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The progsent invention relates to improvements
in carrying out reactions between gaseous or va-
porous reactants,

Tnis application is a continuation-in-part of
our application S. N, 292,742, filed August 30,
1939,

It is an object of the Inventlon to provide a
process for carrying out reactions between gase-
ous or vaporous reactants wherein 1t is possible
to control the temperature of the reaction very
exactly.

In accordance with the present invention, the
gaseous reactants are introduced into a molten
bath, preferably a salt bath, and are maintained
in such hath until the desired reactlon Is com-
pleted. The molten bath primarily serves as a
heat exchanging medium, but also advanta-
geously serves as a catalyst or a catalyst carrier.
The reactants are preferably Introduced {nto the
molten bath in a finely divided form through
nozzles in order that they thoroughly and uni-
formly intermix with the molten bath, and, also,
in order that such gaseous reactants do not rise
too rapidly through the molten bath and there-
fore escape therefrom before the reaction desired
ts achieved. The temperature of the molten bath
is adjusted to the desired reaction temperature
and is maintained at this temperature through-
out the reaction.

It is possible in this manner to control the
temperature of the reaction very exactly, even
when the reaction carried out is hilghly exo-
thermic and endothermic, as the molten bath
possesses a high seat capacity. The thorough
intermixture of the gaseous reactants and the
molten bath constantly causes new heat exchange
surfaces, and in catalytic reactions new catalyt-
ically active surfaces to be presented to the re-
actants.

It s necessary for the process in accordance
with the present tnvention that the gaseous re-
aclants are thoroughly Intermixed with the mol-
ten bath in order that they remain thoroughly
intermixed therewith until the desired reaction is
achieved. Preferably the gaseous reactants are
introduced into the melt in a finely divided con-
dition and under such conditions that a thorough
intermixture with the molten bath is achieved.
In some instances 1t is desirable to enhance the
agitating effect obtained by introducing an excess
of one of the gaseous reactants or by introducine
inert gases such as, for example, carbon dioxide,
steam and the like, into the molten bath simui-
teneously with the gaseous reactants, The gase-
ous reactants are preferably introduced near the
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bottom of the molten bath, and the depth of the
molten bath is selected so that the desired re-
action is completed before the reactants escape
therefrom. Preferably, also, the reaction prod-
1uct as well as any unreacted reaction participants
escaping from the molten bath are immediately
cooled down to prevent undesirable reactions
rom taking place outside of the molten bath,

The process in accordance with the present
invention is especially well suited for carrying
ovt numerous types of reactions, such as, for
example, hydration, dehydration, hydrogenation,
dehydrogenation, oxidation, dissociation, poly-
merization and the like reactions. The present
process is suitable for organic reactions in which,
for example, hydrocarbons, alcohols, aldehydes,
carboxylic acids, ketones, phenols, amines, may
serve as gaseous reactants; and for reactions of
inorganic nature, for instance, the production of
hydrocyanic acid fromm carbon monoxide and
ammonia or the production of sulfur trioxide
from sulfur dioxide and oxyzen.

Thorough investigations have shown that a
considerable number of substances may be em-
ployed for the preparation of the molten baths
employed in accordance with the present inven-
tion for example, nitrates, nitrites, chromates,
acetates, chlorides, bromides, cyanides, cyanates,
oxides, hydroxides, sulfates of alkali metals, al-
kaline earth metals, earth metals such as sodium,
potassium, calcium, barium, aluminum and ceri-
um. Furthermore, carbonates, phosphates, bo-
rates, silicates, glass or silica and organic com-
pounds having high melting and heiling polnts
such as urea, parafiin, naphthalene, decahydro-
naphthalens, halogenated naphthalenes, diphen-
vloxide, nitrobenzene and the like may be em-
ploved for the preparation of the molten baths,

These compounds and substances may be em-
ployed either alone or in combination with each
other. It has usually been found advantageous
to sombine several of the substances or com-
pounds to form a mixture which is especially
suitable for the desired reaction, Generally the
composition of the molten bath is selected so that
the temperature necessary for the desired reac-
tion is approximately midway between the boil-
ing point and the solidification point of the bath.

The following compositions have been found
especially sultable for the molten baths. The tem-
peratures recited are those for which the com-
positions are most snited. Of course, such baths
are also desirable for reactions carried out at
temperatures approximating these temperatures:
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I. NITRATES
°C.
30% KNO1+70% LINOa___. oo _ 130
55% KN(34-45% NaNQs________________.._ 218
50% KNO3+50% NaNQz_________._ . . ___ 140
50% NaNO34+-50% NaNOa_ o oe o __. 220
II. CHLORIDES
a
31% BaCla+48% CaCla421% NaCl._._____ 430
50% BaCla4-30% KC1420% NaCl._________ 540
b. Chlorides+{carbonates
50% KC14-50% NasCQ»________________._.__ 560
c. Chloriies+ fluorides
85% CaCla+16% CaFac e e e . 645
d. Chlorides+sulfates
35% NaCl+65% NSO« oo __ 620
e. Chilorides+rphosphates
509 NasPO4+50% KClav oo 680
}. Chlorides+4Dborates
88% BaCla+7% NaiB«Or+5% MegO.___...___ 080
g. Chlorides+carbonatessulfates
40% NaCl4-20% Naz2003+40% NaBO4. .. 600
IIT. CHROMATES
509 EKaCrzOr+50% NasCrsOte e ceceeeea - 300
IV. SBULFATES
26% KaSO4+475% NasBO4 o _____.____ 830
V. PHOBPHATES
T0% NauPrO7+30% BaPrO7_ 875
445 EidP1071+56% BPOUac o ocaomammeee = 615
VI, SILICATES
45% BaSiO3+456% NaaSiOs________________ 905
VII. BORATES
50% NaBos+50% LiBOa ... 648
VIII. BROMIDES
50% KBr+50% NaBr__________________.__ 640

The molten baths employed in accordance with
the present invention are malntained at the de-
sired temperature by suitable heat exchange
means. If the reaction being carrled out is of
endothermic nature, it is necessary to supply heat
to the molten bath in order that the desired tem-
perature be maintained for the reaction. This is
preferably accomplished by Internal heating of
the molten hath. However, externel heating may
also be employed.

It has been found advantageous to employ flues
or dipping burners for internal heating, the flues
or hurners preferably being arranged in a cham-
ber adjacent to the reaction chamber so that the
combustion gases do not mix with the reaction
products. The molten baths may also be heated
electrically, for example, by electric resistance
heating or, if the bath is an electrolyte, by elec-
trodes dipped therein. Also, in some instances it
is possible to Introduce the necessary heat into
the molten bath by preheating the gaseous reac-
tlon compounds which are introduced or by In-
troducing preheated Inert gases Into the molten
bath. It is sometimes advantageous to combine
various heatlng means, for example, employing
dipping burners as the main supply of heat for
the molten bath and employing electrode heating
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to effect fine adjustment of the molten hath to the
degired temperatures.

If the desired reaction i3 exothermic, 1t will be
necessary that the heat liberated within the
molten bath be withdrawn by sultable cooling
surfaces.

Both in exothermic and endothermic reactions
the temperature of the molten bath may easlly be
controlled thermostatically.

If the heating of the molten bath 1s effected
with electrodes, the latter may also act catalyti-
cally or otherwise favorably affect the reaction,
It has, for example, been found especially advan-
tageous to employ graphite electrodes for heating
the fused salt bath employed In the production
of hydrocyanic acid from ammonia and carbon
monoxide, as such electrodes dellver carbon mon-
oxide as well as remove the undesired oxygen
from the molten bath.

As has already been mentioned, the molten
baths per se may serve as catalysts for the reac-
tion carried out therein or they may contain sus-
pended catalytic material. Certain oxidizing re-
actlons may be Improved by Introducing boric
acld, borates or barium compounds into the
molten bath. On the other hand, catalytic ma-
terials which are insoluble In the molten hath
may also be employed. Such insoluble catalysts
are suspended within the molten bath In ex-
tremely finely powdered conditlon. Such cata-
lysts which either tend to float or sink in the
molten bath may be preclpitated upon suitable
solid carriers In order that the density of the
composite catalytic material approximates that
of the molten bath.

Various elements and compounds such as, for
example, metals, metal compounds, earth acids
or salts may be employed ns catalysts. In hy-
drogenation reactlons the usual hydrogenation
catalysts may be employed such as nickel, Iron,
molybdenum, tungsten and zine oxide. For oxid-
atlon reactlons varlous known oxidation catlysts
may be employed, for example, iron oxide and
vanadic acld. Buch dehydration catalysts as
alumlnum oxide, titanium dioxide, alkaline earth
phosphates may be employed In facilitating de-
hydration reactions.

If the catalyst desired tends to sink In the
molten bath employed, it may be deposited upon
a light carrier, such as aluminum oxide, volumin-
ous or actlve sillca, asbestos, magnesium oxide,
beryllium oxide, charcoal or activated charcoal.
If the desired catalyst tends to float, i1t may be
combined with relatively heavier carrlers, for
Instance, heavy metals such as tungsten, copper
and the llke.

The process In accordance with the present in-
ventlon 1s especially well suited for carrying
through reactions which require high temper-
atures as well as for reactions which require that
a constant temperature be maintalned such as,
for example, in the production of acetylene or
ethylene from methane. The process in &ac-
cordance with the present invention is fyrther-
more especlally well sulted for carrylng out par-
tial oxidatlon reactions, such as, for exampie, the
production of phthalic acid or maleinic acid by
the partial oxidation of aromatic hydrocarbons
and the production of carboxylic acids, ketones,
aldehydes or alcohols by the partial oxidation of
methane or its homologues.

The process In accordance with the present In-
vention may be carried out at normal, reduced or
Increased pressures, depending upon the require-
ments of the reaction carried out.
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If substantial portions of the fused material of
the molten bath are carried off In vapor form or
as a mist together with the reaction products,
these may be recovered in an absorption chamber.

The molten bathg as well as catalysts contained
therein may be easily regenerated during the
process by passing a portion of the melt as well as
any catalyst contained therein into a chamber ad-
Jacent to the reaction chamber wherein they may
be subjected to a regenerating treatment, for ex-
ample, with the ald of steam or oxldlzing gases.
Such regeneration treatment may be carried out
continuously without interrupting the reaction
carried out in the reaction chamber.

The following examples will serve to illustrate
the present Invention, but it is to be understood
that the Invention is in no way limited thereto.

EXAaMPLE X

For the productlon of sulfur trioxide, dry .

roaster gases from pyrite furnaces contalning
about 7% of sulfur dloxide are introduced tang-
entially and counter-currently with an excess of
air into a molten bath of 31 parts of barium chlo-
ride, 48 parts of calcium chloride and 21 parts of
sodlum chloride containing suspended silver
vanadate as a catalyst. The molten bath is
maintained at 480° C. by suitable heat exchange
means,

The formation of sulfur trioxide is accom-
panied by a considerable evolution of heat and,
at the same time, sulfur trloxide will decompose
to sulfur dioxide and oxygen at temperatures
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above 430° C. The use of a molten salt bath for
the reaction s therefore of consliderable im-
portance as it is possible to regulate the temper-
ature of the reaction within the molten bath very
exactly. The ¥yleld of sulfur trioxide is at least
79% of the theoretical

ExaMpPLE TY

For the production of phthalic acid, naphtha-
lene and an excess of air are injected into a mol-
ten bath of 31 parts barium chloride, 48 parts cal-
cium chloride and 21 parts sodium chloride, in
which vanadium pentoxide is suspended as a
catalyst. The temperature of the molten bath is
maintained at 480° C. The reaction product is
rapidly cooled after egress from the molten bath,
and phthalic acid is obtained in a yield of at
least 90% of the theoretical,

ExampPLE 11X

For the production of formaldehyde, air and an
excess of methane are Injected together with
nitrous oxide gases in a proportion of 1 part
nitrous oxlde gases to 10 parts methane into a
molten hath containing 50 parts NaBOz and 50
parts LiBOa. The molten bath is maintained at
700° C. After egress from the melt, the reaction
gases are passed into water whereby a formalde-
hyde yield of at least 70% of the theoretical cal-
culated with reference to methane Is obtained.
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