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10 Claims.

Our invention relates to a combined regenera-
tor and catalyst chamber, and more particularly
be used for the produc-
tion of synthesis gas for use in various processes
‘of synthesizing organic compounds.

A mixture of carbon monoxide and hydrogen
may be made from natural gas (methane) and
carbon dioxide according to the following re-
action:

CH4+CO2-2CO+2Hs—z calories

It will be noted that
dothermic,
reaction
catalyst
2000° P, .

The catalyst may comprise nickel deposited on
clays of high alumina content, such as fire clay
or alundum.

It is to be understood that our regenerator and
catalyst chamber may be employed generally
whenever an endothermic reaction is required to
be carried out in the pbresence of a catalyst.

One object of our invention is to provide a
novel regenerator and catalyst chamber.

the above reaction is en-

at temperatures above 1500° F. and

Another object of our invention is to provide -

. a combined Tegenerator and catalyst chamber
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which will enable endothermic reactions in the

bresence of a catalyst to be conveniently carried -

out.

Another object of our invention is to provide
a combined regenerator and -catalyst chamber
in which the synthesis gas mixture being with-
drawn therefrom will automatically be main-
tained within 3 desired temperature range.

Other and further objects of our invention will
appear from the following description.

In the accompanying drawings which form
part of the instant specification and are to be
read in conjunction therewith, and in which like
reference numerals are used to indicate like

- parts in the various views:

Fig. 1 is a sectional elevation of a regenerator -

and cafalyst chamber showing one embodiment
of our invention.

Fig. 2- is a sectional
2—-2, Fig. 1. . .

Fig. 3 is a sectional elevation of a regenerator
and catalyst chamber, with parts in section,
equipped with a control means for automatically
maintaining the temperature of the material
leaving the catalyst chamber between  desired.
temperature limits. , C

Fig. 4 is a diagrammatic view of the control
assembly employed in the em-bodiment shown in
Fig. 3. :

view taken on the line

Referring now to the drawings, a éylindrica.l‘.-
steel shell { may be formed in any suitable man.’

ner, mounted upon any suitable foundation 2.
The interior of the steel shell is lined with re-

i. e., that heat must be supplied. The .
will take place in the presence of a-

" passes through the

(ClL 23--288)

fractory material such as fire brick, and a figor
15 of refractory material., A plurality of walls
4,56 and 7 are housed within the casing f, and
support arches 8, 9, 10, 11, 12 and 13, as can
readily be seen by reference to the drawings.
The walls 4, 5, 6 and 1 are provided with inter-
stices or passages (4 which permit horizontal
flow of gases therethrough. The arches 8, 9, 10,

{1 and 13 are made of refractory material such as-

fire brick, and provided with interstices 18, per-
mitting vertical flow of gases therethrough.
The arches {2 likewise are made of refractory
material but gre imperforate., . ) :
" A flue-19 of refractory material provides com-
munication between the spaces within the cham-
ber on opposite sides of the imperforate arches
12,

Supported by arches 8§ are masses of refrac-
tory material such as crushed fire brick 11, A
mass of crushed fire brick {8 is supported by
arches 13, the flue 1§ extending through this
mass of crushed fire brick.

Supported by arches 8,
masses 20. These may. comprise crushed re-
fractory material such as fire brick upon which
has been deposited the catalyst employed in the
particular reaction for
be used. . ,

Extending into the housing I above the im-
perforate floor formed by arches 12, is a duct 21
made of refractory material. Extending into
the interior of the chamber adjacent the lower
portion thereof is a duct 22 made of refractory
material. Manifolds 23, 24 and 25 are provided
with a plurality of pipes 26, which extend into
the chamber at a plurality of separated places
therein,

In operé_tion, air is introduced through duct

{0 and 11 are catalyst

.21 flowing "upwardly through the interstices in |

arches (3, through the bed of refractory material
18, downwardly through flue 19 from which it is
disseminated throughout the catalyst masges 20,
flowing downwardly. therethrough. Fuel gas is
introduced into manifolds 23, 24 and 25 for com-
bustion throughout the catalyst masses. 20, the

.air being supplied through duct 21 supporting

the combustion. The hot gases of combustion
pass downwardly through refractory masses 17
and thence out through duct 22 to the flue. The
distribution of the fuel inlets 26 is such that the
fuel is disseminated throughout the catalyst

.masses, thus preventing local overheating and
_the entire mass is evenly heated to.the desired

temperature depending upon the particular re-
action to be carried on after the heating cycle
is completed. : v

It will be further noted that the Incoming air
uppermost refractory mass
18, thus cooling this mass and being itself heated
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which the chamber is to
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before combining with the fuel gas in combus-
tion. A
It will be noted that heat will be stored in the

_ refractory mass 11. Teking by way of example,
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the formation of synthesis gas from methane
and carbon dioxide, the heating cycle is con-
tinued until the catalyst masses 28 and the top
of the regenerator masses {7 become heated to &
temperature between 1800° F. and 2200° F. -
During the make cycle & ‘mixture of carbon
dioxide and methane is introduced through duct
22. The mixture will flow .through the hot re-

fractory beds 11 and be brotight to reaction’

temperature, simuitaneously cooling the refrac-
tory. Heat for the reaction is also furnished
from the heated catalyst masses 20. The hot
synthesis gas after being formed passes upwardly
through flue 19, and downwardly through re-
fractory mass I8, Refractory mass I8 will thus
be heated, and the freshly synthesized synthesis
gas will be cooled: and fiow outwardly through
duct 2t for further treatment, depending upon
the particular organic products to be made
therefrom. . . : :

- The make cycle is contained until the tempera-
ture of the catalyst mass drops to about. 1500° F.
when .the regenerator and catalyst chamber is
again subjected to the heating cycle. Between
the make cycle and the heating cycle, if desired,
the catalyst chamber may be purged of oxygen by
means of an inert gas. such as carbon dioxide in
order to reduce an explosion hazard, which might
exist if air be introduced into a highly heated
mixture of carbon monoxide and hydrogen.

Tt will be obseryed that our arrangement makes
for maximum thermal efficiency. It is desirable
to cool the synthesis gas as the synthesis reactions
in which it is employed do not require as high
temperature as is necessary to form it. The heat
employed in cooling the freshly made synthesis
gas is recovered in preheating the air for combus-
tion of the fuel gas during. the ‘heating cycle.
The heat of the combustion gases during the
heating cycle is partially recovered, not only
through the medium of the catalyst masses 20,
but also by the regenerator masses {1, this heat
being later employed to preheat the mixture of
carbon dioxide and methane during the make
cycle. :

By combining the regenerative or heat-storage
function of the crushed refractory with the cata-
jytic plus heat-storage function of the catalyst
and with a superimposed and controlled heat
liberation. during the air blow, it is possible to
design for a desired temperature distribution (or
a desired degree of uniformity of temperature)
simultaneously with a desired thermal efficiency.
Furthermore, it is possible after the unit has
been put into operation.. to correct operation of
the unit to its optimum. ¥For example, the intro-
duction of fuel gas only into the top combustion
section 26 (feasible without overheating the cata~

1yst during the early part of & run) will act to .
make the three tiers below serve as regenerators .

and to improve the thermal efficiency. .
In the case of a cheap catalyst mass which
would serve equally well as regenerator packing,
the regenerative and catalytic portions of the
unit may be filled with the same materials. - The
supply of heat, such as by combustion of fuel gas,
to the center section or sections of the unit will
then be the sole feature distinguishing the cata-
iytic section from the regenerative sections on
either side of it, and the function of packing ma-

terial below the last point of entry of fuel will.

EN

vary from catalyslS‘rmd,.'iiéﬁt storage to heat
storage alone, in proportions automatically de-
termined by proportions and duty of the equip-
ment.

- Referring now to Fig. 3, communicating with

the space.30 above the uppermost catalyst bed
20, we provide a withdrawal conduit 31 provided
with & control damper 32. The conduit 31 acts
to by-pass the regenerator bed 8. As will readily
be observed by reference to PFig. 3, when the
damper 32 is opened, the freshly formed hot

‘synthesls gas mixture may flow directly into educ-
‘ tion conduit 21 through by-pass duct 31, instead

of following the path of greater resistance up-
wardly through flue {8 and downwardly through
refractory bed I8. _

When the catalyst and regenerator chamber
is first placed on the make cycle, the refractory
bed 18, having been cooled to its minimum tem-
perature by the air just used to support com-
bustion during the heating step, may cool the
freshly made synthesis gas formed during the
make cycle to a temperature below that which
is desirable for the synthesizing process to which

the synthesis gas is being put. In this case it is.

desirable to by-pass a portion of the synthesis
gas being made directly into the eduction condult
for admixture with that portion of the synthesis
gas which has passed ‘through the regenerator
bed (8 in order that the temperature of the mix-
ture be raised to the desired point. ‘When the

10
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catalyst and regenerator chamber is first placed -

on the make cycle, the catalyst beds and lower
regenerator bed 171 are heated to their highest
temperature. As the make cycle progresses there
is a gradual drop in temperature of the syn-
thesis gas as it leaves catalyst beds 20. At the
same time there is a progressive rise in tempera-~
ture of that part of the gas leaving the generator
bed 18. It is therefore necessary to regulate the
proportion of the gas py-passed around beds 18
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to maintain a constant temperature of the exit -

gases. If the rate of temperature drop from cata-
lyst beds 20 is less than the rate of the rise of
temperature from beds I8, a greater proportion

progresses.
In general it will be apparent that if the syn-

of the gases must be by-passed as the cycle 1‘5‘

thesis gas leaving the catalyst and regenerator

chamber through eduction conduit 21 is too hot,
damper 32 should be closed in order that a great-

50

er portion of the synthesis gas be constrained to .

pass through the synthesis gas cooling regen-
erator bed 18. On the other bhand, if the tem-

_perature of the synthesis gas leaving the catalyst.

regenerator chamber through eduction conduit
21 is below the desired temperature, the damper

should be opened in order to by-pass the cooling-

bed. As the synthesis gas make cycle progresses
the temperature of the catalyst beds 21 and the
temperature of the regenerator bed {8 will tend
to_a.pproach each other. It will be obvious, of
course, that the temperature of regenerator bed
i8 will never in practice reach the temperature
of the catalyst beds because before this condition
can take place, the catalyst beds will have cooled
to a point below that necessary to continue the
synthesis gas make efficiently.

In order to assure an output of synthesis gas

" at the desired temperature, and to compensate

for variations in the flow rate and yet maintain
the desired eduction temperature. for the freshly
made synthesis gas, we provide an automatic con-
trol for damper 32, that is, we adjust the damper
32 in response to & function of the temperature
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of the eduction synthesis gas in order that the
ixture of the synthesis gas passed. through the
cooling bed I8 and the by-passed synthesis gas
. WUl be maintained within the desired temperg-
8 ture range or substantially at the desired tem-
perature. - _ ‘ .
A pyrometer 38 may be of any suitable type,
such as an electrical pyrometer, adapted to reg-
ister temperature on a galvanhometer 34, in the
case of an electrical pyrometer. It is to be under-
stood, of course, that any suitable pyrometer may
be employed. The registering needle 35 is made
of & conducting material snd connected by coti-
ductor 36 to one terminal of a battery 37. The
other terminal of thie battery is connected through
conductor 39, coil 38 and conductor 40 to s con- -
tact point 41, and through conductor 42, coll 43
and conductor 44 to a contact point 45. The
contact points may be set at respective upper anid
lower temperatures between which it is desired
to maintain the eduction synthesis gas. Contact
point 41 is set at the lower temperature and con-
tact point 45 is.set at the higher temperature. : -
The damper 32 is adapted to be operated
through a control shaft 46 through an electric
motor 41. When the temperature of the eduction
synthesis gas drops to the lower point of the de-
sired temperature range, the registering needle 3§
will make contact with contact point &1 thus comi-
bleting a circuit through battery 37 and coil 38. ,
The energization of coil 38 will attract the arma-
ture 48 causing contact plate 49 to electrically
connect contact point -50. and contact poiit 51,
and contact plate 52 to electrically connect con-
tact point 53 and contact point 54. ‘When this
occurs current will flow from one terminal 8§ of
the battery 56-through conductor 58 through coh.
ductor 89 to contact point 50 through contact
plate 49 to contact point 51, through conductor
€0 60 through conductor 6 to one brush 62 of the
motor 47, returning to the other terminal of the
battery through brush 63, conductor 64, con-
ductor 65, contact point 5#, contact plate 52, con-
tact point §3, conductor 86, conductor 61, field
‘48 winding 68 of the motor, conductor $9, to termi-
nal 78.of battery 56. _

‘The ‘motor will run to open the damper 32 to
permit the freshly formed synthesis gas to flow
through by-pass duct 31, by-passing the cooling

‘80 regenerator bed I8. - As soon as the damper 32 is
opened or moved to a further open position than
- that which it previousiy occupied, a greater
volume of hot synthesis gas will be admixed with
the gases passing the pyrometer 33, the register--
83 ing needle will move away from contact point &1
and break the circuit through coil 38 opening both
the field circuit and armature circuit of the motor
41, stopping the damper in. the position . set.
Should the damper have opened to too great an
80 extent the temperature of the eduction gases
will be such that registering needle 35 will make
contact with contact strip 45, thus closing a
circuit through battery 37 and coil 43, attracting
.. armature 71 and causing contact plate 72 to close
83 a circuit through contact points 13 and 14, and
causing contact plate 15 to electrically connect
contact point 76 and contact point 77. When this .
occurs current will flow from terminal 55 of bat-
_ tery 36 -through conductor 58 through conductor
70 78 through contact point 11, contact plate 18,
contact point; 18, conductor 19, conductor 64, to
brush 63, current returning to the battery
through brush 62, conductor 64, conductor 80,
contact point 13, contact strip 72, contact poiit
18 14, conductor 81, conductor 67, field ‘winding €8,

15
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-, It will be apparent that we have provided méans

-contact point
-battery 84 and indicating signal, such as a bell, 88.

. 3
conductor 89, to' the other terminal 7 of the
battery §8. o o LT
It will be observed that when coll 43 is energized
the direction of armature ‘current of motor &1
with respect to *he field current is opposite to its &
direction with respect to the field current when
coll 38 is energized. The reversal of armaturée -
current with respect to field current will reverse
thé direction of rotation of the motor 41, thus
tending to close the damper. : ,
-After the damper closes, a greater proportion:
of cuoled synthesis gas will be admixed with the
synthesis gas passing pyrometer 33. The result-
ant. reduced temperature will cause registering -
pointer 35 to break contact with.contact strip 4%

1o

thus breaking the circuit through telay coll 43

permitting the armature 71 of the relay to drop
breaking the motor circuit through motor 47,

for controlling the témperature of the eduction
material from the synthesis regenerator chamber
a8 the function of the eduction gas. A pointer
2 is secured to control shaft 46 and is adapted

20

- to rotate thérewith to indicate the position of the .
_damper 32. When the damper 32 is moved tg tully 25

open position, pointer 82 wili make contact with .

83 completing a circuit through

The bell 8% may

K be placed on a control panel or _
al &ny suitable

point and will indicate that it 30

- I8 necessary to take the catalyst regenerator

chamber off the make cycle and®to again relieat
the catalyst beds, o , .
: It will be observed that we have accomplished

. the objects of 6ur invention, and have provided 3%
‘an efficlent regenerator and catalyst chamber in

which endothermic catalytic reactions may be
conveniently and efficiently carried out. We con-
trol the temperature of the eduction material
automatically between predeterniined limits. It
Is to-be understood that our catalyst and re-
generator chamber may be used in other catalytic
reactions and that our illustration of the meking
of synthesis gas 15 by way of example and riot Hy-
way of limitation. C .

It will be*understood that certdin features and
sub-combinations are of utility and may be em-
ployed without reference to other featutes and
sub-combinations. This is contemplated by and
is within the scope of our claims. It is further
obvious that various changes may be inade i de-
talls within the scope of our claimg without de-
parting from the spirit of our invéntion. Xt is,

45
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therefore, to be understood that our invention is &5
ot to be limited to the specific details shown and v
described. S : ; ’
Having thus described
claim is; - - .
“1. Aregenerator and catalyst chamber adapted
to-be operated on make and Tegenerative cycles
comprising an insulated. shell, perforated - sup-
ports in the shell for carrying refractory and
catalytic material, flues connected to the upper
and lower portions of the: shell for introducing §5
and exhausting gas to be treated, said- catalytic
and refractory material beihg arranged sa that
gas introduced to the shell passes first through
refractory material, thence through catalytie ma-
terial ahd finally through & sepatite layer of 7

oirr invention, what We

‘ refractory material beforé being exhausted, and

separate means for introfucing gaseous material
to portions of the shell containing the catalytic
mateérial whereby gaseous material may be intro-

_duced directly to the catalytic material as well as 15
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through the refractory material to the catalytic
material. :

2. A regenerator and catalyst chamber adapted
to be operated on make and regenerative cycles
comprising an insulated shell, perforated sup-
ports carrying refractory and catalytic material
in the shell, flues connected to the upper and
lower portions of the shell for introducing and
exhausting gas to be treated, said catalytic and
refractory material being arranged so that gase-
ous material introduced to the shell through the
flues passes first through refractory material,
thence through catalytic material and finally
through a separate zone of refractory material
before being exhausted, and separate means for
introducing gaseous material at a plurality of
points directly into the catalytic material.

- 3. A regenerator and catalyst chamber adapted
to be operated on make and regenerative cycles
comprising an insulated shell, a plurality of per-

forated supports carrying refractory and cata-

Iytic material in the shell, flues connected to the
upper and lower portions of the shell for intro-
ducing and exhausting gases to be treated, said
catalytic and refractory material arranged in
beds so that gases introduced to the shell pass
first through refractory material, thence through
catalytic material and finally through refractory
material before being exhausted, and a plurality
of separate means for introducing gaseous ma-
terial directly to the catalytic material at differ-
ent heights on the shell whereby gaseous mate-
rial introduced therethrough is more uniformly
distributed throughout the catalytic material.

4. A regenerator and catalyst chamber adapted
to be operated on make and regenerative cycles
comprising an insulated shell, a plurality of per-
forated supports carrying refractory and cata-
1ytic material in the shell, flues connected to the
upper and lower portions of the shell for intro-
ducing and exhausting gases to be treated, said

. catalytic and refractory material arranged in

53
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beds so that gas introduced to the shell during
the “make” passes first through refractory ma-
terlal, thence through catalytic material and
finally through refractory material before being
exhausted, a plurality of separate means for in-
troducing gaseous material, during the regen-
erative part of the cycle, directly to various por-
tions of the shell containing the catalytic ma-
terial, and means for simultaneously introducing
gaseous material through the refractory mate-
rial to the catalytic material.

5. A regenerator and catalyst chamber adapted
to be operated on make and regenerative cycles
comprising an insulated shell, a plurality of per-
forated supports carrying refractory and cata-
1ytic material in the shell, flues connected to the
upper and lower portions of the shell for intro-
ducing and exhausting gases to be treated, said

‘ catalytic and refractory material arranged in

beds so that gas introduced to the shell during
the “make” passes first through refractory ma-
terial, thence through catalytic material and
finally through refractory material before being
exhausted, a plurality of separate means for in-
troducing gaseous fuel during the regenerative
part of the cycle directly to various portions of
the shell containing the catalytic material, and
means for simultaneously introducing air through
the refractory material to the catalytic material.

6. A regenerator and catalyst chamber includ-
ing in combination a shell, a bed of catalytic

material supported within said sheil, a bed of
refractory material supported in said shell in
spaced relation to said catalytic bed, means for
heating sald catalytic bed, means for passing
material to be acted upon through said catalytic
bed, through said refractory bed, to be withdrawn
from said shell, and means for by-passing said
refractory bed.. .

7. A regenerator and catalyst chamber includ-
ing in combination a shell, a bed of catalytic ma-

‘terial supported within said shell, a bed of re-

fractory material supported in  said shell In
spaced relation to said catalytic 'bed, means for
heating sald catalytic bed, means for passing
material to be acted upon through said catalytic
bed, through said refractory bed, to be with-
drawn from said shell, means for by-passing
said refractory bed, and means for controlling
said by-passing means as a function of the educ-
tion temperature of the material leaving said
shell.

8. In an assembly for conducting catalytic re-
actions, a mass of catalysts, a mass of refractory
material, means for heating said catalyst mass,
means for passing the material to be acted upon
through said catalyst mass and then through
said refractory mass, means for by-passing said
refractory mass, a control means for said by-
passing means, and means for operating said
control means in response to the temperature of
the material being withdrawn from the assembly.

9. A regenerator and catalyst chamber adapted
to be operated on make and regenerative cycles
comprising an insulated shell, perforated sup-
ports carrying individual beds of refractory and
catalytic material within the shell and each sup-
port having a gas distributing space thereunder
free of solid material, flues connected to the
upper and lower portions of the shell for intro-
ducing and exhausting gas to be treated, said
catalytic and refractory beds being arranged so
that gaseous material introduced to the shell

through the flues passes first through a bed of

refractory material,  thence through beds of
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catalytic material and finally through a separate 45

zone of refractory material before being ex-
hausted, and separate means for introducing
gaseous fuel into a plurality of said gas distrib-
uting spaces beneath said supports.

10. A regenerator and catalyst chamber adapt-
ed to be operated on make and regenerative cycles
comprising an insulated shell, flues connected to
the upper and lower portions of the shell for
introducing and exhausting gases to be treated,
catalytic and refractory material arranged in
beds in said shell so that gas introduced to the
shell during the “make” cycle passes first through
refractory ' material, thence through catalytic
material and finally through refractory material
before being exhausted, a perforated arched
member supporting each of said beds of catalytic
material at spaced vertical intervals and each
having a gas distributing space thereunder free

50

55

60

of solid material, a separate means for intro- -

ducing gaseous fuel during the regenerative cycle
directly to the various portions of the shell ad-
jacent to each of said gas distributing spaces,
and means for simultaneously introducing air
through the refractory material to the catalytic
material.

HENRY M. NELLY, JRr.

HOYT C. HOTTEL.
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