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1

This invention relates to the manufacture of
synthesis gas. In one aspect this invention re-
lates to the production of hydrocarbons and oxy-
gen derivatives of hydrocarbons. In another as-
pect this invention relates to the manufacture of
carbon monoxide-hydrogen feed stocks suitable
for a synthesis step wherein hydrocarbons and
oxygen derivatives of hydrocarbons are produced.
In another aspect this invention relates to the
production of synthesis gas from a hydrocarbon
gas, oxygen, steam, and carbon dioxide. In still
another aspect, this invention relates to the uti-
lization of pebble heater apparatus in a process
for the manufacture of carbon monoxide-hydro-
gen stocks.

Carbon monoxide-hydrogen mixtures have
utility as feed stocks in-various synthesis proc-
esses. For example, in a process of the Fischer-
Tropsch type, carbon monoxide may be reacted
with hydrcgen in the presence of a promoted iron
catalyst to form hydrocarbons and oxygen de-
rivatives of hydrocarbons. In a process of the
oxo type, carbon monoxide and hydrogen add to
olefin hydrocarbons, usually of high molecular
weight, to form aldehydes and alcchols, as the
chief product. In a process for the manufacture
of methanol, carbon monoxide and hydrogen re-
act to produce methanol as a chief product. In
a hydrogen manufacturing process, a hydrogen
and carbon monoxide mixture may be contacted
with steam in the presence of an iron catalyst
to produce hydrogen and carbon dioxide, and the
latter scrubbed from the total product to produce
hydrogen in high purity and yield. Such proc-
esses as the Fischer-Tropsch, oxo, and methanol
synthesis, are generally considered to comprise
two steps, a “synthesis gas preparaticn” step
and a ‘“synthesis” step. )

In the first named step, carbon monoxide and
hydrogen is prepared from raw carbon-contain-
ing materials such as hydrocarbon, coal, coke, or
cil shale by oxidation with an oxidizing gas such
ag oxygen, steam, or carbon dioxide, either alone
or with various combinations of such agenis. In
some cases, various metal oxides may serve as
oxidizing agents. The gas thus produced, i. e.,
the hydrogen-carbon monoxide product is gen-
erally referred to as “synthesis gas” because it
may be prepared in suitable yields, and in a suit-
able mole ratio of hydrogen to carben monoxide
to render it valuable as feed gas for a synthésis
step, such as above described; the term “syn-
thesis gas” employed herein refers to such a hy-
drogen-carbon monoxide mixture.

Hydrocarbon gas can be partially oxidized to
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hydrogen and carbon monoxide by an oxidizing
gas such as already mentioned, either cata-
lytically or thermally. The reaction employing
carbon dioxide and/or steam is endothermic
whereas the reaction employing oxygen is ex-
othermic. The oxidation of a hydrocarbon, for
example, is represented by the following net
equations, where methane, representing the hy-
drocarbon, is oxidized by each of the oxidizing
agents, oxygen, steam and carbon dioxide.

(1) 2CH4+4-02=2C04-4FH2+30,800 B. t. u.
(2) CH4-|-FH20=C0O+3H2—88,700 B. t. u.
(3) CHz+-CC2=2C0+-2H:—106,400 B. t. u.

Regardiess of which oxidizing agent is used, the
resulting equilibrium product is a mixture of hy-
drogen, carbon menoxide, carbon dioxide, and
steam, together with any unreacted hydrocarbon.

Two generally well-known methods for produe-
ing synthesis gas are, steam-carbon dioxide re-
forming, and partial oxidation with oxygen. In
each case, carbon monoxide and hydrogen may
be produced catalytically or non-catalytically in
a desired mole ratio to each other, usually from
1.5 to 2.5 although in some cases, such as when
preparing synthesis gas for an cxzo-type process,
approximately a 1:1 mole ratio is required. The
steam-carbon dioxide reforming methed has the
advantage that it does not require expensive
feed components., However, the reaction is highly
endothermic and expensive equipment is neces-
sary to transfer heat to the reaction zone at the
high temperatures required, which are well over
2000° ¥, often in the range of 2309-2500° F., when
operating non-cataiytically, and from 1400 to
2000° 7. when employing s catalyst. The partial
oxidation process employing oxygen as the oxi-
dizing agent, supplemented when desired by lim-
ited amounts of carbon dioxide and/or steam,
has the advantage that the reaction is exother-
ric and thereby thermally self-sufficient, and re-
quires equipment less expensive than that of the
reforming process.

Of these two well-known routes for synthesis
gas manufacture, the latter named process, i. e,
the thermsally self-sufficient reaction, is looked
upon by those skilled in the art as ofiering spe-
cific and definite advantages over the older re-
forming methods, as regards commercial scale

application.

In the partial oxidation process employing
methane-rich stocks, such as natural gas or
natural gas stripped of at least & portion of its
heavier components, a number of difficulties are

encountered. In the first place, due to the high



2,684,895

3

temyperatures developed in the exothermic reac-
tion, 25 indicated by Equation 1, some carbon
formation cccurs as a result of thermal decom-
position of the hydrocarbon reactant. The tend-
ency for such carbon formation is encouraged
by the reducing nature of the atmosphere, i. e,
the presence of carbon monoxide and hydrogen
at such high temperatures. Carbon thus formed,
deposits throughout the system, which is es-
pecially disadvantageous as regards operation
with a catalyst, since carbon deposits accumu-
late on the catalyst to gradually decrease its ac-
tivity and to finally render it inactive. Further-
more, carbon formation takes place at the ex-
pense of hydrocarbon gas feed and thereby is
responsible for inefficient utilization of the hy-
drocarbon feed stock. In the second place, when
utilizing the partial oxidation route, the carbon
dioxide in the product will be excessively high
unless the synthesis gas product is held at the
reaction temperature until it leaves the zone of
reaction. This is true, due to the fact that equi-
librium reaction mixture is determined by the
water gas shift reaction, H2+CC:2CO-H0,
which tends to shift to the right with rising tem-
peratures, and to the left with decreasing tem-
peratures. In order to reduce the carbon diox-
ide concentration in the product, and thus in-
crease the utilization of the hydrocarbon feed,
products should, therefore, be retained at the
highest reaction - temperature until they leave
the reaction zone. It is then necessary to guench
the efiiuent product gas in order to guickly re-
duce the temperature to a level at which the
water gas shift reaction is ineffective, usually
below 1000° F.

This invention is concerned with a process for
the manufacture of synthesis gas from hydro-
carbon gas by oxidation with oxygen, carbon
dioxide and steam, wherein such carbon deposi-
tions as those above discussed do not occur, and
wherein preducts: leaving the reaction zone are
mainiained at 2 high temperature level and there-
after rapidly quenched, so as to minimize the
formation of excessive amounts of carbon di-
oxide in the reaction, and thus increase the de-
gree to which the hydrocarbon feed gas is uti-
lized: and this invention is also concerned with
effecting an improved efficiency in the utilization
of oxygen-hydrocarbon feed stock, and of heaf
in such a manufacturing process.

An object of this invention is to provide a proc-
ess for the manufacture of a carhon monoxide-
hydrogen stock,

Ancther ohject is to provide a process for the
manufacture of hydrocarbons and oxygen deriva-
tives of hydrocarbons.

Another object is to provide a method for the
manufacture of synthesis gas wherein oxygen is
one of the oxidizing gases, and the concomitant
formation and deposition of carbon in the zone of
carbon monoxide and hydrogen formation is pre-
vented. : i

It is still another object of this invention to
provide a means for the manufacture of synthesis
gas wherein excessive carbon dioxide concentra-
tions in the synthesis gas product are prevented.

Tt is still another object to utilize pebble heater
apparatus in the preparation of synthesis gas.

Other chjects will be apparent, to one skilled
in the art, in view of the accompanying discus-
sion and disclosure.

In accordance with a preferred embodiment of
my invention, a ecarbon monoxide-hydrogen feed
stock is produced, which may be utilized as feed
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to a synthesis step of a process of the Tfischer-
Tropsch type, or for such other applications as
those named hereinabove. A hydrocarbon gas-
oxygen mixture is burned and resulting hot com-
bustion, or flue, gas is passed in direct heat ex-
change with a moving relatively cool contact
mass under temperature and flow conditions reg-
vlated to insure heating the mass to o tempera-
ture substantiailly above & predetermined level
required for a steam-carbon dioxide reforming
of an additional portion of the hydrocarbon gas,
or another hydrocarbon gas, described hereinbe-
low. Resulting hot combustion gas comprises
carbon dioxide and steam when the hydrocarbon
is burned with &t least a stoichiomeiric cropor-
tion of oxygen required for complete combustion,
and when less than such a stoichiometric propor-
tion of oxygen is employed, the hot combustion
gas comprises carbon dioxide, hydrogen, steam
and carbon monoxide. Subsequent to the heat
exchange step, resulsing combustion gas is ad-
mixed with additional hydrocarbon gas and the
resulting admixture passed through a second
zone in direct heat exchange with the moving
heated contact mass whereby the hydrocarbon
is reformed by steam and carbon diocxide to pro-
duce synthesis gas. Any hydrcgen and carbon
monoxids present in the admixture entering the
second zone is recoverad in the synthesis gas
product.

This step of my invention is carried out in a
pebble heater type apparatus which, in a pre-
ferred embodiment of my invention, usually com-
prises a series of substantially, vertically extend-
ing zones, often in vertical alignment with each
other. Usually, two such zones are employed and
are conneclted by a relatively narrow intercon-
necting zone or thieat. The top or upper zone
is commonly referred to as the pebble heating
chamber and the lower zone as the gas reaction
chamber. A combustion zone, or chamber, is po-
sitioned adjacent or in close proximity to the
sides of the lower portion of the heating cham-
ber. Combustion gas from the combustion cham-
per is passed through the mass of pebbles in the
pebbie heating chamber. A contiguous mass of
particulate contacting material, often referrved to
as pebbles, fills the pebble heaiing zone, the in-
terconnecting zone cr throat, and the gas reac-
tion zone and flows downwardly through these
three zonss by force of gravity. Febbles are dis-
charged from thz hottom of the gas reaction zone
at a controlled rate, and returned, usually by ele-
vating means, to the inlet in the upper portion of
the pebble heating zcne. A contiguous moving
pebble mass thereby filis the heating zone, reac-
tion zone and the iniercounnecting zone at all
times.

in accordance with the practice of a preferred
embodiment of this invention, a portion of a hy-
drocarbon gas to be converted to synthesis gas
is admixed with oxygen and/or air or any suit-
able oxygen-containing gas, and the resulting ad-
mixture is burned in a combustion zone of a peb-
ble heater apparatus. The combustion-is con-
trolied to prevent the formation and precipita-
tion of any elemental carbon, even though high
temperatures are developed. Hot combustion
product is passed upwardly through the pebble
heating zone in direct heat exchange with peb-
bles therein. . Pebbles thus heated pass down-
wardly through the pebble throat into the gas re-
action chamber. Iiot combustion gas may com-
prise carbon dioxide and steam alone, or together
with carbon monoxide and hydrogen, and subse-
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quent to the above described heat exchange step,
is admixed with the remaining portion of gasecus
hydrocarbon feed, or with ancther hydrocarbon
gas, if desired, and the resulting admixture
passed through the reaction zone in contact with
hot pebbles whereby synthesis gas is formed by
the endothermic reaction of steam and carbon
dioxide with hydrocarbon. Synthesis gas prod-
uct is passed from the reaction zone and quickly
quenched, and the effluent synthesis gas product
recovered.

It is usuelly preferred to supply additional
steam to the reactant gases entering the reaction
zone when it is desired to produce synthesis gas
containing hydrogen to carbon monoxide in a
mole ratio above that otherwise obtained, since
steam, as compared with carbon dioxide, reacts
with the hydrocarbon to form a disproportion-
ately increased amount of hydregen and there-
by to “adjust” the mole ratio of hydrogen to car~
bon monoxide in the synthesis gas product to an
increased level. Supplementary steam is advag-
tageously added with the hydrocarbon-oxygen
mixture introduced to the combustion zone,
whereby it not only reaches the gas reaction zone
along with effuent combustion gases, but it also
serves to control the flame temperature to within
a predetermined limit by its absorption of sensi-
ble heat. The temperature of the pebble mass
in the reaction zone is dependent upon variables
such as pebble flow, mole ratio of oxygen to hy-
drocarbon in the combustion mixture, and the
amount of steam added to the combustion zone.
If it is desired to forego steam addition, control
of pebble temperature is effected by regulation
of the remaining above named variables. If de-
sired, steam may be added at a point intermedi-
ate the above described heat exchange step and
the gas reaction zone.

The reactions taking place in my process are
exemplified by the equations above, (1), (2), (3)
and by Equation 4 below,

(4) CH41-202=C02--2H20--345,000 B. t. u.

As demonstrated by these equations, exothermic
heat provided in the pebble heating chamber is
the source of endothermic heat reguired for the
reaction progressing in the lower chamber, which
is referred to herein as steam-carbon dioxide re-
forming of the hydrocarhon.

Any gaseous hydrocarbon or gaseous hydrocar-
bon mixture can be converted to synthesis gas in
accordance with my process by the proper selec-
tion of operating conditions, especially the mole
ratio of oxygen to hydrocarbon sas in the mix-
ture burned in the combustion zone. In any cass,
a combustion mixture is employed which when
burned does not produce carbon as a product and
which burng ot a sufficiently high temperature
to effect the requisite heat transfer in the psbhle
heating chamber. Other process conditions may
be varied accordingly, dependent upon the spe-
cific hydrocarbon stock converted.

The term “pebble” as used throughout this spec-
ification denotes any rafractory material in Auid
form, size, and strength, which will flow readily
by gravity through the varicus chambers of a
pebble heater apparatus, Pebbles are preferably,
substantially spherical and are about %'’ to 1’/
in diameter, with the preferred range from 14’/
to L%’’.

The invention utilizes pebbles such ag alumina,
beryllia, zirconia, mullite and periclase, and the
like, either alone or impregnated with a mate-
rial catalytic to the reforming step of my proe-
ess, such as nickel or iron or their oxides. The
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reforming step may be operated either catalyti-
cally or non-catalytically, the latter method re-
quiring temperatures within the range of 500 to
1000° F. above those required for catalytic opera~
tion.

When operating my proces non-catalytically,
I prefer to use highly refractory pebbles, such as
those made of alumina or mullite, and when em-
ploying a catalyst, I may employ alumina or
mullite or any of varicus cther pebbies highly re-
sistant to heat, impregnated with a catalytic
material. Pebbles impregnated either with nickel
or nickel oxide are preferred catalytic materials
for my process. Such a catalytic pehble may be
prepared by any well-known dipping method
wherein the pebble absorbs nickel nitrate on its
surfaces, which upen heing heat treated is con-
verted to nickel oxide. Another well-known pro-
cedure for preparing such a catalytic pebble com-
brises spraying nickel nitrate cnto the surface of
a hot pebble and concomitantly effecting decom-
position of the nitrate to the oxide.

With reference to the figure and following de-
scription, a preferred embodiment of my inven-
tion will be specifically disclosed. I% is under-
stood, however, that the figure is a diagram-
matic illustration of one form of spparatus in
which my process may be practiced, and may be
altered in many respects by those skilled in the
art and still remain within the intended scope
of my invention, and that while the description
is representative in genersl of my preeess, minor
variations and departures may be necessary in
adapling my process to the various conditions
within the scope of my invention.

Referring to the figure, pebble heating zone
i1 and gas reaction zone {2 are well insulated
chainbers, each contajning & Auent mass of peb-
bles 10, impreenated with. nicke] oxide, and con-
nected by a heat insulated conduit forming peb-
ble throat §3. Conduits {4 and #8§ serve as peb-
ble inlet and outlet for chambers {{ and {2 re-
spectively. Star valve (or other type of pebbie
feeder) {7 regulates the rate of flow of pebble
mass through chamber {{, throat {3 and cham-
ber 12 and feeds pebbles flowing from the bottom
of chamber {2 into bucket elevator {8 for delivery
to pebble inlet {4 and on intc chamber {{. Com-
bustion chamber {8 is positioned subjacent peb-
ble heating chamber {{. Chambers I8 and i}
are separated by perforate support 2{ through
which combustion gas, formed in chamber 18,
ascends to pass in direet heat exchanze with
bebble mass 8 in chamber {i. A natural gas,
containing at least 80 per cent methane, is in-
troduced through line 22 and a portion thereof,
usually from about 75 to about 90 ver cent is
admixed with oxygen from lins 2% in an oxygen
to natural gas volume ratio within the limits of
0.8:1 to 0.9:1, and with steam from line 24 in
an amount to adjust the mole ratio of hydrogen
to carbon monoxide in the fAnal synthesis gas
product to a pre-determined level, usually akout
2:1, which is above that ordinarily obtained.
Usually an amount of 200° ¥, superheated steam
within the range from about 0.2 to 0.5 volume
per teotal volume natural gas being reacted, is
utilized. In those cases wherein the amount of
steam required for adjusting the hydrogen to
carbon monoxide mole ratio in the synthesis gas
product is lower than that amount required for
adequately reducing the flame temperature,
liquid water may he advantageously added, in-
stead of steam, since the cocling effect of liquid
water herein is approximately double that of
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200°- P, superheated steam. Liquid water may
be sprayed into combustion chamber 19 through
line 25. When desired, both steam and ligquid
water may ke introduced into combustion Zone i9
through lines 24 and 25. The resulting hydro-
carbon-oxygen-steam admixture is introduced
through line 26 to combustion zone 19 and burned
therein to form hot combustion gas comprising
carbon dioxide, hydrogen, steam and carbon
monoxide. Hot combustion gas formed in zone
{9 together with any steam introduced to the
combustion chamber ascends through perforate
wall 21 at a temperature in the range of about
2900° o 2500° M. and passes upwardly through
chamber {1 in direct heaf exchange relation with
pebble mass (8. The temperature of pebbles
leaving zone i1, i. e., entering throat {3, is from
about 1800° to 2200° F., and may he controlled
to higher or lower levels by regulating the peb-
ble flow, by means of star valve {7, mentioned
above. Combustion gas, having imparted heat to
pebbles in zone i emerges as efluent from zone
{{ through line 26 at a temperature usually
about 100° F. above that of the incoming pebbles.
Usually, I prefer to operate at a pebble inlet
temperature within the range of 500 to 1100° F,,
more often about 600 to 800° ¥. Efiluent com-
bustion gas from zone i containing added steam
as already described, is passed through line 28
and admixed in line 28 with the remaining por-
tion of natural gasto be reacted, introduced from
lines 22 and 27. .The resulting natural gas-
steam-carbon dioxide-carbon monoxide-hydro-
gen admixture is introduced from line 28 into
the lower portion of zone {2 and therein con-
verted to synthesis gas by passing in countercur-
rvent flow to the downwardly moving mass of
pebhles previously heated in pebble heating zone
i, which furnishes the sensible haat, and the
endothermic heat of reaction, necessary for the
reforming reaction. Any hydrogen and carbon
monoxide present in the admixture passing
through line 28, is recovered as synthesis gas
product in a subsequent step.

When desired, steam required for the reform-
ing step may be added from line 24 directly to
zone ¢2 through lines £5 and 28.

Synthesis gas product is retained at the reac-
tion temperature until it leaves the pebble mass
in the reaction zone and thereafter is quickly
guenched to a temperaiure below about 1003° I,
in heat exchange means 28, usually a waste heat
boiler. Efiuent synthesis gas preduct containing
hydregen o carbon monoxide in z mole ratio of
sbout 2:1 is passed from heat exchanger 29
throuch line 31 as feed to a synthesis step 32
of a process of the Fischer-Tropsch type wherein
it may be converted to hydrocarbons and oxygen
derivatives of hydrocarbons in the presence of a
promoted iren catalyst, usually of the fiuid type,
at o temperature within the limits of 560 to
620° ¥., at a pressure within the range of 5 to
30 atmospheres, and at a space velocity (fluidized
catalyst operation) within the limits of 1505 to
3500 standard gas volumes per catalyst volume
per hour. Total efiuent from zone 32 is passed
through line 33 to product separation means 24
which comprises cooclers, separators, distillation
equipment, storage tanks and the like not indi-
vidually illustrated, which can be used to effect
o separation of various selected product fractions.
Tail gas product which may comprise as high as
49 per cent hydrogen, 3 to 5 per cent carbon
monoxide, from 5 to 15 carbon dioxide and the
remainder methane, is passed from zone 34
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through lines 35 and $8 to further utilization
means, not shown. However, if desired, tail gas
from line 25 may be passed through line 37 in
any desired proportion for admixture with ma-
terials from line 25, whereby it enters reaction
zone 12 aleng with materials in line 28 already
described. 'Tail gas may thus be utilized in view
of itz methane and carpon dioxide content.
When tail gas is utilized, in this  manner, it is
necessary to regulate the amount of natural gas
from. lins 27 and the smount of 0 from lines
34 and/or 25 to conform with the amount of
methane and carbon dioxide thai will reach re-
achicn zone 12 from line 87 in order to complete-
ly utilize all reactants in the formation of the
desired synthesiz gas product. For example, if
the tail gas has a high methane content and a low
carbon dioxide content, the amount of natural
gas from line 27 will necsssarily ke decreased.
Furthermore, utilization of tail gas will require in
most instances additional supplementary steam
from lines 24 and/or 28 for adjusting the mole
ratio of hydrogen to carbon monoxide in the final
synthesis gas product.

Tail gag from YHne 87 may be passed in any de-
sired proportion for burning in combustion zone
18 through lines 4¢ and 83, and therefore divided,
when desired, between zones {8 and {2, or it may
be girected entirely to either zone {8 or zone f2.

From separation zone 24 are withdrawn a nor-
mally gaseous fraction through line 38, a gaso-
line fraction throush line 32, a fraction of
oxygen-containing materials through line &1, &
gag oil fracticn through line 42, wax and wax-
like product through line &3, and by-product
water through line 24,

As already stated, pebble temperatures in the
heating zone are contreiied among other means,
by regulating the mole ratio of cxygen to natural
gag in the combustion mixfure. This variable is
very easily controlled and can be employed abt
as high a valus as desired, the upper 1imit usually
being set by the resistance of the combustion
equipment to failure at such resulting high tem-
peratures. For example, if an oxygen to natural
gas ratio affording compleis combustion is em-
ployed, a flame temperature of 3060 to 4000° F.
will be developed and resistance of many types
of refractory materials in such a combustion sys-
tem, to such high temperatures, may be relative-
ly short lived. FHowever, it is within the scope
of my invention to completely burn the hydro-
carbon material in the combusticn zone to form
carhon dioxide and steam in accordance with
Tguation 4 above. When combustion is com-
plete, steam and/or water additicn to the com-
bustion chamber is especially advanfageous in
view of its cooling efect to provide for a lower
overall combustion temperature. For example,
when adding 0.2 volumes of stearn per total vol-
ume of hydrocarbon bsing converted the dame
temiperature msasy by reughly from 8
to 10 per cent and by adding liquid water in
place of steam the cooling effsct is substantially
doubled, as already mentionad. Consequently,
my progess can be cperated ile effecting com-
plete combustion in ths top chambper at a signifi-
cantly reduced fame tempserature.

1 have found, however, that lower oxygen to
hydrocarbon mole retios may be employed with
concomitant formation of carbon dioxide, hy-
drogen, carbon monoxzide and steany, with no
formation and deposition of earben taking place.
The use of such lowered oxygen to hydrocarben
mole ratios is especially advantageous both from

-
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the standpoint of conserving oxygen, and the
longer life of the combustion equipment at the
lower prevailing temperatures, I have found,
for example, that when employing natural gas
containing at least 80 per cent methane, I may
limit the oxygen to natural gas overall volume
ratio to within the limits of 0.7:1 t0 0.9:1. When
employing methane, an oxygen to methane over~
all mole ratio usually not higher than from
0.6:1 to 0.7:1 may be employed.

In the reforming step in the lower zone, encugh
carbon dioxide must be present at equilibrium so
that carbon deposition will not occur therein.
Therefore, a minimum concentration of earbon
dioxide in the synthesis gas product is desirable.
These minimum concentrations in my process are
ustally within the limits of from 1 to 1.5 mole
per cent.  Concentrations of carbon dioxide above
these values are excessive and are prevented in
the practice of my invention. Such excessive
carbon dioxide concentrations are concomitant
with a lowered efficiency of ubilization of a natu-
ral gas feed stock, and result from the effect of
the water gas shift reaction discussed earlier in
this specification, which is especially manifest
when product gasss leave the catelyst or reac-
tion zone at decreasing temperatures, in the re-
gion of which, the equilibrium to the left is rela-
tively rapid, especially since the svstem often
contains materials catalytic to the shift. My
invention provides for minimizing this effect,
since the pebbles at the product gas outlet of the
reaction zone are at a temperature egual to or
above that in any other part of the zohe; there-
fore, at the point of exit of the synthesis product
gas, the water gas shift is inclined o the extreme
right, and excessive carbon dioxide concentra-
tions in the effluent product are prevented. The
quick quench siep is then utilized 4o rapidly ab-~
sorb the heat from the efffuent product gas and
to reducs the temperature to a value below that
at which the water gas shift is effestive, usually
& temperature from 900 to 1200° ., preferably
below 1009° B, ‘

Alr may be used as the oxidizing gas solely, or
in admixiure with supplemental oxygen. When
employing air as the oxidizing gas, nitrogen is
introduced to the lower zone whereby nitrogen
diluent is present in the synthesis gas, which is
sometimes undesirable from the standpoint of
subsequent utilization of the synthesis gas as feed
in a process of the various types described earlier
in this specification. Synthesis gas containing
excessive amounts of nitrogen, such as would oc-
cur when using air as the oxidizing gas usually
require higher operating pressures (when used in
a process of the PFischer-Tropsch type) and larger
scale equipment to handle the bulk of extra ni-
trogen “riding” through such a synthesis system.

In the utilization of pebble heater apparatus
it may be desirable to effisct the combustion ordi-
narily taking place in zone {8, in a zone external
to the pebble heater apparatus whereby hot gases
would be produced separately and introduced to
chamber {{ through, for example, lines 22 and 36,
It might be preferable to conduct the combustion
in chamber {{ without the benefit of chamber {9.
In such operation, the space occupied by zone 1§
in the figure could be completely filled with
pebbles.

My invention is not limited to the use of the
same hydrocarbon gas in both chambers. On
the conirary, two separate hydrocarbon gas
stocks may be employed. For example, a refinery
gas of acceptable heat content may be utilized
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in the top chamber to produce carbon dioxide and
steam together with any carbon monoxide and
hydrogen, and a gas stock of relatively high
methane content may be utilized in the lower
chamber. In such practice, a hydrocarbon gas
may be introduced to chamber {9, as already
described, and the other hydrocarbon gas intro-
duced to chamber (2 through lines 28 and 28.

For convenience and clarity certain apparatus
such as pumps, storage tanks, etc. have not been
shown in the drawing. Obviously such modifiea-
tions of the present invention may be practiced
without departing from the scope of the inven-
tion.

Advantages of this invention are illustrated by
the following examples. The reactants and their
proporticns and other specific ingredients are
presented as being typical and should not be con-
stried to limit the invention unduly.

EXAMPLE T

Natural gas having the composition indicated
below is reformed, in a pebble heater type ap-
paratus, to synthesis gas containing hydrogen
to carbon monoxide in a mole ratio of 2:1.

Natural gas

Component: Mole per cent
Nitrogen . _____ 7
Methane . __ 79.4
Bthane____________________________ 8.8
Propane_____ . __ o __ 3.7
Butanes . ___ 0.9
Pentanes and heavier-______________ 6.2

Total - __ 100.0

About 85 per cent of the natural gas to be re-
formed, is admixed with an amount of oxygen
to provide a combustion mixture having an OXy-
gen to natural gas mole ratio of 0.8:1. The over-
all oxygen to natural gas ratio is 0.7:1, which
gives a mole ratio of hydrogen to carbon monox-
ide in the final synthesis gas product of about
1:8 to 1. Steam is added to bring the hydrogen
to carbon monoxide mole ratio up to about 2:1.
About 0.42 volumes of 200° F. superheated steam
per volume of total natural gas to be converted,
is added to the oxygen-natural gas combustion
mixture and the resulting natural gas-oxygen-
steam admixture passed to the combustion zone
{ the pebble heater apparatus, and burned at a
flame temperature of 2500° F., to produce hot
combustion product gas of the composition in-
dicated below, not including the steam already
added.
Combustion product

Component: Mole per cent
Hydrogen ... ____________________ 39.0
Carbon monoxide_._________________ 30.4
Carbon dioxide_____________________ 5.7
Methane . _________________________ 0.6
Ethane ang heavier hydrocarbons____ 0.1
Nitrogen « o ____ ib5
Steam .. 22.7

Total - . 100.0

Hot combustion gas thus formed, including the
added steam, is passed upwardly from the com-
bustion chamber through the pebble mass in the
pebble heating zone in direct heat exchange
with refractory pebbles impregnated with nickel
oxide. The rate of pebble flow through the ap-
paratus is regulated in conjunction with the
flame temperature developed in the combustion
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zone, to absorb heat from the hot combustion
gases and to flow from the pebble heating zone
into the pebbie throat at a temperature of about
2000° F. Combustion gas leaves the pebble
heating zone at a temperature of about 800° P.
Effluent combustion gas, including the supple-
mentary steam added, is admixed with the re-
maining 15 per cent of natural gas, passed to the
gas reaction zone, and therein countercurrently
contacted with downwardly flowing pebbles pre-
viously heated to the pebble heating chamber.
The pebble mass is catalytic to the reaction and
supplies the necessary sensible heat, and heat
for reaction, for the carbon -dioxide-steam Te-
forming of the natural gas therein. The syn-
thesis gas product leaves the pebble mass and
reaction chamker at about the maximum 2066°
. temperature, and is thereafter quickly
quenched to a temperature below 1000° ¥. Syn-
thesis gas product containing hydrogen to car-
bon monoxzide in a mole ratio of 2:1, and con-~
taining about 1.0 per cent carbon dioxide, is re~
covered from the quenching step. No caribon
formation takes place in either the pebble heat-
ing chamber or the gas reaction chamber.
Pebbles leave the lower zone at a temperature of
about 760° F. and are delivered by elevating
means, with substantially no heat loss, to the
pebble inlet of the pebble heating chamber.

EXAMPLE IT

The process of Example I is repeated in the
absence of supplementary steam. In this case,
the mole ratio of hydrogen to carbon monoxide
in the final synthesis gas product is 1.8:1 and the
flame temperature developed, is about 3000° F.
However, by regulating pebble flow, temperature
of the pebbies entering the pebble heater throat
may be as low as 2700-2800° F.

EXAMPLE III

The process of Example I is repeated except
that air is substituted for oxygen in an amount
to provide the over all oxygen to natural gas
ratio employed in Example I. In this case, in-
stead of 0.42 volumes of 2060° F. superheated
steam, it is necessary to add about 0.7 volumes
of 200° ¥, superheated steam per total volumne
of natural gas in order to obtain the desired 2:1
mole ratio of hydregen to carbon monoxide in
the synthesis gas product.

I claim:

1. A continuous process for the manufacture
of carpon monoxide and hydrogen from nsatural
gas, comprising continvously gravitating a con-
tiguous mass of pebbies through a series of zones
comprising a pebble heating zone, & reaction zone
positioned bslow said pebble heating zone, and
a relatively narrow interconnecting zone, each
said zone being substantially filled with said
contiguous mass of pebbles; introducing a por-
tion of saig natural gas to be converted, together
with oxygen in a volurae ratio of oxygen to natu~
ral gas within the limits of 0.8:1 and 0.5:1, into
said pebble heating zone, the remaining portion
of said natural gas utilized as described here-
after; burning natural gas with oxygen in said
pebble heating zone, each having been intro-
duced thereinio as already described, wherehy
the resulting flame is formed at a temperature
above a predetermined temperature level reguired
for steam-carhon dicxide reforming of natural
gas 23 described herveafter and products of com-
bustion comprise carbon monoxide, oxygen,
steam, and carbon dioxide; continuously con-
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tacting that section c¢f said ccntiguous pebble
mass gravitating through sald pebble heating
sone with combustion gas resulting from said
burning to heat said pebbles therein to a tem-
perature substantially above said predetermined
temaperature level; withdrawing total combus-
ticn gas from said heating zone and admixing
same with said remaining portion of natural
gas and passing the resulting admixture at a
ficw rate through that section of said pebble
mass fowing through said reaction zone regu-
1ated to insure heating said admixture to said
predetermined temperature level, whereby steam,
natural gas and carbon dioxide in said reaction
zone interrveact to form carbon monoxide and
hydrogen; and withdrawing carbon imonoxide
and nhydrogen from said reaction zone as & prod-
ucs of the process.

2. The process of ciaim 1 wherein szid pebbles
are impregnated with a material catalytic to
said reforming, and wherein steam is introduced
into said pebble heating zone together with said
natural gas and oxygen introduced thereinto in
a quantity so as to regulate said flame tempera-
ture thereby providing pebbles heated to a tem-
perature conducive to the catalytic reforming
taking place in said reaction zons.

4. The process of claim 1 wherein the quantity
of said steam, as measured at 200° F., is within
the range of 0.2 to 0.5 volumes per total volume
of natural gas converted and wherein liquid water
ig introduced into said pebble heating zone to-
gether with said steam.

4. A process for the manufacture of carbon
moenoxide and hydrogen from natural gas, com-
prising burning incompletely a portion of the
said natural gas with oxygen in an oxygen to
natural gas volume ratio to produce combustion
gas comprising carbon dioxide, steam, and sub-
stantial quantities of hydrogen and carbon mon-
oxide at a temperature above 1400° . and not
exceeding 255° F.; passing combustion gas thus
formed in direct heat exchange relation with a
frst section of a moving contiguous pebble mass
so as to heat said pebbles in contact therewith to
a temperature above 1400° F. and not exceeding
2500° PF.; withdrawing combustion gas from the
sone of said direct heat exchange and passing
same together with the remaining portion of said
naiural gas in contact with a second section of
said contiguous mass previously heated in the
zone of said heat exchange, to heat said com-
Lustion gas-natural gas admixture contacted
therewith to a temperature of at least 1400° P,
and not exceeding 2500° F., whereby natural gas
reacis with carbon dioxide and steam to form
synthesis gas; the over-all volume ratio of total
oxygen to total natural gas introduced into con-
tact with said contiguous pebble mass being
within limits of 6.6:1 to 0.9:1; and recovering
synthesis gas from the effluents from the zone of
the last said reaction, as a. product of the process.

5, The process of claim 4 wherein said com-
bustion gas is produced at a teranerature not
exceeding 2200° F., wherein said pebbles are im-
pregnated with a nickel catalyst material ‘and
wherein said synthesis gas is formed at a tem-
perature in the range of 1400°-2000° F.

8. The process of claim 4 wherein said pebbles
are catalytic. to the said formation of synthesis
gas. .

7. & continuous catalytic process for the manu-
facture from natural gas containing at least 80
per cent methane, a carbon monoxide-hydrogen
feed stock suitable for use in the synthesis of

.
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hydrocarbons and oxygen derivatives of hydro-
carbons, comprising continuously flowing by
gravity a contiguous mass of ¥’ to 1’’ spherical
pebbles impregnated with a mnickel catalyst
through a series of substantially vertically ex-
tending zones comprising a pebble heating zone,
a reaction zone positioned at a lower level than
said heating zone, and a relatively narrow inter-
connecting zone, each said zone being substan-
tially filled with said contiguous mass of pebbles
and permitting relatively unrestricted flow of
pebbles therethrough, introducing oxygen and
from 75 to 90 percent of said natural gas in
admixture to a combustion zone subjacent said
heating zone in an oxygen to natural gas vol-
ume ratio within the limits of 0.8:1 to 0.9:1, the
remaining portion of said natural gas utilized as
hereafter described, in said combustion zone burn-
ing said natural gas-oxygen mixture to produce
combustion gas comprising carbon dioxide, hy-
drogen, steam and carbon monoxide, at a tem-
perature in the range of 2200-2500° F., continu-
ously contacting that section of said contiguous
mass of pebbles flowing through said heating
zone with said hot combustion gas at a flow rate
regulated to insure heating said pebbles to a tem-
perature not higher than 2200° F., withdrawing
said combustion gas from the upper portion of
said heating zone and admixing same with said
remaining portion of natural gas, passing the re-
sulting natural gas-combustion gas admixture
through that section of said contiguous mass of
pebbles flowing through said reaction zone at a
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flow rate regulated to insure heating said ad-
mixture to a temperature in the range of 1800
to 2200° F. whereby carbon monoxide-hydrogen
product is formed, withdrawing said product
from said reaction zone at 8 temperature not less
than 1800° F., continuously removing pebbles
from the lower portion of said reaction zone,
quickly quenching efluent from said reaction
zone to a temperature below 1000° F.,, and recov-
ering efluent carbon monoxide-hydrogen product
from said reaction zone.

8. The process of claim 7 wherein steam is
introduced to said combustion zone in amount
within the limits of 0.2 to 0.5 volumes per total
volume of natural gas reacted in said heating zone
and in said reaction zone.
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