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Process For The Purification Of A Liquid Hydroformylation Product Stream
Description

The present invention relates to a process for the purification of a substantially liquid
effluent containing aldehydes and unconverted olefins coming from a hydroformyla-
tion reactor following low-pressure hydroformylation of Co—-Cog olefins or olefin mix-
tures containing different isomers of the respective olefins, said hydroformylation
being catalyzed by means of a phosphorous rhodium catalyst homogeneously dis-
solved in the reaction medium and carried out at a temperature of from 50°to 150°C
and a pressure of from 2 to 30 bar.

The hydroformylation of olefins to form the corresponding aldehydes is of very great
economical significance, since the aldehydes prepared in this way are in turn start-
ing materials for a large number of commercial products such as solvents or plasti-
cizer alcohols. Hydroformylation processes are accordingly subjected to intensive

- research world-wide, in order to achieve further economical improvements, for ex-

ample in the energy balance of the process, to increase its selectivity, and to con-
serve the homogeneous rhodium catalyst.

The so-~called liquid-discharge process is generally used for the hydroformylation
of Co-Coyp olefins to produce the corresponding aldehydes (US-A 4,148,830, EP-A
16,286) in which the substantially liquid ~ except for the synthesis gas used inexcess
to effect hydroformylation - effluent from the hydroformylation reactor is depressu-
rized in a let~down vessel, the effluent, on account of the pressure drop, being sepa-
rated into a liquid phase containing the catalyst, solvent, high-boiling by-products
and a minor amount of aldehyde and unconverted olefin and a gas phase containing,
in addition to the excess synthesis gas, the major portion of aldehyde formed and
the unconverted olefin. The liquid phase is then recycled to the reactor as return
stream and the gas phase is withdrawn, the synthesis gas separated therefrom and
the mixture subsequently separated into aldehyde and olefins by distillation. The lig-
uid return stream contains amounts of aldehyde and olefin which are small
compared with the gas stream withdrawn from the let-down tank but which are not
negligible with respect to the economic efficiency of the process. Apart from the fact
that it is uneconomical to circulate a specific amount of aldehyde in such manner
constantly, the recycled aldehyde tends to form high~boiling condensation products
under the hydroformylation conditions. Although the latter are good solvents for said
hydroformylation, it is desirable, for economical reasons, to keep the reformation of
such high-boiling by-products within narrow limits. Recycling of residual amounts
of olefin dissolved in the liquid return stream can also be disadvantageous when the
starting material used for the hydroformylation is not a pure olefin but a hydrocarbon
mixture containing, in addition to the olefin to be converted, other isomeric olefins
and saturated hydrocarbons. This can lead to an undesirable rise in the concentra-



10

15

20

30

0050/46108 o

tion of such olefins, which may in turn result in the formation of undesirable by-prod-
ucts with accumulation of such by-products in the reactor as the process proceeds.

For the aforementioned reasons it would be advantageous to distil the liquid phase
separated in the let-down vessel prior to recycling to the hydroformylation reactor,
to effect separation of residual amounts of aldehyde or olefin. Such a procedure is
however uneconomical, since to effect distillation of the liquid phase from the let-
down vessel said liquid phase must be heated strongly. Prior to recycling to the hy-
droformylation reactor the said heated liquid phase would have to be cooled down,
since otherwise the temperature in the hydroformylation reactor would rise to unduly
high values due to the heat of reaction liberated in the hydroformylation reactor. Thus
such a process would be very unsatisfactory when regarded from the energy bal-
ance point of view.

Inthe prior art (EP-A 404,193, EP-A 484,976) the liquid phase separated in the let-
down tank is used as absorbent for those unconverted olefins which become gas-
eousinthe let-down tank. For this purpose the gas phaseis passed, in an absorption
column, through the (cooled) liquid phase having a temperature not higher than that
inthe let-downtank, and the olefins present in this gas stream are entirely or partially
absorbed by said liquid phase. The liquid phase thus laden with olefins is then either
directly returned to the hydroformylation reactor or freed from the olefins in separate
desorption equipment. These processes are, for the above reasons, particularly dis-
advantageous when the starting material used is an olefin mixture of isomeric ole-
fins. '

It was thus the object of the present invention to provide an economical process for
the hydroformylation of olefins, in particular of the olefin mixtures such as are com-
mercially obtained, for example, as raffinate 1l from steam crackers following sepa-
ration of the 1,3-butadiene and isobutene present therein, in which the aforemen-
tioned drawbacks regarding further purification of the liquid effluent from the hydro-
formylation reactor are avoided.

Accordingly, there has been found a process for the purification of a substantially lig-
uid effluent containing aldehydes and unconverted olefins coming from a hydrofor-
mylation reactor following low-pressure hydroformylation of Co~Coq olefins or olefin
mixtures containing different isomers of the respective olefins, said hydroformylation
being catalyzed by means of a phosphorous rhodium catalyst homogeneously dis-
solved in the reaction medium and carried out at a temperature of from 50° to 150°C
and a pressure of from 2 to 30 bar, wherein

a) the hydroformylation product stream containing liquid and gaseous
components and comprising, apart from the catalyst, essentially the
hydroformylation product, by-products boiling at temperatures above the
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boiling point of the hydroformylation product, unconverted olefin, and
saturated hydrocarbons and unconverted synthesis gas, is depressurized in
a let~down vessel,

during depressurization, the pressure and temperature are lowered to such a
degree that there are formed a liquid phase containing essentially the catalyst,
by-preducts boiling at temperatures higher than the boiling point of the
hydroformylation product, and residual amounts of hydroformylation product
and unconverted olefin, and a gas phase containing essentially the
hydroformylation product, unconverted olefin, saturated hydrocarbons, and
unconverted synthesis gas,

a liquid stream is withdrawn from said liquid phase, and a gaseous stream is
withdrawn from said gas phase, '

the liquid stream is then heated to a higher temperature than the temperature
prevailing in the let-down vessel,

the heated liquid stream is passed in liquid form to the head region or the upper
part of a column,

the said gaseous stream withdrawn from the let~down vessel is passed to the
bottom or lower part of said column and caused to flow countercurrently to the
liquid stream introduced at the head or upper part of this column,

a gaseous stream enriched in olefin and hydroformylation product is withdrawn
at the head of the column and passed on for further purification,

a liquid stream is withdrawn at the bottom of said column, which stream
contains less hydroformylation product and olefin than present in the liquid
stream fed to the head region or upper part of the column, and

all or part of this liquid stream is recycled to the hydroformylation reactor.

The process of the inventionis illustrated below with reference to the attached draw-
ing and the reference numbers contained therein. The drawing is a purely diagram-
matic flow sheet designed only for illustration of the process of the invention, in
which, for reasons of clarity, only that equipment is shown which is necessarytoillus-
trate the process, whilst other units obviously necessary for the execution of the pro-
cess, such as pumps, additional valves, relays, etc. are omitted from the drawing.
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In the process of the invention, the substantially liquid effluent from the hydrofor-
mylation reactor, which generally has a temperature of from 50° to 150°C and prefer-
ably from 80° to 110°C and is under a pressure generally of from 2 to 30 bar and
preferably from 10 to 25 bar, is passed through line 1 to be depressurized, via valve
2, in let-down vessel 3.

At the temperature and pressure stated, the synthesis gas used in excess to effect
hydroformylation — a carbon monoxide/hydrogen mixture having a molar ratio of CO
to Hs of generally from 20:80 to 80:20, preferably from 40:60 to 60:40 - is present
inthe gaseous state mostly inthe form of fine bubbles of gas suspended in the other-
wise liquid effluent coming from the hydroformylation reaction. Under these condi-
tions, a minor portion of the unconverted synthesis gas is dissolved in the liquid efflu-
ent. '

The liquid part of the effluent from the hydroformylation reaction contains, as essen-
tial components, the rhodium catalyst, the hydroformylation product, ie the alde-
hyde(s) produced from the olefin or olefin mixture used, condensation products of
these aldehydes which boil at higher temperatures than the hydroformylation prod-
uct, as formed as by-products during the hydroformylation and whose composition
and manner of formation are described, eg, for condensation products of butyralde-
hyde, in US~-A 4,158,830, or as present from the outset in the hydroformylation reac-
tor as solvent for the hydroformylation reaction, unconverted olefin(s) and any un-

-converted, ie unreactive, saturated hydrocarbons.

The hydrocarbons may have been entrained into the hydroformylation reactor with
the starting material used for the hydroformylation, but a portion thereof may have
formed in a side reaction taking place at the same time as the hydroformylation, ie
hydrogenation of the olefins.

The rhodium catalyst present in the hydroformylation product stream is a complex
with one or more organophosphoric compounds as ligands, which complex is homo-
geneously soluble in the reaction medium of the hydroformylation reaction. As ex-
amples of such ligands there may be mentioned phosphine ligands of the types: tria-
ryl phosphines, C{-Cgalkyldiaryl phosphines or arylalkyl diphosphines, such as cy-
clohexyldiphenyl phosphine, hexyldiphenyl phosphine, tritolyl phosphine, tetraphe-
nyldiphosphinomethane, 1,2-bis(diphenyl phosphino)ethane, 1,3-bis(di-phenyt
phosphino)propane, 1,4-bis(diphenyl phosphino)butane, in particular triphenyl
phosphine, and also the bisphosphine ligands described in EP-A 279,018,
EP-A 311,619, WO 90/06810, and EP-A 71,281, or sterically hindered phosphite
ligands, such as the chelating phosphite ligands described in US-A 4,668,651, US-
A 4,748,261, US-A 4,769,498, US-A 4,774,361, US-A 4,835,209, US-A
4,885,401, US-A 5,059,710, US-A 5,113,022, US-A 5,179,055, US-A 5,260,491,
US-A 5,264,616, US-A 5,288,918, US-A 5,360,938, EP-A 472,071 and EP-A
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518,241, and also triphenyl phosphites substituted by in each case 1 or 2 isopropyt
groups and/or tert-butyl groups on the phenyl ring, preferably in ortho position to the
phosphite ester grouping. Since the aforementioned ligands are used in a molar ex-
cess over the rhodium generally to an extent of from 10 to 1000 times, preferably
from 50 to 500 times, and such an excess of the ligands over the rhodium is signifi-
cant for the activity, selectivity, and stability of the rhodium catalyst, the mixture of
the rhodium complex with the ligand and the free ligand is designated simply as "rho-
dium catalyst” or "catalyst” for the purposes of this application.

The above statements concerning the hydroformylation process and the rhodium
catalyst used therein serve to place the process of the invention in its overall com-
mercial context by way of illustration. It may be emphasized at this juncture that the
hydroformylation preceding the process of the invention may be carried out in the
manner of known and commonly used hydroformylation processes giving a liquid
effluent known in the art, for example by the process according to US-A 4,148,830,
EP-A 16,286, EP-A 188,246 or EP-A 428,769, and the particular form of said hy-
droformylation used is not subject matter of the present invention.

The depressurization of the substantially liquid hydroformylation product stream in
let-down vessel 3 causes the separation of the substantially liquid hydroformylation
product stream into a liquid phase which contains essentially the catalyst, by-prod-
ucts produced during the hydroformylation reaction and boiling at higher tempera-
tures than the hydroformylation product, residual amounts of olefin, and hydrofor-
mylation product and, if an additional high~boiling solvent was used in the hydrofor-
mylation, said solvent, and into a gas phase essentially containing the major portion
of the hydroformylation product, the major portion of the unconverted olefin, satu-
rated hydrocarbons, and unconverted synthesis gas. Since the hydroformylation
products produced depending on the olefinic starting material used, ie aldehydes,
or mixtures of straight-chain products (n-aldehydes) or branched-chain products
(isoaldehydes), have a different vapor pressure, .it will be apparent to the person
skilled in the art that the pressure and the temperature in the let-down vessel must
be adjusted with respect to the vapor pressure of the particular hydroformylation
product present, such that the major portion of the hydroformylation product
changes from liquid phase to gas phase during depressurization of the liquid hydro-
formylation product stream in the let-down vessel.

Generally, the pressure and temperature in the let-down vessel are adjusted such
that the liquid phase separated in the let-down vessel generally contains not more
than 10 to 30 wt% of hydroformylation product and generally not more than 0.1 to
10 wt% of olefin or olefins. The complete transformation of the hydroformylation
product and unconverted olefins into the gas phase in the let-down vessel is not gen-
erally economically feasible. In order to achieve such a distribution of the hydrofor-
mylation product and unconverted olefins between the gas phase and the liquid
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phase in the let-down vessel, the vapor pressure of the respective hydroformylation
product must be considered when adjusting the pressure and temperature condi-
tions in the let-down vessel: for example, in the purification of the liquid effluent from
the hydroformylation of raffinate Il - a mixture of 1-butene, 2-butenes, and butanes
such as is obtained following removal of the 1,3-butadiene and isobutene present
therein - which contains, in addition to the unconverted olefins and hydrocarbons,
n-valeraldehyde and isovaleraldehyde as hydroformylation product, the hydrofor-
mylation product stream is depressurized in the let-down vessel to a pressure of
generally 1-5 bar, preferably 1-3 bar, whilst the temperature in the let-down vessel
generally attains a value of from 50° to 150°C, preferably 70° to 90°C, due to the
pressure drop and evaporation of the respective components.

The liquid phase separated in let-down vessel 3 is withdrawn from the let-down ves-
sel as a liquid stream through line 15 and this stream is heated, for example by
means of a continuous flow heater or heat exchanger 4, to a temperature which is
generally from 10°to 80°C, preferably from 20°to 30°C, higher than the temperature
ofthe liquid phase in let-down vessel 3, Basically, it is also possible to heat the liquid
phase separated in the let-down vessel by means of heating equipment installed on
or in the let-down vessel to a temperature which is higher, by said amount, than the
temperature at which the liquid phase was separated in the let-down vessel without
heating the let-down vessel. Advantageously however, the liquid stream withdrawn
from the let-down vessel is heated to the desired temperature.

The thus heated liquid stream coming from the let~-down tank is passed through line
16 to the head region or upper part of a column 5 advantageously packed with, eg,
a Raschig ring packing, a spiral packing, or a saddle packing, or other packing or
internal fittings such as trickle plates, for the purpose of creating a large surface area
in the column. In said column the said liquid stream flows countercurrently to the gas
stream withdrawn from the upper part of let~down vessel 3 and fed to the lower part
of column 5 via line 6 and consisting of the gas phase formed in the let-down vessel.
Theintimate contact achieved between the gas stream and the heated liquid stream,
improved by the large surface area present in the column, causes the residual
amounts of hydroformylation product and unconverted olefin present in the liquid
stream to be transferred to the gas stream such that the gas stream removed from
the head of column & via line 7 is, compared with the gas stream introduced at the
lower end of the column, enriched in hydroformylation product and unconverted ole-
fin, whilst the liquid stream leaving the bottom of column 5 via line 8 contains less
hydroformylation product and unconverted olefin than the liquid stream fed to the
head region or upper part of column 5.

This result is very surprising and unexpected, since the gas stream introduced at the
lower end of the column already contains the major portion of the hydroformylation
product and unconverted olefin present in the liquid hydroformylation product
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stream, ie that portion which has been vaporized in the let-down vessel. Due to the
high content of hydroformylation product and unconverted olefin in the gas stream
introduced at the lower end of column 5§ and the low content of hydroformylation
product and unconverted olefin in the liquid stream fed to the top or upper part of
column 5, it would have been expected that the hydroformylation product and uncon-
verted olefin present in the gas stream in high concentration would have been ab-
sorbed by the liquid stream until a state of equilibrium were established.

The liquid stream leaving column 5 via the bottom and line 8 has a very low content
of hydroformylation product and unconverted olefin and consists of essentially the
catalyst and by-products of the hydroformylation reaction boiling at higher tempera-
tures than the hydroformylation product and may optionally contain a high-boiling
solvent additionally used in the hydroformylation, and a portion of this stream or the
entire stream is recycled to the hydroformylation reactor (not shown). Advanta-
geously a partial stream is usually tapped off from this liquid return stream, continu-
ously or batchwise, for the purpose of removing spent catalyst (not shown). The im-
poverishment factor, ie the ratio of the concentration of the hydroformylation product
inthe liquid stream fed to column & to the concentration of the hydroformylation prod-
uct in the liquid stream withdrawn at the bottom of column 5, is generally from 1.01
fo 3.

The gas stream withdrawn at the head of column 5 via line 7 and enriched in the hy-

" droformylation product and unconverted olefin, which contains, as additional note-

worthy components, saturated hydrocarbons and unconverted synthesis gas, is ad-
vantageously passed to a condenser 11 for further purification, in which its higher-
boiling components - the hydroformylation product, unconverted olefin, saturated
hydrocarbons - are separated by condensation from the unconverted synthesis gas.

The resulting separated unconverted synthesis gas is removed via fine 12 and can,
if desired, following compression to the pressure of the hydroformylation reaction,
be recycled to the hydroformylation reactor. If desired, fresh synthesis gas or the un-
converted synthesis gas removed via line 12 may be additionally introduced through
line 9 or 10 at the lower end of the column, before the aforementioned stream of syn-
thesis gas is passed back to the hydroformylation reactor in its entirety or as a partial
stream after separation of the condensable components. Such an additional mea-
sure is not necessary, however, for the successful operation of the process of the
invention.

The condensable components of the gas stream removed from column 5 via line 7,
separated in condenser 11 and essentially comprising the hydroformylation product,
unconverted olefin, and saturated hydrocarbons are fed via line 13 to a distillation
plant 14 (shown diagrammatically), which can be composed of a number of distilla-
tion plants, and is fractionated into its individual components, which can subse-
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quently be passed on for further processing to other desired products. This distilla-
tion can be carried out by any conventional process known in the art and its particular
form is not subject matter of the process of the invention.

The purifying process of the invention is basically suitable for the purification of liquid
effuents from rhodium-catalyzed hydroformylation of olefins, which, due to their ma-
terial properties and due to the material properties of the hydroformylation products
formed therefrom, are suitable for use in a hydroformylation process giving a liquid
effluent of the hydroformylation mixture. These are generally Co-Coq olefins. The
purifying process of the invention is used for the purification of liquid hydroformyla-
tion effluents from the hydroformylation of preferably Co-C; olefins, and more pre-
ferably Co-Cs olefins, monoolefins being preferred. The olefins used canbe unsub-
stituted or they can be substituted by one or two, preferably one, substituent(s) inert
under the hydroformylation conditions, for example an ester group, nitrile group,
alkoxy group, or hydroxy group.

If the rhodium catalyst used for the hydroformylation is a complex of rhodium with
a phosphine ligand, generally virtually only 1-butene is hydroformulated to n- and
iso-valeraldehydes under the aforementioned conditions of the hydroformylation

* reaction. If, on the other hand, the rhodium catalyst used in the hydroformylation pro-

cess is a complex of rhodium with a sterically hindered phosphite ligand, 2-butene
is isomerized in the hydroformylation reactor in situ to form 1-butene, which is then
hydroformylated to n- and iso-valeraldehydes.

The liquid effluent from the hydroformylation reactor is then, as stated, depressu-
rized in let-down vessel 3, thus producing a liquid phase containing, as essential
components, the rhodium catalyst, higher-boiling condensation products of n~ and
iso-valeraldehydes, optionally a further solvent, and also residual amounts of un-
converted butenes, and a gas phase containing, as essential components, the major
portion of the n— and iso-valeraldehydes formed in the hydroformylation, the major
portion of the unconverted butenes, ie the isobutene still present in the raffinate I
in traces, and, depending on the type of rhodium catalyst used in the hydroformyla-
tion reaction, optionally 2-butene and, at most, small amounts of 1-butene or op-
tionally, depending on the rhodium catalyst, small amounts of 2-butene, as well as
various butane isomers and unconverted synthesis gas.

From the liquid phase which separates in let-down vessel 3 there is continuously
withdrawn, via line 15, a liquid stream, the temperature of which is raised in a heat
exchanger 4, preferably by from 20°to 80°C, and which, on passing through the heat
exchanger 4, is fed via line 16 to the head region or upper part of column 5. From
the gas phase separated in let-down tank 3 there is continuously withdrawn, via line
6, a gas stream, which is pumped, preferably without further heating, to the bottom
or the lower part of column 5 and is allowed to flow countercurrently to the liquid
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stream fed to the head region or upper part of column 5. At the bottom of the column
there is withdrawn, via line 8, a liquid stream which has a very low content of, or is
free from, valeraldehydes and which contains the rhodium catalyst and the higher
boiling condensation products of the isomeric valeraldehydes and optionally a fur-
ther high-boiling solvent, and is recycled to the hydroformylation reactor either in its
entirety or following removal of a partial stream for working up spent rhodium cata-
lyst. Atthe top of column 5 a gas stream enriched in valeraldehydes and unconverted
olefins is removed and passed through line 7 to condenser 11, in which its condens-
able components, essentially n- and iso-valeraldehydes, isobutene, butanes, and,
depending on the catalyst used in the hydroformylation, greater or smaller amounts
of 2-butene and also residual amounts of 1-butene, are condensed and passed on
to distillative purification via line 13. The unconverted synthesis gas cannot be con-
densed in condenser 11 and is recycled, either completely or in part, to the hydrofor-
mylation reactor via line 12 following compression. In the purification by distillation
of the liquid condensate obtained in condenser 11 the readily volatile butenes and
butanes are advantageously first separated from the valeraldehyde mixture and
subsequently separated into the individual components isobutene, optionally 2-bu-
tenes, 1-butene, and butanes. The 2-butene and the residual amounts of 1-butene
can be used for butene dimerization and the butanes can be used as starting materi-
al in a steam cracker. The n-/iso-valeraldehyde mixture obtained can if desired be
separated into the individual isomers or used as such for the preparation of the plasti-
cizer alcohol 2-propylheptanol. If desired the gaseous butenes separated by distilia-
tion, ie the exhaust gas of the process, may be recycled via line 10to column 5, com-
pletely or as a partial stream.

The process of the invention provides better and more complete separation of the
aldehydes present in the liquid hydroformylation product stream from the other com-
ponents in a more economical manner than in the prior art. In particular, the process
of the invention provides for the isolation of the hydroformylation products from the
liquid hydroformylation product stream with substantially less energy consumption
than in known processes. On account of the mild conditions used in the process of
the invention for the purification of the liquid hydroformylation product stream, the
rhodium catalyst is protected and there are formed, during purification, fewer by-
products derived from the hydroformylation product, due to which the overall selec-
tivity of the process and thus its economic efficiency are improved.
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Claims

10

1. - A process for the purification of a substantially liquid effluent containing
aldehydes and unconverted olefins coming from a hydroformylation reactor
following low-pressure hydroformylation of Co~Coq olefins or olefin mixtures
containing different isomers of the respective olefins, said hydroformylation
being catalyzed by means of a phosphorous rhodium catalyst homogeneously
dissolved in the reaction medium and carried out at a temperature of from 50°
to 150°C and a pressure of from 2 to 30 bar, wherein

a.

the hydroformylation product stream containing liquid and gaseous
components and comprising, apart from the catalyst, essentially the
hydroformylation product, by-products boiling at temperatures above the
boiling point of the hydroformylation product, unconverted olefin, and
saturated hydrocarbons and unconverted synthesis gas, is
depressurized in a let-down vessel,

during depressurization, the pressure and temperature are lowered to
such a degree that there are formed a liquid phase containing essentially
the catalyst, by-products boiling at temperatures higher than the boiling
point of the hydroformylation product, and residual amounts of
hydroformylation product and unconverted olefin, and a gas phase
containing essentially the hydroformylation product, unconverted olefin,
saturated hydrocarbons, and unconverted synthesis gas,

a liquid stream is withdrawn from said liquid phase, and a gaseous stream
is withdrawn from said gas phase,

the liquid stream is then heated to a higher temperature than the
temperature prevailing in the let~-down vessel,

the heated liquid stream is passed in liquid form to the head region or the
upper part of a column,

the said gaseous stream withdrawn from the let-down vessel is passed
to the bottom or lower part of said column and caused to flow
countercurrently to the liquid stream introduced at the head or upper part
of this column,

I

[
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g. a gaseous stream enriched in olefin and hydroformylation product is
withdrawn at the head of the column and passed on for further
purification,

h. aliquid stream is withdrawn at the bottom of said column, which stream
contains less hydroformylation product and olefin than present in the
liquid stream fed to the head region or upper part of the column, and

i.  allor partof this liquid stream is recycled to the hydroformylation reactor.

2.  Aprocess as defined in claim 1, wherein the liquid stream withdrawn from the

let-down vessel is heated to a temperature which is from 10° to 80°C higher
than the temperature prevailing in the let-down vessel.

3.  Aprocess as defined in claims 1 and 2, wherein ethylene is used as olefin and

propionaldehyde is produced.

4.  Aprocess as defined in claims 1 and 2, wherein propylene is used as olefinand

n- and iso-butanals are produced.

5. A process as defined in claims 1 and 2, wherein 1-butene or a

1-butene-containing hydrocarbon mixture is used as olefin and n- and
iso-valeraldehydes are produced.

S



