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Improvements in or relating to Process for Generating Synthesis Gas.

We, TExac0 DEvELOPMENT CORPORATION,
& Corporation organised under the laws of
the State of Delaware, United States of
Ameriea, of 135, East 42nd Street, New

5 York 17, State of New York, United States

of Ameriea. do hereby declare the inven-
- tion, for which we pruy thet a patent may
be granted to us, and the method by which
it is to be performed, to be parficularly
10 deseribed in and by the following state-
ment :— .

The present invention relates fo the pro-
duetion of synthesis gas, that is, a produet
econsisting esseniially of hydrogen and car-

15 bon monoxide by the oxidation of hydro-
parbons having an initial boiling point
. ahave 400°F, preferably above 500°F,, and
referred to herein as “high beiling hydro-
carbons”. :

20  More specifieally, it contemplates conver-
gion of hyvdrocarbons of relatively low
hydrogen eontent info a gynthesis gas pro-
duet eontaining a proportion of hydrogen
substantially greater than that stoichio-

25 metrieally indicated, under thermally anto-
genous reaction conditions, that is, in the

" abzence of heat flow into the reaction zone.

Tn accordanee with the present invention,
a high boiling point hydroearbon, as ahove,
30 having an initisl beiling point ahove about
400°F., as for example, a redueed ernde
. or resigugl fuel ofl, is first consumed by
partial combustion with high purity mole-
erlar oxygen mized therewith in a regu-

35 Inted, limited proportion such that the
restlting combustion temperature does not
#all’ helow ahout 1600°F., and advantage-
ously remains coniinnously in the range of
about 2000.2400°F, The stream of oxygen

40 riesessary  to attain sweh temperaiures is
substentially less than the stofchiomefrie

.. equivatent for eenverting the hydrocarbon
guantitatively into hydrogen and earbon
monoxide. and inherently results n essenti-

45 41ly complete conversionof the hydroearbon

LE CunvE

into hydrogen, carben moncxide and =ab
stantial quantities of solid earbonaceous
material. In other words, due to the rela-
tively high heat of combustion of these high
boiling hydroearbons in comparison with 50
gaseous and Jower hoiling tiquid bydroear-
Hons, higher combustion jemperatures are
encountered unless oxygen feed rufe Is sub-
stantially restricted.

Preheating of both the hydrecarbon and 55
pure oxyeen feed streams Is advantageously
crnploved to enable yel further limifation
of the pure oiygen fead, and aecordingly,
the prodmetion of additional quantities of
solid eaxbon.

As a result of effeeting substzntisl con-
version of the hydroearbon info solid’ ear-
bun, the remainder is eonverted io a syn-
thaeiz oas which, as Indieatad shove, neees-
sgrily has a higher than normal melar ratic 65
of H./CO. ,

This saseous produet ¢ separated from: . -
the resulting solid earbonaceens materfal,
which is thereafter, in a sceond stage treat-
ment, eaused to reaet exothermally at an 70
equivalent elevated temperature level, with
a mixture of stewmn and gn additional
amount of high purity oxygen In regalated
quantities sufffeient to meet the thermal re-
quiremants of the rezetion and effect eom- 75
gumption of the selid earbon with the ferm-
ation of an additional stream of hydrogen --
gnd carbon menoxide. As Intimated, tem-
perature in the seeond, or egrbon consmmp-
fiom stage, is . antogenonsly held I the 80
preferred range. of 2000-2400°F., and is
in ne event permdtied o fall without the *°
broad range of 1600-2600°F.

The resalting gaseons product, admixed
with the fivst stage guges, forme o gynthesia 85
pas having a mueh mere favorable H./CO
ratio then that resulting from, direct partisl - *
combustion becanse of the formation of
additional hydrogen br the decompesifion
of the steam, thns obviating to # large ex- 9O
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. tent the ‘water-gas shifting and associated
gas seperation freatmenis hitherto neces-
sary to effect a hydrogen enrichment suffi-
cient for the synthetie, wrodnction of

4 5 hydrosarbons. :

The invention has the {urther adva,nta-ge.

of dvercoming the hazavds of excessive tem-
parature generation associated with the
combustion of high heiling hydracarbons

10 with high purity melecular oxygen in an.

gncunt sufficient to oxidize substantially
all of the feed carbom
More specifisally, limitation of the mole-
calar oxygen feed in the initial, or hydre-
15 carbon eombustion stage, as above indiea-
ted, positively limits the attainable
temperature to a practically sale rapge.
Thercfore, it is possible io ¢ gut the
proeess safely, even at substantiel super-
2 atmospheric pressure, within a_reaction
zone having walls of commercially avail-
shle refraciory material. Moreover, the
residual solid earhonaceous product of the
ipitial hydroearbon combustion stage is
a5 made available in the seeond stage reaction
zone af reaetion temparature, requiring only
a limited supplemental feed of pure oxygen
in the second stage to effcet the endother-
mic reaction of substantial gquantities of
30 steam.
In particular, the present invention eon-
templates the oxidation, of the feed hydro-
- eaybon with a total amouni of oxyien, both
free and vombined, ie., in the form of
5 steam and. water vapor, not smbstantially
in execss of the atomic quantity of carhon
in the Lyfrocarbon feed material. Mors
.. specifieally, it contemplates an overall
atomic 0/C ratio of the tobal reactants of
. 40 about 1.05, and its hroadest arpect is withia
the range of about 1.05 to 1.25,
Of the totel oxygen, hoth free and com-
.- bined, reacted in hhoth stages, ahout 60-80%
is high purily oxygen in the free or mole-
45 sular form, and about 20-40% is in the
form of water vapor, Since the eonsmmp-
tion of each mol of water vapor in the sys-
- tem, regults in the liberation of one mol of
molecular hydrogen, the overall synthesis
50 gas yield is supplemenied by a substantial
quantity of hydrogen approximating the
molesular quantity of water vapor reacted.
Thus, in the case of a typieal gas oil in
which the atomie ratio of hydrogen to sar-
§5 hon approximates about 2:1, 4 system opeer-
ated as above with a fotal O/C ratio of
ahont 1.05:1 results in realization of elose
.- to the theoretical 20-40% increase in the
" H,/CO ratio of the totul synihesis gas
G0 produet, above indieated, as aceountable to
the decomposition of the added steam hy
rogqtion with the hot, solid earbon. -
¢ As abave indicated, molecular oxygen
supplied to the provess is so distribmted be-
65 tween. the two stages as to maintain, in

both stages, a temperature preferably in

the range of 2000-2400°F., within' which ..
maximmm practieal yield of desired kydro-

gen and carbon monoxide Is realized, - -
Thevefore, in practive, the setnal atomic 70
0/C.ratio n which free oxyizen and hydro-
carbon are udmized and eonsumed in the

-

‘first stage eombustion step is-normally in

the. range of ghont 0.30 to about 0.85; ¥he

vemainder of the free oxygen is consnmed 75

in the second stage in admixture with the
steam, -

In summary, thersfors, the distribution
of feed oxygen to the several stages, hasis
atomie ratio 1o total hydrocarbon con- 8O
snmed, in practics wsually falls within fhe
following ranges:

High purity meleoular 6,  0/C
Ist Stage 0.85 - 0.85
2nd Stage 080-010 85
TOTAL O, 0,65 - 0.95
Ozygen from Stenm 0.20-0.40
TOTAL Free
and Combined
Oxygen (.85-1.35 90

Actnally, however, temperature condi-
tions are inflnemced to a substanial extent
by the extent of reastant preheat, carben
sontent of the feed hvdrecarbon and rela-
tive heat loss from the reactor employed, 85
and - simee temperatare i a8  eritiesl
critexion of proper operation, true regmia-
tion. of free oxyegen and steam feeds is .
most . appropriately determined by trial
and adjustment 1o 2 controlled feed rate 100
such that the reaction proseeds contimu-
ously at the critical tempersfure level.
In addition, steam econsnmption n the
second’ stage is mainteined et as high 2
level as possible, and the free oxygen eon-103
sumption held as low as possible consistent
with ‘eontinmal maintenance of the desired
regefion femperature.

Ths presente invention lends itself to
emhodiment in & number of practical 110
forms. For cxample, it is feasibla to carry
out the individual stages of rcaction step-
wige in a single reaction zone, preferably .
packed o ogcupied at least partially with
u loose partieulate packing or checker- 113
work of inert refractory .material which
may -serve to accuminiate and refain the
deposit snd to-deenmulate alse the sensible
heat- energy liberated by the combmstion
of the high hoiling hydracarbon se that 120
oxidation of - the solid earhonanceons

“material is thermslly facilitated. Alter-

natively, however, it has been found ad-

“wintageous to effect first staze sombustion

in an.open and unpacked generation cham- 3195
ber, discharging into a second reaction zone

it which the solid earbon is eollected and
thereafter subjested.to second -stage reac- ..x
tion. This has the advantage of maximiz.

ing production of desired gazes and yisld- 130
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ing solid earbon in a mueh more finely
divided form particalarly adapted to cffi-
cient subseguent reaction with sieam.

One such system is illustrated mere or

:5less diagrammatieally in the attached
drawing presented furthe purpose of more
specifieally illusirating one preferred man-
ner of practicing the present invention. .

Therein a stream of high purity mole-

10 cular oxygen, namely, above §5% and pre-
ferably ahove 95% purity is introduced
from a souree mnot shown through pipe 10
and branch pipe 11 into a mixing burner
nozzle 13 in the botiom of reactor 14,

15 Simnltansously a high boiling point hydre-
earbon oil is supplied to the burner nozzie
13 fram any suitable source not show..
through inlet pipe 15 and branch pipe Io.
Provision is made for preheating the sep-

9 araie streams to a temperature of, for ex-
ample, 200-800°F, by exchaugers or pre-
heaters 17 and 18, whieh may derive ther-
mal energy from the hot final produets of
rezetion.

25 The mixture of feed hydroearhon and
pure oxygen, regulated to an atomie 0/C
ratic in the range of about 0.30 to 0.63
at which the reaciion temperature continu-
ously remeins in the eritlezl raunge of pre-

30 ferably 2000-2400°F,, discharges info com-
bustion ehamber 19 where it burns to form
produet consisting essentially of hydrogen
and earbon monoxide containing fine, en-
trained or suspended carbon particles,

.85 The resulting product suspensivn sub-
staptially at reuction temperature, passcs
upwardly through an apertured arch 20
irto an wpper chamber 22, The hottom of
the chamber 22 just above the arch 20 is

40 ocenpied by layers of broken refractory 23
of rmoceessively Jdecreasing parvticle size,
ultimately supporting a substantial hedy
of powdered refractory 24, e.x., sand, ear-
borundum, magnesiz or the like,

.45 The powdered refractory may take the
form of either a setiled phase or else a
dense Auid phase supported by the upfow
of pases therethrough. In either event, the
carbon particles are entrapped by the inert

.50 particles of vefractory, and thns filtered
out of the gascous produet siream. The
egsentially particle-free gos separates at
the npper level of the filiar hed and is re-
moved through outlet pipe 25 into header

. 55 26.

The broken luyers of refractory 23 ac-
cordingly aet as a distributing means to
supply the gases to the bottom of the bed
of powdered refractory 24, without per-

60 mitting gravitation into the open, un-
packed chamhber 19,

Ag indicated, both the lower chamber 19
and npper chardber 22 are preferably pro-
vided with a substantiel lining of refras-

.85 tory and insulating materiel 27, effective

to eonscrve heat energy and promote effi-
cient operation at the elevatsd tempera-
ture level contemplated, :

Thus, for example, the relative propor-
tion of oxygen and high hoiling hydro- 70
earbon supplied to the burner 13 is ad-
justed as shove indicated to maintain a

_constapt temperature lovel of 2400°F. in

chambper 19. . As a result, the upper eham-
ber 22 is.brought to the same femperature. 75
‘When the avewnuletion of solid earbon
particles in the filter bed 24 reaches a sub-
stantial level, actuation of the burner 18 1s
terminated by olosing the eonirol valves
shown in lines 11 and 16, and thereafter 80
a mixture of high temperature steam and
oxygen. is introduced inte echamber 19
throngh pipe 31, flowing npwardly through
the perforated arch 20 and reaeting, af a
temperature. of 2000-2400°F,, with the 85
finely divided carbon partieles entrupped ~
in the hat filter bed 24 to form s produet
gas eonsisting essentially of H, and CO,

The mixture of high temperature steam
and oxygen in pipe 31 iz derived by in- 90
jeeting & metered portion of the pure oxy-
men supply in pipe 10 throngh valved
braneh pipe 33 into steum supply pipe 34
which is sopplied continwouely with high
temperature steam from any suitable 95
souree not shown, -

Ag 3 result, the reagiion chambers 19 and
22 gperate on alternating eyeles in the first
of which the high boiling hydroecarbon
burns with 4 limtied quantity of ozygen 100
under carbon forming econditions to yield -
a synthesis gas of high H;/CO. ratio and
deposit finely divided carhon in the chain-
ber 22. In the second, or carhon cleanup
avele, the mitture of -high temperature 185
steam and oxygen consnmes the earbon to
farm additional hydroren and earbon mon-
oxide with the decomyposition and dissoeia-
tion of water vapor and the supplemen-
tary formation of additional hydrogen. 110

Provision, in the form of an additional
reactor 36 identieal in construction and
reference number -detailing, is made for
supplying a continucus misture of profduct
gas of approximately uniform composition. 115
To this end, during the time that the bur-
ner 13 in reactor 14 is being supplied with
hydroearbon oil and oxygen to effect par-
tial eombustion. m chamber 19, the burnar
feed of reactor 36 iz shut down and the 120
eonsumption of earbon in  oliamber 22
therecf s being effected by the introdue-
tion of the steam-oxygen mixture through
nipe 34 and ‘branch pipe 87, Likewise, as
reactor 14 3s switehed to operation on the 1925
mixed strearm of stcam nd oxygen intro-
dveced throngh pipe 81, the uxypen-sieam
flow to reactor 36 throngh braneh pive 37
is terminated and the introduction of oxy-
gmen and hydroearbon oil lo the hwwner is1a0
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Hittiated through hranch pipes 3% and 46
As 2 vesult; the produet streams passing
_ from outlet pipes 25 into header 26 main-
.. taim an approximately eonstunt composi-
Y4 tion corvesponding to the mized produet
mases from the two reactors. -
Tn secordgnee with one example of
zefual gperation, an napseked refractory-
... Ymed reaction chaimber is fed through the
%t nozzle-of & mixing burner with abowt 22,28
povnds per howr of Sants Maria Vatley
trude Residuwm &t & preheat of ghout
400°F,, 1o which is-separately supplied
 stream of exygen of approxishately- 100%
{5 purity at a prebeat of aboub S00°F. and
a feed Tate of about 150 sienderd eubie
feet per hour. The pressure in the xege:
tien zohe s about 250 pwig. emd the fem-
__ perature evmtinnondy apprositnates 2460
S} F., yielding a product comprising essen-
tialty Lydvegen and darben mofoxide eon-
taining a voluminous suspension of fmely
divided solid cardonaeeons particles
T'he effitent vircam i5 passed through a
oy filter bed of finely divided sand eomtained
in a refractory-walled, insulated chamber

1ntil the acenmulation of earbon parficles

snbstantinkty inereases the pregsurs drop.
At this time, the fead of residoum and
30 oxygen to the reaction chamber is fermin-
ated, and in Heu thereof a sieam-oxygen
mixture formed by imtermixzing steam ab

a lemperatura of T80°F. and pure oxygen
at o preheat of 600°F. is passed upwardly

* 35 through both the reaction ehamber and the
filter %ed The mixture eonsisis of about

1.8 mols of steam per mol of oxygen, and
comprises 6.86 pounds of steam und 86.9
gtandard emhic feet of oxyzen per Howr
40 The free oxygen is substantially sonsumed
during its npward possage in eontact with
the finely divided solid purticles of earbom.
The gaseous products are withdrawn from
the upper sorface of the sand bed and
45 mixed with the gases previomsly recovered,
yielding a product on the dry basis having
the following analysis:

Mol %
H, R % ]
~50 Qo 47.89
. co, 5.44
€11, 274 =
N . 017 o
Al of the oxygen fed is comsnmed and

55 5.90 pounds of steam are reacted to pro-
Hure additional hydrogen and earbon men-

. oxide,
In contrast to the relative proportions
of hydrogen and earbon monoxide realized
- §0in the final gasecas produet, as shown by
the above analysis, the Santa Maria Valley
Crunde Residunm has a hydrogen and car-
hon analysis corresponding approximately
to the followmg ratie:
85 ' H:0—15:1

which eorresponds, per 56, to a final syn.
thesis gas of Ho/CO ratio of about 0.75:1.
By way of comparison, the Hp/CO ratio
i the product of the above cxample is

- equal to avout 0955, or an increase oL 70
B

aboui 27.4%, over that realizable by the
diveet eombustion of the same feed with
moleculer oxyger. In addition, as indi-
eated above, the process operates continu-
gusly free from the huzerds which would 75
he-inlgraizt 3 the mtroduetion of any sub-
stantially sreater proportion of pure oxy-
gern with the eombuztible feed oil.

While the forsgeing example is bhased .
upon treatment of a pciroleum fraction of 80
esceplionel relative defeleney in hydrogen
content relative to carbon, it sheudd be
wnderstood that the invention Is, howaever,
apiplieable 1o hydreearbons of somewhat in-
extazed hydrogen comtent, as for example, 85
gas oils aud eyele stocks im which the
stomie Hw/C0 zatio may be as high =s
.t or frequently somewhat greatcr. The
advantages, particularly in regerd to the
attainable H. supplementation of the final g
product gas, axc espeeially striking in the
case of the relatively more hydrogen-
deficient feeds and it is therefore fo he
noted that the term “hydracarbon’ as used
herein contemplates heavy residuals, Hs- 65
phafts; and even eoals containing typleal
propertions of combined kydrogen.

For example, the invention specifically
contsroplates the provision of eoal ligque-
faction means, effective in kown ways by 100
mears af heat, prossere, solution or any
eombination thereof, for supplying to hu-
ner.- 1% a ¢combustibls mixture containing
the - appropriate propertion of puré oxy-
gen for effecting fivst stage combustion, os 105
ahove indisated. \

Ag above intimated, it Is elso comfem-
plated providing e pecling or checkerwoerk
within the reastion zone 19 upon which the
earbénaceons solids resuliing from a com- 110
bustion of the high boiling Bydrocarbons

- will teud o adhere and thus eliminate the

necessity for o separate filter bed.  The
solid carbon deposiis ave ihersafter com-
quimed during the subsequent exofhermic 115
treatment with ibe steam-omygen mixture
a5 above, .~ 7 T o
As previcusly indieated, the present io-
véntfon i particdlarly advantageous in
wonnection with operations conducted ab 126
substaniial superatmospherie JwesEnres.
Thus, while the process is suifably efféetive
ai ordinary pressures, the above indicated
advantegos assame o more striking magni-
tude when the reaction zomes ave operated £25°
ot, pressures above 150 psi zad up to 600
pai zad higher, In partienlar, heat Yosses
appear to he minlmized under such eondi-
tiong with Tesuliing hnproved effiefencyr of
opcration and inerease in the relative pro- 130
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duetion of hydrogen. There ate, of courss,
the additional advantages of cconomy in
equipiment size and cbviation of the in-
ereased compression eosts of bringing the
5 relatively voluminous product stream to
the pressures currently required in the sub-
sequent conversion of synthesis gas into
desired hydrocarbon products of Teaction.
What we elaim Is:

10 1. A process for the generation of syn-
thests gas comprising essentially bydrogen
and carbon monoxide from high boiling
point hydroearbons relagively deficient in
hydrogen, eharucterized by subjecting said

15 hydroearhon to pariiel combustion af a
temperature within the range of 1600 to
9600°F. with o high purity stream of frec
oxygen m a regulated amoumnt substanti-
ally below that stoichiometrieally necessary

20to eonvert said hydrocarbon eompletely
into hydrogen and carbon menoxide, there-
by maintaining earbon-forming conditions
such that the high hoiling hydrocarhon is
ewentially ecompletely converted into solid

95 earbonzecous material together with gases
comprising essentially hydrogen and cor-
bon menexide, separating the carbonaceous
solids thus Liberated, reacting said earbon-
aceous material in a separate succeeding

30 step with a mixture of steam and high
purity oxygen in relative proportion effee-
five o maintain said reaction sone aulc-
genously at an elevated temperaturc such
that sald veaction procesds with the pro-

15 duction of additional hydrogen and earbon
monoxide, and recovering the product hy-
drogen and earbon  monoxide $hms
produeed. .

9, A process according fo Claim 1,

40 wherein the said veactions ave effected at
a predetermined temperature in the rangs
of 2000-2400°F,

3. A process aceording to Claim 1 or 2,
wherein the proportion of substantially

45 purs oxygen adwmixed with the steam and
contacted with the liberated free solid car-
bonaceous meferial iy smeh thal the tem-
perature of the reaction zone remains gub-
stantially in the range of 2000-2400°F,

50 4. A process according o any one of the
preceding claims, wherein the said earbon-
forming eonditions consist of the rerulated

combustion of said hydroearben oil and
said substantially pure oxygen stream in
relative proportions sueh that the fotal 55
0/C ratio is in the range of 0.30:1 fo
0.86:1.

5. A process according to any one of the
preceding claims, wherein the separated
carbonaceous solids are reasted in said sue- 60
ceeding step at a temperature in the range
of 1600-2600°F., and the overall relative
feed of hydrocarbon, sicam and free oxy-
gen is regulated so that the total atomis
0/C ratio of the reactants in the second &3
step is in the range of about 1.0 to about

(135,

6. A process for the generation of syn-
{hesis gas comprising essentially hydrogen
and earbop moncxide from high peiling 70
point hydrocarbons relatively deficient in
hydrogen, eharacterized by subjecting said
hydrocarﬁon to partisl combustion with a
high purity stream of free oxygen in a
regulated gmount sueh thai the veaction 75
temperature i3 in the range of about 2000-
9400°F., effecting substantially complete
consumption of said reastants with the for-
mation of prodnet consisting essentially of
hydregen and carbon monoxide together 80
with substantial formation of solid carbon,
sepurating said gaseous products Irom the
solid earbon- thus formed, reacting said
solid carhbon in a separaie successive siep
with a mixture of steam and substantially 85
pure oxygen. in relative proporfion effective
to muintain the veactants autogenousty ai
an elevated temperaturs of abomt 2000-
2400°F,, thereby forming a gaseous pro-
duet consisting essentially of hydrogen and 99,
earhon. moroxide. :

%. The process for generating symthesis
gas substantially as hereinbefore deseribed.
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