' tions of the particular process.
- processes are conducted at temperatures just suf= -

o ﬂcrent to yield the desired conversion, or: crack-

- paratively free of sulfur.. .
- are unnecessary and' have been judged: disad- =
 yantageous-and- have been- avoided; lower tem=-. .
60 |
o practme of (1) severely 11m1ts the productlon of o
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ThlS 1nvent1on relates to the catalytlo deoom-
DOSltIOII of hydrocarbons and more partloularly o
" to such a process. utilizing hydrocarbons contain-

- ing. sulfur in amounts. greater than 0.o° grain

| -per 100 cu. ft. of vaporized hydrocarbon.
~ In the commerolal produotlon of hydrogen as
 now: practiced, a gasecus mixture of steam and

substantially- sulfur-fr ee- hydrocarbon is: passed |
- over a heated catalytic agent oontarmng nickel.
In-accordance with one- procedure the process. is

carried out in a furnace fired through the arch,

3_212) o
2
obtam a grven per oent of crackmg eﬁelency

with a . given- steam-gas.ratio, space velocity. and
catalyst. quahty is herem termed the “optlmum |

.' temperature ?

The: use.-of such. processes has proved qurte

g 'satlsfactory in. the. reaction. of hydrocarbons

which. are sabstantrally free of sulfur or sulfur

-:f.compounds such as, for example, natural gas

10

“used on the West Coast, and in some sections. of
the. South and containing sulfur varymg from

g n11 to- 0:2. grain per 100 cu. it.

- with. flue. gases. withdrawn from the base of the &

furnace and with the steam-hydrocarbon mix- -
catalyst.is. readrly suseeptible. to. poisoning, and

ture ‘passing. through the catalyst tubes paraliel
to-and concurrent: with the flow of heat media.

15

' The cracked gases are then passed through a

secondary furnace and air introduced in’ order*

~ to obtain an. optimunl temperature to reduce the

methane content of the:exit gases:to a value be-

low 1%. ‘There. results’ 2. mixed  No—-Hz gas' a8 a

| neoesmty by this method. In commercial prac—]

20

tice of this.process the. quantity .of steam. used is .

o oustomarlly of the order of 4 to 5 mols.per:mol of
- carbon in the hydrocarbon in order:to obtain the
- heat pickup required. for the endothermic' re-
 action within the cracking tube W1thout cbtain-

| '-mg excessive: tube wall temperature..

- In accordance with another and more efﬁclent: '
| -method described in: Reissue: Patent No. 21 021
to.J. H. Shapleigh, the: steam-hydrocarbon mix-

30

ture- passes: essentlally countercurrent to- a

o plurahty of firing points spaced along the verti-

cal wall of the furnace, the flue gas in this in-

this' process,. the CH: content of the exit gas: 1s_; .
- obtained:

stance leaving from the top of the furnace.

wrth hydrogen alone

ownward de-

directly;.
at values from: 0. 3%

even
produced,.

~ pending: upon. the: particular. manner in. which -

the furnace operation is: conducted. The CH:
40

content: can-be 0.1%: or less if: desired.. Steam-

._a

However, when sulfur is present in even mmor
ounts there. is. a disadvantage because nickel

when. sulfur: is: present in. amounts greater than

“about-0.5. grain. per 100.cu.. ft the dlsadvantage

has been.deemed.great enough by the hydrogen

‘producer. that. he Has. resorted to sulfur removal
by NaOH. or other means..
carbons containing about 0.5 grain per 100 cu.

Thus where hydro-

ft. are utilized,. sulfur removal systems are. em-

 ployed.. On.the. other hand, where. such systems
 are- not. employed. it is. recognized in the art
‘that the. hydrooarbon has. been substantially free

of sulfur. Because of.this knowledge the. patented

‘art. has generally advised against the use of
hydrocarbons containing. appreciable amounts of_ .

sulfur. Thus, one patentee (Willilams—U. S,

~ Patent No. 2,119,565) states that certain sub-
‘stances such as the halogens and compounds of

sulfur. greatly decrease or even completely inhibit

the activity of nickel catalysts for. this purpose

~ and therefore advises that the presence of these

and other catalyst poisons be avoided by using
salts. other than the chlorides in preparing. the

__ catalytrc materials. and by employmg gases which

- are free from compounds of sulfur. Schmidt and

| .;Nleman U. 8. Patent No. 1 ,882:977, state:
s advrsable to operate. Wlth pur1ﬁed gaSEes,

gas ratios less than 2 may be utilized when using .

natural gas as the. hydrocarbon. and -are: not

first procedure. desorlbed

11m1ted as in the

" When operating with the above processes the

- cracking efficiency, or per. cent crackmg obtained,

" is controlled by the steam gas ratio, the space
- velocity, the catalyst quality and the reaction
. temperature. Having selected a suitable steam--

. 45, ; _
- Patent No, 1,943,821, state:

-should - be substant1ally free from substances

sulfur.”
‘Patent No. 1,934, 836 etate

stances are. very muoh polluted ‘especially with
‘organic compounds of sulfur, these must be re- |

especially those which have. been freed. from
Wietzel, Haller and. Hennicker, U. S,
“If the 1n1t1a1 sub- _'

Hanks and Freyermuth, U. S..
“The flushing gas

moved .. .”

'_'Whloh are poisonous. for the hydrogen-produc-

gas ratio, space velocity and catalyst, in. accord-

ance. with: principles: well known in the art, the

o 50-
~ per: cent; cracking; is; obtained. by a suitable ad-

~ justment of the: temperature: within- the: limita---

_In practice such

55

ing efficiency, based upon raw ‘materials. com-:

- peratures place a limit upon cracking efficiency..
o _:z'I'he lowest temperature requrred in practice: to

‘Higher temperatures

ing catalyst, such as sulfur compounds, halides

and the like.” The art is full of such warnings
and limitations on sulfur content of hydrocarbon

~ gases and well illustrates the prevarlmg attltude“ |
~ against their use.

 In addition, commercial praotloe in the manu-

- facture of hydrogen from hydrocarbons has been .

(1) to: utilize those hydrocarbons which are sub-
stantially free of sulfur and/or sulfur compounds,

 or: (2) to provide suitable preliminary treatments -

for removing the sulfur when it approaches 0.9 -
grain per 100 cu. ft. of hydrocarbon gas. The |

S I
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hydrogen both from the standpoint of location
of plants and quantity produced, since it avoids
the use of many hydrocarbons, particularly liquid

- hydrocarbons, which aside from their sulfur con-

tent, are otherwise quite suitable. In the prac-

 tice of (2) preliminary treatment to remove sul-

fur is required and this involves additional equip-

ment, manpower and materials and is both time

consuming and expensive. In the case of liquid

hydrocarbons such as pentane, vaporization is

practiced, with sulfur removal carried out in the
vapor phase; for heavier hydrocarbons, the puri-
fication process becomes complex. Since “sweet”

natural gas is generally sold with a guarantee

that it will not have more than 1 grain H2S per
100 cu. ft. and with contracts generally not avail-
able which will guarantee less than this amount,
it has been the case that the hydrogen producer
has had to protect his production by installing
sulfur removal equipment even though the source
of the gas might run less than 0.5 grain per 100
cu. ft. for most of the time. So far as is known
commercial hydrogen plants using hydrocarbon
raw materials containing sulfur in quantity high-
er than approximately 0.5 grain per 100 cu. ft., do
not exist today without sulfur removal systems.

Now in accordance with the present invention
it has been discovered that hydrogen may be pro-
duced from hydrocarbons containing sulfur by a
one-step process and without the necessity for
preliminary freatment of the hydrocarbon to re-
move sulfur. This is accomplished by passing a

10

'4 |
following e'scamples are gwen to illustrate the ad-

vanta,ges thereof.
EXAMPLE 1

A ,cata,ly_st comprising 259% nickel, 259% zir-
conium silicate, and 509% magnesia by weight
was made up in the form of pellets and placed in
the cracking tube of a hydrogen furnace. A sul-
fur-free hydrocarbon and steam were then passed
through the cracking tube under conditions and
with results set forth in column 1, Table I, be-
low. A petroleum oil containing 1% sulfur was

then atomized, vaporized, mixed with steam and

- passed through the eracking tube under the same

15
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mixture of the sulfur-containing hydrocarbon

and steam over a nickel catalytic agent at tem-
peratures which have heretofore been avoided
and which are higher than the optimum tempera-
- ture heretofore used in the art of producing hy-
drogen from a hydrocarbon substantially free
from sulfur under comparable conditions of

- cracking efficiency, steam-carbon ratio, space ve-

80

conditions of steam-gas ratio, space velocity,
catalyst quality and temperature. The per cent
cracking or cracking efiiciency fell off to 90% as
shown in column 2, Table I. 'The temperature
was then increased 100° C.-and the cracking ef

~ ciency rose t0 38% as shown in column 3, Table L.

Table I-—Comparison of cracking efficiencies
- utilizing sulfur-free and sulfur-contammg hy-

- drocarbons
1 2 -3
Petroleum Qil|Petroleum Qil
| Containing | Containing
Sulfur-Free | 100 GQrains of | 100 Graing of
‘Hydrocarbon| Sulfur Per Suliur Per
100 Cu. Ft. | 100 Cu. Ft.
of (kas of Gas
Oracking Efficiency i |
| percent. . 08 90 08
Steam-Carbon Ratio.... 201 2:1 2:1
Space Velocity_ .. | 500 500 . 560
Catalyst . @) (3 (2) -
Temperature_._____ °C.. 800 . 800 | 900
1 Ni ;ZrSiol_MgQ
25% 25% 50%
2 Same as 1, - -
- EXAMPLE 2

40

locity, and. catalyst quality. High cracking effi-

ciencies are obtained by this improvement, which
have heretofore been regarded as impossible, and
from a range of sulfur-containing hydrocarbons,
from those moderate in sulfur content, such as

propane, to those heavy in sulfur content such

as crude oils.

' Thus, in carrying out the process of this in-
vention sulfur-containing hydrocarbons are re-
‘acted under specific conditions of steam-~hydro-
carbon ratio, space velocity and catalyst quality
and the temperature of the reaction carried out
at above the optimum temperature that would

prevail with a sulfur-free hydrocarbon gas under

the same conditions of steam- carbon ratm space
Veloclty and catalyst quality.
Havmg described the mventwn generally, the

45
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A catalyst comprising 10% nickel, 10% alu-

minum oxide, and 80% magnesia by weight was

made up and the same procedure followed as in
Example 1.

Conditions of treatment and results
are shown in Table II below. The sulfur-free
hydrocarbon gave a cracking efficiency of 99% as
shown in column 1. The petroleum oil (same as
used In Example 1) containing 100 grains of sul-
fur per 100 cu. ft. of vaporized hydrocarbon, gave
a cracking efficiency of 88% under the same con-
ditions of steam-carbon ratio, space velocity,
catalyst quality, and temperature, as shown in
column 2. Raising the temperature from 809° C.
to 900° C. increased the cracking efficiency from
88% to 98% as shown in column 3, A further in-.

- crease in temperature to 950“ C. gave a cracking

emclency of 999,

Table II—Comparison of cmclcmg eﬂiczenczgs
- utilizing sulfur-free and sulfur-contammg hy-

‘drocarbons
1 2 3 4

Petroleging Oil{Petroleum Oil Petroleui:n 0Oil

o Containing | Containing | Containing
Sulfur-Free | 100 Grains of | 100 Grains of | 100 Grains of
Hydrocarbon|Sulfur Per 100|Sulfur Per 100|Sulfur Per 100
' - |Cu. Ft of Gas|Cu. Ft. of Gas|Cu. Ft. of Gas

Oracking Emclency -

percent__ 99 - 88 98 99
gteam-i?si,rhcg; Ratio._ ... %D]{l | 2:1 2:1 2:1

pace Velocity.cooooeoce. - | 500 800 5
Catalyst. . coeuaancaeo ) @ - () (%) 0{}
Temperature ________ °C._. 800 | 800 | - 900 - 950

1 Ni Al:()a MgO |

10% 10% 80%

2 Bame as 1.
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A catelyst comprlsmg 10% nickel 40% zirco- c
n1um silicate and 50% magnesia by weight was

made up .and the same procedure followed as in

“In- accordence W1th this mventien 8. mixture
ef steam and sulfur-containing hydrocarbon are
pa,ssed through a catalytic:bed. heated to:a new-
and higher level of -‘temperature than previously

~ Example 1. Conditions of treatment and results used in the art to give the unexpected:cracking
‘are shown in Table III below. The sulfur-free efficiency. Both hydrocarbons which :are nor-
hydrocarbon gave a cracking efficiency of 97-98% mally gaseous and -those Whl@h are nerma.lly.
as shown in column 1. Under the same condi- 11qu1d may be trea.ted R -
tions of steam-carbon ratio, space velocity, cat~ ~  Steam to carbon ratios and SIJ&CE VEIOGitlESi
alyst quehty and temperature the petroleum oil 10 are those normally utilized:in:the processingof
- utilized in Example 1 and containing 100 grains sulf_ur_-free hYdI‘GC_&I'bOHS AGC_QI'de' 40" _usagee .
~ of sulfur per 100 cu. ft. of vaporized hydrocar- -~ Wwell known in the:art, steam to:carbon -ratios
" bon gave a- reduced cracking efficiency of 88% will generally vary from about 2:to 4.9, Dbased: en_-_
as shown in column 2. 'However, when the tem- . the number of carbon atoms in-the particular
 perature was increased to 900° C. the cracking 15 hydrocarbon. Space velocities * will generally
~ efficiency rose to 97-98% ‘as shown in column 3.  vary from about 300 to 1000 volumes of steam-
The sulfur content of the oil was then increased hydrocerben mlxture per Volume ef catalyst per S
- to the ebnermally ‘high- value of 1000 grains per hour.
- 100 cu. ft. of vaporized hydrocarbon. The re- Temperetures ut1llzed w111 depend on ‘the
sulting “cracking efficiency of 93%, when com- 20 steam to gas ratio, space velocity, catelyst qual-

- pared ‘with the ‘cracking efficiency of 88% ob-
- tained when freating a petroleum oil containing .

0il at 800*’ C. (column 2) well 111ustrates the im«~

100 grains of ‘sulfur per 100 cu. ft. of vepenzedf- O

ity, amount of sulfur Dresent and the ‘desired
cracking efﬁelency "By selectmg proper- values
for steam to gas ratios, space velocities, catalyst

‘quality and cracking ' efficiency in accordance

- proved resulfs obta,1ned 111 a,ccorda,nce w1th th1s 25 with the teachings of the prior art in connectmn

3 mventlen

Teble III —-—Comparzson of cmckmg emczencwes

‘with the treatment of sulfur-free hydroca.rbons, o

utilizing sulfur-free tmd sulfur-conmmmg hy- |

drocarbons
s Petreleum- 0il| Petrolsum Oil P“etrelelim'.()il L |
. | Containing-{ Cont2ining | Containing - -
-Suifur-Free |100 Grains of | 100 Gr-ins of |1,000Grainsof .
- {Hydrocarbon{Sulftrr Per 100|Sulfor Per 100|Sulfur Per100 -~ - - =
NERE B Cu Ft of G“zs Cu. ¥t. of Gas|Cu. Ft.of Gas~ -
Oreekmg Ef‘ﬁeleney - B T I S
' - pereent. | BTAQB“ ) - 88 - __97-98 ;=-93_._
o Steem-C‘arben Ratm-_--_- | 223 - 2% 21 | 2:1
Space Velocity. .. .___.__. | 5(}0*__,_" 800 50{} o800
GBtﬂlYSt..--..'....-_'..'.'_.-'.'!..-.:.-.......'..' (1) i N (2) S (2) _ . (2) | S
. Tempereture--_-____.,...“.0.:.'.; .. -.800 . 800G 800 . _:.90_0 R
1 NI ZrSiOs MgO
0% g 0% _ _ _
| "H'Seme as'l., | | ' 2
EXAMPLE 4 | | the tempereture ut111zed W111 then depend on: the L
The results. Of tests on heavy 01]_3 in- plent sme 45 amount of sulfur present. Sulfur .content:sub-

" "appa.ratus shown in Table IV below, are illus-

o trative.of the highly unexpected results obtained

 in accordance with this invention. These oils

~ contained from 0.5% sulfur to.2.5% sulfur and <0

“gave -actual HaS quantities. .in the cracked gas

stantially less ‘than about 0.5 grain per 100 cu,

_ ft. of gas being treated normally does not appre-~ :

ciably poison the catalyst and hence requires no
- substantial increase in tempereture Sulfur con-

- of major quant1ties such as 40 grains and h1gher |

per 100 cu. ft. Tempereture of the exit- gas was

eies. in the order of 97%.

ume-expansion. of gas caused by cracking these

N system . is illuminating as evidence of what can
. be: accomphshed by temperature higher than op-

tent in excess of 0.5 grain per 100 cu. ft of gas
being treated has a sufficient poisoning effect.on
the catalyst to require sulfur removal equipment

" taken, and analysis of the gas showed that it ' in the present day art. Concentrations of 1 grain -

o centained In the order of :130 grains- of sulfur; -'
per 100 cu. ft. while obtmnmg cracking efficien~ .
Considering the vol-

per 100 -cu. ft. have. been cenmdered as. smlply
.unusa,ble Fer ceneentretmns in - excess of - 1

grain per 100 cu. ft. and even Wlth oils havmg---'

sufficient sulfur to be customanly exXpressed on

o sulfur quantities in a nickel catalytic conversion & per cent by weight basis, for example, 1% sul-

- fur, I have found that temperature increase . to

‘timum for nonsulfur-containing gas in: catalytic

. _' processes poisoned by sulfur.

TabZe IV --Results of tests on hea.w mls

about 125° C. higher than optimum temperatures

utilized for the treatment of sulfur-free. hydre-

“carbons under analogous conditions will give high

commercial efficiencies not heretofore obtained '

without prior sulfur removal.

| | pasm |. 65 In the practice of this mvention it is preferred
c%lﬁgﬂn?ﬁlg Fuel Ol ggggﬂ?hggg - to use a nickel catalyst containing more than 10%
0.5% Sulfur o%%’cjyzaslﬂ?% 2.5% Sulfur nickel by weight. Suitable catalysts of this type
e are nickel-zirconium silicate-magnesia, nickel-
| drackiﬁ . Bfficiency | R ~ aluminum oxide-magnesia, nickel-zirconium sili- -
o “pereent_.|.- = 96 07.5 - g8.7 70 cate, nickel-aluminum oxide, nickel-diaspore,
gteaﬂl;‘%lﬂm; Ratio_....| 481} - 6311 BLLo nickel-magnesia, nickel-pumice, nickel-titanium
. 'Cg.talyst-.._-__-::::::: o | @ | @ oxide, etc. These catalysts may be made by any
""-_i'_Exit Temperature...° O} . 750 803 - 900 of the methods of the prior art and are desirably

1 Ni- ZrSiO; MgO
lBameasl.. o

- given a prehmmary tempering treetment with '

heat prior to use; -




~The various expressions as used in the specifi-

cation and claims are defined as follows: “sulfur-
containing hyvdrocarbon” is defined as a hydro-

carbon containing more than 0.5 grain of sulfur
per 100 cu. ft. of vaporized hydrocarbon treated;

“optimum temperature” is defined as the lowest

temperature required in practice to obtain a given

per cent of eracking with a given steam-carbon:
ratio, space velocity and catalyst quality; “crack.

ing efficiency” is defined as per cent conversion

10

of the carbon in the hydrocarbon to CO; “steam-

carbon ratio” is defined as the ratio of the mols
of steam to the mols of carbon in the hydrocar-
bon being treated; thus in the case of propane
a ratio of 2:1 would mean 6 volumes of steam
for each volume of propane; *space velcc.rty” is
defined as the volume of steam-—hydrccarbcn mix-
ture per volume of catalyst per hour; “catalyst

- quality” is defined as the activity of the catalyst-

under a given set of conditions, i. e., type and
- age-of catalyst and conditions of use.
.~ The process of the present invention is par-

tlcularly useful in the manufacture of hydrcgen.

by the catalytic deccmpcmtmn of hydrocarhons.

The invention is not, however, limited to hydro-

- gen- prcducticn but is applicable, as well, to

3. A one step process for catalytic cracking of
sulfur polluted fluid hydrccarbcns to produce

high weight yields of hydrogen and carbon oxides

‘which comprises passing a mixture of steam and

a normally liquid petroleum hydrocarbon con-

taining at least 100 gr. of sulfur per 100 cu. ft.

of vaporized hydrocarbon over an externally
heated catalytic body containing at least 109
nickel, at least part of the catalytic body being
maintained at a temperature of at least 900° C.

4. A one step process for catalytic cracking of
sulfur polluted fluid hydrocarbons to produce

- high weight yields of hydrogen and carbon oxides

15

20

25

other catalytic processes utilizing a catalyst Sus- .

ceptible to sulfur poisoning.
| An important advantage of the present in-
~ vention resides in the fact that nickel catalysts

" can now be utilized in the decomposition of sul- .

fur-containing hydrocarbons by use of tempera-
tures higher than those hitherto utilized in fhe

30

decomposition of sulfur-free hydrocarbons under

- analogous conditions. As a result, it is now POS=-

- sible, without preliminary treatments of any

35

kind, to crack sulfur-contalmng hydrccarbone in

8, one-step process and obtain cracking efficien-
cies as high as those previously obtained in the
cracklng of sulfur-free hydrocarbons..

40

What I claim and desire to profect by Letters_ "

Patent is:

1. A one step prccesa for catalytic crackmg of

sulfur poliuted fluid hydrocarbons to produce
high weight yields of hydrcgen and carbon oxides
which comprises passing a mixture of steam and
‘& fluid hydrocarbon containing at least 1 gr. of
sulfur per 100 cu. ft. of hydrocarbon in gaseous
phase over a heated catalytic body containing
at least 10% nickel, at least part of the catalytic

45

~ 1040; 1938 ed.

o0

body being mamtained at a temperature of at

-least 900° C..

2.-A one step prccess for catalyt1c cracl« ing cf |

sulfur polluted fluid hydrccarbcns to produce
high weight yields of hydrogen and carbon oxides
which comprises passing a mixture of steam and
a-fluid hydrocarbon containing at least 1 gr. of
sulfur per 100 cu. ft. of hydrocarbon in gaseous
phase over an indirectly heated catalytic body
containing at least 109 nickel at a space velocity

~of at least 300 volumes per hour per volume of

catalyst at least part of the catalytic body being
maintained at a tempe1 ature of 900° C., and said

55

~which comprises passing a mixture of steam and

g normally liguid petroleum hydrocarbon con-
taining at least 100 gr. of sulfur per 100 cu. ft.
of vaporized hydrocarbon over an externally
heated catalytic body containing at least 10%
nickel at a space velocity of at least 300 volumes

per hour per volume of catalyst, at least part

of the catalytic body being maintained at a tem-
perature of 800° C., and said mixture of steam
and hydrocarbon havmg a steam tc carbon ratio
of abcut 2 tc abcut 49
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