a Stretford
unit but with considerably higher investment and operating cost. The largest
Stretferd unit in the United States has a design capacity of 52 1ltpd compared
with up to 1,200 1tpd in the acid gas from the Acid Gas Removal Unit.

C. Process Description

The purpose of the sulfur recovery unit is to convert the
bulk of the sulfur compounds in the acid gas from the Acid Gas Removal Unit
to elemental sulfur. This couversion is acconmplished by oxidizing {(wurning)
one—third of the HS in the acid gas to SO with air. The S02 will then
coubine with the remaining two-thirds of the HpS to form elemental sulfur

and water vapor in accordance with the following reactions:

HyS + 3/2 0ge—————w-503 + Hy0
2H35 + 80 ~———=35 + 2H50
H8 + 1/2 0p —~——»3 + Hp0 {Overall reaction)

These reactiona create temperatures high enough to sustain
the reaction thermally, and they will continue to equilibrium. The thermal
reactions are followed by three catalytic reaction stages to complete the
reaction to practical limits.

II"}. u.?. L 16-3
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The acid gas enters the plant through Acid Gas Enockout Drum
36-01-1201 to txap entrained liquid. The feed stream 1s metered sfter passing
through the knockout drum. Airflow from Combustion Air Blower 36-01-1801 is
controlled to maintain a 2:1 H3S to S0 ratio in Reaction Furnace
36-01-14D1. The acid ges feed to the reaction furnace is preheated with
600-peig steam and is burned with the combustion air.

The hot geases from the reaction furnace are cooled first by
generating 250~psig ateam in Reactiom Cooler 36-01-1301 and then further
cooled by gemerating 50-psig steam in No. )} Sulfur Condenser 36-01-1302. Most
of the sulfur formed in the reaction furnace is condensed in the KNo. 1
condenser frow which it flowe through a sulfur seal into & sulfur pit. The
cooled gases pass through a wire mesh coalescer for removal of entrained
sulfur and flow to No. 1 Reheater 316-01-1307, In the reheater, the process
gas 1s heated to reaction temperature with 600-pslg steam. The process gas
then entere the first converter, where the reaction to form sulfur from HpS
and SOy will continue. The reaction is exothermic and heat is generated in
proportion to the amount of sulfur produced. The hot process gae ies cooled im
the No. 2 condenser by generating 50-psig steam. The condensed sulfur passes
through a sulfur seal and into the sulfur pit. The cooled process gas passes
through a coalescer for the removel of entrained sulfur.

The second and third stages are similar to the first stage
(each comprising a reheater, converter, and condenser/coalescer). The final
condenser produces l15-psig steam to cool the process gas as low as is
practical. The other condensers produce 50-psig ateam.

The tail gas from the final coodenser i1s sent to Sulfur
Removal Unit 37 to remove the remaining sulfur components. The su’.fur
recovered is collected in a rundown pit. From there it is pumped periodically
to sulfur storage tanks. The sulfur in the sulfur pit contains HyS and
polysulfides so the plit vapor space must be swept with a - to prevent the
evolved HpS from buildirg up to a potentially explosive concentration.

II~-1 sle 16-4



The sulfur pit vent gas then 1s treated in the Sulfur
Removal Unit for removal of rhe HoS,

1. Flexibility and Turndown. Turndown of each plant to

ane-third of design capacity is possible with standara instrumentation.
Features previded to glve turndown flexibility are:

(a) Matering and control valve rangeability; dual
transmitters or other facilities are pravided for
turadowm to 202 of design capacity.

(b) The air blower is vented to the atmosphere to

prevent surging. Automatic antisurge control is
provided.

Turndown normally will mot affect sulfur recovery to any
measurable extent.,

2. Startup. The SRU is startad up by burning fuel gas
with excess air on a cold startup with either fresgh catalyst or catalyst that
has previcusly been stripped of sulfur. This Procedure allows the plant and
catalyst beds to dry out and attain normal operating temperatures before

introduction of acid gas feed to avoid corrosive conditions. When an acid gas
flamea is established, the fuel gas 1la shut off.

Startup on a warm plant or catalyst that has not heen
stripped of sulfur is accomplished by burning fuel gas aubstoichiomettically
as described under “Shutdown."

3. Shutdown. Fuel gas will be burned substoichio-
metrically with steam to 8trip sulfur from the sulfur-laden catalyst beds and
to sweep out acid gas reaction products.

I1-1.2.16-5
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D. Risk Asgessmant

Unscheduled emergency shutdown of the sulfur recovery unit
can occur bzcauge of loss of the air blower, loss of flame in the reaction
furnace, loss of boller feedwater, or high~liquid level in the acid gas
knockout drum. Unscheduled shutdown aligo can occur because of excessive

condenser or converter fouling or 2 blocked sulfur drain line that builds up
pressure drop over a period of time.

In this design, two nominal traing are provided as well as
spare air blowers. Bach train handles 73% of the gas flow for the normal
operating condition case. High~liquid level in the knockout drum can be

prevented by proper operation of upstream areas. Many of these Claus units
have been operated successfully for years without unscheduled shutdown.

The modified Claus process 13 proven technelogy, with
hundreds of units in commercial operation. This process meets the Best
Available Control Technology (BACT) Standards. The prime criterion for
selecting a svlfur recovery system is to meet the envirommental restriction
imposed by BACT. With the BSRP sulfur removal unit, it also meets the Lowest

Achievable Emission Rate (LAER) Standarda necessary for nonattainment areas.

The construction material is primarily carbon steel. From

many years of engineering, procurement, and construction of these units,
select vendore and fabricators are to be used that have proved their

equipment for reliability with a minimum of maintenance. The availability of
equipment for this unit requires a minimum of lead time.

Sulfur recovery units are considered highly reliable
operating units with a minimum of waintenance required.

II-1,2.16-6



E., Process Flow and Control Diagrams (Including Material

Balance)

Procesa Flow and Control Diagrams for Sulfur Recovery
(Claus) Unit 36 are as follows:

Drawing No. Title

D—36—~MP—-1NP PFCD Sulfur Recavery (Claus) - Reactor
D—-36~MP-2NP FFCD Sulfur Recovery (Claus) - Recovery
D-36~-MP-3NP PFCD Sulfur Recovery (Claus) ~ Recovery

II=1.2.16-7
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Plot Plan/Ceneral Arrangement Drawings

Plot Plan and General Arrangement Drawings for Sulfur

Recovery (Claus) Unit 36 are as follows:

Drawing No.

D-36-ED-1RP
D-36—FD-2RP

Title

Plot Plan ~ Unit 36 and Unit 37 SRU snd BSRP
Elevation -~ Unit 36 and Unit 37 SRU and BSEP
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G.

is as follows:

Drawing No.

D-51-EE~-BNP

Single-Line Diagram

The Singie~Line Disgram fovr

Sulfur Recovery (Cleus) Unit 36

Title

One~Line Diagram - Units 36 ¢ud 37
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1.2,17 SULPUR REMOVAL (BSRP) - UNIT 37

The Beavon Sulfur Removal Process (BSRP) has been selected to
remove gsulfur compounds (M58, 50, COS, CSs, and sulfur) from the tail
gas of the Claus sulfur recovery plant ~ Unit 36. The Beavon Sulfur Remgval

Process 18 a proprietary procass licensed by The Ralph M. Parsona Company and
the Union 0il Company of California.

The gize of the two Claus sulfur recovery units requires that
two parallel traines of BSRP be provided. Tha major gas stream to be treated
is the tail gas stream from each Claus sulfur recovery unit, but a smaller

stream of sweep gas frow each sulfur storage pit also is treated.

The treated gas is discharged to the atmosphere from the top of
the absorber. The gas will contain less than 10 ppmv of H28 and less than
100 ppmv of total sulfur compounds measured as S02.

A Bapis of Design

The large amount of tall gas from each Claus unit requires a
separate hydrogenation train for each stream. With thie arrangement, the
operator has the advantage of being able to tell from the H2S and Hp
enalyzers in the tail gas unit how each Claus unit is operating and maintain
better control of the operation. Two traine allow the desuperheater/contact

condenser and the absorber column diameter to be within Paraocns previous
experience. Two trains of Stretford regeneration provide turndown flexibility
with considerable power savings under turndown conditions.

The total design capacity of both tail gas trains 1s
71.81 1tpd of sulfur from 135 million scfd of tail gas. The hydrogenation and
gas scrubbing sections operate at less than 3 psig pressure.

II=1.2.17-1




The materials of construction are carbon steel and
sulfur-resistant concrete, with stainless ateel being used in areas of high
turbulent Stretford solution flow and elevated temperature sulfur melting,

The size of the equipment is within the range of Pargons
expertise.,

Some undesirable wide reactions take place in the Stretford
solution. These reactions result in the formation of sodium thiosulfate
(Naz5203) and sodium sulfate (NapS04) instead of sulfur. These
salts are quite soluble and can be allowed to build up to about 25X total
dissvlved salts, If allowed to build up beyond that, corrosion rates
increase, regeneration rates decrease, and crystallization of
Nap504*10H30 (Glauber's salt) may occur in colder sections of the
unit. The formation of these salts requires that the sodium associated with

them be veplaced. This is done by the continuous addition of s small ptream
of caustic.

The decanter overhead stream contains a small amount of
sclution to remove salts from the system as fast as they are being formed,

The 2,7 anthraquinone disulfonic nacid (ADA) and venadium lost in discarding
this stream must be replaced perisdically to maintain the recommended
concentrations in the solution. his is done by dissolving the powdered

chemicale in Stretford solution in an agitated chemical mix sunp snd pumping
the solution to the balance basin.

II-1 e2e 17"2
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Feed Stream

Tail Gas From Claus

Sweep Gas From Claus
Sulfur Storage Pit

Component (1b mol/hr) (mol%) (1b mol/hr)  (mol%)
Hy 67.14 0.88 - -
CHy - - -~ -
co 130.90 1.71 - -
€02 3,199.96 41,75 - -
Na 4,142.12 54,05 194.30 78.7%
0p - - 51.66 20,95
HaS 79.32 1.03 0.64 0.26
cos 2.28 0.03 - -
S0 39,74 0.52 - -
56 0.34 440 ppov - -
Sg 2.10 0.03 - -
Total dry, 1b mol/hr 7,663.90 100.00 246.60 100.00
Hz0 2,514.08 7.62

Total wet, 1b mol/hr 10,177.98 254,22

Total, 1b/hr 311,960 7,250

Pressure, psla 18 16
Temperature, F 280 280

IT-142.17-3
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Treated Streams

Treated Gas to Atmosphere

Component (1b mol/hx) (molX}
): ] 103.04 1.16
€0 8.60 0.10
€0y 3,506.06 39.47
N2 5,212.10 58.68
0z 51.66 0.58
HyS 0.09 10 ppav
Cos 0.42 50 pPEmv
Total dry, 1b wmol/hr 8,881.97 100.00
Hy0 1,010.74

Total wet, 1lbh mol/hr 9,892,71

Total, 1b/hr 320,660

Pressure psiz 15

Temperature, °F 117

Molten Sulfur Product

Componen:: (1b mol/hr) (mol?)
Sulfur {S;) 139.80 100,00
Total dry 139.80 100.00
Ha0 -

Total wet 139.80

Total, 1b/hr 4,480

Pressure, psia 18

Temperature, °F 280

II-1.2.17-4
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Solution Purge Stream
Component: (1b/day) (wt)

ADA 24 0.034
(2,7 anthraquinorne
disulfonic acid)

Vanadium 48 0.067
NaHCO3 292 0.407
RagS0y4 1,128 1.570
NagS204 2,510 3,497
Water 67,770 94,425
Total 71,772 100,00

B. Process Selection Rationale

The Beavon Sulfur Removal Process was developed in 1970 and
1971 by The Ralph M. Parsons Company with the cooperation of the Union 0il
Company of Califormia. The first commercial units were started up in 1973,
Since that time, more than 50 units have been built or are being built. Most
of the operatinmg units achieve an onstreem factor of over 95% and st least
one wags onstream continuously for more than 2 years hetween turnarounds. The
units have met and exceeded environmental requirements virtually all the time
even during upsets of upstream units. At the present time, it is considered
not only Best Avallable Control Technology (BACT) but also Lowest Achievable
Emission Rate (LAER)., 1t 45 effective for both strong and weak acid gas.

The BSRP is capable of handling 2-1/2 times the normal
operating condition rate of HpS for short perivds (2 to 3 hours) if the
composaltion of the solution is maintained within recommended ranges.

II-1.2.17-5



|

Turndown is usually limited by metering and control valve
rangeability on the air and gas to the tall gas heater (reduciang gas
generator). This is about 20% of design. Since there are two trains, the
overall turndown is about 10%. The use of two trains is advantageous in
reducing power requirements on turndown to less than 50X o 60X. Having one
hydrogenation section for each Claus unit allows operators to monitor the
operation of each unit through the H2S and Hy analysis of the zeduced gas
of the appropriate BSRP and thereby obtain much gmoother and efficient
operation of the Clauws unit. Each tall gas unit is started up and shut down
in conjunction with the sulfur recovery unit preceding it. Essentially no
gulfur compounds will be released to the atmosphere at any time.

All pumps and blowers are spared and maintenance requiring
plant dowmtime will be rare.

No unusual lead time for equipment or material procurement
is required.

C. Procees Description

Refer to Process Flow and Control Diagrams D-37-MP-1NP,
~2NP, -3NP, and ~4NP for material balance.

The Beavon Sulfur Removal Process congists of tws basic
sections. The first section catalytically converts essentially all of the
sulfur compounds in the Claus unit tall gus to hydrogen sulfide. This is
called the hydrogenztion section. This 1s followed by the Stretford section
where the H3S 1is absorbed in an alkaline seclution and converted to
elemental sulfur particles.

1. BHydrogenation Section. The sulfur recovery unit taii
gas is heated to reactlion temperature by mixing it in Reducing Gas Generator
37-01-1401 with the products of combustion of fuel gas (normally aatural gas)

II-]. |2| 17"6
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end air. The fuel gas is proportiomed to the alr rate so that combustion
takes place with only BUX to 90% of the air necessary for complete
combustion., The air rate is controlled by the temperature of the mixed gas
going to the reactor. Steam is added to the flame tc promote clean burning
and to prevent carbon formation. The steam flow is proporticoned to the fuel
gas flow. Some hydrogen and carbon monoxide are formed to supplement that
already in the tail gaa. This provides an excess of reducing gas to ensure
conversion of the sulfur compounds in the tail gas to hydrogen sulfide over
the cobalt molybdate hydrogenation catalyst.

Water vapor normally present hydrolyzes COS, C382, and
CO0 to Hp5 and hydrogen in Reactor 37-01-1201 according to the following

reactions:
COS + Hy0 ~ H2S§ + (D2 (1)
C52 + 2Hp0 ZH2S + CD2 (2)
CO <+ Hp0 Hz + €Oz (3)

Hydrogen will react with 503 and sulfur to form H3S
according to the following reactions:

500 + 3H =~ HpS + 2H;0 (4)
2 2 2 2

s + Hy -+ HgS (5)

All of the above reactions are exothermic, causing a
temperature rise through the catalyat bed.

The gas from Reactor 37-01-1201 is cooled by exchange
with boiling water in a water tube boller, Reuctor Effluent Cooler
37-01-1301. Steam is generated at 50 psig and the gas cooled from 725°F to
about 330°F. The gas enters Contact Condenser/Desuperheater 37-01-1101, which
is separated into two sections; the bottom section is called a desuperheater

gsection. The gar is contacted with an alkaline solution descending through

II~1.2.17-7



disc and donut baffle traye. The alkaline solution mbsorba any S0 that may
be In the gas caused by upsets in the Claus unit operation. The gensible heat
in the gas evaporates water from the alkaline solution and cools 4it
adiabatically to its dew point of about 170°F. The alkaline solution is
clrculated over the baffle trays by centrifugal pumps 37-01-1501 arnd -1502.
The pH of the solution is measured continuously and an alarm warns of a low
pH. If the golution pH falls below 5 because of 502 in the tail gas, the
desuperheater circulating solution and the condensate in the contact
condeneer section become very corrosive amd can damage the equipment in a
short time. The liquid level in the desuperheater 1is maiuntained by the
automatic zddition of condensate from the upper section of the colum, the

contact condenser gsection. Caustic is added whenever the pH gets low.

Tha contact condenser section is separated from the
desuperheater section of the columm by a chimney tray. Two bubble cap trays
in the desuperheater gection prevent entrainment of alkali from the

desuperheater. The bubble cap trays receive the condensate makeup that
naintaine the desuperheater level,

Most of the water in the gas 1a condensed in the contact
condenger section by direct contact with cooled condensate in a bed of 2-inch
stainless steel pall rings. The condensate is cooled by circulating it
through Solution Heater 37-01-1302 against a stream of Stretford solution and
then through Contact Condenser Cooler 37-01-1303 against copling water. The

gas is cooled to 95°F. The condensed water is routed to battery 1limits. It
will contain some absorbed H3S.

2. Stretford Section. The Stretford process is based on
the ability of vanedium when in the five-valent state to resct with H2S

that has been sbaorbed in an alkaline solutionm, forming elemental sulfur. In
this reaction, the vanadium is reduced to the four-valent state. Oxidation of
the Stretford solution with air returns the vanadium to the five-valert
state. Vanadium compounds are incapable of reacting directly with the oxygen

II-1.2.17-8
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in the air. For this reason, ADA is used as an oxygen carrier to tranafer
oxygen from the air to the tetravalent vanadium,

The cooled reduced tall gas from Contact Condenser
37~01-1101 contacte with Stretford solution in a venturi scrubber that
discharges into Absorber Evaperator 37-01-1102. There are three 36-inch
venturl acrubbers in parallel discharging into ome absorber for each traim.
Each venturi has a 20~foot-~long by 36~inch-diameter tail pipe; 4,434 gpm of
Stretford asclution is circulated to each venturi for contact with one-third
of the gas. The liquid and gas separate in the botrom of the absorber. The
gas is further contacted with 3,326 gpa of lean Stretford solutiom in two
packed beds of 3-inch stainless ateel pall rings in the absorber. The gas,
which contains less than 10 ppmv of HyS and less than 100 ppav of total
sulfur (mainly C0S) measured as 802, 18 discharged from the top of the
absorber to the atmosphere.

The upper bed of pall rings in the absorber is used as
an evaporative section to evaporate water from the Stretford solution to
maintain the system water balance. The Stretford sclution going to the rop
bed is heated by exchange with the circulating condensate of Contact
Condenser Desuperheater 37-01-1101 as mentioned previously or im
steam—Jjacketed sections of the circulating piping. This hotter solution heats
the gas and saturates it with water. The water made in the reaction and used

to replace the solutior from the centrifuge cake is removed in this manner.

The reduced Stretford solution flows #rom the absorber
by gravity to Reaction Basin 37-01-4101, which ensures enough time for the
elemental sulfur to form as particulates; from there, it passes through a
series of three oxidirer basmins. In the oxidizer basins, air from Oxidizer
Air Blowers 37-01-1802/1803 is sparged through a proprietary turboaerator,
which disperses fine air bubbles throughout each basin. The reoxidized

solution flows to a pump basin called Balance Basin 37-01-4105, from where it
is pumped to Venturl Scrubbers 37-01-2201 and Absorber 37-01-1102, The air in
the oxidizers not only reoxidizes the solution but also causes the sulfur

II"]. 020 ’.7"9
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particles to float to tha aurface. From there, they are akimmed to a slurry
basia as a 5% to 152 by welght sulfur slurry.

The sulfur slurry is concentrated to a 50% to 60% zulfur
cake in a polid bowl scroll discharga lst Centrifuge 37-01~2202, This cake is
repulped with process water to about 25X sulfur slurry in Agitated Repulp
Tank 37-01-1901, The dijuyted slurry is ceantrifuged to a 50% to 602 gulfur
cake, which again 1s repulped in a 2nd Repulp Tank 37~01-1902, This time the
water is a cooled stream from the Decanter Overhead Tank 37-01-1903. The
resultant slurry (about 40% sulfur) is pumped into Sulfur Melter/Decanter
37-01-1304 equipped with a U=tube steam exchanger bundle. The vessel operates
under about 55-paig pressure and is heated by 50-psig steam, The slurry g
heated to above the melting point of sulfur and the molten sulfur and water
Separate. The gulfur ig drawn off the bottom under {interface level control to
Storage Basin 37-01~4108; from there, it 1s sent periodically to icading or
1z mixad with sulfur from Claus Unit 36. The water phase ig mixed with a
cooled stream of decanter overhead water to prevent flashing and is routed
through a backpressure control valve that will maintain the system pressura
£0 a surge tank. Decanter Dverhead Pump 37-01-1513 circulates the decanter
overheads through Decanter Overhead Cooler 37-01-1306 for cooling againar
cooling water and then to the second repulp task to quench the decanter
overhead stream or to the purge stream discharge,

D. Riek Assessment

At recommended concentrations of chenicals, the Stretford
solution used to abaorb HpS from the tail gas 1s capable of absorbing up to
two-and-a-half times the design rate of HaS for 2 to 3 hours without
releasing dangerous concentrations to the atmosphere. More than 30 Beavon
Sulfur Removal Units are in oparation removing sulfur from the tail gaa of
Claus units to below 100 ppm.

Loss of combustion air to the reducing gas generator does
not require an immediate shutdown of the unit. The residual heat in the

iI-1.2,17-10
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refractory ard catalyst bed allows aevaral hours for relighting tha unit.
Oxidizer aixr failure does not require an immediate shutdowm of the unit. The
large faventory of solution allows 1 to 2 houre to correct the problem. Both
the combustion and oxidizer air blowers for each train ere spared by a common
spare blower.

)

Loss of circulation in the desuperheater does not require am
immediate shutdown. Some units operate continuously without a desuperheater.,
Loss of circulation in the contact condenser circuit does not require an
immediate shutdown. The lack of heat removal will gradually heat up the
Stretford solution, but this can be tolerated for several hours while the
problem is belng corrected. The desuperhoater pump and the contact condenser
punp for each train are spared by a common eirculating pump.

A large sulfur slurry basin is provided for each train so
that any problems with the slurry handling, concentration, and melting
equipment can be corrected without a shutdown of the tail gas unit. All
glurry pumps are 100X spared. |

Loss of Stretford solution to the venturis and absorber for
each train requires an immediate shutdown of both the Claus sulfur removal
unit and the tafl gas unit. There are two circulating pumps and a 50% spare
for each train. There is onme BSRP train for each Claus sulfur recovery traing

each is designed to remove 36 1tpd of sulfur from the tail gas of that train.

II"'I w2a 17-11



E. Process Flow and Control Diagrams

(Including Materisl Balance)

Process Flow and Control Diagrams for Sulfur Removal (BSRP)

Unit 37 are ag folluws:

Drawqu Ne.

D-37~MP-1NP
D-37~MP-2Np
D~37-Mp-3NP
D~37-MP=-4Yp

Title

PFCD Sulfur Removal (BSRP) - Reactor

PFCD Sulfur Removal (BSRP) - Recovery

PFCD Sulfur Removal (BSRP) - Regeneratien
PFCI* Sulfur Removal (BSRP) — Common Equipment
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F. Plot Plnnlceneral Arrangemant Drawinge

See Volume IZ, 1.2.16(F) for Plot Plan and General
Arrangerent Drawinge for Sulfur Removal (BSRP) Unit 37.
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G. Bingle-Line Diagram

See Volume IX, 1.2.16(C) for tha Single-line Dingram for
Sulfur Removal (BSRP) Unit 37,
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1.2.18 MEAVY GASOLINE TREATING -~ UNIT 38

The gaao'line produced in the methanol conversion reaction
containg durene, a gasoline-range compound with a 175°%F freeze point. Durene
(1, 2, 4, 5 tetramethylbenzen:z) is reduced in a Heavy Gasoline Treating unit
to meet finished gasoline quality requirements, Gaoes produced during heavy
gasoline treating are stripped out of the gasoline stream and sent to the
fuel gas system. The treated gasoline product is sent to product blending.

Treated heavy gasoline is blended with light gasoline from the Gas
Practionation mnit to producs a finished gasoline with about 2 wtX durene.

A. 3Bagis of Design

The HGT unit feed from the Gas Fractiomation Unit will be a

heavy gasoline fraction containing dureme (I, 2, 4, 5 tetramethylbenzene),
which 1s reduced to a finished gasoline containing about 2 wt% durene. The
feed and product stream compositions are irdicated in the following tables.

FYeed Streams

RGT Makeup
Feed Hydrogen
Component (1b mol/hr) (1b mol/hr)

Hydrogen - 316,32
Cg + Heavier 545.80 -
Total Dry, 1b mol/hr 545.80 316.32
Ho0 - -
Total Wet, lb mol/hr 545.80 316.32
Total, 1b/hr 72,610.00 640,00
Pressure, psia 590.0 650.0
Tenparature, °F 322 110

II-1.2.18-1




Product Streams

Heavy Fuel
Gagoline Gas
Component {1b mol/hx) {1b mol/hr)

Fuel Gas - 81.84
Cg + Heavier 389.97 -

Total Dry, 1b mol/hr 589.97 81.84
Hy0 - -

Total Wet, 1b wmol/hr 589,97 81.84

Total, 1lb/hr 71,110,00 2,140.00
Presgure, psia 145 115
Temperature, °F 100 110

B. Process Selection Rationale

The process selection of the Heavy Gasoline Treating (HGT)
unit was made by Mobll Research and Development Coxporation for the purpose
of reducing dureme to meet finished gasoline quality requirements. This unit
is an Integral part of MRDC's MIG process package.

C. Process Description

The arrangement of equipment and material balance for this
unit are presented on Process Flow and Countrol Diagrama D-38-MP-INP and -2NP.

1. Normal Operation. The HGT unit is similar to the mild
catalytic hydrotreating processes used in petroleum refineries. The heavy
gasoline feed from the Gas Fractionation unit is combined with a
hydrogen-rich recycle stream, preheated in the reactor effluent/feed
exchanger, aad enters the reactor. The reactvor effluent stream is cooled with
process streams and air before entering the separator. The treated heavy
gasoline stream from the separator is stabilized in the product stripper and

I1~1,2.18-2
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pumped to storage., The hydrogen rich vapor stream from the separator 1s
recycled by the recycle compressor with a small purge flowing to the fuel gas

TN,

system,

2, Catalvst Repeneration. Coke accumulates gradually on
the catalyst during operation, causing catalyst deactivation. The HGT unit
rust shut down for catalyst regeneration. Catalyst activity 1s restored by
removing the coke. Regeneration conaists of burning off the coke with a

controlled oxygen burn. After catalyst regeneration is completed, the HGT
unit is returned to normal operation.

3. Catalyst. The catalyst required for the HGT unit is
degcribed below:

Type: Mobil
Size: inch 3/32
Volume: fed 3,377
Loading Density: No./ft3 42

4 Environmental Data. When the HET catalyst is

regenerated, the regeneration gases are scrubbed by a recirculating caustic
solution to remove any sulfur dioxide. There are no noxious emissions, but
there 1s a small discharge of liquid effluent after scrubbing. No emissions
other than minor process losses at pump valves and flanges occur during
normal operation,

D. Risk Assessment

The HGT unit contains convéntional petroleun-type equipment
that has a high reliability from the standpoint of ongtresm time. The AGT
unit is typical of petrolenm hydrotreating unite in opecration today. The
plant is designed with all pumps spared and with block valves and bypass
valves installed around control and relief valves. The design permits
maintenance on such itemn without shutdown. The operational aspect of the
unit is similar to petroleur refining facilities in present—day aperation.

I1-1 -2-18"3




Corroslon phould not be s problem end equipment fouling iz oot expected to
occur. The technical rigk is considered wminimal.
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E. Process Flow and Control Diagrams
(Including Materinl Balance)

Process Flow and Comtrol Diagrams for Heavy Gasoline

Treating Init 38 are as follows:

Drawing No.

D=38~MP~=1KP
D=3B-MP~2NP

Title

PFCD Heavy Gasoline Treating
Material Balance ~ Heavy Gasaline Treating

II-1 .Zl 18""5
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F. Plot Plan/General Arrangement Drawings

bee Volume II, 1.2,13(F) for Plot Plan and General
Arrangement Drawinge for Heavy Gasolime Treating Unit 38.
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G. Single~Line Dingram

See Volume IX, 1.2.12(G) for the Single-Line Diagram
Heavy Gasoline Treating Unit 38,
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1.2.19 PROCESS WATER TREATMENT - UNIT 39

A. Basls of Design

The feed to the MTC plant contains water, and additional
stoichiometric volumes of water are produced during the convergion of
methanol to gasoline. In the conversion reaction, abonut 0.6 pound of water ig
produced per pound of methanol in the feed. The pProcess water is separated
from the hydrocarbon products and obtained as liquid at about 178 psig and
160°F. Consideration has been given to recycling this water to other plants
in the overall Gasoline Plant to reduce the need for makeup water and
wastewater treatment. The MIG water, at a pH of 3.5 to 4,0, contains traces
of methanol, organic acids, hydrocarbons, and related oxygenates. The
oxygenates are removed by an activated sludge treating unit,

Since thie water treatment process 18 well suited to
handling sanitary wastes, the wastewater generated from domestic use of
potable water and process area surface runoff pretreated by the oily water
treatment pystem are sent to the Mobil water treatment system.

B. Process Selection Rationsle
——u e ECLIon katipnale

The process selection of aerobic bilotreatment of the MTG
process water avallable through Mobil Research and Development Corporation
was made by Parsons. This process has shown that the contaminants are
bicdegradable by conventional treatment using a trickling filter and an
activated sludge basin. Results have demonstrated that the Chemical Oxygen
Demand (COD) and Biochemical Oxygen Demand (BOD) are reduced to acceptable
environmental limits. However, in the overall wastewater all effiuent from
this system is recycled.

C. Process Description

The wastewater stream from the MTG rlant results from the
water present in the methancl feed as well as water formed in converting

II-1.2.19~-1
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methanol to gapoline. The water produced in the conversion reaction is about
0.6 pound per pound of methanol in feed.

The wastewater contains minor quantities of dissolved
organic chemicel contaminants totaling less than 0.2% by weight. These
contaminants are primarily oxygenated organic compounds, euch as organic
acids, alecochols, and ketones, in addition to the methanol resulting from
breakthrough just prior to conversion catalyst regeneration. These are
essentially removed in a wastewater treating faciliey,

Pilot plant studies on the aercbic biotreatment of MTG
process wastewater have shown that the contaminants are biodegradable by
conventional treatment using a trickling filter and an activated sludge
basin. Results have demonstrated that COD and BOD are reduced to acceptable
environmental limitg.

Freatment steps for MTIG wastewater involve routing the
wastewater stream to a degasser where the pressure is lowered to atmospheric.
The gases are routed to a flare system. The wastewater them is sent to a
neutralization tank where pH is adjusted with sodium hydroxide solution.
Nutrients for blological growth (ammonia and phosphoric acid) are added after
the neutralization basin. Following neutralization, the wastewater is pumped

to a trickling filter. The trickling filter effluent flows to am activared
8ludge extended aeration unit.

The waste activated sludge from the treatment process 1s
conventional aerobic biological sludge, which is dewatered in the inert
polids treatment system and then stored in the nonkazardous landfill. The
organic content is high since there is little or no imert material In the raw
MYG process water.

In addition to the process water discussed above, there are
25 gpn of spent caustic containing 6% of sodium sulfite and sodium
bicarbonate developed during HET section catalyst regeneration, 25 gpm of
domestic sanitary wastewater, and 740 gpn of pretreated surface water runoff
termed oily water,
11-1.2,19-2



In the integrated complex producing gasoline from

coal-derived synthesis gas, about 40 volume percent of the bhiotreated water
from the Process Water Treatment Unit is sent to a deaerator to remove gases
and then to the gasification unit as makeup water. The remainder of the water
treated in thie system 18 routed to clean process water makeup.

D. Risk Assessment

The Process Water Treatment unit contains conventional
biotreatment-type equipment that is in general use throughout the petroleum
and ~hemical industries. The technical risk is miniwmal.

II_]. -2- 19-3
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E. Process Flow and Control Diagrams (Including Material

Balance)

Process Flow and Control Diagrems for Process Water
Treatment Unit 39 are as follows:

Drawing No. Title

B-39-MP-INP  PFCD Process Water Treating
D-39~MP-2NP Material Balance — Process Water Treating

II"'l -2- 19‘4
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F. Plot Plan/General Arrangement Drawing

The Plot Pl.: and General Arrangement Drawing

Water Treatment Unit 39 1m as follows:

Drawing No.

D-39-FD-1NP

Title

Plot Plan - Unit 39 Proceass Water Treatment

II—IOZO 19—5
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See Volume II, 1.2,15(G) for the Single-Line Diagram for
Process Water Treatment Unit 39,
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