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@ Novel fuel compositions.

@ Novel fuel compositions comprising: (A) a solid and-or
semi-solid material formed by a process for upgrading coal
which comprises the steps of: (1) subjecting a slurry com-
posed of coal and a solvent containing donatable hydrogen,
together with hydrogen, to catalyst-free hydrogenation condi-
tions in a first hydrogenation zone to form an intermediate
coal-solvent slurry; (2) deashing said intermediate coal-
solvent slurry to form a coal-solvent solution; (3) subjecting
said coal-solvent solution to catalytic hydrogenation condi-
tionsin a second hydrogenation zone to obtain a product that
can be separated at ambient pressure into (a) a first liquid
fraction boiling at a temperature in the range of about 100 to
375°C, (b) a second liquid fraction boiling above said first
liquid fraction at a temperature in the range of about 200 to
about525°C and {c) said solid and- or semi-solid material; and
then {4) recycling at least a portion of said second liquid
fraction to said first hydrogenation zone; and (B) a light-
boiling hydrocarbon stock boiling at a temperature in the
range of about 100 to 375°C at ambient pressure; wherein the
weight ratio of said solid and/or semi-solid material to said
light-boiling hydrocarbon stock is about 20:1 to about 1.5:1.
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NOVEL FUEL COMPOSITIONS

BACKGROUND OF THE INVENTION

1. Field of the Invention

A solvent refined coal product is a solid and/or semi-
solid material that cannot be converted readily to a fuel of lower
viscosity (ca 220 Saybolt Furol Seconds at 99°C) unless it is
. blended with a large amount of light-boiling hydrocarbon stock or

subjected to hydrogenation. The latter has the
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disadvantage of requiring large amounts of hydrogen. Both these
alternatives arxe costly.

The present invention is directed to novel fuel composi-
tions comprising: (A) a solid and/or semi-solid material formed
by a process for upgrading coal which comprises the steps of:

(1) subjecting a slufry composed of coal and a solvent containing
donatable hydrogen, together with hydrogen, to catélyst—free
hydrogenation conditions in a first hydrogenation zone to férm an
intermediate coal-solvent slurry; (2) deashing said intermediate
coal-solvent slurry to form a coal-solveﬁt soclution; (3) subject~-
ing said coal-solvent solution to catalytic hydrogenation condi-
tions in a second hydrogenation zone to obtain a product that can
be separated at ambient pressure into (a) a first liquid fraction
boiling at a temperature in the range of about 100 to about 375°C,
{b) a second liguid fraction boiling above said first liquid
fraction at a temperature in the range of about 200 torabout 525°C
and (c) said solid and/or semi-solid material; ahd then (4) re-
cycling at least a portion of said second liguid fraction to said
first hydrogenation zone; and (B) a light-bOilinQ hydrocarbon :
stock boiling at a temperature in the range of about 100 to about
375°C at ambient pressure; wherein the weight ratio bf,said solid

and/or semi-solid material to said light-boiling hydrocarbon

- stock is about 20:1 to about 1.5:1.

2. Description of the Prioxr Art

Applicant is unaware of any prior art relevant to the

invention defined and claimed herein.'

SUMMARY OF THE INVENTICN

We have discovered novel fuel compositions comprising:
() a solid and/or semi-solid material formed by a process for

upgrading coal which comprises the steps of: (1) subjecting a
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slurry composed of coal and a solvent containing donatable hydro-
gen, together with hydrogen, to catalyst-free hydrogenation
conditions in a first hydrogcnztion zone to form an intermediate
coal-solvent clurry; (2) deashing said intermediate coal-solvent
slurry to form a coal-solvent solution; (3) subjecting said coal-
solvent solution to catalytic hydrogcnation conditions in a second
hydrogenation zone to obtain a product that can be separated at
amhient pressure into (a) a first liguid fraction boiling at a
temperature in the range of about 100 to about 375°C, (b) a sec~
ond liquid fraction boiling above said first liquid fraction at a
temperature in the range of about 200 to about 525°C and (c) said
solid and/or semi-golid material; and then (4) recycling at least
a portion of said second liguid fraction to said first hydrogena-
tion zone; and (B) a light-boliling hydrocarbon stock boiling at a
temperature in the range of about 100 to about 375°C at ambient
pressure; wherein the weight ratio of said solid and/or semi-
solid material to said light-boiling hydrocarbon stock is about
20:1 to about 1.5:1.

The solid and/or semi-solid component of the novel fuel
compositions claimed herein is formed by a process described in
our copending application entitled "Improved Solvent Refined Coal

Process" (Case A), Serial No. 865,605 , filed concurrently

herewith. In general, as defined in said application, a slurry
composed of coal and a solvent containing donatable hydrogen,
together with hydrogen, is subjected to catalyst-free hydrogena-
tion conditions in a first hydrogenation zone under the conditions

set forth in Table 1.
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Table 1l: Catalyst—Free Hydrdge1ation Conditions

BroadrRanqe VPrefexrad Range
Temperature, °C 343 ~ 510, 309 - 482
pressure, kpPa (psig)l 3,447 - 34,470 6,894 - 13,888
(500 = 5,000) - (1,000 - 2,600)
Solvent/Coal Weight Ratio 0.5/1 - 10/1 1/1 - 4/1
Hydrogen/Coal Feed '
Weight Ratio 0.0L/1 - 0.30/1 0.05/1L - 0.10/1
Hydrogen Gas Purity, : IR
mole % g5 ~-100 95 -~ 97
Regidence Time, hrs 70.1 - 5.0 0.574 2.0

lkilopascals (pounds per square indh,gauge)

After subjecting thé slugiy to catalyst—free,hydrggena;
tion conditions, an intermediate coalFSOlvent slurfy is ébtained.
Ash and/or other insoluble material is separated from'tha'inter—
mediate coal-solvent slurry and a coalesoiveﬁt_solution is
obtained. The coal—solﬁent solution formed asrtherresult of de~
ashing is subjected to caﬁalytic'hydrogenétion conditions in a
second hydrogénatioﬂ zone. The catalytic hydrogenaticn conditions

are set forth in Table 2.

Table 2: Catalytic Hydrogenation Conditions

Broad Range . preferred Range

Temperature, °C 260 - 538 399 - 454

Pressure, kPa (psig) 3,447 - 68,940 6,894 - 27,576
- (500 - 10,000) (1,000 - 4,000)

Liquid Hourly Space 7

Velocity, volume feed/ : ’

volume catalyst/hr 0.3 - 10 : 1.0- 4

Hydrogen Flow Rate, : -

kmol H2/m3 feed 25 - 190 60 - 90

Any hydrogenation catalyst suitable for use in coal
hydrogenation can be used herein, for example, thercata1YSt de-

fined and claimed in U. S. Patent No. 3,840,423. The preferred
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catalyst is comprised of a hydrogenation component éelected from
the group consisting of Grovp VI and Group VIII mcotals, their
oxides and sulfides, supported on a non-zeolitic carrier, which
catalyst is promoted with a Group IV-B mztal. Illustrative of
particularly preferred catalysts for uce in our invention have
metal combinations of nickel-titaniwa-molybdenum, nickel-cobalt-
molybdenum, and nickel-tungsten on an alunina carrier.

Catalytic hydrogenation produces a product that can be
separated by any conventicral m2thod known in the art, especizlly
by distillation at ambient precssure into (a) a first liguid frac-
tion boiling at a temperature in the range of about 100 to about
375°C, preferably about 150 to about 325°C, (b) a second liguid
fraction boiling above said first liquid fraction at a tempera-
ture in the range of about 200 to about 525°C, preferably abcut
250 to about 475°C, and (c) a solid and/or semi-solid materxial.
An elemental analysis for a typical solid and/or semi-solid
material obtained by the process described in said copending
application and which is a necescary component of the novel fuel

compositions claimed herein is set forth in Table 3.

Table 3: Analysis of the Solid and/or
Semi-Solid Material

Broad Range, wt % Preferred Range, wt %

Carbon 87.0 ~ 93.0 88.0 - 22.0
Hydrogen 5.5 - 9.5 6.5 - 8.0
Nitrogen 0.3 - 3.0 0.8 - 2.0
Oxygen 0.0 - 1.5 0.1 - 1.0
Sulfur 0.0 - 0.5 0.0 - 0.2

The solid and/or semi-solid material is capable of being
blended with a light-boiling hydrocarbon stock boiling at a tem-
perature in the rangé of about 100 to about 375°C, preferably at
about 150 to about 325°C, at ambient pressure. A typical elemen-

tal analysis for a light-boiling hydrocarbon stock is set forth

in Table 4.
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Table 4: Analysis of Light-Boiling
Hydrocarlon Stock

Broad Range, wt %  Preferred Range, wk %
Carbon 85.0 - 93.0 E 88.0 - 91.0
Hydrogen 7.0 - 12.0 ' : 8.5 - 11.0
Witrogen 0.0 - 2.0 0.1 - 0.7
Oxygen 0.0 - 2.0 0.1 - 0.7
Sulfur 0.0 - 3.0 0.0 - 0.3

In general, suitable 1ightﬁboiiing hydrocarbon stocks
that can be employed in the invention cén;ihclude, for'example,
#2 fuel oil, kerosene, et fuel, diesel,fuel,iﬁaéoline, light
shale oil fractions and light fraction§;§btained;froﬁ coal hydro-
genation. A paiticularly preferred ligthboiling hydrocarbon
stock is described in said copending apéiicétion and in'thé
present invention herein as "a firstgliquidfffaction,boiling
at a temperature in the raﬁge of about 100 to ébout 375°C,
preferably about 150 to about 375°C". An elemental énalysis

of said first liguid fraction is set for%hfin Table 5 herein.

Table 5: .Ahalysis of the Ffrst
- Liguid Fraction

Broad Range, wt % ° Preferred Range, wt %

Carbon ' 87.0 - 93.0 - B 88.0 - 91.0
Hydrogen . 7.0 - 12,0 8.5 ~ 11.0
Nitrogen 0.0 - 2.0 - 0.1 - 0.7
Oxygen 0.0 - 2.0 0.1 - 0.7
Sulfur . 0.0 - 0.5 0.0 - 0.3

The solid and/or $emi—solia'ma£erial is mixedror blended
with the light-boiling hydrocarbon stock by means weli-knoﬁn in
the art. The ingredienﬁé are mixediuntilra homogeneoﬁs product
is obtained. The weight ratio of said solid ahd/br,semi—solid
material to said liaht-boiling hydrocarbon stock israbout 20;1

to about 1.5:1, preferably about 10:1 to about 2:1. =
- ,EUH)(DﬂﬂaquL
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An elemental analysis of said hunegeneous product is set forth in

-~

Table 6.

Table €: Product Analysis

Broad Range, wt % Preferred Ronge, wt %
Carbon 87.0 - 93.0 88.0 - SL.5
Hydrogen 5.0 - 11.0 6.0 - 9.0
Nitrogen 0.5 - 2.0 0.8 -~ 1.5
Oxygen 0.1 - 3.0 0.2 - 1.5
Sulfur 0.0 - 0.5 0.0 - 0.2

The product obtained as a result of the invention
described herein is useful as a fuel for power generziion in

place of fuel o0il derived from coal and petroleun stocks,

DESCRIPTICGI OF PREFELRI'D EMBODIMENTS

The invention will be furthex descrilbed with refecrence

to the experimental data.
Example 1
An ash-contuining coal from the Pittshbury and Midway
Coal Company Colonial Mine was used in the experimental work.

The coal had the following analysis:

Table 7: Ash-Containing Coal Rnalysis
(Dry Basis)

wt %
Carhon 71.8
Hydrogen 5.0
Nitrogen 1.3
Oxygen 7.9
Sulfur 3.7
Ash 10.3

The coal was dissolved in a solvent substantially as defined in
Table 6 in our said copendirg epplication, together with hydrogen,
under catalyst-free hydregenation conditions set forth in Table 8

in a first hydrogenation zone to form an intermediate coal-

solvent slurry,

BAD ORIGINAL @
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Table 8: Catalyst-Free Conditions

Temperature, °C 450

Pressure, LkPa (psig) . 10,755 (1560)
Solvent/Coal Weight Ratio 2.14/1
Hydrogen/Coal Feed Weight Ratio 0.08/1
Regidence Tiwme, hrs : 1l

Ash and/or other insoluhles were separated from the coal-
solvent slurry by filtration under the conditions set forth in
Table 9 to form a coal-solvent solution. An analysis of the ccal-

solvent solution is set forth in Table 10.

Table 9: Filtration Conditions

Filter Temperature, °C 229

Filter Pressure, kPa (psiqg) 1206 (175)

Pressure Drop, kPa (psig) 207 (30)

Knife Advance, mil/min . : 1

Drum Speed, min/revolution 1.0 - 1.5 :

Basecoat Fibra F10-11C and
: Celite 545

Precoat ' Celite 535

Table 10: Coal-Solvent Solution Analysis

wt %

Carbon ’ 89.3
Hydrogen : 6.3
Nitrogen 1.2
Oxygen e 2.5
Sulfur ' 0.7
- Ash 0.04

The coal-solvent solution was subjected to catalytic
hydrogenation by passing the solution over a specific catalyst

under specific reaction conditions set forth in Table 1l to form

a product,

BAD ORIGINAL @
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Table 11: Catalyst Corposition and
Reaction Ceonvitions

Catalyst1 0.5 wt % nickel
1.0 wt % cobalt
8.0 wt % molybdenum

Temperature, °C 427
Pressure, kpPa (pciqg) 20,700 (3,000)
Liguid Hourly Spsce Velocity,
nl feed/ml catalyst/hr 2.0
Hydrogen Flow Rate,
kmol Hy/m3 feed 75.2

“The metals were deposited on aluwina having a surface
area of 185 m2/g, a pore diametcr of 188 } and a pore
volume of 0.66 cc/gm.

The product was subjected to separation by distillation
after catalytic hydrogenation into (a) a first liguid fraction
which boiled between about 191 to about 288°C, (b) a second liquid
fraction that boiled betwzen about 288 to about 396°C and (c) a
solid ané/or semi~solid material. An analysis of each of these

is set forth in Table 12.

Table 12: Liguid Fractions and Solid
and/or Semi-Solid Analyses

. wt %

First Liquid Fraction Carbon 89.3
(191 to 288°C) Hydrogen 9.8
Nitrogen 0.4

Oxygen 0.4
Sulfur 0.06

wt 9

Second Liquid Fraction Carbon 30.6
(288 to 403°C) Hydrogen 8.1
Nitrogen 0.5

Oxygen 0.4

Sulfur 0.1

wt %

Solid and/or Semi-Solid Carbon 89.3
) Material Hydrogen 7.0
Nitrogen 1.3

Oxygen 0.8

Sulfur 0.1

BAD ORIGINAL @
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The solid and/or semiésolid ﬁaterial definced in Table 12
was blended with a light-hoiling hydrocarbon stock which has been
defined as the first liquid fraction in Table 12. The blends had

the characteristics set forth in Table 13,

Table 13: Rlends of Solid and/or Semi-Solid
Materizl and First Liguid Praction

“Blend No., 1  Blend No, 2

Solid and/or Semi-Solid

Material: wt % (&) o 82  :' 75
First Liquid: wt % Fraction (B) =~ 18 o 25
Ratic A/B - 4.6 3.0
Viscosity: SaYbolt'FurOl ' 7 : o o

Seconds at 92°C . .- 180 _ 58
Carbon ' B 89.3 . . 89.3
Hydrogen ) 7 7.5'77 - 8.2'
Nitrogen , 1 1.1
Oxygen , . i 0.7 , 1, 0.7
Sulfur , R } 0.1 - 0.1

Example 23

This example is identical to Example 1 exceét that the
catalytic hydrogenation conditiéns,wére as follows:

Temperature, °C . 427

Pressure, kPa (psig)- , ~ 10,300 (1,500)
Liquid Hourly Space Velocity, =~ - . I
ml feed/ml catalyst/hr 2
Hydrogen Flgw Rate,
‘kmol Hp/m> feed - 7 75.2

and the weight ratio of solid and/or semi-solid material (boiling
above 454°C) to the light-boiling hydrocarbon stéck Wés 2.7:1. The
final product obtained had the characteristics sct forth in

Table 14.

BAD ORIGINAL @y
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Table 14: Blend of Colid and/or Scmi-Solid
Material and First Licuid Fraction

Blend No. 3

Solid and/or Semi-Solid Material, wt % (B) 73
First Liquid Fraction, wt % (B) 27
Viscosity: Saybolt Furcl Secondc at 29°C 75
wt %
Carbon 90.8
Hydrogen 7.1
Oxygen 1.3
Nitrogen 1.3
Sulfur 0.1
Example 3

This example is identical to Example 1 except that the

catalytic hydrogenation conditions were as follows:

Temperature, °C 427
Pressure, kPa {(psig) 20,700 (3,000)
Liquid Hourly Space Velocity,
ml feed/ml catalyst/hr 1
Hydrogen Flgw Rate,
kmol Hy/m~ feed 75.2

The solid and/or semi-solid material (boiling above 38%°C) was
blended with the first liquid fraction. The blends had the charac-

teristics set forth in Table 15.

Table 15: Blend of Solid and/or Semi-Solid
Material and First Ligquid Fraction

Blend Blend Blend
No, 4 No. 5 No. 6
Solid and/or Semi-Solid
Material, wt % (&) 89 87 82
First Liquid Fraction, wt% (B) 11 13 18
Ratio A/B 8.1 6.7 4.6
Viscosity, Saybolt Furol Seconds
at 99°cC 180 70 30
wt % wt % wt %
Carbon 89.6 89.6 89.6
Hydrogen 7.6 7.6 7.8
Nitrogen 1.2 1.2 1.1
Oxygen 0.4 0.4 0.4
sulfur <0.04 <0.04 - <«0.04

BAD ORIGINAL @
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Obviously, many modifications and variations of the
invention, as hereinabove set forth, can be made without depart-
ing from the spirit and scope thereof, and, therefore, only such
limitations should be imposed as are indicated in the appended

claims.
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Claims

1. Novel fuel compositions comprising:
(A) a scolid and/or semi-solid material formed by
a process for upgrading coal which comprises
the steps of:
5 (1) subjecting a slurry composed of coal and
a solvent containing donatable hydrogen,
together with hydrogen, to catalyst-free
hydrogenation conditions in a first hydro-~
genation zone to form an intermediate
10 coal-solvent slurry;
(2) deashing said intermediate coal-solvent
slurry to form a coal-solvent solution;
(3) subjecting said coal-solvent solution to
catalytic hydrogenation conditions in a
15 second hydrogenation zone to obtain a
product that can be separated at ambient
pressure into (a) a first liquid fraction
boiling at a temperature in the range of
about 100 to about 375°C, (b) a second
20 liguid fraction boiling above said first
liquid fraction at a temperature in the
range of about 200 to about 525°C and
(c) said solid and/or semi-solid material}
and then
25 (4) recycling at least a portion of said second
liquid fraction to said first hydrogenation
zonz; and
(B) a light-boiling hydrocarbon stock beiling at a

temperature in the range of about 100 to about
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375°C at ambient pressure.
2. Novel fuel composition according to claim 1 wherein
a weight ratio of said solid and/or semi-solid material to said
light-boiling hydrocarbon stock is about 20:1 to about 1.5:1.
3. Novel fuel compositions according to claim 1 wherein
a weight ratio of said solid and/or semi-solid material to said
light-boiling hydrocarbon stock is about 10:1 to about 2:1.
4, Novel fuel compositions according té claimrl wherein
said first liquid fraction boils at a temperature in the range of
about 150 to about 325°C; and said second fraction boilingrabove
said first liquid fracﬁion boils at a temperéture in the range of
about 250 to ahout 475°C.
5. Novel fuel compositions according to claim 1 wherein
said first hydrogenation zone has a temperature ranging from about
343 to about 510°C; a pressure ranging from about 500 to about
5,000 psig; a solvent/coal weight ratio ranging from about 0.5/1 to
about 10/1; a hyérogen/coal feed weight ratio ranging from about
0.01/1 to about 0.30/1; a hydrogen gas purity ranging from about
85 to about 100 mole percent; and a residence time Qf about 0.1 to
about 5.0 hours. .
6. Novel fuel compositions according té claim 1 wherein
said first hydrogenation zone has a temperature ranging from about
399 to about 482°C; a pressure ranging from about 1,000 to about
2,000 psig; a solvent/coal weight ratio ranging from about f/l to
about 4/1; a hydrogen/coal feed weight ratio ranging from about
0.05/1 to about 0.01/1; a hydrogen gas purity ranging from about
95 to about 97 mole percent; ang a residénce time of about 0.5 to
about 2.0 hours. ' ' |
7. Novel fuel compositions according to claim 1 wherein

said deashing is by filtration.
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8. Novel fuel compositions® according to claim 1 wherein
said s<wcund hydrogenation zone has & temperature ranging from
about 260 to about 538°C; & pressure ranging from about 500 to
about 10,000 psig; a liquid hourly space velocity of about 0.3 to
about 10 volume feed/volume catalyst/hr; and & hydrogen flow rate
of about 25 to about 190 kmel H2/m3 fecd,

9. Novel fuel compositions accciding to claim 1 wherein
said second hydrogenation zone has a temperature ranging from about
399 to about 454°C; a pressure ranging from abouc 1,000 to about
4,000 psig; a liguid hourly space velocity of about 1.0 to about
4 volume feed/volume catalyst/hr; and a hydrogen flow rate of
about 67 to about 90 kmol H2m3 feed.

10. Novel fuel compositions according to cleim 1 wherein
said second hydrogenation zone contains a catalyst comprised of a
hydrogenation component selected from the group consisting of
Group VI and VIII metals, their oxides and sulfides, and combina-
tions thereof; and vherein said catalyst is supported on a2 non-
zeolite carrier and promoted with a Group IV-B metal.

11. Novel fuel compositions according to claim 1 wherein
said second hydrogenation zone contains a catalyst comprised cf
nickel-titanium-molybdenum metals, oxides and/or sulfides dispersed
on alumina.

12. Novel fuel compositions according to claim 1 wherein
said second hydregenation zone contains a catalyst comprised of
nickel-cobalt-molybdznum metals, oxides and/or sulfides dispersed
on alumina.

13. Novel fuel compositions according to claim 1 wherein
said second hydrogenation zone contains a catalyst comprised of

nickel-tungsten metals, oxides and/or sulfides dispersed on alumina.

BAD ORIGINAL @
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14. Novel fuel compositions accoriing to claim 1 wherein
said liguid product is separatéd'by distillation.

15. Novel fuel compositions according to élaim 1 wherein a
portion of ash obtained from saia intermediate coal solvent slurry
in step 2 is recycled to said first hydrogenation zone.

16. Kovel fuel compositiéns according to claim 1 wherein
said light~boiling hydrocarbon stock boils at a tem;ératﬁre in a_-r
range of about 150 to about 325°C at ambient pressure.

17. Novel fuel compositions according tdrclaim 1 wherein
said light-boiling hydrocarbon stock is seiected from the group
consisting of #2 fuel 6il, kéroséne, jet fuel, diesel fuel,
heavy gasoline, light shale oil fractiéns'and light ffacfions
obtained from coal hydrogenation.

18. Novel fuel compocsitions according'to'claim 1 wherein
said light-boiling hvdrocarbon stock isra'first'liquid>fraction
bpiling at a temperature ranging from about 100 torébbutr375°c.
19. Novel fuel coﬁpositions accordinthO'claim 1 wherein
said light-boiling hydrocarbon stock is a first liquid fraction

boiling at a temperature ranging from about 150 to about 375°C.
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