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Compounds containing carbon to carbon double linkages are mpbie to
react with ecarbon monoxide ang hydrogen in the presence of catalysts, sspeci-
ally of cobalt ¢arbonyl compounds, This reaction, the so called oxo-syntheaisg
or hydroformylation has become an incmaaingly itiportant technical process for
the production of aldehydes and alechols containing one carbon atom more than
the starting olefing {see J. Falbe, Synthesen mit Kohlenmonoxyd, Berlin-
Heidelberg-New York, 1967, page 3 ff). The gaid reaction generally results in
8 mixture of geverai isomeric aldehydes, Only if clefinically unsaturated
compounds which are symmetrical and incapable of isomerization of the olefinie
bond are used ag starting materials, single aldehydes are cbtained, In the
oXo synthesis, in addition to the main aldehyde-products various by-products
are formed by consecutive reactions of Primarily formeq aldebydes and alcohols,
as for instance higher alcchols, ethers and carboxylic acids, which owlng to
their distillation charlctaristies, Temain as distiliation residues at working
up of the oxo reaction mixture. Thege higher béil:lng ccnatituents, &enerally
deaignated as "thick ofl" cap ouly partially be converted to valuable Pro-
ciucts. Furthermore, not all of the several isomeric aldehydes cbtained a8 main
Product can be further processed with good results, For instence, a-butyralda.-
hyde obtaineq by bydro-formylatien of propylena reprasents a valusble starting
material for humerous technical brocesses, but it hay hithertc not been poasi-
ble, to use economically the 1sobutyrl.ldohyde formed in smaller amounta in the
Bame reaction,

It im therefore an ocbject of the invention, to provide a process for
utilizing the nigher boiling by-products a3 vell as the aldeliydes less auitable
for further processing to economic advantage. The partial oxidation of the

compounds to hydrogen and ecarbon mcnoxide containing gzag mixtures, which can be

' OXygen contalning &es. Such a process 1s, tor example, deacribed in British

wle




10

20

30

951323

Patent Specification T80 120. In the Process according to this patent specifi-
cation, hydrocarbons are atomized and injecteq together with an oxygen contain.
ing gas ang superheated steam into g combuaticn chamber of distinet construc-
tion, care being taken to admix the starting materisis intimately. with this
knewn Pbrocess, hydrocarbons are used a5 the sole starting material, for exam-
Ple, definite mineral oil fractions; the brocess is only involved with the
conversion of oxygen-free compounds.

It has now been found, that the production of gas mixtureg containing
hydrogen and cerbon monoxide by partial oxidation of carbonacecus compounds
with oxygen or an Oxygen containing gas in the presence of water vapor at ip-
treased temperature and, desirably, increased pressure can be effected with
good results, if by-products and waste Products of hydrqformwlation Processes,
espacially isobutyraldehyde are uged as carbonaceous compounds sand the gas-
ification is effected at a temperature of from 1100 to 1600°¢, preferably
1400-1600°C, and pressure of from 20 to 50, preferably 30 to 40, atm, gauge,

It mst be considered as highly surprising, that the various, pre-
viously unusable oxygen containing by-products obtained by the hydroformylation
of olefinically unsaturated compounds can be converted with the Process of the
iovention top g &8s mixture conalsting essentially of carbon monoxide and hydro-
gen aud representing a valuable starting material for numercus syntheses.
Besjidea the products indicated hereinbefors, small amounts of eaturated hydro-
carbons, especially nmethane, carbon dioxide and carbon black are formed. Sur-
prisingly, the amount of carbon black formed is relatively little, for example,
substantially less than in the case of a comparable partial oxidation of
naphtha (see Example 1).

The temperature range wherein the gasification Process can be carried
out may be varied in wide limits but especially good results are obtained in g
temperature range of from 1400 to 1600°C, If the starting meterials are ra.
acted at lover temperatures, the resulting ges mixture containa increased
amounta of hydrocarbons and carbon black.

Although the resmction of the oxygen containing starting materialg

with oxygen containing gases ang vater vapor may be conducted at normal
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pressure, there ig no advantage in thig, The working up of the reaction gases,
especially the removal of ¢arbon dioxide contained in thoga reaction gases ig
best carried cut at elevated pressure. Thug, the reaction according to the
invention 1ig preferably carried out at pressurss betyeen 20 to 50 atm, prefar-
ably between 30 ang Lo etm,

The oxygen required for the reaction may be pure oxygen or an oXygen
rich gas mixture, The complete convergion of the starting materials to carbon
monoxide and hydrogen requires 0.4 4o 0.6 gms OXygen per kg of by-product op
waste product respectively,

10 The amount of water vapor to be applied depends upon the carbon con-
tent of the starting materigl, It has proved to be advantageous to apply one
mole of water in the form of water vapor per 4 to 6 &-atoms of carbon, Cn

vorking at the lower limit, carben dioxide formation is decreaseg while increa-

combustion of hydrocarbons, Oxygen or an bxygen containing 888 and carbong-
ceous starting material are preheated tg temperatures or about 350°C in sepa-
rate preheaters ang introduced into tha reaction chamber together with steam
20  at a temparature of 3s0°c,
In & particular advantageous embodiment of the invention, the pra-
heateq starting materials originating from the 0Xe syntheals aye injected in

the form of a hollew conical Jat into the reaction chamber, Simultnneoualy

in such manner that the reactants flow with a rotary motion, Thia ensures
that an intimste intermixing of the reactants, and thus rapid rate of combus-
tion, occurs eng tpe reaction is completed in a short time,
An embodiment of an apparatus in which q Process according to the
30 present invention may be carried oyt is shown in the schematic drawing,
Referring to the drawing there jig shown a reactor 1 lined with an
lasulator 2 ang g refractory liniog 3, The reactor has g nozzle 4, compogsed
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of an inner pipe 5 and an outer pipe 6, flared at their outlet ends. A cone
7 is disposed in the outlet of the inner pipe, and vanes 8 of helical form are
disposed in the annulus defined by inner pipe 5 and outer pipe 6. Isobutyral-
dehyde is introduced through the inner Pipe 5 and issues therefrom in a cone-
shaped stream, Oxygen and steam are introduced into the annulus between the
pipes and issue from the openings between the upper ends of the vanes 8,
swirling about the cone of isobutyraldehyde and Providing intimate contacting
of the two streams. With the use of this device, the substituted hydrocarbon
(e.g. isobutyraldehyde), Oxygen and steam are contacted for reaction in a re-
action zone. The substituted hydrocarbon is introduced into said zone as a
diverging annular streanm. Oxygen and steam are discharged onto the outer peri-
phery of the diverging annular stream in a whirling mixture for cocurrent
movement of annular stream and oxygen-steam mixture through the reaction zone.

The hot gaseous product leaving the resctor is cooled, for example
in a heat exchanger and freed from condensed water and carbon black in 2 sepa-
rator, whereby the removal of carbon black may be completed by additional in-
jection of water., Carbon dioxide is separated in conventional manner, for
example by scrubbing with water under increased pressure or by washing with an
alkaline solution, Since the starting materials of the reaction are free of
sulfur, an additional desulfurization of the reaction gas is unnecessary.

The invention is illustrated in the Examples,

Example 1

The partial oxidation of by-products and waste products of hydro-
formylation processes was effected in a testing equipment consisting essential-
ly of the following parts: feed pumps, evaporators, superheaters, splitting
reactor, cooler and separator.

The principal part of the testing equipment was the splitting reactor,
a tube of 1200 mm length and an inner diameter of 300 mm, which was provided
with a fefractory rammed lining having a thickness of 50 mm. The compressed
mass was heat-insulated by a 12 mm thick surrounding layer of an insulating

material. The inner diameter of the reaction space amounted to 76 to 77 mm.
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The temperature was measured in the flame cone, in the middle and at
the exi{t of the tube, The development of the flame could be observed through
a sight glass provided at the botton of the reaction space. The starting
materials were introduced in gageous state at the bottom of the reaction space
through a stainless-gteel combustion-nozzle consisting of s double pipe. The
organic starting materials were introduced through the interior tube ip form
of & hollow conical jet whose gpex angle amounted to at most 15° owing to the
small diameter of the reamction tube. About 1280 kgeal radiant heat were given
off by the test reactor per hour. The splitting reactor was at firat heated to
& temperature of from 1400 to 1450°¢C with the ald of a town-gas oxygen flame.,
Thereafter 3,616 kg isobutyraldehyge per hour were evaporated, superheated to
350°C and introduced into the reactor through the interior tube of the combus—
tion-nozzle, while simultaneously a water vapor-oxygen mixture, which had pra-
viously been superheated to 350°C in a separate preheater was introduced
through the covering tube of the combusticn~nozzle into the reaction apsce,
The water-vapor oxygen mixture introduced per hour consisted of 1066 g water-
vapor and 2.18 nm3 oxygen. The reaction temperature in the flame smounted to
1500°C and the prespure to 1 atm. The split gas, having a temparature of about
1100°C exiting from the roactor, was immediately quenched with the aid of a
cooler and led through a Beparator in order to remove excess water therefrom.
A part of the carbon black formed during the reaction was removed together with
the condensed water, the remainder being separated with the ald of filters,
The total quantity of carbon black azmounted to 1/7 to 1/5 of the amount of car-
bon black determined in a comparigson test using naphtha as starting material,

A g8a mixture of the following composition was obtained:

H, by, 7 %
co 48,5 %
co, 5.5 %
CH, 1.3 %

From 1 kg 1sobutyraldehyde respectivealy the foellowing volumes of gas

were obtained:
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H2 1.007 nm3
co 1,091 nmo
co, 0.124 nm3
oH, 0.030 nm
Example 2

A nmizture of by-products and vaste products of the hydroformylation
of propylene congisting of 1nobutyra1dehyde, thick oil and prerunnings of the

butanol distiliation corresponding to the following analysis:

earbon 65.15 %
10 hydrogen 11.50 %

oxygen 23.35 %

mole weight 92

vas split by partial oxidation with oxygen according to the proceass described
in Example 1. The reaction temperature amounted to 1500°C, the Pressure to

1 atm and the throughput to 3.2 kg of the gaid organic material per hour, 78
& water vapor and 0,570 nm3 oxygen were added per kg starting material.

The primary split materisl had the following composition:

H, 7.1 %
co ko1 %
20 co, 3.4 %
CH), o.h %

From 1 kg organic starting material the following volumes of gas

ware obtained:

K, 1.083 nm°
co 1.126 nn’
002 0,077 nm3
oH,, 0,010 nm’

Example 3

Isobutyraldehyde was sutothermically split vith oxygen under a prea-
30  sure of 30 atm gauge following the procedure deseribed in Example 1, fThe

temperature amounted to 1480°¢, the throughput to 3.80 kg isobutyraldenyde per
hour,

.
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430 g water vapor and 0.630 nm3 oxXygen were added per kg isobutyr-

aldehyde, A split gas of the following composition was obtained;

H, T %
co bh,s g
co, 9.0 %
cH) 1.8 ¥
Prom 1 kg isobutyraldehyde the following gas yields were obtalned:
3
H2 1.005 nm
co 1.002 nmd
10 002 0.202 nm3
i, 0,040 om3
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE

PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. Process for producing a mixture of hydrogen and carbon monoxide
which comprises contacting by-products of hydroformylation processes, with
oxygen and steam at a temperature of about 1100° to 1600°% and a pressure of
about 28 to 50 atm gauge for a time sufficient for the by-products, exygen and

steam to react to produce said mixture,

2. Process according to claim 1, wherein said by-product is isobutyral-
dehyde,
3. In hydroformylation wherein compounds containing carbon to carben

double linkages are reacted with carbon monoxide and hydrogen in the presence
of catalyst to form as product an alcohol or aldehyde derivative of the com—
pound having the carbon to carbon double linkage, the said product having one
more carbon atom than the compound having the carbon to carbon double linkage,
and as by-product a different aldehyde or alcohol, the improvement which
comprisess producing a gas mixture of hydrogen and carbon monoxide from said
by-product by steps including contacting the by-product with oxygen and steam
at a temperature of about 1100° to 160000 and a pressure of about 20 to 50
atm gauge for a time sufficient for reaction of sald different aldehyde

alcohol, oxygen and steam to produce said mixture.

4, Process according to claim 3, wherein the said product and the said

by-product are aldehydes,

5, Process according to claim 4, wherein the said product is n-butyral-

dehyde and the said by-product ig isobutyraldehyde,

6. Process according to claim 3, wherein the gas mixture of carbon

monoxide and hydrogen is recycled to said hydroformylation step.
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7. Process according to claim 1, wherein said by-product oxygen and
steam are contacted for said reaction in a reaction zone by introducing the
substituted hydrocarbon into said zome as a diverging annular stream, and
discharging a whirling mixture comprising oxygen and steam onto the outer
periphery of the diverging annular stream for cocurrent movement of annular

stream and oxygen-steam mixture through the reaction zone.
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