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COMPLETE SPECIFICATION

Improvements i or relating to Generation of Hydrogen .
Containing Synthesis Gas

We, Hyprocarpow Respaxcm Tnc., a
Corperation orgauised unrder fhe laws of
the State of New Jersey, Unlied States of
Amerioa, of 115, Broadway, New York,

§ New York, United States of Americu,
(assignees i BARL Wrerparn. RisLery), do
hereﬁy daclare the mature of this inven-
+ion and in what manner the same 1s to be
performed, to be particularly described

10 and ascertained in und by the following
statement ;-—

This invention relates to a process for
the prodaction of synthesis gas, ie., @
gas mixture consisting essemtially of

15 carhon monoside and hydrogen, suitable
for charging io a synthesis reaction zone
for the production of hydrocarbons,
oxygenuted compounds and the Iike.
More particularly, the invention relates

20 to a process for producing aynthesis gas
by reacting 2 hydracarbon and oxygen of
hgh purity at an elevated pressure.

The catalylic synthesis of hydrocar-
.. bons and oxygenated componnds like
20 gleohols and lkeylomes has in the
lnst deende ‘Tbeen the subject of
extengive research from which note-
worthy improvements have stemmed,
This research has culminated in the

80 development of e commereial process

© invelving the production of high-quality
gasoline hydrecarbons by reacting carbon
monoxide and hydrogen af clevated pres-
gure and temperature in the presence of
g5 an iron catalyst. It is well {o stress that
1his commercial operation. depends on
conducting the synthesis reaction at
elevated pressure, say 200 to 300 Lhs. per.
sy. iz, gauge, While ~considerable
£0 aitention has been devoted ];co the related
woblem of preparing synthesis gas, the
%mlk of the art shews that the methads
developed or even %'olz:oseli are hased an

. operation at atmospherie or low pressure.

43 Tlilere is no good teacking of a commerei-
ally feagible method by whick syathesis
mas ean be gencrnfel of elevated pressure
without promoting undesirnble effects.
'fhe undesirable effects of high pressure

[Prico 2{-)

will be more readily appreciated from a &0
consideration of several reactims which
may take place during the generation of
synthesis aias and which, using methane
for the sake of sifnplest exemplificativn,
may be expressed by the fnllowing 63
equations :— ' '

(4) 2 CH,+0,=2 CO 14 H,

{B) CO+d H,=CH,+H,0 .

EC) 2C0+2H,=CH, +C0, -

D; 2 Co+0,=2 GO0, 60

E) 2 CO0=C0,+C

¥ 2H,+0,=2H,0 .
Equatim A cavers the desired reaction of
methane and oxygen o produce synfhesis
gos but it iy clear from an cxeminalion of &3
this et%luation that high pressure will -
favor the reverse reaction or, conversely,
will suppress the desired reaction, Equa-
tiona B to ! represent five undesired side
reactions which are promoted by .elevated 70

ressure.  Rxbeusive  experimentation
ag corroborated prediciions based om

such theoretiva] considerations; earhon
formation wag particularly serioms. Syn-
thesis pas generafors filled with refrac- Y5
tory andfor catalyfic packing material
would choke up with depusited carbon
within u few hours when operated at
high pressure, necessitating a shut-down
and cleaming of the gensrator,

It is an object of this invention to pro-
vide a eommercially feasible process for
the production of synthesis gas by react-
ing a hydrocarbon and ~ high-purity
oxygen at elavated pressure while
ating or avoiding substantially completely
the %ormat-ion uf carbon.

A related object is tv produce syn-
thesls gas ut high presysure with very
efficient utilization of the reactant hydro- 00
carbon and oxymen.

In acoordames with the invention
one or mor¢ hydrocarbons, prefer-
ably normally gascous hydrocarbons
are reacted In vapour phase with 85
oxygen of moh less than ahowi 95%
{by volume) purity, preferably not less
than 98% purity, and preferably in such

imin. 83
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praportions thai the resuliing synthesis
gus contains less than about 5.0% by
volume of carbon dioside, preferably
less than about 2.09%, and less than
about 5.0% Ly volume of unreacted or
residual hydrocarbon, preferably less
than abeut 2.0%. The reaciion zene i
generully maintained at a ’gemﬁerature
ahave 2000° F., temperatures in the range
of 2100° ta 2500° . being particnlarly
advuntageous. The rexction is conducted
nndar a pressure of 100 to 500 lbs. per
sq. in. gauge, preferably above 200 Ibs.
per sq. in. gauge. o effeciuate the pur-
puse of {he 1nvention, coutrol of the fore-
poing conditions is coupled with a pro-
Jongation or extension of the roniact
time. The minimum effective couiact
time used is at least double the contact
ime required for conducting the same
reaction {i.e., syme reactanls, proportions,
temperature, etc.) al ajmospherie pres-
sure; at pressures above 200 Ibs. per sq.
in. gauge, the contact time preferably 1s
made abeut three to four times (hat
employed at almospherie pressure, In
general, suituble contact times for the
process will fall in the range of 1 {0 20
seconds, preferably 3 tu 10 seconds,
Operating in accordanee with the fore-
going conditions, we have Found that
the oxygen is suhstantially completely
reacted (the oxygen confent of the p2o-
duct synthesis gas Is ravely as much as
0.01% by volume), the hydrorarhon is
efficiently wtilized in forming carbun
monuside and hydrogen and sbstontially
no irés. carbon s formed, These resulis
are all the more surprising in the light of
the theoretical considerations hercin-
before mentiousd,  Prelonged coutact
time and elerated pressure should nor-
mally favor poor conversion of bydro-
carbon and oxygen tn carbon mopoxide
and hydrogen as indirated hy equations
A, B and % and, in turn, uwconverted
gvailahle axygzen under the same comdi-
tions should promote the formation of
carbon diomide and weier as shown By
equations 1) and F, respectively, with
consequent impairment of the wtilization
of the reactanis in the produetion of
rarhon monoside and hydrogen. These
severe reaction conditions should ol
increase the formation of carbon not only
because of the tendeney represented o¥
equation B bup also beeanse wareacisl
available hydrocarbon (per equaiion A
and, mare particularly, refoymed methane
(per egquations B und Ci are suaroprible
tu -degradation to carbon and hydrogen on
prolunged exposure to elevaied tempers-
tures z'lglmve 000° ¥. That the czvzen
used in the process is substantially com-
pletely consumed is of prime signifirance

not only in terms bf economic utilization
of a feirly expensive feed materiul but
also ag regards the product synthesis gus
which is subsequently passed to a cataly-
tic synthesis zome to form hydrocarbouns
and/or oxygensied compeounds, A syn-
thesis gas having wore than a trace of
free oxygen is commercially vnativactive
singe the oxvgen will oxidize il syu-
thesis catalyst, particularly an iron
catalyst, effecting undesired changes in
the quelity and guantity of the products
synthesized and neceszifating freyuent
reduction or regenerafion of fhe sm-
thesis eatalysf. Syniliesis gas produced
by the proesss of the invention is partizn-
larly wel] suited fap direct churging to o
eatalytic synihesiz reactor without inter-
mediate freatment excepl cooling io u
temperainre level acar that maintaived in
the synthesis reactor,

As 1z known, the reaction (equation A}
by which syathesis gas is produced I not
strongly exothermic so that o support a
reaction temperaiure ahove 20007 T
withoui burning e sdr a eonsiderable
proporiion of the feed hrdrocorbnn to
varbon, dioxide, the reactani hydrorarbon
ud vsygen are prehenied o an clevuind
iepiperature of ot least abeat C00° T,
preferably at least abuut 1006° F. When
preheating fp temperatuares up to ahout
T00” F., the reastants may he preleated
ws p olixed sirenin or as separaie streams
but when higher preliea: temperatares ure
desived. preheating Ix  sdvamtageousiy
applied fo the sepurale reactunt stremus,
Preheating of the hydrorarbun stream is
advizahly limited o a1 temperature level
at“which nn  substantial cra-king or
dearadation ty free earben is enzountered,
With (b2 indicated preheating o the
reactunls und operaling in w zenctism
gystem which does not have excessive
heat losses, we find ir is possible to main-
tain a renction temperature nbove 20U0°
F. and chtain a synthesis ges cuntaining
less than about 5.0° by vulane of carben
divxide and Tess than abonr 3.0% by
volume of unrearted hydreacarbon, The
limited presence of carhon disxida shone
that mo substantial prepertion nf the
reactants has Dbeen vonsumed in the
formation of this undesired by-product
und the limited prezence of nnreacted
hydrocarbon paints tg a high eonversion
in spite af the limited smonnt of hear
[ihereted . i by the formatiop nf
carhon dioxide,

The term, eontact flme, as used in
this specification and the appended claims
is infended to mean the time during
which the reactant hydracarhon and oxy-
gon gre cxposed te the speeified rearlion
vonditions nwd is nog bound to any nalion
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of contuct with a catalytic or other reac-
tive surface even though, if desired, the
reachion, may be conducted in a zune
filled with catalytic or refractory packing
material. Trom expericnce, we prefer
o wuse a reactor free from .packing
maferisl for two reasoms. Thrst, puck-
ing usnally offers some resistance to the
flow of the gageons reactants with the
result that some of the yeactants diffuse
through the refractory lining within the
reactor, resching exothermically between
the lining and metal shell and thus
sreating dangeraus hof spots on the walls
of the high-pressurc reacter. Secvend,
packing under the conditions of the pro-
cess, appears to magaify any tendency tn
form carbon arising from accidenial or
unavoidable fluctuations in the operation;
there is evidence that a Little carbon
deposited on packing material begets
mora carbon with cumulative propensity.
Accordingly, we atronﬁly favor the use
of am ampt{ or mnpacked Teacior.

To deseribe and clarity the inventicn
more fully, reference is made o the
aconmpanylng drawings of which:—

Figure 1 is a schematic representation
of a gimple form of appuratus suitable
fur carrying out the process of my inven-
tion; and .

Figure 2 is a schematic representation
of annther form of apparatus suitable
for the purpose and featuring the recovery
of heat trom the produet synthegis gas in
preheating the reactants.

Referring to Figure 1, the numersl 10
designates an upright cylindrical gener-
ator comprising o metal shell 11 suitable
for withstanding elevated pressurey and
a refractory lining 12 furming an infer-
nul reaction zone 13 in which synthesis
gus is_gencrated, The reactants are fed
into. the lower portion of reaction zone
13 through the nozzla 14 which comprises
a tube 15 ond a concentric, amaller tube
16. Omne reactant stream is fed through
the inner tube 16 whila the ather reactont
is fed through the sanular space between
the concentric tubes 16 and 16. The
reactants are thoroughly mixed on dis-
charging from the open end of the nozzle

- 14 and immediately proceed to reach

B8

60

€8

while flowing upwardly through the
reaction zone 13, The product synthesis
gas discharges from the generator 10 by
way of opening 17 into gl]_}in and other
equipment (not shown) for the cooling
and utilization of the synthesis gas, as
desired. The hydrocarbon reactant
stream, e.r., natursl gas supplied by
Jine 18, Hows through a preheater 19 and
passes by way of line 20 inte the
annular space hetween concentrie tubes
15 and 16 of nozzle 14, At the same time

{he oxygen stream supplied by line 21
flows through preheater 22 and passes by
way of line 23 into the inuer fube 16 of
nozzle 14, The hydrocarbon stream dis-

charging from the awnular portion of ¥0

nozzle 14 and the oxygen stream discharg-
img from the central porfion of
nozzle 14 become intimately mixed in the
lower porticn of resetion zome 13 and
immediately proceed o
Howing tfoward the outlet 17 of the
generator 10. .

Referring to Figure 2, the numeral 30
designates a generator colprising o metal

react while 10

shell 31 with convex ends 52 and 82* pro- 80

vided respeotively with ontlet openings
33 and 3. (enerator 30 is [ined with a
refractory materinl 34 o profest the
metal shell 31 againgt the high tempera-

tures developed within the generator. The 58

interior of gemerstor 30 is divided intc a
central reaction zone 55 and twe adjoin-
ing hept-vegenecalive zones 36 and 3¢°
sontalning heat-absorptive checker worl
or similar heat-absorptive bodies. Tha
outlets 33 and 83' are connected respec-
tively to manifolds 37 and 37° which in
turn ave connected with manifolds 38 wud
83, The manifolds 38 and 39 are sach
provided with a pair of walves 38A and
98B and 394 and 39B, respectively.
Another manifold 40 having valves 40A
and 40D ig conneeted to inlet openings 41
and 41' which discharge into the reaction
zone 35 of generator S0 shown,
natura] gas.or other desired hydrocarhon
fead flows through line 42 into heaj
sxchanger 43 .and passes by way of lino
44 into manifold 40 while the product
gynthesis ges discharges from manifeld
29 by way. of line 45 into heat exchanger
43 and thence passes through line 46 ¢o
any desired equipmen} (not shown)} for
cocling and utilizing the product gas. At

an

95

1606

103

the same flme vxygen ﬂowmﬁ‘thrnugh line 110

47 enters the manifold 38. The operation
of this regenerative system ig readily des.
oribed in terms of two cyeles, which, for
convenience, will be referred to as cycle
4 aond cyele B. During eye
384, 3DA and 40A are open whila valves
388, 208, and 40B are closed. With {biy
valve getting oxygen from 47 fows
through manifold 38 and valve 384,

le A, valves 113

manifold 87 and inlet opening 33 info 120

heat-regenerative zons 36, Nataral gas
prahsatad by indirect heot exchange with
the product synthesis gas in extita,nger
43 flowg through line 44, manifold 40 and

valve 40A and inlet cpeiing 41 into the 195

reachon zone 35, This hydroearbon
stream intermingles with the oxzygen
stream  preheated in hest-regencrative
zone 36 and os a peacting mixture flows

across the reaction zona 36 entering the 130
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heatregeneraiive zone 38' when the
yeaction has been substontially rome
pleted. The hoi reaction gases, thai Is,
the product synthesis gas, gives up some
of its Leat to the heat-absorptive puack-
ing in heat-regencrative zone 46" and fis-
vharges in a partinliy cooled eundition
iLrough outlet opening 337, mani fold 37,
manifold 39 and valve 384 and line 45
into heat exchanger 48 where ke x3m-
thesis gas gives wp additional Leat {o the
incoming hydroearbon feed stream. Frem
heai exchanger 43 the synthesis gux pro-
ceeds fo any desired point of mtilization.
The duration of the operation of eyrle &
is, of course, dependent upon the heost-
absorbing eapucity of the regemerative
zodes 35 and 36, ;_)Iflm.s. when tha imcom-
ing oxyyen stream cun Ro longer be
effartively preheatad by heat stored with.
in regeneruiive zone 38 and the hot pro-
duct gas can on longer be effectively
rooled by regeneralive sope 36, cyele A
ft terminated amd at the same trme
¢yele B is initiated, During eycle B
valves 8B, 308, and 0B ere open while
valves 384, 394 end 40A arc closed.
With this valve seliing oxygen flows
through manifold 38 and valve 383,
manitold 37" ahd opening 33* inin heut
regenerative  zome 36*. The oxygen
fows through zone 36 and 1s preheatad
by the heat stered up in this zone by the
hot product gas during the previons cyele
A. At the same fime the hydrocarion
stream, preheated in  exchanger 43,
fiows through Ling 44, manifcld i@ and
volve 40B, and inlet 41! into veaciion
zone 35 ndjacent the region where pre-
heated oxygen discharges from zone 361
intp zome 93, The mixzed repctants fow
across veaction zone 35 and in suhstan-
Hially completely reacted connlition enfer
heat-regenerative zone #6.  The reae-
tion gases on fowing through  heai-
absorntive packing within zone 36 are
partially cooled and thence pass threngh
opening 83, awanifold 39 and valve 398
and Bne 43 into heat exehanger 43 where
they are further vooled by indirect heat
exchange with the incoming hydrocarbon.
stream. As before, the produst ges is
withdrawn from heat exchunger 43 hy
way of ling 46 for utilization, as ilesired.
The duration of eperafion of cycle B is
erral o that of evele A and at the snd
ng eyefe B, cyele A is repeated. Tt is
elear that the operation is made substan-
tinlly rontinuows by repeating eyeles A
and B in suceession, Ordinanly, regen-
crative .systems are designed for
smeration in cyeles of fthree to ten
minutes, preferably zhout three to five
minntes.

As n sperific example of the operation

dereribod in connection with the appara-
tus of Fligure I, the following data are
given. The generatnr 10 has an Interna]
frec gpoce or rescrion zome 13 of 1000
cubie feet, Natural gus and oxypen are
sepiralely preheated to p telnpendure of
1000° T, by hieaters 13 and 22, respee-
tively. The approximate composition of
the nuiural gas is:—

{*; hydrocarbons  $4.19% Dby volume
haadroearbons 10,27 by volume
brdracarbos 4.5%, by volame
, hydroearhous .17 by volune

o, - - - 1.0% by volwme
The preheated reactonts uvre t.-]zm'%e& o B
the generator at the rates of 836,000
cubic feef of natural gas per honr and
563,004 cubie feel of oxroen per lour.
both rates being measured «i  stondard
coaditions.  The renctants under gaod 38
mixing eonditions enfer reaction zone 17
maintained at a pressure of 280 1bs, per
sq. in. gauge and jwmvedinfely sturt io
react while Howing 4o outlet 17, The
reaction temperature is abowg 23007 K. oz 80
nwosured in the gascous proue: siream
passing theough outlet 17, The roulact
time under there clrenmstances is ral-
eulaied iu be 8 secunds; th iz contact time
is approsimately three {imes that neces- M8
sarr for gewueraling synthesis gas at
atmospheric pressure under otherwise
similar eendifions, The produrt gas dis-
vherging from outlet 17 s frce of earbon
puriivles and haz the following compoesi- 100
tinm ealvalaied on the dry basts i —

O 35.5% by volame
-60.3% by volame

1.57% Ty volune

75

o
{:(.';
{

", - - -
o, -~ - -
qieo= = = 259 by volume

It will:be observed that the synthesiz gas
a3 produeed econtnins valy small volumes
of carbon dioxide and naethivpe,  The
foregoing results indirate that ihe
utitization efficiency of the carbon in 110
the feed iz 3f 7% wlhile that of axygen is
3155,

The generator may be operated at a
lewer or higher feerl rate thap thut of
the forecoing example, At a lower feed 115
rafe, the gitlizotion efficiency of both car-
Yon and exygen is inerensed i the expense
of higher 1nvesfuent costs {or the lazger .
enuloment reguired for the Juwer theough-
prt.  Thus, by doubling the contfuct 120
time and leaving all the ather factors in
the foreeoing example unchanged, »
svnibesis gas Is produced whivh is «fill
fiee of varben pezticles and which on the
dry Dbasis hes the following composi- 125

105

fron i —.
CG - - -  35.7% by volume
1E, ~ - = 611% by valume
co, - - - 1.2% by volume

2.0% by volume 13D

CH:- - - -
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In this cave, the uitilizalion efficiency on
{he varben bisis is nearly 92% and on the
oxygen basig is about 82.5%. _
Meniion has- been made of charging
§ wethaue or a gas consisting essentially of
methane to the generator. It is con-
templated, however, that the hydrocorbon
charge to the (f’eneratnr ey comprise
higher moleculer weighf bydroearbons

18 either normally gaseouy or normally
hHquid. The hydrocarhon chargs may
consist essentially of normally ligmid
hydrocarbons or it may comprise a com-
bination of gescous and normally lguid

16 hydeocarbons, Tor the purposes of this
inventive, liguid hydrocarbons s
embrace not only relatively high boiling
hydrocarbon mixteres boiling in the range
of fucl oil but alse asphalt and other

20 sulid hydrocarbons which melt and flow
when haated.,

Higher moleculay weight hydrocarbons
. whem charged {0 the generaier undergo
some decomposition into lower molecular

28 weight products including methazs.
Furthermore, the gases in the gensrator
tend to produce some methane in accord-
ance with equationg B and C hereinbefore
presented,  Therefore, when charging

8D higher hydrocarbon homelogues, the regu-
lafion of the proportions of ox¥gen and
hydrocarhon in the feed to yield a agn-
thesis %ﬁ-s eontaining less than about 5%
by volume of unrescted or residual

85 bhydrocarbon (whether it is the charged
hydrocarbon or reformed methane, is
immaterial), preferably less than abouf
2%, is still o valid guide. Tun all cases,
wa have found that to deercose the pro-

40 portion of oxygen fed lo the generatur to
a point such that the product synthesis gag
conlaing more than 5% r voliume of
hydrocazbon leads 4o a noticeabls forma-
tion: of free carbom. While we prefer o

45 supply encugh oxygen o reduce the

. Iydrocarbon content of the product syn-
thesis gas to lesy than abomt 29 by
volume, it is not udvisable to bring the
Lydracarbon content below about 0.5% by

50 volume since the niilization cfeiency for
oxygen is decreasel substantially  and
vary high reaction temperatures exceed-
ing about 3600° F. are developed with
adverse effcet on the equipment.

88 Uuder the conditions specified for the
process, it iz feasible to attain a utiliza.
tion efficiency of at least abond 75% and
fregnently over 80% for the oxygen, On
the hasiy of the carbon content, » wtiliza-

60 tion efficiency of af leust about 809% and
frequently about 906% or ovep is realized
for the hydroenrbon feed.

Having now particularly described and
sgeertained the matare of vur said inven-

65 ilon and in whut maner the same ig to

be performed. we declare that what we
claim is:— )

1. A process for generating synthesia
gag by the vepor-phase regction ol »
hydrocarbon- and oxygen of oot less thun 70
Qg% purity al an elevated pressure which
comprises passing the reactants through
the reaction zone under a pressurg of
100—300 Ibs. per sq. in. gauge and at g
rate guch ‘thai the contact time of said T8
reactgnts ifx seid reacfluo zone is at least
double tlie vontact time required when
said reaction zone j& at atmospheric pres-
gure whereby the formation of cerbon is

- substantially eliminated, £9

2. A provesgaceording toclaim 1, where.
in seid reaction takes place at a ‘pressure
above 200 lhe, per. sq.'in. pauge, and {he
contact time of said reactanbs in said
reaction gone is about three to four Himes g3
the contact tizne required when said veae-
tlon zoze is at atmospherie pressure.

8. A process according fo claim 1 or 2,
wherein the hydrocarbon and high-purity
oxygen are preheated to a temperafura of 9g
at least 6007 F., and suid reaciion zons is
maintained uf a temperature ahove
2000° F., the proportinms of the churged
reactants being regulated so that tha pro-
duct synthesiy gns containg not more than 96
5% by volume of carbon dioxide and not
more than 6% by volume of hydrocarbon,
ond sald reactants heing malntuined in
said reaction zone for a conlact time in
the range of 1 to 20 seconds.

4. A process according fo any onc of
the preceding claims, ‘wherein the coniact
{ime of said reactanis in said zone is in
the range of § fo 10 seconds, and the pro-
porfivng of the charged reactanis are 1ps
marntained so that the product synthesis
gas containg not move than 2% by volume
of kydrocarbon.

5. A provess according to any of the
preceding claims wherein the hydrocarbon 11y
is predominantly methane.

6. A process according to claim 3,
wherein a stream of oxypgen of ai least
98% by volume purity is preheated to a
temperature of at least 1000° F., and 115
charged jogether with o preleated steam
of snethane in good mixing ralationship
into the reaction zuone which is maintained
2% & temperature in the range of 2100° to
2500° F.. the proportions of said streama 120
charged to said reaction zone being regu-
lated so that the product syuthesis gas
conlains from 0.8 {o 2% by volume of
m%’thagle. . 4

+ & process according {o any one of
the preceding claims whercin th}i; hydro- 125
carbon and high-purity oxygen are both
preheated {0 a femperaturs of at least
1000° T, the proportions of the charged
reactants being regulated go that the pro- 139

100
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duet synthesis gas contains not more than Dated the 10th day of April, 1918.
For EYDROCARBOXN

294 by volume af varbon Jioxide.
8. A process for generating synihesis RESEARCH INC.,
gas substaniially as hereinbefore des-  Stevens, Langner, Parry & Rollinson,
§ cribed. Chartered Putent Agents,
3—8, Qualify Cowrt, Chancery Lanec,
London, W.C.2_ und 2t
120, Bast 41st Streef, New York, 17,
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