SECTION €

PROCESS FLOW DITAGRAMS

The flow diagrams for the units described in Section 5 are shown on the draw-
ings contained in this section. A list of these drawings appears on page
5-1 in Section 5.

These drawings show the process flow, material balances, and characteristics
of the major process equipment. Alsc shown are the control instruments criti-
cal for the process.

The flow diagrams for proprietary processes are shown in a simplified form
and contain only the material balances in and out of the units.
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SECTION 7

PRODUCTS: MARKETABILITY AND PROJECTED CHARACTERISTICS

e

IUEQL;JI ,-.- - g
The neced exists to demonstrate the avl.  to produce liquids from coal, hy
any process, with characteristics which permit their direct sale to u.s.
users. This includes liquids produced by the Fischer-Tropsch process. The
fuel-to-user match may be accomplished by defining processing techniques which
will produce fuels that exactly duplicate their counterparis produced from
crude 0il sources. However, a more likely long-term event is some mutual ad-
justment of fuel characteristics and design/operation of the fuel consuming
equipment. This adjustment will provide the flexibility to use the more eco-
nomical coal conversion process configurations.

Another likely approach will be the interaction of the coal conversion industry
with the petroleum refining and petrochemical industries. Some coal-derived
liquids have characteristics which can be used directly and effectively by the
petrochemical industry; supplying a portion of this market will release crude
6il sourced products for other uses, such as the gasoline pocl. Also, some
coal-derived liquids may best be used, from a national standpoint, as feed-
stocks to large scale refinery operations. There are other possibilities to

consider before finalizing plans to maximize the contribution of coal liquefac-
tion products to the U.S. energy supply program.

Preferred procedures have been considered for marketing and use of the products
from this Fischer-Tropsch conceptual design. To do this, a detailed analysis
of the projected characteristics of the products from the complex has been
made, and probable marketing outlets defined. Current judgments regarding
product marketability are presented in subsection 7.1, and detailed projections
of the product characteristics to support the marketabllity judgments are

given in subsection 7.2,

7.1 PRODUCT MARKETABILITY

The products, individually described in this scction, are generally sim-
ilar to petroleum products presently marketed in the 1i.S. There are, however,
property differences when compared with thelr petroleum-based counterparts. A
key difference is the nil sulfur, ash, and nitrogen content of the Fischer-
Tropsch products, which is expected to enhance the potential value of the
1iquid products as blending stock.

Comments regarding marketability are presented for the following products:
e SNG

& Butane
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® Naphthas
- light naphtha
- heavy naphtha
¢ Diesel fuel oil
& Fuel oil
® Oxygenates
7.1.1 SNG (SUBSTITUTE NATURAL GAS)

This product would be sold d4s pipeline gas for either industrial
Or residential use. A comparison of the projected SNG product characteristics
with AGA Interchangeability Indexes for high methane content natural gas is
shown in Table 7-1, '

7.1.2 BUTANES

A comparison of the butane product with commercial butane specifi-
cation is shown in Table 7-2.

7.1.3 NAPHTHAS, LIGHT AND HEAVY

The primary value of these products as produced in the Fischer-
Tropsch complex would be as ethylene feedstocks, Their composition, consisting

purposes.

These products differ from normal petroleum naphthas in that they
have nil aromatic content and low octane numbers. Therefore their use in the
gasoline pool would require further Processing. Representative processing
procedures_to produce higher octane gasoline from F-T liquids have been
described. Using a processing procedure consisting of catalytic pelymeriza-
tion of propylene and butylenes plus catalytic reforming of the naphtha,
alecohol, and 3 ce tetracthyl lead addition, resulted in research octane numbers
of the order of 921. When alkylation of contained butane is included in the
processing sequence, the resulting leaded research octane of the product gaso-
line pool was on the order of 961, The proposed alternate of marketing them
as chemical feedstocks would release petroleum-based naphthas for conventional
processing to gasoline and other products.
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7.1.4 DIESEL FUEL

with nil sulfur, high cetane number, and high HHV, this product
is considered a marketable diesel engine fuel. This product could also be
marketed as a low sulfur boller fuel oil or as a home heating oil.

The comparisons of ASTM diesel fuel and fuel oil specificatioms with
projected characteristics of this product are listed in Table 7-3.

7.1.5 FUEL OIL

Fjscher-Tropsch-produced oils can be marketed either as turbine
fuel or as utility/industrial fuel oil. The nil sulfur, metals, and nitrogen
content will be a major advantage. Since only tracc quantities of aromatics
are projected, the juminosity associated with coal-derived fuels would not
exist; this would be an asset for turbine use.

A comparison of ASTM gas turbine and fuel oil specifications and
the projected properties of the Fischer-Tropsch fuel oil is shown in Table 7-4.

7.1.6 OXYGENATES

This is a mixture that represents about 3% by weight of the liquid
products. It contains primarily alcohels and ketones; details are shown in
subsection 7.2.6. The marketing concept is to sell the mixture to a chemical
processor for separation and refining to end-product purity.

7.1.7 SUMMARY

An extensive assessment of the adaptability of all coal-derived
liquids to current U.S. fuel markets is required. This requirement holds true
for liquids produced by Fischer-Tropsch technology as. well as hydroliquefaction,
donor solvent, and pyrolysis processes.

The Tesults of our curremt analysis indicate that the Fischer-
Tropsch products can be marketed, but in some cases they may have to be modi-
fied to match the characteristics of currently marketed fuel products. The
modifications in either product, end-use procedures, or product logistics are
not insurmountable.

A key step in commercialization of this technology will be a func-
tional product testing program using liquids produced in experimental facilities.
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Table 7-2 - Comparison of Commercial But

ane Specifications with

Projected Fischer-Tropsch Butane Characteristics

Commercial Projectcd
Butane F-71
Specification Butane
Characteristic ASTM D1835 Characteristics
vapor pressure at 100°F, psig max. 70 37
Volatile residuc:
evaporated temperature, 95%, 36 31
max. 'F
pentane and heavier, % max. 2.0 1.6
Residual matter:
residue on evaporation, 100 ml, 0.05 0.05
max.
0oil stain observation passta} pass
Snecifi . . {(h)
pecific gravity at 60/60 F
Corrosien, copper sirip, max, No. 1 No. 1}
Suifur, grains/100 ft® max. 15 None
Free water content None None

|:a)An acceptahle product shall not yield
0.3 ml of solvent residue mixture is adde

a persistent oil ring when
d to a filter paper in

0.1 m] increments and examined in daylight after 2 min. as described

in Method DZ158.

Although not a specification requirement, the specific gravity

must be determined for other purposes and shoul

d be reported.
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Table 7-3 - Comparison of Diesel Fuel and Fuel 0il Specifications
with Projected Fischer-Tropsch Diesel Fuel 0il Characteristics

l Projected
Diesel Fuel Fuel 0il F-T Diesel Fuel
Item Specification Specification Characteristics
Crade No. 1-D No. 1
ASTM D975 ASTM D396

Flash Point, °F PMCC 100 min. or legal {100 min. or legal 100

ASTM D93
Pour Point, °F (a) (b} plus 16°F
Water and Sediment Trace Trace Trace
Volume, % Max.
Carbon Residue on 10% 0.15 0.15 Trace
Residuum, % Max,
Ash, Wt. % Max. 0.01 None Stated .01
Distillation Temp. °F

10% Point, Max. None Stated 420 327

90% Point, Max. 550 550 539
Viscosity at 100°F CS 1.4

Min. 1.4 1.4

Max. 2.5 2.2
Sulfur, Wt. % Max. 0.50 or legal 0.5 or legal nil
Copper Strip Corrusion, No, 3 No, 3 Na. 1
Max.
Cetane Number, Min 40 None Stated 60+
Gravity, API Min. None Stated 35 57.4

(aJFor cold weather operation, the pour point should be s
below the ambient temperature at which
where fuel oil heating facilities are P

(b)

Lower or higher pour

tions of storage or use,

pecified 10°F (5.6°C)
the engine is to be operated except
rovided.

points may be specified whenever Tequired by condi-

When pour point less than 0°F is specified, the
minimum viscosity shall be 1.8 centistokes (32.0 seconds Saybolt Universal)
and the minimum 90% point shall be waived.
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Table 7-4 - Comparison of Fuel Oil and Gas Turbine Fucl 0il Specifications
with Projected Fischer-Tropsch Fuel 0il Characteristics

Item

Fuel 01l
Specifications

Gas Turbine
Fuel 0il
Specifications

Projected
F.T Fuel 0il
Characteristics

Grade

Flash Point °F, Min.
PMCC ASTM D93

Pour Point °F, Max.

Water and Sediment,
Vol. % Max.

Ash, Wt.% Max,

Distillation, 90%
Temp. °F

Min.

Max.

Saybolt Viscosity,
S8U at 100°F

Min.
Max,

Gravity °API, Min.

Vanadium, ppm (wt) Max.

Na + K, ppm (wt), Max.

Calcium, ppm {(wt}, Max.

Lead, ppm (wt)}, Max.
Mg/V wt ratio

Sulfur, wt %

No. 5 (Light)
ASTM D396

130 or legal

1.0

0.10

150
300

Ne. 3-GT
ASTM D2880

130 or legal

None Stated

1.0

0.03

None Stated
None Stated

45
None Stated

None Stated
2
5
10
5
None Stated

None Stated

200

150

1.0

Trace

875

155

41
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7.2 PROJECTED PRODUCT CHARACTERISTICS

The projected characteristics for each product follow.
7.2.1 SNG (SUBSTITUTE NATURAL GAS)
This is a gaseous mixture of methane, hydrogen, carben menoxide,
and carbon dioxide, together with sufficient quantity of light hydrocarbons

to produce a nominal 1,035 Btu/CF g4s,

Composition Volume Percent, dry basis

Methane 83.8
Fthane, propane, butane 5.9
Cartbon monoxide 0.1
Hydrogen | 1.0
Carbon dioxide - 1.4
Nitrogen 6.8

160.0

Product Characteristics

Higher Heating Value (dry) 1,035 Btu/scf ASTM DAQ0-55
Specific Gravity, air = 1, at 60°F 0.67
Delivered Pressure to Pipe Line 1,000 psig
Dew point (hydrocarbon) 32°F at 800 psia ASTM DI1142-56
Dew point (water) 32°F at 1,000 psia ASTM D1142-58
AGA Interchangeability Indexes: Preferable Value
Lifting Index 1.097 1.06
Flash-Back Index 1.048 1.2
Yellow-Tip Index 0.942 0.8

Note: The Lifting Index can be adjusted to the preferred range by increasing
the SNG hydrogen content.
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7.2.2 BUTANES

This is a mixed liquid product containing butane and butylene with
some associated lighter and heavier saturated and monounsaturated hydrocarbons.

Composition Weight % Mol % Liquid, Volume %
Butylene 16.2 16.7 15.8
Butanc 82.1 81.8 82.6
Propane-propylene c.1l 0.1 0.1
Pentanes 1.7 1.4 1.6
Suifur nil
Nitrogen nil
Product Characteristics Tests
Nominal specific gravity 0.59 ASTM D1657 or
at 60°F, liquid D2598
Vapor pressure, 37 ASTM D1267

psig at 100°F

Temperature, 95% evapora- 31 ASTM D1837
tion point, °F

Sul fur content

(grains/100 £t¥) nil ASTM D2784
Corrosion, copper strip i ASTM D1838
Nominal dryness, 0.001 NGPA

weight % water
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7.2.3 NAPHTHAS, LIGHT AND HEAVY

These products are in the automotive gasoline distillation range
and consist primarily of straight-chain monounsaturated and straight-chain
saturated hydrocarbons boiling to 300°F ASTM end point range. These naphthas
are free of sulfur and nitrogen and may be hydrogenated to produce turbine
fuel or used as chemical feedstock.

Product Light Heavy
Characteristics Naphtha Naphtha Tests
Higher Heating Value,

Btu/1b 20,815 20,430 ASTM D2383
Gravity, °API 85.5 71.53 ASTM D287
ASTM Distillation ASTM DRs

IBP 96°T 136°F

10% 115°F 208°F

30% 128°F 226°F

50% 137°F 236°F

70% 146°F 253°F

90% 159°F 266°F

EP 185°F 300°F
Color, Savholt Plus 3 Plus 30  ASTM D156
Viscosity at -30°F, CS 0.8 1.7 ASTM D445
Freezing point, °F 136 -67 ASTM D97
Aniline point, °F 140 160 ASTM D10Q12
Oxygen content, wt%, max 0.2 0.5
Sulfur, wt % nil nil ASTM D1323 or

' DIZ219

Hydrogen sulfide, wt} nil nil
Doctor test neg neg

Corrosion, copper strip

at 150°F
at 210°F 1 1
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Product Light(1} Heavy[j)
Characteristics Naphthd Naphtha
Rcid vapor pressure, psia 10
IP smoke point, mm Over 30 Qver 30
Yield nitrogen : nil nil
uopP "KM 12,5 12.3

Tests
ASTM D323

(1P de

signa-
tion 57}

1 . . . .
( ]Octanc numbers of combined naphthas after hauxite treating
to dehydrogenate oxygenates and shifting the double bond 1in

the terminal olefins to an internal pesition are:

-t
Loun

F-1 Clear
EF-1

.G
Clear 65.0

7-11
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7.2.4 DIESEL FUEL

This product consists

fuel markets.

Product Characteristics

Grade
Gravity, °API
ASTM Distillation
1FB
10%
30%
50%
70%
0%
EP
Percent recovered

Viscosity at 100°F, CS

Flash point, °F,
Pensky-Marten

Pour point

Aniline point, °F
Oxygen content, wt%
Sulfur, wt%
Mercaptan sulfur

Neutralization number,
mg KOH/g

Corrosion, copper strip

at 150°F
at 210°F

Ash, wt%
IP smoke point, mm
Engine cetane number

Kieldahl nitrogen, ppm

primarily of straight-chain hydrocarbons,
free of sulfur and nitrogen; it meets specifications for commercial diesel

ASTM D975 No.

less

57

301°F
327°F
351°F
372°F
421°F
539°F
637°F
098%

1.4

100

Plus 10°F
175

b.S max.
nil

nil

0.1

1
1

than 0.01
25
60 plus

niil

7-12
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Tests

ASTM D287

ASTM D86

ASTM D445

ASTM D93

ASTM D97

ASTM Del1l

ASTM D129
ASTM D1323 or D1219

ASTM D611

ASTM D130

ASTM D482
{1P designation. 57)
ASTM D613

ASTM D322



7.2.5 FUEL OIL

The fuel oil is a waxy, high pour point, sulfur-free product.

Product Characteristics

Higher Heating Value,
Btu/1b

Gravity, °APL

ASTM Disti{lation

IBP
5%

10%
30%
S0%
70%
90%
95%
EP

Viscosity at 100°F, 88U

Flash point, °F,
Pensky-Marten

Pour point, °F
Color, Saybolt
Oxygen, wt% max

Sul fur

7-13

19,855

41

572°F
642°F
665°F
715°F
759°F
811°F
873°F
886°F
885°F

155

200

150
dark

0.5

nil

ASTM D2382

ASTM D287

A5T™ DSO6

ASTM D88

ASTM D93

ASTM D97

ASTM D1500

ASTM D129



7.2.6 OXYGENATES

Oxygenates are a mixture of alcohols with a small amount of ketcnes.

Composition Vol%, dry basis
Acetonc | 3.2
Methyl ethyl ketone 0.7
Methanol 6.0
Ethanol 67.6
Propanol iS.D
Butanol 2.4
Amyl alcohol 1.1
Higher alcohels and 1.0
other oxygenates
100.0
Product Characteristics
Higher Heating Value
dry 13,160 Btu/lb average
as produced 12,505 Btu/lb average
Specific gravity 0.7%
Water content 5.0 Wt% max.
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