2,991,164

PRODUCTION OF LOW MOLECULAR WEIGHT HYDROCARBONS

M. A. ELLIOTT ETAL
FROM SOLID FOSSIL FUELS

July 4, 1961

Filed Jan. 19, 1959

4 Sheets—Sheet 1

YH /87 0289 YH/NOL S°Ol .
—— — 3
SON3 AAV3IH < 3naism "H/81 009 €00 %
/ — T 0
¥H/87 0055 HH /87 001’61 431vM W
< HHZ87 01 g3lvim (4H/4D0SW 08€2) g
SAON3 AAV3H Y dH/81 00€‘2l 24 S
— 1 <
HH/a1 TVAOW3Y
9¢9 EHN 0o
(4H/FosNW 8L2)
"1009°12 >l
gH/8 NN uH /a1 ]
oce €00 —
dH/NLEWN G2
(YH/40SW 1°2) O |d | (osae 1 (91Sd 000€
m:\m._ w\v_ ““1 NOIL mowmns NoIL [ | %9 .0021)
HED ~vavd3ds | [7| sisxiouad -vyvd3s NOILvDl3] (o15d o0
INVHL3 -SVO OHUAH 4,008)
: 13IHS
{NOL/40S ovig ’
*uH/4oSNeEreE)l
yH/a0 wOom.mm
HEO m:\amzzv » i
o9l
YILTIN -
G_mn_oow
4 ,0P€
oo L e
(4H /405w 26€)
v uH/E10090€ SH & YH/NOL S°'2v ALINOSTI
.\%\. (H/NLEWNEBS SHH/HOSN266) Y. L nosie 4 4
4 ﬁ\\\J | 4H/81 0002 WY3HLS 13N (BHADSWEYL) UH/81 006 Ll WV3H1S HING0434

07 (L5
%%@% /
“reomen Y,

Yy
//9
/

ATTORNEYS.

S

B}’;g‘

-

HH/N18WW 222

HH /871 00€ 5

{4H/4OSW €0t} HH/ET 09v€ WVIHLIS HAWHOI3Y

-

Wvils



2,991,164

HT HYDROCARBONS
4 Sheets-Sheet 2

ET AL
WEIG

ELLIOTT

MOLECULAR

A.

F LOW
FROM SOLID FOSSIL FUELS

M.

PRODUCTION O

July 4, 1961
Filed Jan‘. 19, 1959

4H/87 0eLE - .
—— \ e HH/NOL 502 - » VR n »
SANI AAV3H ~—590HS INGdS HH/87 00l IL 200 @ W W
- . N /
 HH/E10055 N = 4H/87 00291 Y3L1vm _M %0
I 7
YHA1 | ol H3lvm (4H/40SW 096b) W_ %O ¢
| ———— -
SaN3 >><u_.__ , | uH/@1008%2 2H 2 .
| | VNV N¢
_ . ~ \ % Mb
L &0 _dniuwis I
H04 Tv3HIud] | TVAOW3Y N
yH/an S _ oo N
: ~—< 0169 ~
(8H/DsneL2) 200 _ X
YH/87100912 _ ] \,f
942 , g
| N
na oISd000Z | [ W
(UHADSWIR) o .Ao_mn_ : I A ‘4 ,0021) _
9,.5251) £ —)
HH /497 okl NOI 1 NOIL | -
2u2 -vHvd3s SISA10HAd -vHVd3s NOLLYOId] (o1Sd 00l
HeD > 3NVHL3 -SYOOHAQAH 4.008) N
Q
14IHS Q
(NOLADSOEH
HHADSWEEPE) . _
4H/a1000'se A
3o}
gH/OLEAWY | |
o9l
(91sd oo_v
4H/NOL 0b2 d o ObEl) €
..m:,\%._ %omm.n » » svo| A / 2vhe | oniwosIy YH/NLBWNW OEE
vl (4H/30SW 26€) 1onaoyd NOL/IVD 622
HH/81 009'0€ 9HED y
 (4H/nu8WWIvY taH/20sw oso)) Y . o
y YH/87104S2l WY3HLS T3N3 (GH/I0SWOOIE)EH/31008 15 NV IT1S H3WG033d 8H /87 00619
kx_ Wv31s
[ % (9H /35N SOF) HH/E 09VE WVIHIS H3NHOIIY 3



July 4, 1961 M. A. ELLIOTT ET AL 2,991,164
PRODUCTION OF LOW MOLECULAR WEIGHT HYDROCARBONS
FROM SOLID FOSSIL FUELS
Filed Jan, 19, 1959 . 4 Sheets-Sheet 3

@z

| TON SHALE 6600 SCF - f2300 sAcg
23 GAL/TON ASSAY 1 GROSS GAS \NET G
1900 SCF
STEAM
YY
500 1900 CATALYTIC REFORMING
PRESSURE «SCF_LSCF WATER GAS SHIFT AND
HYDROGASIFICATION PROCESS CO, REMOVAL
Y L—ic00 scr coz
A
0.8 TON SPENT SHALE 7650 57 113

INVENTORS:

%Zﬂpd zzwzz

=
ﬁm ;/ZWV\‘V?//M

AT TORNEYS.




July 4, 1961 |
ELLIOTT 2,991,1
PRODUCTION OF‘ LOW MOLECULAR WE{G{-\I’II‘- HYDROCARBONS ’ 64

FROM SOLID FOSSIL FUELS

Filed Jan. 19, 1959 4 Sheets-Sheet 4

T2

SRID O

MATERIAL % OF STOICH INITIAL PRESS PRESS, AT 1075°F PRESS.AT 1200°F PRESS AT 3OO°F
PSIG PSIG SIG
SHALE 100 1710 4705 5125 5540
SHALE 200 700 1870 2010 2120
SHALE 100 735 2060 2240 2430
GILSONITE 78 275 32202 3225k 3190
SHALE 100 340 1005 1100 1215
SHALE 50 785 2545 3230 4055
5 Q) AT 1HI7°F b) AT 1230°F

N

e
., /] AN
12 /’//
. 4 //
/ 1/
¥ A Y
/T

P

(T
=

©
\
™~

/

\{
\

/

ETHANE YIELD, MSCF TON/ORG, G+H
[« ~J :
\\
]

n
~
.

4
|~
|

0
1075 100 1125 1150 1175 1200 1225 1250 1275 oo/NVENTO/?S
TEMPERATURE AT°F

)

%ﬁ%@%

BY KWW %%W

AT TORNEY'S.



United States Patent O

2,991,164

Patented July 4, 1961

o
1CC

1

2,991,164
PRODUCTION OF LOW MOLECULAR WEIGHT
HYDROCARBONS FROM SOLID FOSSIL FUELS

Martin A, Eiliott, La Grange, Henry R. Linden, Frankiin

Park, and Eugene B. Shuitz, Jr., Chicago, 1ll., assignors

to Institute of Gas Technology, Chicago, Iii,, a cor-

poration of Iinois

Filed Jan. 19, 1959, Ser. No. 787,478
10 Claims. (Cl. 48—197)

This invention relates to a process for producing from
solid fossil fuels such as oil shale, torbanites and asphalt-
ites, ‘a pipeline- gas which is interchangeable with natural
gas and contains essentially methane and ethane. The
present application is a continuation-in-part of our copend-
ing application Serial No. 764,804, filed October 2, 1958,
now abandoned. The invention is especially useful for
producing low molecular weight paraffin hydrocarbons,,
e.g. ethane, or an ethane-rich gas stream from these fossil
fuels. These hydrocarbons are valuable in the production
of petrochemicals. " The deposits of oil shale in the United
States are vast, equivalent to about 3,000 billion barrels of
oil. Consequently, this material constitutes an important
fuel and hydrocarbon source, providing it can be economi-
cally extracted. This is also true of materials related in
origin and constitution to oil shale, such as cannel coal
and torbanites, and of asphaltites like Gilsonite and glance
pitch. In this specification we have chosen to illustrate
the invention using oil shale and Gilsonite as feed fuels
but it will be understood that the invention is not limited
thereto.

It has been proposed heretofore to convert oil shale into
liquid fuels by retorting at elevated temperatures. ‘With
such. a process, considerable success has been achieved in
producing fairly good crude shale oil with incidental quan-
tities of fuel gas. The fuel gas produced, however, is not
a practical source of ethane or ethylene, and is also seri-
ously lacking in the properties required to make it inter-
changeable with natural gas. Further, the amount of gas
produced in accordance with the prior art process is so
low that recovery of its olefin content would not be eco-
nomical. Moreover, the gas produced in accordance with
the prior art contains only unimportant quantities of
ethane. In addition to the olefins, the gas contains large
quantities of carbon oxides and nitrogen, all of which ad-
versely affect its interchangeability with natural gas. Con-
sequently, the gases having this composition cannot be
burned efficiently in appliances which use natural gas,
without adjustment of the burners,

Experiments on high-temperature retorting have also
been conducted in an effort to increase yields of gaseous
products such as ethylene and other unsaturated hydro-
carbons. However, in the temperature range where the
concentrations of the valuable constituents were high, the
total gas yields were low, whereas in the temperature range
where the total gas yields were relatively high, dilution of
the product gas with hydrogen and carbon oxides resulted.
In these experiments, which were conducted at near-atmos-
pheric pressure in the absence of feed hydrogen, even the
highest gas yields obtained did not approach. those attained
in accordance with the present process, and significant
amounts of liquid by-products were obtained.

The process of this invention may be employed to con-
vert substantially all of the organic matter in oil shales,
torbanites, cannel coals and asphaltites to a high heating
value gas which may be employed to produce high-ethane-
content streams valuable in the production of petrochemi-
cals. The conversion to ethane is much higher than ob-
tained from petroleum oils and hydrocarbons with similar
organic carbon to organic hydrogen weight ratios.- This
was entirely unexpected, and is an important advantage
of this invention.

Although we do not want to be held to any particular

2

theory or explanation for our invention, it is believed that f

= these higher ethane yields, under equivalent operating

conditions, are caused by distinctive properties of the.
organic matter of the fossil fuels employed in the practice.
of the invention. It is well known in the art that the er-
ganic matter in oil shales, torbanites and many cannel

-+ coals is derived primarily from the remains of algae and
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plant spores. The fatty and waxy character of these sub-
stances is very likely to be preserved through geological.
time with little change, except that due to polymerization.
Since high ethane yields on hydrogasification are asso-'
ciated with aliphatic or cyclic paraffinic materials of both
high and low molecular weight, and not with benzenoid
materials, it is believed that preferential ethane formation
from the feed materials covered in this specification is re-
lated to their essentially non-benzenoid structure. =~

For some time now considerable research work has
been going on to develop a process whereby a natural gas.
consisting primarily of methane can be produced at low
cost so as to supplement the available reserves of natural
gas in the future, and to overcome local shortages of
natural gas. In accordance with the present process such’
a gas can be produced economically from oil shale and
similar solid fossil fuels. Unexpectedly, this substitute
gas contains important quantities of ethane, unliké the
gases produced by other processes for conversion of coal
and lignite to natural gas substitutes. Thus, just as ethane
is recovered from natural gas at present to provide the
raw material for the production of ethylene, the major
aliphatic petrochemical, ethane can be recovered from
the substitute gas for the same purpose. The gases pro-
duced by the process of this invention have typical prop-<
erties of 0.5 to 0.75 specific gravity (referred to air=1),
800 to 1000 B.t.u. per standard cubic foot heating value,
and up to 25 volume percent ethane ¢ontent, Unlike gases
previously made from oil shale, the product gas of thé
present invention consists predominantly of methane,
ethane and hydrogen, and is low in nitrogen and carbon
oxides. Consequently, it has a range of heating values
and specific gravities typical of natural gas. Thé ratio of
ethane to methane can be controlled readily by adjustment
of process conditions. “One embodiment of the process of
the invention illustrating the production of a natural gas
substitute from Colorado oil shale is shown diagrammati-
cally in the flow sheet of FIGURE 1. Typical quantities
of the feed and product are shown.

FIGURE 2 is a graph illustrating the effect of tempera-
ture and pressure on ethane yields from Colorado oil
shale and Gilsonite. ‘

FIGURES 3 and 4 are flow diagrams illustrating the
manufacture of ethylene from oil shale and Gilsonite,
respectively, in accordance with modifications of the in-
vention. i

The oil shale used in practicing the present invention
occurs naturally in many places in the-continental United
States, particularly rich supplies existing in the State of
Colorado. It is estimated that there are about 1200 bil-
lion barrels of oil in the Colorado shale deposits alone.
These deposits generally yield from 15 to 30 gallons .of
oil per ton of shale on the basis of the Fischer Assay, .a
destructive distillation procedure which recovers- about
66% of the organic matter as oil and 12% as gas, the
remainder ‘being carbonaceous residue. A typical Colo-
rado oil shale analysis is as follows:.

Carbon, weight percent: -
Organic i 10.52
Mineral 4.88
Total 15.40

Hydrogen, weight percent 1.59

Ash, weight percent 68.98

Mineral CO,, weight percent 17.88

Fischer assay, gal. oil/ton —-. 22.9




2,991,164

3

The organic matter, or kerogen, constitutes about 13
weight percent of the above shale. In accordance with
the present process, most of this organic matter may be
converted to gases rich in methane and ethane.

In accordance with a preferred form of the present
invention, when it is desired to produce the aforemen-
tioned natural gas substitutes, the fossil fuel is retorted
at 1200° to 1300° F., and above 1000 pounds per square
inch gauge, with approximately the stoichiometric hydro-
gen requirement, but not less than 80 percent of this
requirement, for complete conversion of the organic car-
bon to methane. Operation under these conditions re-
sults in 85% to 90% conversion of the organic carbon
plus hydrogen to an interchangeable fuel gas of the above-
mentioned quality. Operation at higher pressures (as
high as 5000 to 6000 pounds per square inch gauge) at
the same hydrogen to fvel feed ratio results in product
gas within the above quality range and in even higher
conversions. At these higher pressures, lower operating
temperatures can be used to achieve the production of
high heating value gases. For example, in a test with
the typical Colorado oil shale described abeve, complete
conversion of the organic carbon and hydrogen was ap-
proached in the 1100° to 1200° F. temperature range.
Operation at pressures as low as 500 pounds per square
inch gauge is feasible although the effectiveness of feed
hydrogen is reduced. With this shale, operation at lower
hydrogen to shale feed ratio (about 50% of stoichic-
metric) at above 2500 pounds per square inch gauge
also resulted in product gas within the above quality
range at temperatures as low as 1100° F. Unexpectedly,
in spite of the low hydrogen feed ratio, conversions to
high heating value gas were in excess of 50%. The tem-
perature limits for the process of the invention when
applied to production of natural gas substitutes for fuel
uses may range broadly from 1100° to 1400° F. at pres-
sures over 500 pounds per square inch gauge. The pre-
ferred minimum quantity of hydrogen in a practical proc-
ess should be about one-half of the stoichiometric amount
to insure conversion of a major portion of the hydrogen
and organic carbon in the feed fuel to gaseous paraffin
hydrocarbons such as methane and ethane. TIn the pro-
duction of a natural gas substitute, the maximum quantity
of hydrogen will be limited by dilution of the product
gas with unreacted hydrogen to a heating value of less
than 800 B.t.u. per cubic foot. Quantities of hydrogen
in excess of those required to obtain high conversions
could be employed if a separation step is added which
permits the removal of enough hydrogen to increase the
product gas heating value to 800 B.t.u./sc.f. or more.
Although the excess hydrogen could be recycled, the use
of such a separation step in the production of natural gas
substitutes may not be economical.

In a batch reactor the reaction to produce inter-
changeable fuel gases in commercial quantities is carried
out in the time required to bring the reactants up to the
specified temperature; at the moment of attainment of the
specified temperature, the desired product quality is
attained. The product gas should never remain in the
reactor for over 30 minutes after attaining reaction tem-
perature since decomposition of the paraffin hydrocarbons
to carbon and hydrogen may occur. In moving or fluid
beds, fossil fuel and gas residence times will depend on
the operating pressure, the oil content of the fossil fuel,
the bulk density and particle size of the fossil fuel, the
geometry of the bed and the nature of gas-solids contact-
ing. Under the optimum operating conditions for pipe-
line gas production disclosed above, moving or fluid bed
reactors would generally give gaseous hydrocarbon pro-
duction rates of 100 to 1000 standard cubic feet per
cubic foot of reactor volume per hour. On that basis,
typical Colorado oil shales or their equivalents will re-
quire residence times from 5 minutes to one hour, cor-
responding to gas residence times from 0.5 to 10 minutes
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4

over the normal range of operating conditions, We have
found the specified conditions to be critical and they must
be observed if the product gas is to be interchangeable
with natural gas and if it is to be produced in economical
quantities. At temperatures below about 1000° F., the
gas produced is merely incidental to the liquid product.
Within the preferred range of 1200° to 1300° F. at above
1000 pounds per square inch pressure and a shale feed
ratio corresponding to approximately stoichiometric hy-
drogen supply, over 85% of the organic carbon plus
hydrogen is gasified; liquid and residuum are held to an
absolute minimum. If the temperature exceeds the upper
limit, we have found that the mineral carbonates de-
compose rapidly yielding carbon oxides, which must be
held to a minimum if the gas is to be interchangeable
without a carbon oxide removal step, and if fuel economy
is to be achieved.

For pipeline gas production, the hydrogen gas required
for the hydrogasification reaction preferably is supplied
in the theoretical amount sufficient to convert all of the
organic carbon and hydrogen in the oil shale to methane;
more hydrogen is preferable when high yields of ethane
are desired and no lower limit on product gas heating
value exists. For example, at 100% of the stoichiometric
hydrogen requirements for complete conversion. to
methane, high yields of ethane have been obtained from
Colorado oil shale; at as low as 50% of the stoichiometric
hydrogen requirements, ethane yields are only about half
as large, although practical net yields of pipeline gas can
still be obtained. Further, at 78% of the stoichiometric
hydrogen requirements for complete conversion to meth-
ane, large yields of ethane have been obtained from
Gilsonite, a typical asphaltite having the following prop-
erties:

Specific gravity, 60° F./60° F. e 1.014
Ultimate analysis, weight percent:

Organic carbon e 84.99
Hydrogen oo 10.42
Sulfur e 0.34
Nitrogen - e 0.85
OXYLEN e 1344
Ash ______ - 0.23

1 By difference.

For the typical Colorado oil shale previously described,
the feed ratio corresponding to 100° of stoichiometric
for conversion of organic carbon and hydrogen to meth-
ane amounts to 30.6 standard cubic feet per pound of
organic carbon and hydrogen. It will be understood that
the specification for hydrogen feed does not imply that
methane is always sought as a product, but that it is a
simple and generally applicable method of concisely de-
scribing this process requirement.

In a preferred form of the invention, process hydro-
gen requirements are supplied by diverting a portion of
the product gas and converting it in the conventional
manner into a hydrogen-rich gas by catalytic steam re-
forming or partial combustion with oxygen under pres-
sure. Preferably the oxides of carbon found in the hy-
drogen product gas produced by reforming or partial
combustion would be removed by conventional methods.
This will minimize product gas dilution with low heating
value and high specific gravity components, which is un-
desirable if a natural gas substitute is the desired product.
In both fuel gas and ethane production by the process of
this invention, the presence of diluents will reduce the
hydrogen partial pressure and therefore adversely affect
the conversion of organic matter to the desired products.
Tt will be understood, of course, that the hydrogen may
be supplied from an external source, thereby increasing
the net yield of product gas substantially. A typical ex-
ample of an operation for production of pipeline gas
where hydrogen is produced by catalytic referming, and
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all of the fuel requirements of the process are satisfied
with product gas, is given in the flow diagram of

8

about 1200° F., ethane production is favored over mieth-
ane production, whereas at a temperature of about 1300°

FIGURE 1.

To specifically illustrate the invention and its modifica~
tions, Table I, following, sets forth data from actual runs 5
made on the batch: basis in converting the Colorado oil
shale described above to product gases rich in ethane
and methane. It can be seen that at temperatures of

F., methane production is favored over ethane production,
Furthermore, as the reaction time is increased at a con-
stant temperatore of about 1300° F., increased conver-
sion of ethane and unreacted hydrogen to methane takes
place, thereby producing & high-methane content gas
which can be substituted directly for natural gas,

TABLE 1
RuUN 11.—0.100 LB. ORGANIC O+-H, 5% OF STOICHIOMETRIO

Feed shale:
Charge weight, lb_ 0. 8257
Organic C+H, 1b 0. 1000
Feed hydrogen: ,
Initial pressure, p.s.i.g..- . T 785
Peed ratio:
Percent of stoichiometric 1. ... ... i - 8Lb
SCF/Ib. of organic C+H. ... 15.78
SCF/ton of shale.. 3,822
Operating results:
Reactor temperture, ° P____._______._.____... 960 | 1,025 | 1,075 1,200 1,300 1,330 1, 200
Reactor pressure, p.s.i. g___.-_- 2, 450 )y b4 3,230 § 4,085 | 4,145 4,075
Time above room temp., min__________._____. 93 103 107 127 147 157 177
Time at nominal run temp (1 300° F.}, min__ 0 10 30
Product gas yield.2
SCH/Ib. organic C+H .o 15,76 | 17.44 | 17.52 | 20.54 | 24,30 | .24.42 24, 56
SCF/ton of shale 3,817 | 4,224 | 4,244 | 4,074 | 5,86 | 5,915 5,049
Net B.t.u. recovery, M B.t.u./ton of shales_ 490 | 1,511 | 2,332 3,582 | 3,606 | 3,423 3,330
QGasification of organic C+H in shale, percent
of total 2 11.2 317 49.5 72.3 76.7 70.8 68.8
Gasxﬁcatmn of organic C in shale, percent of
total ¢ 69,2
Gaseous hydrocarbon space-time yield, SCF/
- _cu. ft. reactor-hr_. 294.9 | 120.6 73.0 57.2 40.6
Thermal space-time yield, M B.t.u./cu. ft. re-
agtor-hr 618.8 | 139.4 77.9 59.9 42.8
_Spent shale, weight percent of shale charged. .| 81.8
Material balanee, percent .. 97. 5
Product gas properties, composition, mole percent:
Ng+CO : 2.4 3.6 4.4 3.3 4.1 5.4 6.1
COs. 3.5 5.1 6.1 10.0 13.8 14.9 16.1
Has_ 85.1 67.2 49.6 3.2 3.8 4.7 5.3
CH, 3.5 10.4 18.3 714 75.4 74.0 7.6
CoHj 1.9 5.9 10.4 10.1 2.0 0.6 0.4
C3H;, 16 4.4 7.2 0.5 01 |ecmaeee 0.1
Higher paraffins 1.0 2.1 g ?13 g %
Higher olefins 1.0 1.3 1.1 0.3
Benzene. . 0.7 0.7 0.4 0.4
Toluene. 0.2 [ R I PO FE,
Total__ 100.0 | 100.0 { 100.0 | 100.0} 100.0{ 100.0 100.0
Heating value, B.t.u./SCPF. . 448.2 | 646.8 | 837.1| 965.6 | 835.4 | 785.2 765. 1
Specific gravity (air=1) . 0.238 1 0.411] 0.565{ 0.728 |- 0.712 | 0.708 0.719
RUN 10.—0.050 LB. ORGANIC C+-H, 735 P.S.1.G. INITIAL PRESSURE
Feed shale:
Charge weight, 1b 0.4129
Organic C+H, 1b. 0. 0500
Feed hydrogen:
Initial pressure, P.S.J.ge oo cc o e cmamaan 735
Feed ratio:
Percent of stoichiometric 1. 102.9
SCF/Ib, of organic C+H. e 3152
SCF/ton of shale. 7,633
Operating results:
Reactor temperature, ® F'_ _ oo cceaooeo oo 950 | 1,025] 1,075 1,200 1,300} 1,300 1,300
Reactor pressure, p.s.l.g 1,850 | 2,030 | 2,060 [ 2,240 | 2,430 | 2,480 2, 520
Time above room temp., Mil- . o_.cooecemncn. 90 103 109 126 142 152 172 -
Time at nominal run temp (1,300° F.), min._. 0 10 30
Product gas yield:?
SCF/lb. organic C+H e oo 29,09 | 31.12| 30.56| 80.70 | 31.40 | 32.04 32, 56
SCF/{ton of shale. oo oo 7,241 7,538 7,401 | 7,435 | 7,605 7,760 7, 886
Net B.t.u, recovery, M B.t.u./ton of shale 3__ 158 995 1 8051 4,033 | 4,187 | 4,117 3,015
Gasification of organic C+H in shale, percent
of total 2. 0.5 18.1 37.7 84.7 89.9 83.8 86.8
Gasification of organic C in shale, percent of
total 4 91.9
QGaseous hydrocarbon space-time yield, SCF/
- _eu, ft. reactor-hr. 86. 4 60.8 47.9 40.3 30.8
Thermal space-time yield, M B.t.u.fca. ft.
reactor-hr_ ... 251.6 98.0 59.1 46.6 32.1
Spent shale, weight pereent of shale charged 78.0
Material balance, percent.. 98.3
Product gas properties, composition, mole percent:
- -Na+CO ses 11 2.2 3.1 5.5 6.5 6.0 5.3
COz 1.6 2.4 3.1 4.5 9.4 1.4 15,2
H,. 94.6 84.8 78.7 36.0 13.6 9.6 2.2
CHy..w 10 4.6 8.6 3.5 56.8 63.5 74.8
CyHae 0.5 2.7 5.4 18.8 12,8 8.9 2.4
CsHj 0.4 18 3.8 2.5 0.6 0.4 Joeees
ngher paraffins. 0.4 0.9 L5 0.7
CoHa 0.1 0.2
Higher olefins 0.4 0.5 0.6 0.4 0.1
Benzene_ - 0.1 0.2 0.2 0.t
Toluene.
Tot 100.0 | 100.0 { 100.0 | 100.0| 100.0 [ 100.0 100. 0
Heating value, B /SOF e 358.4 | 455.2 | 585.4| 870.2 | 871.0|. 844.5 805. 5-
Specific gravity (air=1)_ . 0.133| 0.225| 0.331} 0.578 | 0.678 | 0.692 0.724-
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TABLE I—Continued
RUN 4—0.100 LB. ORGANIC O+4H, 1,710 P.8.1.G. INITIAL PRESSURE

Feed shale:
Charge weight, 1b 0. 8267
Organic C4+H, 1b__ 0. 1000
Feed hydrogen:
Initial pressure, P.Sg . oo aan 1,710
Feed ratio:
Percent of stoichiometric 1. 103. 4
SCT/1b. of organic C+H. 31. 66
SCF/ton of shale 7, 669
Operating results:
Reactor temperature, ° F__ e 1,025 | 1,075 | 1,200 1,300 | 1,300 1, 300
Reactor pressure, p.s.d. g.. 4,430 | 4,705} 5,125] 5540 | 5,630 5,720
Time above room temp., 97 -107 125 140 150 170
Time at norinal run temp (1 300° F.), 00 |- c oo Jocemmm oo o 0 10 30
Product gas yleld:2 -
CF/1b. organic C-+H oo - oommiocnnnn 30.81| 30.45| 381.28 | 31.50| 32.11 | 32.65 33.21
SCF/ton ofshale. .o oo ccaaan 7,462 | 7,376 | 7,577 | 7,630 | 7,778 | 7,908 8, 044
Net B.t.u. recovery, M B,t.u./ton of shale 8__ 23 912 3,228 | 5,019 | 4,688 | 4,639 4,424
QGasification of organic C+H inshale, percent

of total 2______._. 5.2 20.6 68.4 | 110.0| 1042 | 105.0 100.3
Qasification of organic C in shale, percent of

PRt 723 TR U AR PRV RO VUSRI [N PRUPIIPRUIITY [DUPRRRSS) IR I 95.7
Gaseous hydrocarbon space-time yleld SCF/

cu. ft. reactor-hr. 298.3 | 123.8 | 100.7 84.6 61.1
Thermal space-time yield, M B.f.u./cu. 1t

TeaCHOT-NT - oo e ceemmcm o e mmmmmcme e mmnmma | oo 390.6 | 184.1} 114.5 92.3 64.9
Spent shale, weight percent of shale charged..|...----- - 77.2
Material balance, percent.____ . - - 97.1

Product gas properties composition, mole percent:
N+CO___.. 2.1 4.0 6.4 7.0 6.0 4.5 4.3
COy 1.3 14 2.1 4.7 8.0 1.1 13.1
Ha. ... 94.4 86.5 58.9 23.1 6.1 3.1 3.1
CHyeoeeeee - 0.9 3.5 15.7 40.0 70.6 77.6 77.6
[0 OIS 0.4 1.9 8.8 22.8 8.6 2.3 1.0
C3Hs 0.3 1.0 5.3 0.5 0.2 0.1 0.1
Higher paraffins - 0.2 1.1 Lot -
C.Hy 0.1 0.3 0.2 oo cfecmmecec]ammm e
Higher olefins 0.4 0.5 0.6 0.1 0.5
Benzene. . L5 - 1.2 0.7
Toluene. . 0.1 0.1 0.1
Total 100.0 | 100.0{ 100.0{ 100.0 | 100.0 | 100.0 100.0
Heating value, B.t.0/SOF oo 350.0 | 446.0 | 739.9 1! 960.4 908.4 ) 887.3 845.6
Specific gravity (air=1) . 0.130 | 0.214 ] 0.447 | 0.667 | 0.674 | 0.704 0.705
RUN 5.~0.025 LB. ORGANIC C+H, 200% OF STOICHIOMETRIC
Feed shale:
Charge weight, 1b 0. 2064
Organic C+-H, 1b_ 0. 0250
Feed hydrogen:
Initial prsssure, p.s.f.g----- 700
Feed ratio:
Percent of stolchiometrie 1w oo oemcaeaoe 206.2
SCF/Ib. of organic C4H. - 63.18
SCF/tonofshale_ . e 15, 300
Operating results:
Reactor temperature, ® ¥ .- 950 | 1,025 ] 1,075] 1,200 1,300} 1,295 1, 208
Reactor pressure, p.s.l. g_._. 1,755 1,845 | 1,870 | 2,010 [ 2,120 | 2,080 2,040
Time above room temp., 88 97 100 120 135 145 165
Time at nominal run temp (1 300° F.), min._. 0 10 30
Product gas yield:2
SCF/ib. organic C+H._ . momaeaen 50.82 | 59.18 | 58.02 | 57.66 | 57.84 | G56.42 55,22
SCF/ton of shale 14,486 | 14,331 | 14,050 | 13,963 | 13,885 | 13,662 | 13,872
Net B.t.u. recovery, M B.t.u./ton of shale 3__ 358 1 887 | 2,223 | 3,84 , 4 4,348 , 366
QGasification of organic C+H in shale, percent

of total 2. ... 12.0 45.6 56.0 890.7 | 103.8 | 104.0 107.8
QGasification of organic C in shale, percent of

total 4 el 100.0
Gaseous hydrocargon space-time yield, SCF/

e, ff. reaetor-hr_ . o oo femnmm oo 111.8 32.3 25.8 22.9 18.5
Thermal space-time yield, M B.t.u./cu. ft.

TeACEOT-DT - o v e mmmccc e mmmc e me s | mmmmmm e e 412.8 66.1 42,5 33.5 23.7
Spent shale, weight percent of shale charged.. - 73.8
Material balance, percent. - 98.8

Produet gas properties, composition, mole percent:

No+4-CO. 0.9 13 2.0 55 8.1 8.6 8.7

COq —- 0.9 10| 833 18 3.1 4.1 5.4

Hs. . 95.5 87.4 8L0 62.1 47.9 41.2 3L9
1.0 3.7 5.3 17.9 29.7 38.5 50.7
0.5 2.5 3.8 1.7 1.0 7.4 3.2
0.4 L9 2.8 0.6 0.1

Higher paraffins 0.4 11 1.1 0.2

o .. 0.5 0.3 0.1
Higher olefins 0.3 0.6 0.3 0.1
Benzene._ . . 0.1 | 0.1 0.1 0.1 0.1 0.1
Toluene. - _coeuemenn

Total..__.. 100.0 | 100.0 | 100.0 | 100.0 | 100.0 } 100.0 100.0

Heating value, B.t.w./SCF 362.1| 472.7 | 506.1| 625.7 | 67L.9| 676.0 692.0
Specific grav1ty (air=1)._. 0.120 § 0.202 | 0.269 [ 0.360 | 0.440 | 0.466 0. 504

1 Stolchiometric for complete conversion of organic C+H in shale to methane.
2 Caleulated from observed reactor pressure and temperature, and initial reactor free volume, msuming ideal

gas law.,

3 Product of gas yield and heating value, less thermal input of feed hydrogen.

4 Caleulated from carbon analyms of residue.
§ Value doubtful,
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+‘Thus, in the embodiment of the present invention car-
ried - out’ for the purpose of producing an ethane-rich
stream-in high yields from the specified fossil fuels, the
reaction conditions are. adjusted to lower . temperatures
and gas residence times, and to higher pressures and hy-
drogen ‘to” shale feed ratios, so as to favor ethane over
methane formation. As illustrated in FIGURE 2, with
results obtained with the oil shale and Gilsonite previ-
ously described, optimum ethane yields were realized at
the lower end of the preferred 1200° to 1300° F. range.
It-can also be seen that increases in feed ratio from 50%

to 200% of stoichiometric, and increases in pressure from.

1000 to over 5000 pounds per square inch gauge, sig-
nificantly ‘increase ethane formation. We find that the
temperature specified is especially critical and that the
product gas must be withdrawn from the reaction zone
immediately upon attainment of the specified tempera-
ture if processing in a batch reactor or the ethane product
will be decomposed to methane by reaction with hydrogen.
Processing with a moving or fluid bed also requires close
control of- residence time, with values toward the lower
end of the 0.5 to 10 minute range set forth above. In
this manner, ethane yields of 1100 to 1700 standard cubic
feet per ton of shale, with mole percentages of 12% to
23% . have been produced from the oil shale described
above: at-hydrogen feed ratios-of about 100 to 200 per-
cent of stoichiometric requirements. Table II, below, is
supplied to set forth specific examples of the operating
conditions and results obtained in practicing the modifica-
tion of the present invention for the production of ethane.
These data provided the basis for the integrated processing
schemes illustrated in FIGURES 3 and 4. The examples
given -utilize as charging materials the previously de-
scribed 22.9 gallon per ton oil shale, and Gilsonite.

TABLE II

Charging material__.__..
Run No
Feed ratio:
Percent of stoichio-
metrie ... .
SCF/ton of charge.. ..
Temperature, ® F.___.._
Pressure, P.S.dgo oo

Gilsonite 0il shale
105 25

78,1 276
55,980 20, 500
1,20 1,200
3,225 2,010
123 120
34.0 48.4
78.9 89.7

SCFjion SCFfton
org. C+H org. 06+3H

min.
Conversion of org. C to
~ethane, weight percent.
" Conversion of org. C+H
to gas, weight percent..

SCFfton SCrfton
ail. Shale
768

251

13,871
2,499
1,634

52 84

28

14

14

2,073

Higler paraffins. _..._
Higher olefins__
Benzene._-..
Toluene._. ...

19,163 158, 241

Product gas properties,
composition, mole per-

It
wo

G O

g
cooorh
S o

copoooRssoe
DO G = = 1t €O b Y Y =

Benzene
Toluene

o2
k=]
2
=3
(<}
[L3=8
g:‘&
o
|
E
i
e
i
O
5S
[+ =]

1 Stoichliometric for complete conversion of organic C+H to methane,
2 Based on experimental data for 8 test with 206.2% of stoichfometrie
hydrogen requirements (15,300 SOF/ton),

10

15

20

25

30

35

40

45

2 50

55

60

65

70

76

10

Since, in the production of ethane, .increases in hy~
drogen feed will increase ethane yields, and there is no
limitation on the product gas heating value in this em-
bodiment of the invention, the hydrogen rate can be
increased to considerably in excess of 100% of the
stoichiometric requirements for conversion to methane.
In a preferred form of the process of this invention ‘as
applied to production of ethane-rich gas from oil shale, a
charging material characterized in practicé by an ash
content of over 50 weight percent, advantage can be
taken of this wider range of practical hydrogen feed rates.
In this embodiment of the invention, if the mineral mat-
ter content of the charging material is so great that the
heat recoverable from the hot spent charging material
leaving the reaction zone is greater than that required to
preheat the minimum amount of process hydrogen re-
quired on the basis of ethane yield considerations, it may
be preferable to use excess hydrogen as a means of heat
recovery from the spent charging material. This heat can
then be given up to the incoming fresh charging mate-
rial, and the éxcess hydrogen recycled. Thus, with high
mineral matter content feedstocks such as oil shales, which
are also characterized by remaining in a solid, non-ag-
glomerated state at reaction conditions, the following steps
must be provided for:

(1) The fresh shale must be raised to reaction thresh-
old temperature -(approximately 1000° to 1050° F),
preferably by heat exchange with the hot product gases
moving countercurrent thereto as shown in FIGURE 3.
The entering hydrogen flows counter to the spent shale
having the reactor to recover the heat therefrom.

(2) The preheated shale and hot hydrogen must be
reacted under conditions insuring that exothermic heat
of reaction raises the temperature of the reacting system
preferably not about 1300° F. in the case of pipeline gas
production, and preferably not above 1250° F. in the
case of ethane production.

(3) The hydrogen feed rate must be at least 50% of
the stoichiometric requirements for methane formation,
and preferably sufficient to recover the sensible heat from
the spent shale so as to insure fuel economy of the proc-
ess, but not in excess of the amount which will reduce
product gas ethane content to less than 5 mole percent.’

Below, a heat balance is given for the case in which a
typical Colorado oil shale with a Fisher assay of 22.9
gallons of oil per ton is processed at approximately 2000
pounds per square inch gauge, 1200° F. and a hydrogen
feed rate equivalent to 276% of the stoichiometric re-
quirements for methane formation.

Hydrogasifier heat balance

Heat supplied, B.t.u./ton shale fed:
(1) Heating of shale from 77° to 1200°
T (includes sensible heat, heats of
decomposition, heats of vaporiza-

tion) 810,000
(2) Sensible heat of hydrogen fed (20.6

M s.c.f./ton shale fed) _________ 421,000
(3) Heat losses 50,000

Total heat supplied . _____ 1,281,000

Heat recovered, B.t.u./ton shale fed:

(1) Heat of hydrogasification (at 1200°

F.) of hydrocarbon constituents _ 376,000
(2) Sensible heat of spent shale from

1200° F. to 390° F. outlet temper-

ature 421,000
(3) Sensible heat of gaseous products

from 1200° F. to 150° F. outlet

temperature 484,000

Total heat recovered ——— . 1,281,000

It can be seen that when gaseous products are dis-
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charged at 150° F. and spent shale is discharged at 390°
F., no external heat would be required upon assumption
of heat losses of 50,000 B.t.u. per tone of shale. After
bringing the reaction zone of the reactor to above thresh-
old temperature for the hydrogenolysis reactions, the
process takes place under a balanced or autothermic con-
dition. The initial heating of the shale in the retort to
reaction temperature can be accomplished by preheating
hydrogen and passing it directly into the reaction zone.

When richer shale is used, that is, shale containing less
mineral matter, the heat requirements for retorting per
unit quantity of ethane produced, as well as the heat re-
coverable from the spent shale, is decreased. In con-
trast, the heat released as a result of the exothermic hy-
drogasification reactions remains approximately constant
per unit quantity of ethane produced. As a result, in-
sufficient hot spent shale may remain to preheat the re-
quired amounts of hydrogen, and insufficient mineral mat-
ter may be fed in the raw shale to provide a heat sink
for the exothermic hydrogenolysis reactions.

In the event that an exceedingly lean shale is to be
processed, it may not be economical to use a correspond-
ingly greater amount of hydrogen to recover the heat
contained in the spent shale to provide a means for pre-
heating the fresh shale to reaction threshold temperature.
Instead, it may be preferred to limit the amount of hy-
drogen feed so as to avoid excessive dilution of the prod-
uct gas and attendant increase in ethane recovery costs
and gas bhandling costs. Spent shale would then be re-
jected at relatively high temperature and heat content.
The heat loss from the process in this manner would have
to be supplied from an external source.

In case that a relatively low ash content material such
as an asphaltite is used as a charging material, a reactor
system based on countercurrent flow of solids and gas
may not be feasible since the charging material may
soften, agglomerate or liquefy. In this case, conventional
fluid or moving bed reactors involving the use of solid
heat transfer media will be most suitable., For example,
melted Gilsonite may be introduced onto a stream of pre-
heated solids and contacted with hydrogen either in a
fluid or moving bed. Reactor temperatures could be ad-
justed by control of the temperatures of the entering heat
transfer solids, the hydrogen and the charging material.
If, under given reaction conditions, the over-all process
requires additional heat, it could be supplied, in a sepa-
rate vessel, by combustion of carbonaceous material de-
posited on the heat transfer solids, with possible intro-
duction of an external source of fuel, if required. In
addition, the feed hydrogen could be preheated, such as
by heat exchange with the gaseous products. In case the
over-all process releases more heat than required to main-
tain the desired reactor temperature, heat could, for ex-
ample, be removed by steam generation in a suitably con-
structed separate vessel through which the heat trans-
fer solids circulate.

Many other embodiments of apparatus and methods
of processing, designed to be specifically suited for the
charging material under consideration, will be apparent
to those skilled in the art.

The examples given in FIGURES 3 and 4 of the em-
bodiments of the present invention for production of an
ethane-rich gas from solid fuels belonging broadly to the
classes of oil shales and asphaltites, are similar in respect
to the method of hydrogen supply and the method of
product recovery. They differ only in respect to the
modifications in the hvdrogasification step which must be
made to process these two different classes of charging
materials. In FIGURE 3, which illustrates the conver-
sion of a material of relatively high mineral matter con-
tent, which has the additional property of forming a non-
agglomerating residue, countercurrent contact of hydrogen
and charging material is the preferred method. This per-
mits the greatest heat economy since it allows recovery
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of the sensible heat in the spent shale with feed hydrogen,
and recovery of the sensible heat in the product gas by
heat exchange with the raw shale. In the example given
in FIGURE 4, where Gilsonite is the charging material,
the residue from the hydrogasification step does not con-
tain a significant amount of sensible heat. Furthermore,
a contacting method must be selected which will permit
effective handling of a material which will soften and
liquefy and may tend to agglomerate. Thus, conven-
tional moving bed or fluid-bed techniques utilizing a
suitable heat transfer solid could be employed. These
techniques do not necessarily require countercurrent con-
tacting of hydrogen and charging material.

The important feature of the specific embodiments of
the present invention disclosed herein, as illustrated in
FIGURES 3 and 4, is the great economy in raw material
requirements which results from utilizing the hydrogen
streams remaining after separation of ethane, and of the
pyrolysis products of ethane, in the production of an
ethane-rich stream by hydrogasification of the specified
solid fossil fuels under the critical conditions specified
herein. Alternate prior methods of processing these fossil
fuels, such as high temperature retorting and pyrolysis
in the absence of hydrogen and at pressures ranging from
one to two or three atmospheres, will produce significant
quantities of ethylene, but will not result in the very high
yields attainable when practicing the present invention.

In the preferred method of operation illustrated in
FIGURES 3 and 4, namely, utilization of available tail
gas streams for production of the hydrogen-rich gas
needed in the hydrogasification step, these tail gas streams
are obtained in two separation steps:

Separation I in which ethane and higher molecular
weight hydrocarbon constituents are separated from the
product gas, leaving a tail gas stream consisting of hy-
drogen, methane, and sometimes carbon monoxide, which
is used as part of the feed gas to the catalytic reforming
unit in which the hydrogen is produced; the remainder
of this stream is available as fuel. In separation I, carbon
dioxide, sulfur compounds and ammonia are also re-
moved from the product gas stream; nearly quantitative
conversion of the nitrogen content and sulfur content of
the charging material to hydrogen sulfide and ammonia,
respectively, is normally obtained in the hydrogasification
step, although as a result of the limits of accuracy of the
gas analyses no hydrogen sulfide was actually detected
in the product gases of the examples given in FIGURES
3 and 4, and ammonia was detected only in the example
given in FIGURE 4.

Separation II in which pyrolysis products of ethane are
separated into (1) a tail gas stream which is very rich in
hydrogen, (2) the ethylene product which also is asso-
ciated with minor amounts of acetylene under the pyroly-
sis conditions given in the examples of FIGURES 3 and
4, (3) an ethane recycle stream which is combined with
the fresh ethane feed to the pyrolysis step and (4) heavy
ends consisting of Cy and higher molecular weight hydro-
carbons. Because of the high hydrogen content of the
tail gas from separation II, it is conserved in its entirety
as a feed gas to the reformer. Thus, it is apparent that
in the operations shown in FIGURES 3 and 4 no process
feed other than the solid fossil fuel charging material is
required. Further, a significant portion or all of the fuel
requirements of the process can be met with the portion
of the tail gas stream from separation I not required
for hydrogen production. The hydrogasification step will
not normally require an external source of fuel except
during start-up; however, as shown, it is convenient to
use some fuel to melt an asphaltite where this is the
charging material.

The purity of the hydrogen used in the hydrogasifica-
tion reaction is not critical and may be as low as, say 90%.
Even lower purity would not be a critical limitation to
the process except that unnecessary dilution with un-
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reacted constituents is equivalent to a reduction of the
total pressure during the hydrogasification step. Any
suitable process for producing hydrogen from tail gases
is satisfactory. Similarly, one of any number of well
known schemes may be used in separations I and II.

The ethylene pyrolysis step is also conventional; higher
yields of ethylene can be obtained by adding a portion
of the hydrocarbons recovered as heavy ends in separa-
tions I and II to the ethane feed, or by pyrolyzing them
separately. The pyrolysis step can be conducted over a
considerable range of temperatures, pressures and steam
to hydrocarbon ratios fully disclosed in the prior art. ¥t
is also possible to significantly alter the product distribu-
tion of the ethane pyrolysis step so: as to produce signifi-
cant quantities of -acetylene, or to produce acetylene pre-
dominantly. This method of processing is also fully de-
scribed in the prior art.

One unexpected result when practicing the hydro-
gasification step of this invention was the relatively high
cthane yields obtained from Colorado oil shale and
Gilsonite compared to those obtained from petroleum oils
and hydrocarbons with similar organic carbon to organic
hydrogen weight ratios. This is illustrated in the table
below:

TABLE III

Weight
ratio,
org.
Cforg.
H

Feed
ratio,
per-
cent of
stoichi-
ometric

Ethane

Material Run

No.

102.9
103. 4
781
93.6 | 1200 3380

95.9
120.5
98.9
84.3
112.0 | 1,213
90.3 | 1,255 | 3405

n-Decane. .

1 Value may be low, due to presence of mineral water.

Other modifications of the invention will be evident
to those skilled in the art without departing from the
scope and spirit of the invention. :

What we claim as new and desire to secure by Letters
Patent of the United States is:

1. A process for making an ethane-rich gas which com-
prises hydrogenating a fossil fuel taken from the group
consisting of oil shales, torbanites, cannel coals and
asphaltites in a reaction vessel in the presence of at least
50% of the stoichiometric quantity of hydrogen required
to convert all of the organic carbon and hydrogen in the
fossil fuel to methane at a reaction temperature of 1100°
to 1300° F. and a pressure of over 1000 pounds per square
inch gauge, removing the product gas from the vessel
upon attaining reaction temperature, and separating ethane
from the product gas.

2. The process of claim 1 wherein said hydrogen is
supplied from the tail gas remaining after removal of
ethane from the product gas.

3. A continuous process for converting oil shale char-
acterized by a mineral matter content of more than 50
weight percent to an ethane-rich gas which comprises sub-
dividing said shale, introducing said subdivided shale into
a reaction vessel, heating said shale to a temperature of
1100° to 1300° F. while maintaining said vessel at a
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pressure of 500 to 5000 pounds per square inch gauge
and feeding hydrogen into said vessel in a quantity of at
least 50% of the stoichiometric quantity required to con-
vert all of the organic carbon and hydrogen in said shale
to methane and at a rate that will provide a gas resi-
dence time of from 0.5 to 10 minutes, said shale being
moved through said vessel at a rate which provides a
mean residence time of from 5 minutes to one hour.

4. A process for making ethylene which comprises hy-
drogasifying a fossil fuel taken from the group consisting
of oil shales, torbanites, cannel coals and asphaltites at a
temperature of 1100° to 1300° F. and a pressure in ex-
cess of 1000 pounds per square inch gauge to produce a
product gas rich in ethane, methane and hydrogen, sepa-
rating the ethane from said product gas, recycling part of
the tail gas for reformation to hydrogen for supplying a
portion of the hydrogen requirements for said hydrogasi-
fication reaction, pyrolyzing said ethane to convert it to
an ethylene-rich gas, separating said ethylene from the
other gaseous products of said pyrolyzing step and re-
cycling said gaseous products for reformation with said
part of the tail gas to supply the remaining hydrogen re-
quirements for said hydrogasification reaction.

5. The process of claim 4 wherein said fossil fuel is
Gilsonite.

6. The process of claim 4 wherein the portion of said
tail gas not required for reformation to hydrogen is used
to meet a portion of the fuel requirements.

7. A process for making an ethane-rich gas from an
asphaltite which comprises melting said asphaltite and
contacting it with preheated hydrogen to convert the mol-
ten material to an ethane-rich gas, said conversion being
carried out at a temperature of 1100° to 1300° F., and a
pressure of at least 1000 pounds per square inch gauge,
the quantity of said hydrogen being equivalent to at least
50% of the stoichiometric amount required to convert all
the organic carbon and hydrogen in the asphaltite to
methane, and separating the ethane from said ethane-rich
gas.

8. The process of claim 7 wherein said hydrogen is
produced from the tail gas remaining after separation of
said ethane.

9. A process for making an ethane-rich gas which com-
prises hydrogenating a fossil fuel taken from the group
consisting of oil shales, torbanites, cannel coals, and as-
phaltites in a reaction vessel in the presence of at least
80% wof the stoichiometric quantity of hydrogen required
to convert all the organic carbon and hydrogen in the
fossil fuel to methane at a reaction temperature of 1100°
to 1300° F. and a pressure of over 500 pounds per square
inch gauge to convert organic carbon and hydrogen in
said fossil fuel to a product gas consisting predominantly
of methane, ethane, and hydrogen and low in carbon
monoxide and nitrogen, said hydrogen having a purity of
at least 90%.

10. The process of claim 9 which includes the addi-
tional steps of removing the product gas from the vessel
upon attaining the reaction temperature and separating
the ethane from the product gas.
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