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jg'his invention relates to apparatus for effecting
cakalytic reactions, and more particularly to ap-
paratus for such purposes in which a temperature
gradient is maintained throughout the length of
the catalyst mass. . )

In the past exothermic vapor phase reactions
have been carried out in converters cooled by
means of various baths, both boiling and non-
boiling. Baths which boil at or below the reaction
temperature are useful because they act as a
thermostat and prevent undue rises in catalyst
temperature, but when high yields are desired it
is impossible to maintain any appreciable differ-
ence .in temperature between the first and last
portions of the catalyst and consequently a con-
siderable portion of the reaction goes beyond
the desired product, since many of the reaction
products are extremely sensitive to high tem-
peratures. For this reason non-boiling baths
have been developed in which the exotherm of
the reaction is conducted away as sensible heaf,
thus permitting the latter parts of the catalyst
to be maintained at suitably lower temperatures
in order to prevent the reaction from going too
far in these zones. -~

The most efficient converters of this type have
been those in which vertical catalyst tubes are
used, since the natural thermosiphon flow of the
bath liquid tends to reftain higher temperatures
at the top than at the bottom and the more
rapid reaction taking place when the fresh gases
first strike the catalyst is controlled by bath liq-
uid of suitably higher temperatures. In many in-
stallations this natural thermosiphon flow has

. been directed and enhanced by suitable baffle
systems and impellinig means as described in my
prior application Serial No. 425,831 filed Febru-
ary 4, 1931, the bath liquid passing through zones
containing catalyst tubes and then through cool-

) ing zones in which the heat taken up is removed
by heat exchange with cooling media. Such cool-
ing devices as tubes containing boiling liquids or
heat exchangers through which gases or liquids
are passed have been used for this purpose.

;  According to the present invention gaseous
cooling media are used for removing the reac-
tion heat taken up by the boiling bath, and the
heat exchange elements are arranged in such a
manner that the natural thermosiphon flow of

) the bath liquid, is-exercised to its fullest extent
while at the same time a very efficient heat ex-
change takes place. To accomplish this object,
vertical heat exchange elements are provided in
the bath liquid, either interspersed among the

5 catalyst tubes when an accurately defined path
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of the bath liquid is not desired or immersed in
the cooling zones when such zones are used. The

vertical travel, both of the bath liquid and of the

cooling gases insured a most efficient form of

. heat exchange while at the same time the desired 60

difference in temperature between the upper and
lower portions of the bath liquid is maintained.

In the accompanying drawings three repre-
sentative converter types are illustrated in which
the principles of the present invention are applied, 65
but it is to be understood that the invention is
not limited to converters of these types. On the
contrary, vertical heat exchange elements may -
be employed to advantage with non-boiling bath
converters of any desired type, and all such in- 70
stallations are included within the scope of the
invention.

While the present invention is applicable to all
exothermic catalytic vapor phase reactions it is
particularly suitable for the catalytic oxidation 75
of organic compounds or for the purification of
organic compounds by catalytic combustion of
impurities. A few typical examples are as fol-
lows:

1. Reactions in which an intermediate oxida- 80
tion product is produced. The oxidation of ben-
zol, toluol, phenol, tar phenols or furfural and
other compounds containing the group

to maleic acid and fumaric acid or mesotartaric ..
acid; cresol to salicylaldehyde and salicylic acid;
toluol and the various halogen and nitro sub-

.stituted toluols to the corresponding aldehydes

and acids; xylenes, pseudocumene, mesitylene, 90
paracymene and other derivatives to the corre-
sponding aldehydes and acids; naphthalene to
napththaquinone, phthalic anhydride and maleic
acid; phthalic anhydride to maleic acid and
fumaric acid; . anthracene to- anthraquinone; 95
phenanthrene to phenanthraquinone, diphenic
acid, phthalic anhydride and maleic acid;
acenaphthene to acenaphthylene, acenaphtha--
quinone, bisacenaphthylidenedione, naphthalde-
hydic acid, naphthalic anhydride and hemimel- 100
litic acid; fluorene to fluorenone; eugenol and
isoeugenol to vanillic acid; methyl alcohol and
methane to formaldehyde; ethyl alcohol to acetic
acid; ethylene chlorhydrine to chloracetic acid
and the like, - s

2. Reactions in which an undesired impurity

105

.is burned out, such as the purification of crude

anthracenes of various degrees of impurity with
total combustion of carbazole, dead oils and in
some cases phenanthrene; purification of crude 110
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naphthalenes and crude mononuclea.r hydrocar-
bons, such as benzols and the like; purification
of ammonia from coal tar with the burning out
of the organic impurities such as phenohc bodies
present, ete.

3. Oxidation of mixtures of organic compounds
to desired intermediate products with removal of
impurities such as the oxidation of crude anthra-
cenes, phenanthrenes, and the like to interme-
diate products such as anthraquinone, phenan-
thraquinone, diphenic acid, phthalic anhydride,
and the like with concomitant removal of car-
bazole and dead oils by total combustion; the
oxidation of crude tar acids to maleic and fumaric
acids with the combustion of certain impuri-
ties, etc.

Certain reductions such as the reduction of
nitro compounds to amines or hydrogenated
amines as, for example, the catalytic reduction
of nitrobenzene, dinitrobenzene, nitrophenol,
nitronaphthalene, etc. can be carried out using

.the principles of the present invention. Of

course in such cases hydrogen or the necessary
hydrogen-containing mixtures will. be used in-
stead of air or.oxygen-containing gases which
are employed in the organic oxidations. The
reduction of oxides of carbon to methanol,
methane, higher alcohols and ketones or petro-
leum-like products; the hydrogenation of aro-
matic compounds to alicyclic compounds such as,
for example, benzene to cyclohexane, naph-

thalene to tetraline or decaline, anthracene to

hydrogenated anthracenes, phenol to cyclohex-
anol form another class. The reduction of un-

saturated aliphatic hydrocarbons such as acety-.

lene to ethylene or ethane and the like are also
of importance and require a very careful tem-
perature control. It should be noted that in the
case of reactions, such as the reduction of oxides
of carbon to acetylene, vaporization of the com-

ponents is not necessary and the heated gases.

serve, therefore, to preheat the mixture to the
desired temperature. While these reactions
utilize the heat of the bath effectively they do
not utilize it both for preheating and for sup-

- plying the latent heat of vaporization as in the
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case of materials which have to be vaporized.
A number of complex reactions such as com-
bined reduction and splitting, as, for example,

the transformation of pyridine to amyl amine

come within the purview of the present invention,
as do complex reductions. Thus, for example,
oxides of carbon may be reduced in the presence
of the vapors of many organic compounds. For
example, they may be reduced in the presence
of aliphatic hydrocarbons, such as parafins,
olefines, acetylenes, hydrocarbons having the
formula, CnHan—s, CnHon-s, efc. Hydrogen may
be present or absent, and the class of products
obtaiued, such as mixtures of oxygenated com-
pounds, or in many cases oils which are pre-
dominately hydrocarbon in their nature, will
vary with the amount of reacting ingredients
and with the contact masses and reaction condi-
tions used, and it is an advantage of the present
invention that these novel combined reductions
can be carried out in the desired direction with
great effectiveness by the incorporation of suit-
able stabilizer promoters or stabilizers in the con-
tact masses.

Another class of combined reaction consists in
the reduction of oxides of carbon with or with-
out hydrogen in the presence of vapors of ali-
phatic alcohols, such as paraffin aicohols hav-
ing the formula CnHxw1OH, or unsaturated

alcohols having the formula CnHwm—1OH, or
CoH2m-30H, ete. Polyvalent alcohols such as
glycol, glycerol and the like, may be reduced in
combination with oxides of carbon with or with-
out hydrogen.. 8(

Oxidation products of alcohols, such as for
example, saturated or unsaturated aldehydes
and ketones, or oxidation products of polyvalent
alcohols, such as glycol-aldehydes, glyoxcal, gly-
oxylic acid, oxalic acid, and the like, may be 8!
used for vapor phase reductions in the presence
of oxides of carbon and hydrogen. Oxidation
products of trivalent _alcohols and divalent
isomeric alcohols may also be used, of course
only where it is possible to obtain the vapors o9(
of the compounds without undesired decompo-
sition.

Aliphatic acids form another important class
of compounds which can be reduced in combina-
tion with oxides of carbon. The acids include ¢!
fatty acids, oxyacids, lactones, polybasic acids,
ketone acids, and the like. Other miscellaneous
aliphatic carbonyl compounds such as aldehyde
alcohols, diketones, triketones, oxymethylene
ketones, ketone aldehydes, ketone alcohols and jq
the like, may also be combined with oxides of car-
bon and reduced in the presence of the contact
mass described above to form many valuable
products.

In addition to compounds of the aliphatic series 1
which may be reduced together with oxides of
carbon, various compounds of the alicyclic eries,
such as for example, alicyclic compounds, for in-
stance, cycloparaffins,, cycloolefines, cyclodiole-
fines may be combined with oxides of carbon and 13:
reduced. Examples of specific members of this
class are cyclohexane, cyclopentadiene, dicyclo-
pentadiene, and the like, Of course alicyclic car-
bonyl compounds, such as cyclohexanol, cyclo-
hexanone, etc., may be used, it being understood 31
in this connectlon and throughout the specifica-
tion that any compound containing to CO group,
irrespective of whethier the oxygen is united to
carbon with a single or a. double bond, are in-
cluded under the term carbonyl compounds. 12(

Aromatic compounds, such as benzene hydro-
carbons, - naphthalenes, anthracenes, phenan-

"threnes, phenols, aromatic alcohols, aldehydes,

ketones and acids may be reduced in the presence

of oxides of carbon and hydrogen, of course only 19;
insofar as the products are capable of volatiliza-
tionn without undesired decomposition.

Heterocyclic compounds, such as products con
taining the furane nucleus, pyrrole. bodies, pyr-
rolidines and the like, may be reduced together 13
with oxides of carbon.

In the inorganic fleld the synthesis of ammonia
can be effectively carried out, all of the heat being
conserved in & very efficient manner by passing

‘the nitrogenhydrogen mixture or part of it as g

the cooling agent for the bath

In the drawings:

Fig. 1 is a vertical section through 8 simple type
of converter using a positively recirculated bath
in which the cooling is effected in a zone remote - 4,
from that of the catalyst tubes;

Fig. 2 is a vertical section through a converter
with vertical heat exchange elements distributed
among the tubes; and

Fig. 3 is a vertical section through a converter 14¢
designed for extremely close conirol of reaction
conditions in which a plurality of catalyst zones
and a plurality of cooling zones are provided, the .

"bath passing successively through alternate 16¢

zones.
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The converter shown in Fig. 1 consists of a con-

verter shell 1, a bottom tube sheet 3 rigidly fas-
t&ed to the converter shell, and tubes 4 extend-
if¥ upwardly from the bottom tube sheet and
supporting an upper tube sheet 2. The bottom
pigce 5 serves as an exhaust gas collector and a
piece 6 serves as a reaction gas inlef, the re-
%ﬂon gases passing downwardly through the
es 4 which may be completely or partly filled
with catalyst. A cylindrical vertical baffle 8 is
Eded surrounding the bundle of tubes and de-
Hing with the converter sheil a cooling chamber
external to the catalyst tube zone.
QThe converter is filled with a non-boiling bath
:2 point above the top of the vertical baffle 8 as
igdicated on the drawing, and a horizontal bafile
d impeller 10 are provided to bring about &
pesitive circulation of the bath liquid upwardly
frem the tubes and then down between the verti-
cel baffle 8 and the converter shell 1. In this cool-
ing chamber are placed U tubes 11 through which
$he cooling gas circulates from the intake pipe
and passes through the exit pipe 14 which
is arranged as a manifold above the exit side of
the U tubes 11. Similarly, the intake pipe 12 is

bh et

manifolded as shown at 13, so that the passage of .

the cooling gas through the U tubes is downward-
1y through the inner leg and upwardly through
the outer leg. By this provision the cold incom-
ing gases pass first in heat exchanging relation
with the hot liquid flowing over the top of the
bafile 8 and pass in cocurrent therewith through
the entire length of the cooling zone, thus pro-
vided an intimate heat exchange. Since a cocur-
rent flow will not raise the femperature of a cool-
ing gas to the temperature of a liquid to be cooled,
the gases passing upwardly through the outer leg
of the U tube 11 are still below the temperature
of the bath flowing over the top of the bafile 8 and
are therefore capable of extracting more heat
during their upward passage. .

For convenience the operation of the converter
will be described in connection with the oxidation
of naphthalene to phthalic anhydride, it being
understood of course that i is generally suitable
for other exothermic reactions described above.
In operation, therefore, the converter is filled
with suitable bath, for example a moiten eutectic
mixture of sodium nitrate and sodium nifrite

which is heated to about 400° C. by any suitable .

means, for example by passing hot gases through
the catalyst tubes from a gas preheater. As soon
as the bath is at the desired temperalure a
vaporous naphthalene-air mixture, for example
in the ratio of 1 gram of naphthalene to 18 liters
of air, is passed through the catalyst tubes 4,
being oxidized to .phthalic and generating heat
which is absorbed by the bath. At the same time,
a cooling gas such as air is admitted through
the pipe 12 and passes through the U tubes 11,
taking up heat from the bath liquid in the cool-
ing zone. The natural thermosiphon flow of the
bath liquid over the top of the bafile 8, which is
enhanced by the action of the impeller 10, keeps
a continuous flow of heated bath through the
cooling zone and consequently a very satisfactory
temperature control is maintdined throughout the
converter. .

With reactions where the heat evolution is not
excessive and a positively defined circulation of
bath liquid is not necessary, the construction of
the converier is somewhat simplified by inter-
spersing heat exchange elements among the
catalyst tubes. Such a consfruction is illus-
trated in Fig. 2, which also shows the use of pre-

3

heated cooling air for vaporizing the reaction
mixture as is more specifically claimed in my
prior application Serial No. 448,410, filed April
29, 1930. The construction of Fig. 2 is well suited
for the oxidation of toluene to benzaldehyde and
benzoic acid or of anthracene to anthraquinone.
This converter is similar to that of Fig. 1 in that
it consists of a shell 1, bottom and top pieces -
5 and 6, upper and lower tube sheets 2 and 3 and
catalyst tubes 4, but heat exchange elements of
a different type are preferably employed. These
heat exchange elements consist of telescoping
outer and inner tubes 15 and 16, the outer tubes
being closed at their lower ends and both sets of
tubes being headed ino upper manifolds 17 and
18 as shown. The incoming cooling gases enter
the inner manifold 18 through the pipe 19, pass

80

85

‘downwardly through the inner heat exchange

tubes 16 and upwardly through the outer tubes 15,
being collected in the outer manifold 17 and led
through the pipe 18 into a stabilizer for suilably
adjusting their temperature and then into a
vaporizer, where they are used for vaporizing the
toluene or other substance to be vaporized and
reacted. Gases from the vaporizer enter the con-
ver:er at 19 and pass downwardly through the
catalyst tubes 4, the product leaving the con-
verter at 20. .

Since the sensitive but not excessively exother-
mic reactions of this type take place quite rapidly 105
the greater amount of reaction occurs in the upper
portions of the catalyst tubes, the added length
being useful to obtain high purity or yields of
the reaction product. In order to prevent over-
cooling of the catalyst and at the same time to 110
cool the lower portion of the converter sufficiently
to prevent destruction of benzaldehyde and hen-
zoic acid in the presence of the oxida'ion catalyst,
the incoming cooling gases are first passed into
direct heat exchanging relation with the bath 115
liquid at the lower portions of the outer tubes 15.
'This zone, where the coldest gases first come in*o
direct heat exchanging relation with the bath, is
thus subjected to powerful cooling which pre-
vents excessive oxidation of the reaction product, 120
while continued absorption of heat as the gases
rise in the outer tubes 15 prevents overcooling
of the bath liquid surrounding the upper portions
of the catalyst tubes.

The converter shown in Fig. 3 is one in which 125 °
a close control of the flow of bath liquid is
maintained throughout its entire travel, thus
maintaining an accurately regulated tempera-
ture gradient throughout the entire length of
the catalyst tubes and insuring maximum out-
puts and yields of the reaction product. Such
converters are well suited for reactions in which
a very close control of reaction temperature is
desirable and are particularly suited for the
oxidation of anthracene to anthraguinone. The
converter consists of an outer shell 21, top and
bottom pieces 22 and 23, upper and lower tube
sheets 24 and 25 and catalyst tubes 26. Groups
of these catalyst tubes are arranged in Zzones.
each group being illustrated on the drawings by 140
a single catalyst tube, and it should be uncer-
stood that in installations of commercial size

‘95

100

130

185

- several hundred of these tubes are included in

each group. The number of tubes and the rela-
tive grouping of the tubes depends to a certain
extent upon the size and shape of the converter;
in larger installations eircular or hexagonal con-
verters are used so that the groups of tubes may
pe equally spaced from each other. In the con-
struction shown four such groups are illustrated,

145

150
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each group being separated from the next by
bafiles defining a cooling zone, in which vertical
heat exchange elements for the passage of a cool-
ing gas are suspended. The specific baffle sys-
tem shown comprises a lower bafle structure 27,
consisting of outer, intermediate and inner baf-
fles 28, 29 and 30 which are joined by the an-
nular horizontal baffle 31. Upper bafies 32 and
33 are suspended between lower bafles 28, 29
and 29, 20 respectively in order to divide each
of the spaces between said lower baffles into a
reaction zone containing catalyst tubes and a

cooling zone containing vertical heat exchange

elements. Heat exchangers of any approved type
may be used, those shown in the drawing being
similar to the heat exchangers of Fig. 2 and
consisting of outer closed end tubes 34 and inner
open end tubes 35 joined at their upper ends
by manifold 36 through which air or other cool-
ing gas is introduced. The outer tubes 34 are
shown as being open at their upper ends, which

‘project slightly above the upper tube sheet 24

in order to more effectively mix the gases leav-
ing the heat exchangers with anthracene or oth-
er reaction vapors entering the converter at 37.
This type of heat exchange element design can
only be used in reactions such as the oxida-
tion of anthracene to anthraquinone or toluene
to benzaldehyde and benzoic acid where the
amount of cooling air required does not exceed
the volume of air present in the reaction mix-
ture. The design is not suitable for the oxida-
tion of naphthalene to phthalic anhydride where
the amount of air for cooling is far in excess
of  that required in the reaction mixture but if
a manifolding system is used as in Figs. 1 and
2 converters with multiple reaction zones can be
very effectively utilized in the production of
phthalic anhydride.

In the operation of this converter the anthra-
cene or other material to be reacted is vaporized

'with steam or other non-oxidizing gases and

admitted to the upper portion of the converter
while the cooling air enters the upper manifold
36 as shown, passes through the heat exchange
elements in the cooling zones and is then ad-

mixed with the vaporized anthracene to form a

reaction mixture suitable for oxidation by the
catalyst in the reaction zones to anthraquinone.
The mixture of air with the vaporized anthra-
cene immediately prior fo introduction into the
‘catalyst obviates the dangers of explosions in
the vaporizer and pipes, which is a serious prob-
lem with antracene owing to the presence of
pyrophoric impurities. The heat given off by
the reaction is conducted away by a non-boiling
bath of.lead or sodium nitrate-sodium nitrite,
which is filled into the bath space provided by
the outer shell 21 and lower tube sheet 22 to a
level above the tops of the lower baffle struc-
ture 27. Recirculation of this bath is insured
by the impeller 38 operating in a central well
39 and actuated by suitable gears 40, thus per-
mitting the speed of recirculation to be altered in
accordance with changing conditions in the op-
eration. The bath liquid travels upwardly along
the catalyst tubes in each of the reaction zones
and downwardly along the cooling tubes in each
of the cooling zones, where it passes counter-
current to a rising stream of air in the outer
tubes 34. By reason of the positive cooling at-
tained in each of these zones the temperature
of the bath is considerably lower throughout the
lower portions of the converter than in the up-
per portion, and consequently an effective and

closely controlled temperature gradient is main-

tained throughout the catalyst. 'The bath lig-

uid passing over the outer bafile 28 is not sub-
jected to positive cooling but is passed down-
wardly along the outer catalyst tubes 41 and
under the horizontal bafile 31 into the central
well space. The outer tubes 41, which would

80

other wise be uniformly cooled throughout their

length by radiation from the converter shell, are
therefore heated at their upper portions by the
hot liquid flowing over the outer haffile 28 and
thus a temperature gradient is maintained in
these tubes also.

The above converters have been described in
connection with reactions in which the highest
catalyst temperatures are preferably maintained
in the zones where the fresh reaction gases are
admitted. Should it be desired to maintain the
highest temperatures in the latter portions of the
catalyst, as may be done in such. processes as the
selective combustion of organic impurities re-
ferred to, it will be obvious fthat the operation of
the converters can readily be reversed, the reac-
tion gases passing in at the bottom and out at
the top, with or without reversal of the flow of
cooling gases through the heat exchangers. Sim-
ilarly, for endothermic or only slightly exother-
mic reactions heating instead of cooling gases
may be used in the heat exchangers withou! de-
parture from the principles of the invention.

It will thus be seen that the combination of
vertical heat exchange elements with vertical cat-
alyst tubes, operating in a non-boiling bath which
conducts away the exotherm of the reaction as
sensible heat, a uniform and highly desirable
temperature gradient is readilymaintainedincon-
verters of the most varied types, thus maintaining
the most desirable reaction conditions in convert-
ers which do not have to withstand the high
pressures necessary when boiling baths are used.
While the invention has been described in con-
nection with exothermic organic oxidations, it is
understood that the same principles will apply
when other exothermic reactions such as reduc-
tions and hydrogenations are effected, in which
case hydrogen or other reducing agents may be
used as the cooling agent if desired. This appli-
cation is a continuation in part of my prior appli-
cation, Serial No. 448,410, filed April 29, 1930,
now Patent 1,850,797.

What is.claimed as new is:

1. Apparatus for carrying out exothermic cat-
alytic vapor phase reactions comprising in
combination a converter containing vertical
catalyst tubes, a bath liquid surrounding said
tubes and in direct heat exchange relation
therewith and having a boiling point abcove the
temperature of the reaction to be carried out, and
vertical heat exchange elements adapted for the
passage of a gaseous cooling medium immersed
in said bath liquid.

2. Apparatus for carrying out exothermic cat-

‘alytic vapor phase reactions ccmprising in com-

bination a converter containing vertical catalyst
tubes, a bath liquid surrounding said tubes and
having a boiling point above the temperature of
the reaction to be carried out, a vertical bafile
surrounding said tubes and extending from a
point above the bottom of the bath eompartment
to a point below the upper surface of the bath
and being spaced from the converter shell suffi-
ciently to define therewith a cooling chamber, and
vertical heat exchange elements adapted for pas-
sage of a gaseous cooling medium immersed in
said bath liquid in said cooling chamber.
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g 3. Apparatus for carrying out exothermic cat-
O alytic vapor phase reactions comprising in com-
. .bination a converter containing vertical catalyst
- tubes, a bath liquid surrounding said fubes and
in direct heat exchange relation therewith and
o having a boiling point above the temperature of
8 the reaction to be carried out, and vertical heat
exchange elements comprising open end inner
€ tubes surrounded by closed end outer tubes im-
1@ mersed in said bath liquid.
+— 4. Apparatus for carrying out exothermic cata-
@© 1ytic vapor phase reactions, comprising in combi-
nation a converter shell, a lower tube sheet re-
tained across said converter shell and cooperating
therewith to produce a bath space, vertical cata-

8
1yst tubes secured in said lower tube sheet, a bath.

: liquid surrounding said catalyst tubes and in di-
. rect heat exchange relation therewith and having
O a bhoiling point above the temperature of the
ZE reaction to be carried out, a manifold for the
= introduction of a cooling gas in the portion of the
converter above said bath space, and vertical heat
exchange elements attached to said intake man-
ifold and extending into said bath liquid sub-
‘stantially parallel to said catalyst tubes.

5. Apparatus for carrying out exothermic cata-~
lytic vapor phase reactions, comprising in combi-
nation a converter shell, a lower tube sheet re-
tained across said converter shell and cooperat-
ing therewith to produce a bath space, vertical
catalyst tubes secured in said lower tube sheet
and extending through an upper tube sheet, a
bath liquid surrounding said catalyst tubes and
in direct heat exchange relation therewith and
having a boiling point above the temperature of
the reaction to be carried out, a manifold for the
introduction of a cooling gas-in the portion of the
converter above said upper tube sheet, and ver-
tical heat exchange elements attached to said
manifold and extending into said bath liquid
substantially parallel to said catalyst tubes, said
vertical heat exchange elements consisting of in-
ner open end tubes attached to said intake mani-
fold at their upper ends surrounded by outer
tubes closed at their lower ends,

- 6. Apparatus for carrying out exothermic cat-
alytic vapor phase reactions, comprising in com-

25

30

35

45

50

.19

k(-

5

bination a converter shell, a lower tube sheet re-
tained across said converter shell and forming
therewith a bath space, vertical catalyst tubes ex-
tending upwardly from said lower tube sheet, a
bath liquid surrounding said catalyst tubes and
in direct heat exchange relation therewith, at
least one vertical baffle surrounding at least a
portion of said catalyst tubes to provide a reac-
tion zone and a cooling zone, and vertical heat
exchange elements adapted for the passage of &
gaseous cooling medium extending into the bath
liquid in said cooling zone.

7. Apparatus for carrying out exothermic cat-
alytic vapor phase reactions comprising in com-
bination & vertical shell, a lower fube sheet at-
tached to said converter shell and forming there-
with a bath space, vertical catalyst tubes extend-
ing upwardly from said lower tube sheet, a bath
liquid having a boiling point above the tempera-
ture of the reaction to be carried out surround-
ing said catalyst tubes and in direct heat ex-
change relation therewith, heat exchange ele-
ments adapted for the passage of a gaseous cool-
ing medium interspersed among said vertical :
catalyst tubes and extending into the bath lig- 100
uid, and means for passing a cooling gas through
said heat exchange elements. " -

8. An apparatus for carrying out exothermic
catalytic vapor phase reactions comprising in
combination a vertical shell, a lower tube sheet
attached to said converter shell and forming
therewith a bath space, groups of vertical cata-
1yst tubes attached to said lower tube sheet and
extending upwardly to an upper tube.sheet, a
bath liquid having a boiling point above the tem-
perature of the reaction to be carried out sur-
rounding said catalyst tubes, lower vertical baffles
submerged in said bath liquid between groups of
catalyst tubes, upper vertical baffles extending
above the level of the bath liquid interspersed be- 115
tween said lower vertical bafiles and said groups
of catalyst tubes, and vertical heat exchange ele-
ments adapted for the passage of a cooling gas ex-~
tending into said bath liguid in the spaces be-
tween upper and lower vertical bafiles.
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