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County; Pa., assignor to-Gulf Research & De-~

velopment Company, Pittsburgh, Pa., a-corpo-
ration.of Pelaware

‘Application December 30, 1948, Serial No. 68,280
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Thiy invention relstes toanapparatis: forcar-
rying out reactions at advanced temperatiresand
superatmospheric pressures. More particularly

“the-dnvention. xelates to: an apparatus: for: pro-

‘G comversion zone. in. whichoa: high-temperature

1.Claim,  (CL 48—136).

, 2

regctionis carried:out, to a.cooling:zone: More-
over;. the apparatius comprises.-a -compact and
efficient: ‘grrangement; of: the. several: .elements
required to: operate g.process of ‘generating syn-

ducing = gascomprising ‘hydrogen: and.carbon 5 thesis: gas. . .
monoxide;i:.e. a:synthesis'gas by partially reaet- The: apparatus: of the: invention includes an
ing ‘hiydrocarbons. with: oxygen at: elevated .tem- elongated conversion tube having heat: retentive
‘peratures end:supératmospheric:pressures. - wallszand -a.gas quench cooler. comprising . a plu~
_A. process: ‘for . the mproduction. of. Fischen- rality-of marrow heat-exchange tubes terminating
Tropsch. synthesis ‘gas: comprises: introducing & 10 in:upper and.lower tube ‘sheets,. the tubes: being
‘mixture: of natural gas and oxygen: into.a: con Jisposediin-parallel arrangement and:surrounded
version: zone. in. which :conversion. temperatures by a chamber for:a fluid:Heat -exchange medium,
of therarder: of: 18004 40 2880° E. and pressures all ‘contained:in. o -single pressure-tight' vessel.
ofitheorder-of 150.:t0:650; pounds:per sgudre inch The gas quench cooler is positioned around the
are maintained: ‘The composition: of: the charge 15 conversion tube: - Conduits: are-provided leading
mixture is such:as tosproduce: upon . conversion from the conversion tube to. the :gas 'quench
. mixture: ‘of: conversion products -comprising cooler.. "Conversion: gases: pass in one: direction
desirable ‘propertions: of -carbon. monoxide: and -~ through the conversion tube, through. the con-
“hydrogen ‘aud:ta -evolve: sufficient heat: to-main- duits:and:in the other-direction through the heat
tain:the conversion:tuhe: at the:conversion tem- 20 zchange: tibes:
perature: _ R s ] ) The. invention will be: understood. by reference
The :conversion-products. initiallyformed are to the accompanying drawing, hereby made: a
not.in thermodynamic-equilibrium at-the conver- part:of this specification, in which Figure 11isa
sion temperature: -and: therefore: the-eonversion. vertical sectional-view of an apparatusembodying
zone:-should: be sufficiently ' leng ‘te. provide -an 25 the invention. and: Figure: 2 1§ a ‘cross-sectional
equilibrium zone: wherein.the products are main- view taken along the lines A~—A of Figure 1.
tained. at.-an elevated: :equilibrium- temperature The: apparatus disclosed in the drawing con-
above 1700° B, until thermodynamic-equilibrium sists ‘of o pressure-tight vessel 5, containing an
is. substantially. established. "The -equilibrium elongated open conversion tube 6, and a quench
composition . at- this temperature -is- the _desired 30 cooler 7 which surrounds:the conversion tube .
composition. However, singe  the -eguilibrium The vessel % is:of steel, is partially insulated with
compesition varies-with.temperature, the-actual bottom insulating bricks 8. and top insulating
.compesition would-change toward-a new eguilib- bricks 8, and contains an outlet i1 legding from
rium compesifion at.anew temperature if-allowed the top of the.vessel. The conversion tube G is
suficlent time. To stabilize. the desired .compo- 35 gentered within vessel § and is formed of a steel
sition .and. obtain synthesis gas under conditions eylinder {2 containing heat retentive insulating
desirable. for. introduetion.inte a synthesis con- Bricks §3; forming.an annular heat retentive wall
veiter.system, the. mixture at the conversion-tems= ‘44, and bottom.insulating Bricks 8. The coh-
‘perature should be.immediately and substantially version tube is provided with radial-inlets in the
,instantaneously cooled or quenched to a substan- 40 form of long nozzles 4§ at the top thereof which
tially. unreactive temverature, preferably a tem- extend without vessel B. The nozzles 16 are fed
perature of belew. 1300° F. by:an upper-oxygen manifold 11 and a lower nat-
" Ome.of. the.impertant. problems invelved. in ural gas manifold 8. These maniiclds are sup-
practicing.a process of this type:is that of avoid- plied by the valved lines shown on. Figure 2.
ing. any: substantial loss: of heat from the con~ 45 ‘Conduits 19 'which.lead from the interior of the
version zone or products prior to the time the conversion ‘tube to an annular space or chamber
products are subjected to substantially instanta- 24 are Tormed by arranging heat retentive bricks
neous cooling. It is essential that.the cooling {3 to form apertures in the bottom of wall 14
device employed be.closely adjacent to the exit below: the bottem of ‘steel. cylinder (2. The
of the conversion tube to avoid heat losses in 50 chamber: 24 is formed: by the:lower portion of
transferring the products from the tube to the refractory. wall: 44; the: water wall 22, bottom
cooling device since slow loss of heat prier to insulating bricks: 8, and the lower tube sheet 23
the: rapid cooling would produce undesirable of : quench: cooler 7. The: guench  cooler s
changes:in gas composition. -This problem pre- arranged as an annulus around:the cylinder 12
sents: material difficulties in: preventing Heat 55 and consists of a.plurality. of narrow steel gas
transfer; particularly transfer-hy radiation from coolixig: tubes 24. positioned in parallel arrange-
one zone:to. the other. nient between . the: lower tube sheet 23" and an
The: apparatus. of the present: invertion'pro- upper-tube sheet 26:. A chamber 27 adapted to
~vides amn:effective. solution of: the problemof pre- ‘contain. o :cooling medivm: such as water sur-
wenting: the. transfer. of- heat. from the reaction 60 roundine thetubes24:is formed by the:upperand

lower tube sheets, the: cylinder-12:and the:vertical
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wall 28 of vessel 5. The cooling medium is intro-
duced through inlet 29 and withdrawn through
outlet 31.

The operation of the apparatus will be described
in connection with a process for the production
of synthesis gas. A mixture of natural gas and
oxygen at an elevated temperature of about
1000° F. and a pressure of about 300 pounds per
square inch is formed in nozzles 16 and introduced
into conversion tube 6. The conversion tube is
maintained at a temperature of about 2500° F.
and a pressure of about 300 pounds per square

inch, this temperature being obtained by the con- -

version of previous increments of the natural gas
and oxygen mixture. The entering mixture is
raised rapidly to its conversion temperature and
is converted to conversion products comprising
carbon monoxide, hydrogen, carbon dioxide and
steam. These conversion products move down-
wardly in conversion tube 6 at a rate such that
on reaching the bottom of the tube, they are of
substantially equilibrium composition at the con-
version temperature of 2500° F. The reactions
occurring in conversion tube 6§ produce g con-
siderable amount of heat, loss of which is pre-
vented in the apparatus described by the heat
retentive wall {4 and bottom insulating bricks 8.

In order to cool or quench this equilibrium mix-
ture substantially instantaneously, the conversion

products are passed through conduits 18 into an~ &

nular chamber 21 and without substantial re-
duction of temperature are introduced into the
bottom of gas cooling tubes 24 where they are
quickly cooled so as to pass from the heat ex-
change tubes at a temperature of about 900° F.
The pressure of the exit gases will be substan-
tially the pressure in the conversion tube §; i. e.
about 300 pounds per square inch.

The apparatus disclosed is effective to prevent
any premature cooling of the conversion products
because the loss of heat by radiation to the quench
cooler is substantially completely avoided. Thus,
the only conversion gases which are in a position
to radiate heat to the quench cooler are the gases
contained in chamber 2{ and these gases almost
immediately pass into the heat exchange tubes.
There is substantially no reduction of temper-
ature of the conversion gases until they enter the
gas cooling tubes 24.

Due to the structure of the quench cooler, and
particularly the fact that the hot gases pass
through the parallel gas cooling tubes 24 which
are in contact with water acting as a cooling
medium, substantially instantaneous cooling is
accomplished which is effective to stabilize and
fix the composition of the conversion products at
the composition attained at the elevated conver-
sion temperature of 2500° P, :

The cooling medium employed is preferably
water which, depending upon the plant require-
ments, is converted into high or low pressure
steam. :

It will be seen that the apparatus disclosed has
the important advantage in addition to that of
permitting a substantially instantaneous quench
cooling of the conversion products. of providing
means for protecting the conversion zone from
excessive cooling.

It will be recognized by those skilled in the
art that the apparatus disclosed in the drawing
can be modified in many ways within the scope
of the invention. For example, the position of
entering and exit conduits may be the reverse of
that shown; i. e. the unit may be in effect inverted.
In such case, the flow of gases through the con-
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version tube and the quench cooler will be in the
opposite direction from that described. - While it
is important when carrying out extremely high-~
temperature reactions and using water as the
cooling medium that the hot gases flow upwardly
through the quench cooler, satisfactory results
are obtained when carrying out lower-tempera~
ture reactions, particularly when using a different
cooling medium, by causing the hot gases to flow
downwardly through the quench cooler.

Obviously many modifications and variations
of the invention as hereinabove set forth may he
made without departing from the spirit and scope
thereof and therefore only such limitations should
be imposed as are indicated in the appended
claim.

Iclaim:

An apparatus for producing synthesis gas by
conversion. of hydrocarbons which comprises in
combination in a pressure-tight vessel, an elon-
gated conversion tube centrally and axially lo-~
cated in said vessel, closed at its upper and lower
ends and insulated over substantially all of its
inner surface by insulating heat retentive walls,
said elongated conversion tube containing at least
one inlet conduit at the top thereof extending
from without the said vessel and a plurality of
slots disposed in the hottom of and extending
through the side wall of said conversion tube,
cooling means comprising a lower tube sheet,
& water wall beneath said lower tube sheet and
surrounded by the lower portion of said pressure-
tight vessel, vertical heat exchange tubes open at
each end, an upper tube sheet, and a heat ex-
change chamber, said cooling means surround-
ing said conversion tube within said reaction ves-
sel with its said lower tube sheet positioned at
& higher vertical point than but immediately ad-
jacent to said slots, and an annular chamber
surrounding said conversion tube closed at the
lower end by an insulating heat retentive wall
and bounded also by the insulating heat reten-
tive side wall of the lower end of said conversion
tube containing said slots, by said water wall,
and by said lower tube sheet, said annular cham-
ber being in communication with the interior
of sald conversion tube by means of said slots
and with said heat exchange tubes, whereby hot
reaction gases formed in said conversion tube
flow downwardly through said conversion tube
while they are maintained at an elevated equi-
librium temperature by said insulating heat re-
tentive walls of said conversion tube and pass
from said conversion tube through said slots to

v said annular chamber while avoiding any sub-

stantial transfer of heat by radiation from said

conversion tube to said cooling means and then

flow upwardly through said cooling means.
CLARENCE L. CRAWFORD.
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