TABLE 18, ~ Continued.

() Data from ref. 31

Property

lpredicced rangel Range frow

not yet
verified

by *est of

composition
system

tasts

Gomposition, vel%:

)

[#'0)

Co,

st

NH,

CH4

Other hydrocarhons

N,

cos

14 _~ 17

11.17-23.5

$ - 22

6.58-30.95

5 =11

§.91-19.26

1.49-3.66

48 - 52

3. 96~56.7

Specific gravity

Average -oleculir weight

Heating value, B /13;
Gross
Net
Gross with COZ' st, and NHS removed
Net with 002. H,S, and Nﬂj:emuved

100 - 135

90=-197

Sulfur, ppm

Alkali metals and sulfur, ppm.

Water, vol. %

Solids, ppm

Solids: particle aize,

Flammahility limit rutio

-




TABLE 18. - Concluded.

®@ Producer gas; data from course notes on ""Synthetic Fuels from Coal, ™ Center for Professional
Advancerent, July 22-24, 1974, p. S0

Typical
Property
Compoaition, vol %:
!'l2 10 - 14
CcO 26 - 32
co, 2-5
uzs
NH,
CH“ 2-3
Otber hydrocarbons 0.1 - &0
Nz 50 - 53
Ccos
Specific gravity
| Average molecular weight
'Hea:lng value, m/ﬂa: R
Grosas 158 -~ 170
Net 150 - 180
Gross with COz. B,S, and NH, removed
Net with cog, H,S, and Hﬁg removed
Sulfuy, ppm
Alkali metals and gulfur, ppm
Water, vol. %
Solids, ppm
Solids: particle size,
Flammability limit ratio
Orygen 0.1 = 0.3
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TABLE 19, = SUMMARY CF LIQUID FUEL PPOPERIIES

Hoiling Gravity Elemental componition, wt % |  Viscoalty, cP Hest of Reference
- I =" I I B B B o
100°F | na®F
B-Coa' procoes

180 - =544 218 | —— 7.4 | 0.81 0.47 1
=820 L9 [ —— 8.1 JTT .15 178 1.2 17 420 ™
=338 2.0 | ———— 8.0 .Bo .23 m L] 17 415 (=)

292~ 570600%) | 19.0 | —~— | 10.34 | .22 .16 2.47 99 18 418 @

~-50 - 357 4.0 =m0 | 12,9 047 .28 2

a7 - %00 2.9 | o= 1.2 L0044 A7 2

435 - 76T 7.9 | —— | 10.4 L0083 { .17 2

400 7.5 | mew—— 7.8 | 1.3 Y —— | 485 cP) 1€ 700 &

488 - >876 -16.8 | = 8.3 | 111 1,43 3

493 - >910 ~17.7 | ———— 6.9 [ 1.0 .68 a

144 - 689 298 | ———m | | L4 .a 2.4 |— —— 4

144 = 297 2.3 — — —— 43 .13 1,08 — —

197 - &87 13,0 |ve—— | — 448 .29 3.87 | ——ee —_—

138 - 795 17.0 | —ee | ——— | 883 .2 8.1 |——— —_—

138 - 387 a4 |l— — | .22 be 98 | ——— —_—

7 - 795 68 | —— | —— | .am - 14,9 | —— —

180 - 978 6.4 | —— 8.13 | .61 22 155 — —_— ©)

180 ~ 445 398 | —eee | 1207 9 ] .4

oz - 680 4.0 | —— | 913| .42 .18 445 | 2.7 — 1

829 - 975 2.3 | e i 7,58 | Le1 .22 "} —_—

482 - 2863 ——t—{ — 7.94 i 42 e | 3143 1T 411 5
«950 —— | ——— 8.8 | .m .19 5
=950 ——] .28 | 1.2 .88 5

180 - J75 ——— ] —— 138 .2 .1 -

s - 650 —_— ] —] . .1 .1

650 - 975 —_—| 1.2 .1 .3 ‘

180 - 975 — | —— ] 119 .1 .1

C, + Liquids 15.0 | —— 9.48 | .68 .19 7
C, + Ligulde 44 | —— 8,43 | 105 A5 7
C, + Liquids 20,8 | w—— | 10,34 | .64 .16 7

271 = 885 —|—— ] 04| .@ 1 2

770 - 942 —— —— 9,90 | .% .13
26 - T48 —| —— | 1mre} .20 .2
20 - 548 ——l— ] nel . .28

s - es1 — s3] .2 .12
41 - 382 ——— | 18| .13 .09 .

71 - 808 ——— ] —— n.zr - 24 ——r— ] ——— ——

275 - B0 —— e 8.6t .4

LLettar trom G.R. Fax of Geseral Electric Resexreh and Drvelopment Catter to Tloyd I. Shure of NASA Lewls
Rosewrch Conter, Fab, 18, .

Bitamo tat- recard, Jobn S. Claxk of NASA Lewls Basoarch Center, July 13, 1377.

“Moetiag handout ca B~Coal products for gas-tarbine combined cyclos. Pas’ B. Kydd of General =lectric Co..
Scheectady, N.Y., Jsn, 9, 1976.
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TABLE 13, - Continued.

Elemental composition, wt ir Viscoalty, ol

Boiling Gravity Heat of Reference
";‘,." APT | Specific H ~ s at at “::';.‘:‘"'
100° F | 216° F
Synthoil process
23l -« =~=530 — 7.72 1.1% 1.021 - 9
395 - ~¥45 -5.7 1.125 43,635 — e 1
07 - #0951 =135 1.1635% .35 1.8 -5 rmmreme | 34,25 —— !
+35 = 970 -4, 3 1.1324 T.42 1.3l a6 35,20 —— 1
363 - 330 5.5 1.0033 8,577 < res 02
29 - =795 -6 1.081 ——— .TH6 .42 450 ———— —r—— 10
329 - 303 19.7 .936 —_— 423 .20 287 | —— —————
05 - 835 11.% 950 — .24 =T} 2.56 | -———— ———n 1
6e5 - 988 =395 | 1,109 1.1u7 )
{Ful! rangae) 7.72 | 1.208 1.057 11
W00 ~ =539 3.8 | ——- ————— .79 22 €73 - ——— ——— 12
=695 w3 | m——— —_—| 1,22 .ot 239.1 ——
309 - 654 15.9 — i — .32 .14 T.21 1,85 —— l
630 - 698 2.3 A —— 47 .12 3:.9 .91 ———
1l - A% =253 1.10 7.7 9T 43 2309 4.6 16 891 K
<405 - T80 4.0 —_— LB s 14,5 - 17 243 | &
SRC procegs
Solid: m.p. N2 | ———= | —een 6.56 l Ly ¢ 1.00 ——— ] - 13719 15
Solid: m.p, IT | w—rwem | ———— §.12 | 1.89 .58 ———— ] a———— 15712
Solld: m.p, 127 | —r | =———— 5.62 | 1.91 1.10 — 13 457 1
Solid: m.p. I5d | +ewmem | —aem 5.45 | 1.95 1.09 —— 15 673
Solid: 300+ -18,3 | ——- —_— 1 2 .8 - v | —— 1§ 000 16,17
300 - 90¢ 3.0 | —— T.% .9 .3 7.2 ——ee 17 300 16.17
100 - 300 I9.0 | em——— 11.5 .4 .2 —_— 19 045 16,17
WO = 1020 -5.3 r———— 6.9 1.3 TY 15900 20.45 3
WL -~ 875 2.5 - -—— 3
333 - 1000 9.6 8,78 _B .02 32,89 3
18) ~ ©RL 22,6 .91A2 9.98 .23 .40 1,441 A7 17 225 5
R6 - 877 +.69] 1,029 7.56 .59 a2 5,88 1,464 14 715 5
w3 - 482 12.3 | .984 4.6 -6 .2 2.7 | —— —— )
155 — 402 0.0 934 10,1 .6 .2 .794 )
43 ~ 562 5.6 847 11.33 ] .60 o 18 148 2
2] - 844 s5.64| 1.0312 7.65 .39 .41 5.58 1.43 1€ 826
086 ~ F02 5.58| 1.0333 7,43 .62 .37 2.78 1.438 16 921
326 ~ 1007 5.48] 1.0333 8.78 .30 L35 10,44 2,25 _
N4 =972 3.3 7.43 .62 H I 5.79 1.48 16 371

YLetter from Robert G, Sperbac of Plusburgh & Midway Cosl Mising Co. to Thatne W,

Rescarch Center, May 16. 1975.
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TABLE 19, - Contianed,
Zofiing Gravity Elsmentsl wmposition. wt 5| Viscostsy, cP Hast of Reference
range, combustion,
op API | SpeciBic H N s at at Beu/b
100°F | 210°F
SRC procesa Concluded)
175 = 857 13.0 | voeema 8.88 | 0.44 0.06 3.43 1.10 17 728 x
180 - 818 14.3 | —oemme— 10.32 11 .01 2.2 .93 18 572 0
172 - 814 23,4 | — 19.99 .02 01 2.00 .90 18 903 2
COED process
97 - 835 221 | =——- | 11.5 0,125 0.013 18
97 - 367 4.5 | ere— | 130 056 0049
354 - =671 20.7 —— -11.2 <16 L0055 l
27 - =835 12,0 | == § 20,7 .09 0090
212 - =800 208 | vevenen 226 .08 5.1 | e i 19
123 - 499 .4 | ———— [ ——— .190 .05 89 | ————— —
236 - 706 18,9 | —e—r | —— .248 .04 4.5 | ——— e 1
>716 10,1 | »wesne | e -] .01
280 -~ 950 20 —— 11.6 .2 .1 ] ——— ———— 6
190 - 746 22 —_— 1 10.9 .3 .1 5 — —— r
a54 - >TEO i9.4 .18 8.1 ——— s !
436 - 613 25 | e | —ee | o | 004 2.9 | ———] — l
557 - =870 1.2 7
176 - 543 a9 | — a9 | <.01 VG | — 18 356 13
<300 - 849 25 | ——— ] —-— .143 .05 6,82 | e——e 18 020 13
198 - 950 180 | —— | 1.9 .25 .18 20
148 - 844 22,3 | ——— ] 12,12 0388 L0271 20
ulf Catalytic procera
7.0 | —— 8.84 | 0.351 0.7 b
10.4 | we——— 9.44 .50
266 - 688 149 | wee—— 9.54 .1 .04
=130 — B.97 40 .04
>, 0 et | e, 8.8 52 17
Exxon Donor Solvent procesa
158 - 392 2.1 { o.87 10.90 | o.21 0.47 —_— —— 18 %0 23
158 - 292 45.4 .80 12.90 .06 005 | e b e 19 200-
92 - 1000 -.5 1108 7.70 .66 .41 —] —— 17 100 1
392 ~ 1000 8.6 | 1.01 B.60 .24 04 e B 18 100

18




TABLE 19, — Concluded.

Boiling Grazity lementsl conposition, wt % Viscoatty, cP Beat of Ryfarence
o:h APT | Specific : N s = ™~ num." "
100°F | a0°rF
Znﬂzhym“m
180 - 887 — | —— ] 8.85 |0.0023 | ® 24
180 - 392 —— ] —— 8.13 .0013 .02
92 - 617 — | — 9.65 . 0025 .02
617 - 887 ——— | — 8.98 . 0060 .03
Cg - >887 — ] — 9.48 .0020 02
Cg = =587 —— | — 0.6 0023 i g
Cs-,am —— | ——— 6.58 0194 Q1
Co-Stear process
7.1 1.1 0,13 —— ] — 1T 056 25
6.8 1.1 .10 ——— 16 88¢ 25
4.8 1.1 32 —— i ] ——— 16 308 =
Flash Pyrolysis process
206 - HH520 e | ctterr— 8.15 1.13 0.58 26
411 - >745 —— ] m—— .18 | 1.43 .54 26
Sea Coal proceas
300 - 875 m.4l !—-—— 0.3 | o.02 976 |ame—| 17782 13
14
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Q~ Vent
Recyele H [ Gues
8, Rie::Gas 2 Recycle Gas
Compressor Gas Treatmen? - ‘é“"al;"
and Separation [ Quiiur
Coal ==+ Fue!
L Let-Down and Gases
Fl
Coal sh System
Preparation Reactor Supplemental
(Dissolver) Coal 1
‘L 454 °C | Solids i
Slurey L gz::rfaLtiaqrmd .| Hydrogen f-e— Steam
reparation Fired (Fitter) Production | Oxygen
Preheater ‘
Fresh Hydrogen .
- el Mineral
r._ Matter
Slurry
Feed Pump Ar’—_\
Solvent Product
Solvent Pecycle Recov:ru Light Qil
Solidification )
and Solvent [~ Solid
Recovery Fuel
{SRC)

Figure 2. - Schematic of Solvent-Refined Coal (SRC) process.
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1N VENT
-
RECYCLE M, L] ] r_’ Gases
RICH GAS RECVCLT GAS WATER
coAL COMPRESIOR
£AS TREATMINT o SULFUR

! AND SEPARAT.ON
* "J FUEL
] GASES

COAL LETOOWN AND
FREPA FLASHSYS1Em
RATtON REACTOR ) —
{DISSOLVER]
83D F.
1500 PSI
sp;‘,&aw MINEEAL RESIOVE $.URRY
RATION N\ o sTEAM
] FIRED HYDROGE'
PREHEATER * PROOUCTION
! Jc—-oxvccn
FRESH HvonoGENJ ‘
hl - M:NERAL
MATTER
SLURRY
FEED
Fus \ 4 #= LIGHT DISTILLATE
PAODUCT SLURRY RECYCLE FRACTIONATION 4 FUEL OIL

Figure 3. - Schematic of modified SkL process for distillate product
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Lignite
[

Coal
Crushing and
Grinding Gas
Stoge
]
Sturry Solvent .
Preparation | Hydrooen and
and Pumping ' Carbua Monoxide
— Recycle |Hvdrogen and
' Carbon {idonoxice ]
1
Slurry
Preheating Gas Gas Gas
Dissolving Furificelion |ee——e——————
and Gas and Recycle
Separation
Liquid
Separation Light Qil N
~ | and Solvent -
Recyela

Solid-Liquid | Solven: Refined
Separation Lignite

| Mincra! Residue

Figure 4. - Schematic of Soivent-Refined Lignite (SRL) process.
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Lignite Recycle Oil

Reactor
~425 °C
275 atn

Feed Tank

in—-—— — WAL S

g

t

COor
Synthesis Gas

Centrifuge

Unreacted
Scids

Fuel
Qii

Figure 5. - Schematic of Co-Steam prowess.
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Caralytic
Solvent
Hydragenation
Conditions
260475 °C -

69-205 atm Hz

Liquefaction . _.____CaEI_v_'tuc___‘
Rumor Dlstllhtlon H ] H - -
Hy == 425480°C Solids L?w_ds | Product
100-140 atm Separation 1qus ? L Hydrogenation i roducts
Heavy t
Bottoms
Siurry Hz
r
Fluid Raw
Coking Liquids
Coke

Hzo =i Hydrogen or
Fuel Gas s H,, or Fuel Gas'

02 Or Air' w—esm Production

( Ash Residue }

Figure 6. - Schematic of Exxon Donor Solvent (EPS)} process.




Gas Fuel Gas
Slurry ] Recompressed Treatment p=—e— Sulfur
mﬁﬂf Preparation Hydrogen Recycle and . b= \Water
Separation
H;O /‘ = NH,
4
Grind Ebullated
Gry — Bed Cat.
J Reactor
o -
\o. 1 |455 ‘ci Let
Down
e Flash
-] Firea Systern
Sturry Preheater
Pump
|
Solvent Recycle
Compression | Solias | Solids Hydroclons
faden | Removal |
Residu Urcerflow
Hydrogen
| Production Naphtha
prstitemeippen.
{ 1 Distillation
—
Fuel Oi}
Figure 7. - Schematic of H-Coal process operated in syncrude mode.



Caralyst i s Clear
Infet ; Liquid

Liquid-
Solid

Settled
Catalyst

Sturry OH Solids Cut  Gas Inlet

Figure B. - Ebullating-bed reactor.
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Recycle H, Rich Gas

H.S

2
High Pressyre Gas NH
1 Qil and Gas =1 Purification =t
Separation Systemn
l Hvdrocarbonl
Gases
Low Pressure :slent
Coal 135.275 atm Ol and Gas L -
; Separation
Coal
Preparation
Solid/Liquid .
4 Separation So"di’- Pyrolyzer
{Filwration)
Slurry
Preparation
{l Carbonaceous }
Residues 1
- Gasifier and
Make Up H2 Shift
Sturry Converter
Feed
Pumgp 1 {
Recycle Qit Product H0 A
02

L2

Figure 9. - Schematic of Synthoil process.




Collecting
Bin

Coal
Preparation

Transport
Reactor

Lift Line

Mixer-
Carbonizer
(450-600 °C)

S ——

|

Air

/

iy

Heat ot £ 2 Gas

Recovery

Condenser = Product Gas

\

Cyclone

o

= Product Char

Figure 10. - Schematic of Lurgi-Ruhrgas process.



Ammonia
Scrubber | e YENT 1

Gas l
Gas Cleanup | e H,S
Coal | Coal Plant
| Preparation ;st Oit o Product
tage Recovery Gas
315°Cc~ R’
1.41.7 Steam
atm 2nd Filtration Reformer
Flue Gas* > | 529 e __ Hydrogen
540 ec bt ydro-
o P treater
455°C Gas
1417 g'd Svathets
12 Yo c
atm Char g Crude Cil
™ /
?4312 atm Gas | 4th ft—— Steam
Char Stage | — Oxygen
gro°c"
1.4-1.7 atm

r

Figure 11. - Schematic of COED (FMC) process.
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-+~ Combustion

Gas
Product
Coal _____.| Gas
Feed
Reactor
_ | Oil Coliection
Systern
Char
Burmer
= Cyclones | S————— 11T |
Product
- o] Char et Chiar
Desulfurization Product
A Plant
Ar

Figure 12, - Schematic

of Occidental coal pyrolysis process.
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Coat | Coal
——w-t Prepa-
ration

Pyrolysis - .
-  (650-750°C) poke lw Menilurgical
(6.5-11 atm) Feparation Coke Pellets
]
Recycie
Recycle Heavy Qil
Gas
Liquid
Y Liquids Fuels
L Pfoming I qmﬂiﬂ'
Feedstock
Recycle
Solvent
Chemical
Solvent Extraction Gas P Feedstock
{470°C) .
(205-275 atm) Processing Lo Gaseous
Fuels
Ash and
Unreacted
Coal

Figure 14. - Schematic of U.S. Steel Clean-Coke process.
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Process
O H-rgal A o3
O Synthoil o o
- 12— A SRC o° A
& Others < A
-_E—- o &QA o O
..9':; Q % o
§ 10— a
: 3 &
g §$%¢ £
=
£ g 0,8 éo
o &0 o
O P
sl O | | | | ! !
-2 ~10 v 10 a 30 420
API gravity
Figure 15. - Variatior &i hydrogen content of coai-derived fuels with API gravitw.
200~
Process
| O H-Coal
L6 3 Synthoi}
Q a 4 SRC
7
- L Q@g < Others (except ZnCl3)
5 L
= oo o
= Q
5 5
s -8y ° &
g o)
= X & a0
2% ©
4— BPo 2
< oo
¢ Loy @mo
<
0 | | 32"°% @9

4 6 8 10 12 14
Hydrogen content, wt%

Figure 16. - Relation of fuel-bound nitrogen and hydrogen levels
in coal-derived fuels.
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Gross heating value, Btufsid it?

2 s aa °
=]
= <
= O a
] A
2 A
] Q>Of 0 Process
% 16 O H-Coal
[x3 a Synthoil
s a 4 see
2 < Others
=
14 | | ] J
6 8 0 12 14
Hydrogen content, wt%
Figure I7. - Variation of heat of combustion of
coal-derived fuels with hydrogen content.
200 —

g

8

8

| |

|

2 2

&0

Inert-gas content (N, COy), voI%
Figure 18. - Variation of gross heating value of low-Btu gases

with inert-gas content.
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