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ThlS 111V=.Jnt1on relatPs to hYdI'O‘TBHGIYaIS of lwht hydm-
carbons and more particularly to a process for the hydro-
- . genolysis of non-cyclic ahpha‘tm light hydmf*arbsus fo .

- produce gaseous raactlon products comprising methane, -
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__ -'_per moleculu With ease in acr'ordance W1th ﬂns mven‘uon
was deemed to be especially an achievement. |

~alysts in the present invention are preferably carriedon a . |

The platinum group metals which are employed Eis cat-' E

5 - suitable: support, for instance activated alumina, carbon,

10

 Use of base metals as catalysts for the hydrog nolysm? |

of ethane under static conditions has been.reported in the

er, However, little is known in the prior art concerning

- the use of precious metal cafalysts for tha hydmgemlysm

of light hydrocarbons.

Cracif;mg catalysts, which occasionally may -
- contain platinum, are known for use in cracking heavy
hydrocarbons such as gas cils boiling at 450° F. and hlgh- |

20

meritorious process is provided for the hydrogenolysis of

alyst, at an elevated temperature, preferably from about

In its broader as-

- non-cyclic, aliphatic. hght saturated and/or unsaturated
-~ hydrocarbons characterized by having 2-7 carbon atoms
. per molecule, to produce methane.

~ pects, the process involves passmg an admixture of hydro-
gen and the light hydrocarbon into contact with a plat-
inum group metal catalyst, preferably a supported cat-

50

80° C.—600° C. By reason of such catalytic contacting

at a temmperature within the range speclﬁsd hydrogenolysis

- of the hght hydrocarbon molecules is effected and the
 'methane is produced. The process is of merit because
(1) effects hydrc-
genolysis of the light hydrocarbons efficiently and with
relative ease, cracking of light hydrocarbons heretofore

achieving the following advantages:

being attended with relative difficulty; and (2) produces a

~ methane-containing product gas which is a good fuel gas.
"~ and interchangeable with natural gas and Gther fuel gas, =

silica gel and diatomaceous earth, and any mmbmatmn S
The platinum group metal is preferably rho-

- dium, ruthenium, palladium, platinum and combinations

- of such metals, for instance ruthenium and platinum,
-ruthenium and palladium, and rhodium and platinum.
The catalyst metal is preferably present in amount of
about 0.1-5 weight percent, mors preferably about 0.3-2
‘weight percent of the catalyst metal and support. -

thereof.

The

extent of the orackmg varies with the pamcular catalyst

used, the support, and the concentration of catalyst,
Ta..mpum,tures of from about 80° C-600° C. are pre-

- ferred in the present invention inasmuch as temperatures .
much above 600° C. tend to reSth in greater coke forma-
tion, .
-avoided, as the hydmgemlfsm will not be affected to

_ - any appreciable extent at such temperatures.
 In accordance with the present 1'11?311‘[1@11 a nc}vel and g

Temperatures ‘much below 80° C. should be

The op~

timum temperature. employed depends upon the nature =
-and conceniration of the catalyst as well as the nature and

concentration of the reactants.  More preferably, for the

hydrmeumysm of ethane-containing gas, temperatures be-

- tween 200° C. and 300° C. are emplayed when utilizing
- a‘thodium catalyst, between 125° C.

alyst, and between 220° C. and 450° C. when utﬂmwn a

- ruthenium-palladium catalyst.

oo
oy |

-~ Hydrocarbons which - are - Sub]ected to th-e hydfo-. -
genalysm of the present invention are non-cyclic aliphatic

light hydrocarbons which may be saturated and/or un-

saturated, and substituted and/or unsubsmtuted "The

- number of carbon atoms per molecule of the hydrocarbon

- can range from 2-7. Examples of such hyurocarbons in-

Natural gas, whlch consists ma,lnly of CH4, iS frequynt- :

-~ It has bgen one of the

esses for peak-load substitutes for natural gas.

emmently adapted for the production of CH4

It is also noteworthy that one of the rra]or problems
in dwelopmg a substitute for natural gas is the reduction
- of unsaturated hydrocarbons, since combustion of un-

saturated hydrocarbons results in yellow-tipping and soot
¥t has been difficult to reduce the unsaturated

deposition.
hydrocarbons to CH,, i.e. it could be accomplished only

at high temperatures with resultant high rates of carbon

formation. According to this invention the unsaturated
o hydrocarbons react with Hz to form CH.; at relatwely low |
' _ftn..rmp ratures. |

The attmnment' of hydmgumlysm of the 11ght hydm-

L carbons of this invention with relative ease was unex-
. pected and surprising, inasmuch as heretofore cracking
- of such light hydrocarbons was difficult as compared with -
- cracking of higher molecular weight hydrocarbons

taining more than 7 carbons per molecule..

genolyms oi hydmcarbons havmg fmm 2—4 carbon a’wms

-1y used as a fuel for reasons of economy and convenience, -
~and fuel burners using natural ‘gas are adjusted for the
- proper intake of fuel and air.
major pr‘oblf“ms of the utlhty gas industry to. devulap proc-
o ‘Where a

- low molecular weight feed is available, this mventwn 1s-
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The hydro- . ;5

clude ethane, ethylene, propane, propylene, butane, 1-

butene, hexane, n-hexylene, pentane, l-pentene -heptane

heptylene and 2,2- dlma:,hyl butane. |
‘The proportion of hydrogen in the input mixture can

. be varied and the extent of the: hydlogemlynls depends:
~on the ratio of hydroc arbon to hydrogen in the input

mixture. For greatest percentage - yzeld of methane a

quantity of hydrogen is utilized which is that stoichio-

metrically required for reaction with all the hydrocarbon
to.- produce methane, E}fﬂmplary hydrogenolysis reac-

~tions of this invention utilizing ethane as hydrocarbon"

in reaction (1) and pentane as hydrocarbon in reactmn' -
(2) are set forth below: .

(1)
- (2)

C2H5+H2‘5’2CH4 o N
C5H12—[—4H2‘*} SCH4

It is desu*able when possmle to use relatwe}y pure gas-' f-

- streams of reactants as this normally will increase the

useful life of the catalyst. In the case of fouling of the

' ~ catalyst surface by coke deposition or sulfur compound
‘adsorption, it is frequently possible to regenerate the = .

- catalyst by burmng off the coke and/or sulfur by treat-- o
j' 'nleni. with oxygen-containing gas,

~ Space velocities employed can ranﬂe up to 20 0600 |
standard volumes of gas per volume of catalyst per hour,

| prefembly from abcmt 1000 to 10 00{) standard vc}lum

and 400° C, when
‘using a’ ruthemum catalyst, between 300° C. and 4090° C.
- when employing a palladium catalyst, between 210° C.
‘and 300° C. when employing a ruthenium-platinum cat~
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oas per velume of catalyst per hour. The reaction will
proceed at pressures ranging from about 0-1000 p.s.i.g.

The invention will be further illustrated by reference

to the following examples.

A

EXAMPLE I

A mixture of 35 mol percent ethane and 45 mol per-
cent hydrogen was metered through a rotameter into a
reactor of 1’ diameter contzining 20 ml. of 0.5 percent .,
Ru on 1’ activated Al,O; pellets at a temperature of
about 220° C. The resultant gaseous products were
analyzed by an infrared spectrophotometer and 85 mol
percent methane was noted.

Other mixtures of hydrocarbon and hydrogen gases -
set forth in Table I, were similarly tested for hydro-
cenolysis with the ruthenium catalyst.

Results of these experiments are listed in Table L

Table 1

shle

4

The data in Table I show that a ruthenium catalyst
in the presence of hydrogen promoted the cracking of
light, aliphatic, saturated hydrocarbons to form methane,

In tabulating the data in Table I, minor ingredicnts
in inlet and outlet gases are omitted to simplify in-
terpretation of the data. Apparent discrepancies in the
letermination of yields and in the analysis of fotal prod-
uct gases present are within the limits of experimental
and analytical error with the methods used.

EXAMPLE 11

Using the procedure described in Example I, gas mix-
tures ranging from 5 mol percent ethane and 95 mol
percent hydrogen to 99 mol percent ethane, 0.15 mol per-
cent methane, 0.85 mol percent ethylene and no hydro-
cen were employed to determine the yield of methane

at various temperatures.

CATALYTIC HYDROGENOLYSIS OF HYDROCARBONS

Catalyst: 20 ml. of 0.5% Ru on }4" activated AlsO3 pellets

Pressure: 0 p.s.i.g.
Space velomy 2000-3000 s.c.i.h jc f,

Inlet, mol percent Outlet, mol percent
1 PR |
Hydrocarbon °C. Be ‘
o Ho Hydro- { CHiy Iisg Hydro- | CH,y
carbon? carbon! | -
Ethane. @ ceeaccomceeaee 147 95 5.0 | <0.02 05 4.6 0, 2
249 95 5.0 | <0.02 03 2.1 4.3
297 95 5.0 | <0.02 90 0. 6 11
Propane._ . cvceceeaeam 159 97 3.5 | <0.02 G0 some 3.5
246 97 3.5 | <0.02 R4 @ 16
I As indicated in first column.
2 Not analysed.
Table 11 | |
| From the data in Table II it 1s evident that in the
EFFECT OF CATALYST ON ETHANE-HYDROGEN MIX- _
TURES 50 hydrogenolysis of ethane, where the catalyst and other
831:%3;51:: 0.5% Ru on 14" activated Al203? pellets conditions are constant, the extent of the hydrogenolysis
onditions: _ , _
Pressure—0 p.s.i.g. varies with the temperature and the concentrations of
Space velocity—2000-3000 s.c.f.h. /e . . .
ethane and hydrogen in the input mixture.
TGH{)%-& C. . . f;felémz"f’ the presence of Hy promoted the cracking of ethane in
To | Coflg | CHy | Hy | CoHe | CHyy CHy, 70 a 82 mol percent ethane—18 mol percent hydrogen input
| xt roaching maximum vyield at e
L o5 | 50l <002 o5 ‘0 0.9 mixture, a'pp oac gum m . y a ::} temperatt-lr
202 oeee 05 | 5.0 <0.02| 94 4.6 L5 of approximately 150° C., while no appreciable cracking
040 _______. 95 { 5.0 <0.02] 93 2.1 4.3 | 330 GO . |
297 e 05! 50| <0.02] 90 0.6 |11 occurred in ethane (99 percnnt) through 383° C. in the
320 g5 | 5.0} <0.02( 90 <02 {12 |
150 oo 86 | 14 | <0.02 | 85 14 0.09 |} absence of hydrogen.
202 86 | 14 | <0.02| 85 6.0 113 [{ oxg
253 e e 86 | 14 | <0.02| 74 <.002 | 28
400 - oo 86 | 14 | <O. gg 7(2E ) <:5 goz gg | -
1 i 55 | 45 0. .
e A 55 | 45 0.03| & | <002 |86 } 220 G5 EXAMPLE 111
358 e 55 | 45 0.03 | () | <002 |8 | o |
197 18 | 82 0.10 | () 32 33. 56 .
e A o0l oo | 8 0 |p 160 - Using the procedure described in Example I, a mixture
3&2 “““““““““ 21 e o1 <g,)02 67’(2) 1l of 41 mol percent CoHg and 49 mol percent hydrogen was
e ol e | ol @ | © | o } ........... metered info a reactor containi of 0.
oy 1ol oo 015 ] @ 08 30 30 70 m nto actor containing 1(? 11.11 of 0? percent
| | | - Ruon " activated Aly;Oy pellets. Similarly, mixtures of
1 Small amounts of C,H ;4 present as impuritics. approximately the same proportions of gases were metered
2 Not analyzed, . | . . . .
s Inlet mixtare includes 0.9 mol percent CoTly, 0.72 mol percent COg; into other reactors containing other catalysts as listed in
outlet mixture includes 0.4G mol percent Cﬂ:q, trace of CO, 1.6 mol Table 11

nercent CO, | 75
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HYD ROG _.NOLYSIS OF ETHAN
[Amaunt of catalyst——l{} ml;; space veloeity—-——4000 s.c.Lh. /c f.; pressure-—-ﬂ ps. ie]

L-‘:.I o

P P O SRR N -'Inletm01percerit.1. e Outlet'mol'pércént .
. Catalyst . R Tg%p.,'__' | e SRS | — o .
' | CO| H: |CHy| CiHy | CiHs | CO | Hy |CHy| GiHy | GiH, =
. 0.5% Ruon3$®activated AhOspellets_.| 174|048 | 49 1| 15| a1 <06 |17 | 4| o3| 2w
e 19t 048] 49t 1a) o L5l 4| <os l10| 19 <02 B0 -
| o 288|048 |49 14 15| 4L <064 0 | 86| <.02| <.002 -
0.5% Rh on 34" activated Al:Os pellets_ .| 2107 0.36| 49| 14| 17| 41| L0060 | 0.6 | 84| <.02f ._<:.£102__'  n
10.5% Pd on 14” activated AlsOs pellets_.| .~ 360{ 0.36 | 49| 14| 1.6 411 <0005 |20 | 40) <.02| 32
oo ..400 10,36 49 14 1.6 41 | <. 0005 | 380 28 1 <., 02| 38
T 42000.36] 490f 14| L6 4] <.0005 |44 | 19| <.02| 44
1% Pton carbon__._‘-'___-'_’.'_-;_'.._.-..‘.__....;'__..__;_.--.;.'_';__ 460|036 |- 49| 14| L8| 41| 03¢ |36 30| .<.02| 34
S 03% Pt+02% Ru on 342" activated | - .| | | | S [ R R
f - AlOspellets______ ..-....__--__,.;_;;;_;';',_'__,.' 2101036 | 49| - 14 L7441 <0060 66| 79| <.02| 10
7 ~ 04% Pd4-0.1% Ru on %" activated | =~ . | - I~ o - o} | ) T N AR
S Aleg pe]lets__,;______.__,,_.________'_-__;____'_ o oawlodo]| 49| 14| 16| 4] <oo0s| 60 75| <02 11
B 4901 0.40{ 49| 14|  Le| 41j .50 |48 | 15| - 0.60| 45
$ | | S0|040] 49 1| Lé| 4 @ |8 | W[ 0 | 45
5% Co on}ﬁ”Ale:aSPheres_.__._”..._;:_':.l."_.'_..._.'_ 280-350 | 0.36 | 40| ‘14| 16| 41| 0.26 |45 | 14| . .03] 42
:Eopcahte (Ag-Mn)__'.._-__'__'_.'.;_..._;__'_'__- 7160|036 40| 14| 13| 42| 03¢ |48 | 15| 12 | 42
| o |- 4b0[ 036 49} 14| L3| 42| 036 |48 | 14| 040 43
'rmely divided copper___’_..__'_..'__-__-._._;-.._._ 370|036 | 49| 14| 16| 42| 0.28 |47 | 14| <io2| 43
R 42510.35| 49| 14| 18 42| 0.24 147 | 14| <.02| 43
! Inlet mixture mcludes 0 07 mol percent O 2
2 Not analyzed | -
' The results tabulated in T*lblu III mdwaie that the eaﬂe: |
- of hydrogenolysis of ethane varies with the catalyst.  Fur- EXAMPLE V
thermore, it is evident that ruthenium and rhodium are. 25

~ catalyst.
- catalyst was varied. e

- particularly effective in promoting this reaction at rela-
- tively low temperatures, and, ruthenium in combination

with platinum, and ruthemum m combmamn Wlth pal-' .
ladium are effective catalysts. - -

 EXAMPLE 1V

N Usi;ng .the"pfa:jced_ure de's_c:ii'ibed'- in Eﬁamplel,mixturés
~of ethane and hydrogen were passed over 10 ml. of Pd
the metal content cf

- Asindicated in Table IV,

'Table v

EI‘FEGT OI‘ VARIATION OF OATALYST METATL CONT

Catalyst—ll} m], -
Conditions: |

40

Tha... following experlments are set forth to shc}w the
promc«tmn of hydrogenolysis of an unsaturated and of
-a branched, aliphatic light hydrocarbon to form methane
by a platinum group metal catalyst in the presence of

hydrogen. The experiments were conducted at § p.sig.
Using the procedure described in Example I, ap-

.-prommately 41 mo! percent Colg, 14 mol percent CHy,

1.5 mol percent CoH,, 0.48 mol percent CO, 0.07 mol
- percent O, and the balance H, was metered through a

Ru on 8" actwated Alqog pellﬁts

ENT _QN HYDROGENOLYSIS OF ETHAN:

rotameter into a reactor confaining 10 ml. of 0.5 percent
‘The space velocity =

=

Space velocity—4000 s.c.f. h /c f

Pressure—l] p s.1.g.

o . - | o R -_'Inl_et mol percéntl | Outlet mﬁi percerit
Catalyst N | Tgrgp.,' | N S _ : .
' " | CO| H; |CHi| CiHi | CiHy | CO | H; | OH:| CsH. | CoHy
© 0.5% Pdon 34" activated Al:Os pellets._| 360 [ 0.36 | 49| 14| 16| 41| <.0005|2 | 40| <0232
- -} - 400 |0.36| 49 14 L6 | 41| <.0005|30 | 28| <.02|3 .
I | T 420 1 0.86 | 49| 14| - L6 | - 41 ]| <.00056|44 | 19| <.02 |44 = .
2% Pd on 14/ activated_ﬁlgoa.peuets..,_'__' 300—390 0.36 | 49| 14 L6| 41| 013 | 20] 8| <.02] <. 0020
T 450 | 0.36 | 49| 14 1.6 41 0.38 | 36 24} <,02 |43
0.4%, Pd—[—(} 1%1111011 42" activated AlbOs| 240 | 0.40] 40 14 .6 | 41 --«:: 0005.| 6.0{ 75| <.02111
pellets. | o 490 { 0.40 | 49| 14 1.6} 41| 050 |48 | 15| 0.69145 .
L | L . 8101040 49| 14 16| 41 (2) 8 | 0 4.5

1 Inlet mixture includes 0 07 Illﬂl percent 02
-3 Not analy?ed |

The data in Tab1e 1Y mdicate that the ease of hydrogen— |

olysis increases with the metal content of catalyst used.

The general comments’in Example T I'eﬂal‘dlﬂf’ 1ep0rted

o data apply also to Tabl-..;s II HI and IV

75

.'was 4000 S.C. f h./cf. The 1esultant gaseous pmducts at":
~ various temperatures were analyzed by an mfrared spec-
- trophotemeter.

"Analysis of the outlet mixtures showed

0. 03 mol percent Gf u'lreacted e:,hylene at 174“ C. and. .
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<0.02 mol percent of unreacted ethylene at 197° C., and
considerable quantities of CH, were formed.

In order to pass a mixture of neohexane (99 mol per-

cent) and hydrogen over the catalyst, hydrogen was

passed through a micro-bubbler filled with neohéxane -

and over 20 ml. of Ru on 8" activated Al,Os; pellets.
The space velocity was 4750 s.c.f.h./c.f. The inlet mix-

8 |

1-butene, and mixtures of the saturated and olefin hydro-

carbons aforesaid, into contact with a supported catalyst
consisting essentially of a catalytic metal selected from

- the group consisting of ruthenium and a ruthenium-

v

ture contained 45.5 mol percent neohexane and 54.5 mol |

percent Ho,.

CH, was formed at 90° C. and considerable quantities
of CH, were formed at higher temperatures. Infrared
analysis of the outlet mixtures, with temperatures rang-
ing to 432° C., did not show the formation of reaction
products other than CH,.

- No attempt was made to determine exact quantities,
but considerable qguantities of CH4 were formed at tem-
peratures below 200° C.

It will be obvious to those skilled in the art that many

modifications may be made within the scope of the
present invention without departing from the spirit there-
of, and this invention includes all such modifications.

What is claimed is:

1. A process for the hydrogenolysis of non-cyclic ali-
phatic light hydrocarbons which comprises passing a
gaseous admixture of hydrogen and a gas containing pri-
marily a hydrocarbon from the group consisting of non-
cyclic saturated aliphatic light hydrocarbons having from
2-4 carbon atoms per molecule, ethylene, propylene,

A gas sampling bulb in series with a cold
trap was used to collect the samples for analysis. Anal-
ysis of the effluent gases showed that 4.0 mol percent

palladium combination, supported on activated alumina,
at a temperature within the range of between 197° C. and
370° C. and a space velocity from about 1000 to 10,000
standard volumes of gas per volume of catalyst per hour,

- the catalytic metal being present in amount of about

10

3

0.1-5 weight percent based on catalytic metal plus sup-

port, whereby hydrogenolysis of the hydrocarbon occurs
to produce gaseous reaction products comprising methane,

2. A process in accordance with claim 1 wherein the
gas admixed with the hydrogen contains primarily ethane.

References Cited by the Examiner
UNITED STATES PATENTS

2,854,401 9/58 WEISZ e 208-—112
2,909,578 10/59 Andersonetal, _______ 260—677
02,964,462 12/60 Thomas et al, o 208—112
3,000,809 9/61 Ridgway et al. e 260—676
3,046,317 7/62 MVers cecmmeeeae 260—676
3,048,536 8/62 C(oonradtetal, . _____. 208112

OTHER REFERENCES

Beeck: “Faraday Society—Discussions,” 1950, No. 8,
pages 118-128. | :

ALPHONSO D. SULLIVAN, Primary Examiner.
DANIEL E. WYMAN, Examiner.

T T P




	Front Page
	Specification
	Claims

