Process for preparing isopropanol and 2-butanol fromthe correspondi ng

al kanes 5 Description The invention relates to a process for preparing

i sopropanol from propane and 2-butanol from butane. 10 The hydrati on of

al kenes to al cohols is well known and is perforned on the industrial scale.
In industry, two-stage hydration is practiced, in which the alkene is
reacted wwth sulfuric acid to give the alkyl sulfate and this is hydrolyzed
in the second step with water to give the alcohol and the acid. It is
advant ageous | or m of
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correspondi ng al kane and further secondary constituents. D sadvantages are
the highlsy coédedipiiore nmedi um the contam nation of the product wth sulfur-
cont ai ni ng odor-form ng substances which can necessitate additional
purification steps, and the loss of the inert alkane fraction of the

m xture, whi ¥ dpestiontrelatescio anaracess dpi preRageg iaprrepanchdran prepase. apd
further dlsaﬂmaahaggmtsmhhat after hydrolysis of the alkyl 20 sulfate to
the al cohol, the resulting dilute sulfuric acid has to be concentrated
before it is reused in the esterification step. In addition,
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l'i quid phas %us@ﬁ lpirﬁ%ﬁrﬁcm%?e D sadvant ages of the one-stage processes
are in partlcu ar the 10w conversrons and the hi gh requirenents on the

purity of the al kene used. For exanple, propylene has to be used in the
form of pol yesdditiond ehe eeteyifieanien afOol&finsGRitA\ carbiokylic2 8€1dsl esdr subesquwenpreatees s
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LPG m xture xture is

dehydr og&hat 2 STGWRT §@rur'§taeeﬁrm 4,384,148 ggasribes Hhayipaetinnsol “aiaene with acetic

acid to give ethyl acetate in an autoclave. The subsequent hydrolysis of the ethyl
acetate removed by distillation with water in a molar ratio of 1 : 5 in an autoclave
affords a mixture comprising ethyl acetate, ethanol and diethyl ether. GB 2 238 539
discloses the two-stage hydration of 1-butene by reaction with triflucroacetic acid to

30 give 2-butyl trifluoroacetate in the presence of a highly acidic ion exchange resin and
subsequent hydrolysis of the ester to give 2-butanol.

In addition, direct one-stage hydration of alkenes over strongly acidic catalysts, for
example ion exchangers, zeolites, heteropolyacids and mineral acids, on

35 heterogeneous supports is performed industrially. Processes for direct hydration can
be performed in the gas phase, in the liquid phase or by biphasic means.
Disadvantages of the one-stage processes are in particular the low conversions and
the high requirements on the purity of the alkene used. For example, propylene has to
be used in the form of polymer-grade propylene.
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| sobut ene and subsequently passes through an etherification zone in which
| sobutene 5 is etherified wwth nethanol to give nethyl tert-butyl ether.
Propene and n-butenes, which essentially do not react with nethanol under
the conditions selected, are sinultaneoysly hydrated directly with water to
gi ve isopropanol and 2-butanol respectively. 10 US 2004/0225165 A di scl oses
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hydrati on step. e process is thus characterized in that unconverted
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propane and n-butane, co Ising the steps”of: providing a starting gas
stream gscoqulgtmﬁgbrt Hgmgﬁlﬁaqudleqqga;s stream of the dehydrogenation, the latter being
recycled into the dehydrogenation zone. The remaining gas stream which consists

essentially of propene, isobutene and isobutane is fed into a hydration zone, where
propene and isobutene are hydrated over an acidic ion exchange resin direcily to
isopropanol and tert-butanol. The remaining gas stream is separated firstly into an
30 isobutane stream which is recycled into the dehydrogenation zone and secondly into a
stream comprising propane and propene, which is recycled into the propane removal
before the hydration step. The process is thus characterized in that unconverted
propane is removed before the hydration and the hydration is performed with a starting
stream consisting essentially of the C;- and C4-olefins.
35
It is an object of the invention to provide an economically viable process for preparing
isopropanol and 2-butanol, which does not have the disadvantages of the prior art.

The object is achieved by a process for preparing alkanols (I} selected from the group



5 B) feeding the starting gas streama conprising the alkane (1l1) into a
dehydr ogenati on zone and subjecting the alkane (11) to a dehydrogenation to
the alkene (I1l) to obtain a product gas streamb conprising the al kene
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m xture f conprising the alkanol (lI) and the organic acid (I1V); G renoving
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mixture €2 comprising the alkyl ester;

25 F) reacting the product mixture e2 comprising the alkyl ester with water in an ester
hydrolysis zone to give a product mixture f comprising the alkanol (I} and the
organic acid (IV);

s G) removing the alkanol (I) and the organic acid (IV) from product mixture f and, if
30 appropriate, recycling the organic acid into the esterification zone.

The process according to the invention dispenses with the use of highly corrosive
sulfuric acid. It is notable in that, nevertheless, high space-time yields and conversions
are achieved in the esterification step D) even when a starting gas stream is used
35  which comprises the alkene (I) only in very dilute form in addition to further components
{unconverted alkane, inert gases). A removal of unreactive secondary components
before the esterification step is performed can therefore be dispensed with. Since the
ester hydrolysis step F) can be performed with water in stoichiometric deficiency, it is
also possible to obtain the organic acid (IV) in concentrated form and to recycle it



addition, it generally also conprises butanes (n-butane, isobutane),

but enes, ethane and ethene. Typical conpositions of the propane-contai ning
starting gas streamare disclosed in DE-A 102 46 119 and DE-A 102 45 585.
Typi cal ly, the propane-containing st arthng gas streama is obtained from

| i quefied petroleumgas (LPG. 10 In the'case of n-butane as the al kane
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example, be methane, ethane and ethene, propane and propene, and the high boilers
C:" hydrocarbons. In addition, if the dehydrogenation is performed in the presence of
an oxygenous gas, generally carbon oxides (CO, CQO,), especially CO,, and steam,
with or without a small amount of inert gases, are obtained in the product gas mixture

30 of the dehydrogenation. The product gas stream of the dehydrogenation generally
comprises steam which has already been added to the dehydrogenation gas mixture
and/or — in the case of dehydrogenation in the presence of oxygen (oxidative or
nonoxidative) - is formed in the dehydrogenation. When the dehydrogenation is
performed in the presence of oxygen, inert gases (nitrogen) are introduced into the

35 dehydrogenation zone with the oxygenous gas stream fed in, unless pure oxygen is fed
in. In addition, unconverted alkane (Il) (propane and/or n-butane) is present in the
reaction gas mixture.

The alkane dehydrogenation can in principle be performed in all reactor types known



Nunmber 4192 OD, 1993, 430 Ferguson Drive, Muntain View, California,
94043-5272, 5 USA). The dehydrogenati on can be performed as an oxidative or
nonoxi dati ve hydrogenati on. The dehydrogenati on can be perforned
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dehydrogenatlon may al so be carried out under heterogeneous catalysis in a
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from1 to zojgelat;on catalyst) is disposed as a fixed bed in a reactlon tube or in a bundle of
reaction tubes. Customary reaction tube internal diameters are from about 10 to 15 cm.
A typical dehydrogenation tube bundle reactor comprises from about 300 to 1000
{ reaction tubes. The internal temperature in the reaction tubes typically varies in the
30 range from 300 to 1200°C, preferably in the range from 500 to 1000°C. The working
pressure is customarily from 0.5 to 8 bar, frequently from 1 to 2 bar, when a low steam
dilution is used, or else from 3 to 8bar when a high steam dilution is used
{corresponding to the steam active reforming process (STAR process) or the Linde
process) for the dehydrogenation of propane or butane of Phillips Petroleum Co.
35 Typical gas hourly space velocities (GHSV) are from 500 to 2000 h”, based on
hydrocarbon used. The catalyst geometry may, for example, be spherical or cylindrical
(hollow or solid). It is also possible to operate a plurality of fixed bed tubular reactors or
tube bundle reactors alongside one another, of which at least one is alternately in the

state of regeneration.



t he dehydrogenation tenperature generally from 550 to 600C. The heat

required for the dehydrogenation can be introduced into the reaction system
by preheating the dehydrogenation catalyst to the reaction tenperature. The
adm xi ng of a cofeed conprising oxygen gllows the preheater to be di spensed
with and the required heat to 10 be generated directly in the reactor system
by conbustion of hydrogen and/or hydrocarbons in the presence of oxygen. If
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In general, the amount of the oxygenous gas added to the reaction gas mixture is

selected in such a way that the amount of heat required for the dehydrogenation of the
alkane (propane and/or n-butane) is generated by the combustion of the hydrogen
present in the reaction gas mixture and of any hydrocarbons present in the reaction
30 gas mixture and/or of carbon present in the form of coke. In general, the total amount
of oxygen supplied, based on the total amount of propane, is from 0.001 to
0.5 mol/mol, preferably from 0.005 to 0.25 mol/mol, more preferably from 0.05 to
0.25 mol/mol. Oxygen may be used either in the form of pure oxygen or in the form of
oxygenous gas which comprises inert gases. In order to prevent high propane and
35 propene losses in the workup {see below), it may be advantageous when the oxygen
content of the oxygenous gas used is high and is at least 50% by volume, preferably at
least 80% by volume, more preferably at least 90% by volume. A particularly preferred
oxygenous gas is oxygen of technical-grade purity with an O, content of approx. 99%
by volume. In addition, a method is possible in which air is fed in as the oxygenous



5 m xture as hydrogenous gas. The anount of hydrogen present should
preferably be such that the nolar H2/02 ratio in the reaction gas m xture

i medi ately after the oxygen is fed inis froml to 10 nol/nol, preferably
from2 to 5 nol/nol. In multistage reacters, this applies to every

I nternmedi ate feed of oxygenous and any hydrogenous gas. The hydrogen is
conbusted c@al ytically. The dehydrogenati on catal yst used generally 10

al so catal yzes the conbustion of the hydrocarbons and of hydrogen with
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speci al i zed oxi I on ogenatlon
i s gener al | PresERIANBOD o6, lmmethwemrersgme@ctw Nﬁ‘@sl ast catal yst bed of 35
thetragoreactor is generally from0.2 to 5 bar, preferably from1l to 3 bar.

The GHSV ! 2
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| ead, arseni prererre
cat aI yz@3 tFR@CI%nbust ion of hydrogen conprises a noble met aI of tranS| tion
group VII1 and/or | of the periodic table.

In one embodiment of the process according to the invention, there is intermediate
feeding of oxygenous gas and of hydrogenous gas upstream of each tray of a tray
reactor. In a further embodiment of the process according to the invention, oxygenous

30 gas and hydrogenous gas are fed in upstream of each tray except the first tray. In one
embodiment, a layer of a specialized oxidation catalyst is present downstream of every
feed point, followed by a layer of the dehydrogenation catalyst. In a further
embodiment, no specialized oxidation catalyst is present. The dehydrogenation
temperature is generally from 400 to 1100°C; the pressure in the last catalyst bed of

35 the tray reactor is generally from 0.2 to 5 bar, preferably from 1 to 3 bar. The GHSV
(gas hourly space velocity) is generally from 500 to 2000 h™', and, in high-load
operation, even up to 100 000 h!, preferably from 4000 to 16 000 h™.

A preferred catalyst which selectively catalyzes the combustion of hydrogen comprises



5 The dehydrogenation catal ysts used generally have a support and an active
conposition. The support generally consists of a heat-resistant oxide or

m xed oxi de. The dehydrogenation catal ysts preferably conprise a netal

oxi de which is selected fromthe group gonsisting of zirconium dioxide,

zi nc oxide, alum num oxide, silicon 10 dioxide, titanium dioxide, nmagnesium
oxi de, | ant PMdasnars(PdBhosphatesnsalsdterk framd thenpseunreonsisting ebthe gxides an@/Bbr t .
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and/or |1, priefdreastis givoe teeinbaoras obdirconium goxideand silicomddiodidd.V and at | east
one elepent of transition group Il including the |anthani des and
actinides. 30 For exanple, all dehydrogenation catal ysts which are disclosed
by WO 99/ 4607 activesrampesgion of tthﬁB%V%@f@ﬁ@W colalysty oanesaly qogpsisesene®l, US
5, 430, 220, mu& blethenis360 frahdftiéh §ilolpl1¥H, pliHev%bWﬁlaﬁrﬂrrﬂ%\d/dDEaaﬁadreﬁ 3ord 05 and
DE-A 199 37 }Sra'ﬂﬁu Sﬁ&tmé?mageg gérgara@ghgt&m@ata Wé?:mdDr’i‘,EtdnELHra” y

preferred 3 ysts varl a aut ot
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a heat carrfer an asificati rgani c deposrts on the
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boron, gallium, silicon, germanium, tin and lead, more preferably tin.

25
In a preferred embodiment, the dehydrogenation catalyst comprises at least one
element of transition group VIII, at least one element of main group | and/or I, at least
one element of main group 1l and/or IV and at least one element of transition group lli
including the lanthanides and actinides.

30

For example, all dehydrogenation catalysts which are disclosed by WO 99/46039,
US 4,788,371, EP-A705136, WO 99/29420, US5,220,091, US 5,430,220,
US 5,877,369, EP 0 117 1486, DE-A 199 37 106, DE-A 199 37 105 and
DE-A 199 37 107 may be used in accordance with the invention. Particularly preferred

35 catalysts for the above-described variants of autothermal propane dehydrogenation are
the catalysts according to examples 1, 2, 3 and 4 of DE-A 199 37 107.

Preference is given to carrying out the autothermal alkane dehydrogenation in the
presence of steam. The added steam serves as a heat carrier and supports the



to carbon nonoxi de, carbon dioxide and in sone cases water. 5 The
dehydrogenati on catal yst nmay be regenerated in a manner known per se. For

i nstance, steam nay be added to the reaction gas m xture or a gas conpri sing
oxygen may be passed fromtinme to tinme gver the catal yst bed at el evated
tenperature and the deposited carbon burnt off. The dilution with steam
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process par andzplso fremdlietS% by velumeahinsr gasednpr essed. The conpressi on of
product gas streamb is effected to pressures of 5 - 150 bar, preferably to
15 - 100 bar, nmore 35 preferably to 20 - 60 bar. The conpression can be
effected i ningthp |aytaingrmpl petage ng@fwe_tﬁﬁltli)%w@h teerling af essentially RYF gagIent dr
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of stages, Tor exanple three stages. In one enpodinent o e pr.ocess
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wat er or cold water, and coolants such as ethene, propene and propane,

whi ch are cooled to tenperatures in the range from-40C to -100C by
conpr es&% ngWhen it leaves the dehydrogenation zone, product gas stream b is generally under a

pressure of from 1 to 5 bar, preferably from 1.5 to 3 bar, and has a temperature in the
range from 400 to 700°C.

Product gas stream b may be separated into two substreams, in which case one
30 substream is recycled into the autothermal dehydrogenation, corresponding to the
cycle gas method described in DE-A 102 11 275 and DE-A 100 28 582.

In process part C), product gas stream b is compressed. The compression of product
gas stream b is effected to pressures of 5 - 150 bar, preferably to 15 - 100 bar, more
35 preferably to 20 - 60 bar. The compression can be effected in a plurality of stages with
intermediate cooling stages, for example in three or four stages; it is preferably effected
in a plurality of stages, for example three stages. In one embodiment of the process



pressures up to 20 bar and then deconpressing. Optionally, product gas
streamb is separated into an aqueous phase cl, a 10 hydrocarbon phase c2
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In one embodiment of the process according to the invention, product gas stream b is
25 conducted through a battery of heat exchangers and thus cooled first to a temperature

in the range from 50 to 200°C and then further to a temperature of from 40 to 80°C, for

example 55°C, in a quench tower with water. This condenses out the majority of the

steam, but also some of the high boilers present in product gas stream b. In the case of

propane dehydrogenation, these may be C,° hydrocarbons, especially the Cs*
30 hydrocarbons.

This affords a steam-depleted product gas stream b. It generalily still comprises up to
5% by volume of steam. For virtually full removal of water from product gas stream b, a
drying step by means of molecular sieve can be provided.
35

When the autothermal alkane dehydrogenation is performed with feeding of pure
oxygen or with oxygen-enriched air as the oxygenous gas, product gas stream b can
be worked up and the alkane- and alkene-comprising mixtures c2 can be obtained also
as described below.



renoval step within conpression stage C can al so be selected such that a
majority of the al kanes and al kenes present in product gas streamb are
present in gas streamc3. 10 Just |ike the hydrocarbon streamc2, this gas
stream c3 can be conducted into the esterification zone D or,
alternatively, into an absorption stage ?as described below). In the case of
n-but ane dehydrogenation, the conditions are selected such that quite
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25 phase separation in a phase separator if complete water removal from product gas
stream b has not been effected before the condensation step. In the case of multistage
cooling and compression, all condensate streams obtained can be fed to the phase
separator.

30 Itis also possible to dispense with preceding removal of water from product gas stream
b before the condensation of the C, hydrocarbon phase ¢2. in that case, water
condenses out as an aqueous phase c1 together with the alkane- and alkene-
comprising hydrocarbon phase c2. Aqueous phase and hydrocarbon phase are then
subsequently separated in a phase separator.

35
In generai, the product gas stream is cooled by heat exchange with a coolant. The
cooling can be effected in several stages using a plurality of cooling circuits. The
cooling can be effected in several stages in a column, in which case the gas ascending
within the column is withdrawn, cooled, (partly) condensed and recycled into the



hydr ocarbons, and only a very small portion of the C3 and/or C4 hydrocarbons
is 10 discharged with the offgas stream c3 conpri sing hydrogen/| ow boil ers.
Bef ore the hydrocarbon condensation is performed, carbon di oxide can be
removed from product gas streamb by gﬁ_ scrubbing to obtain a carbon

di oxi de-depl eted product gas stream b. The carbon di oxi de gas scrubbi ng may
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The liquid hydrocarbon condensate siream ¢2 obtained in the cooling and

condensation step C) comprises generally from 20 to 60 mol% of alkane (Hl), from 20 to

{ 60 mol% of alkene (Ill), from 0 to 20 mol% of low boilers and from 0-to 5 mol% of high
30 boilers.

In the case of propane dehydrogenation, the liquid hydrocarbon condensate stream c¢2

obtained in the cooling and condensation step C)} may comprise from 20 to 70 mol% of

propane, from 20 to 60 mol% of propene, from 0 to 10 mol% of methane, from 0 to
35 10 mol% of ethane and ethene, and from 0 to 5 mol% of C,* hydrocarbons.

When the autothermal alkane dehydrogenation is performed with feeding of air as the
oxygenous gas, product gas stream b can be worked up and the alkane- and alkene-
comprising mixture ¢2 can be obtained also as described below. First, steam is



oxygen and/ or oxygen-enriched air as the oxygenous gas. To this end, gas
streamb is contacted with an inert absorbent in the absorption stage 15 at
5 - 40 bar, preferably 8 - 20 bar, nore preferably 10 - 15 bar, which
absorbs the C3 and/or C4 hydrocarbons d al so small anpbunts of the C2
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phthal ate nﬁéoﬁﬁioﬁ%ﬁﬁ%e é’fgciépi)fsfﬁ'ﬁjﬁ%&%mgsst?éaﬂw ¢ through the absorbent. It can
also be effected in columns. It is possibie to work in cocurrent, countercurrent or
crosscurrent. Suitable absorption columns are, for example, tray columns with bubble-
30 cap trays, valve trays and/or sieve trays, columns with structured packings, for example
fabric packings or sheet metal packings having a specific surface area of from 100 to
1000 m*m®, such as Mellapak® 250 Y, and columns with random packing, for example
with spheres, rings or saddles made of metal, plastic or ceramic as random packings.
However, trickle and spray towers, graphite block absorbers, surface absorbers such
35 as thick-film and thin-film absorbers, and bubble columns with and without internais,
are aiso useful.

The absorption column preferably has an absorption section and a rectification section.
To increase the enrichment of the C; and/or C, hydrocarbons in the solvent in the



al so esters of benzoic acid and phthalic acid with straight-chain
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For the desorption of the C; and/or C, hydrocarbons, the laden absorbent is heated
and/or decompressed to a lower pressure. Alternatively, the desorption can also be
effected by stripping, typically with steam, or in a combination of decompression,

30 heating and stripping in one or more process steps. For example, the desorption can
be performed in two stages, in which case the second desorption stage is performed at
a lower pressure than the first desorption stage and the desorption gas of the second
stage is recycled into the absorption stage. The absorbent regenerated in the
desorption stage is recycled into the absorption stage. If appropriate, a portion of this

35 absorbent stream which may comprise C,;" hydrocarbons is discharged, worked up and
recycled, or discarded.

In one process variant, the desorption step is performed by decompressing and/or
heating the laden absorbent. In a further process variant, stripping is effected



15 The conpression can in turn be effected in one or nore stages. In
general, conpression is effected overall froma pressure in the range from
1to 29 bar, preferably from1l to 10 bar, to a pressure in the range from
12 to 30 bar. Each conpression stage igfollowed by a cooling stage in

whi ch the gas streamis cooled to a teilor’erature in the range from15 to
80C, pr ef er additjonitywitli Steam. 60C. Subsequently, 20 the conpressed gas m xture
is cooled to a tenperature of from-10C to 60C, preferably from - 1OC to
30C. Any aq eous condensate stre mpre nt c n be r from
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the esterification reaction.
The absorbent used in the absorption column is the same organic acid which is reacted
with the corresponding alkene in the esterification zone. In that case, it is possible to
dispense with the above-descrived desorption step. The absorbent laden with C;
30 and/or C, hydrocarbons, i.e. in this case the organic acid (e.g. formic acid or acetic
acid), can then, if appropriate after further heating and/or compression, be conducted
directly into the esterification zone. The absorbent feed used into the absorption
column may in this case be the organic acid removed from the removal step (G)
downstream of the ester hydrolysis zone. In that case, this organic acid is not recycled
35 directly into the esterification zone but rather into the absorption stage and from there,

laden with the C; and/or C, hydrocarbons, into the esterification zone.

The removal step within process part C) can but does not have to be performed. As
described above, though, at least a compression of product gas stream b is always



15 The residual gas streamc3 can be and is preferably predom nantly
recycled into dehydrogenation stage A). A substreamis renoved and
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N 2901t 0RRpStRl HE B00NSE BT DS BLb B8 Sl I eSSk grLben

stage D) in_dgas ane ‘and
al kene, al s®)-conprise small ampunts 15 of the ester fornmed and water, and
the | owsoil ers al ready present in streamc2.

The hydrocarbon phase c2 can be fed to the esterification stage D) directly or after
further pressure increase. The agueous condensate stream c1 can be discharged from
the process or conducted into the ester hydrolysis stage {process part F)).

30 In a process stage D), product gas stream b or - if the separation step is performed in
process stage C) - the phase ¢2 comprising the alkane (Il) and the alkene (Ill) and, if
appropriate, residual gas stream c3, or, if the absorption step is performed with the
organic acid as described above, the organic acid laden with C; andfor C,
hydrocarbons, is reacted with an organic acid (V) in an esterification zone to obtain a

35 product gas mixiure d comprising the corresponding alkyl ester (V) (isopropyl ester
and/or 2-butyl ester) of the organic acid (V) and unconverted alkane (l1).

The esterification can be performed in the liquid phase or biphasicaily (with regard to
the reactants) as a gas/liquid reaction.



The esterification stage D) is operated in gas-liquid node, it nmay conprise
two zones, a reaction zone and a rescrubbing zone. The aimof the reaction
zone is a maxi mum conversion of the acid with the alkene. In the

rescrubbi ng zone, addition of water 20 Iq,rgely frees gas stream d2 of acid
residues. This allows corrosion probl emd’in ot her pl ant parts when stream
d2) is recycled to be avoided. The esterification can be perfornmed in fixed
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stage F) for est er Si et efogeneous esterification
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sul fonat ed pol ystyrene crosslinked with divinyl benzene. These catal ysts may
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a battery of 2-5, more preferably 2-3 different reaction zones. The heat of reaction
released can be removed by internal heat exchange surfaces. A method with an

30 external circulation system, in which a heat exchanger for removing the heat of reaction
is mounted, is also possible. The adjustment of the circulation rate allows the axial
temperature profile in the reactor to be adjusted virtually as desired. Alternatively, the
esterification can also be performed in bubble columns or jet loop reactors. A particular
embodiment is the tubular reactor in fluidized bed mode, which is operated in a

35 controlled manner at the fluidization point of the catalyst (so-called floating bed
method), with external heat exchanger and two reactors in a battery.

In the rescrubbing zone, addition of water removes acid residues. In apparatus terms,
this zone corresponds to an absorption column which can be designed separately as a



catal ysts which conprise a high content of acidic groups, for exanple
Amber | yst 35, 36, 40, 49, 119, Lewatit K2649, Purolite CT275. The catal ysts
mentioned here are typically obtainable in dry or in aqueous form Both
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are also a series of inorganic catalysts such as acidic metal oxide catalysts or acidic
30 zeolites. The acidic metal oxide catalysts include in particular sulfated zirconium oxide
and zirconium tungstate and/or titanium tungstate systems. This group of catalysts also
includes the water-insoluble acidic salts of the heteropolyacids, for example of tungsto-
or molybdophosphoric acid or of tungstosilicic acid. Such insoluble salts form from
these acids with metal cations with large ionic radii, for example K, Rb", Cs*, NH," or
35 Ag'. Inthese salts, typically 10 - 90 mol%, in particular 40 - 85 mol%, of the acidic sites
have been exchanged for cations. A further group of catalysts is derived from
heteropolyacids or salts thereof, which are adsorbed on an inert support material, for
example silica gel, alumina or activated carbon. The suitable zeolite catalysts include
those of the beta-zeolite, the faujasite, the mordenite and the ZSM-5 zeolite structure



given to ion exchange resins. Preferred organic acids (l1V) are formc acid
and acetic acid, which react with propene to give isopropyl formate and

i sopropyl acetate respectively, and with butenes (1- 20 butene and 2-but ane)
to give 2-butyl formate and 2-butyl acet Ste respectively. In process stage
E), a gas streamel conprising the uncorVerted al kane (I'1) (propane and/or
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propane and/or n-butane and to obtain a product mixture €2 comprising the alkyl ester
(V). Gas stream el can be combined with gas stream d2 of the rescrubbing zone in
process part D and they can be fed together to dehydrogenation zone B.

30 In general, product mixture d is decompressed from a pressure in the range from 20 to
60 bar to a pressure in the range from 2 to 10 bar. Any low boilers such as sthane,
ethene, methane, carbon oxides and inert gases present in product mixture d are
removed together with the propane and/or n-butane. The gas stream e1 comprising the
alkane (ll} is preferably recycled into the alkane dehydrogenation.

35
The gas stream el1 comprising the alkane (il) may also comprise low boilers such as
ethane, ethene, methane, carbon oxides and inert gases, and also hydrogen. In
general, it comprises low boilers with or without hydrogen when the above-described
(optional) removat of low boilers and hydrogen (residual gas stream c¢3) has not already



and colums w th random packing or colums wi th structured packing. The
product m xture d may al so be deconpressed froma pressure in the range from
20 to 60 bar to a pressure of generally from2 to 45 bar, for exanple from
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30 higher level of process complexity in stages F) and G).

In one variant la, the gas stream et present after the decompression is fed to a first
column K1. The pressure in this column is equal to or only siightly lower than the
pressure of the feed stream. The coiumn K1 is preferably the pure rectifying section of
35 a conventional column, i.e. it does not have an evaporator but has a condenser, and
the feed is preferably at the bottom of the column. The liquid stream e2 present after
the decompression is fed to the second column K2. The pressure of the column K2 is
significantly below the pressure of the column K1. Typical pressures are, for example,
30 bar for K1 (all pressures absolute) and 1.5 bar for K2. In general, the pressure in K1
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30 K1 is generally from 10 to 40 bar, preferably from 25 to 35 bar; the pressure in the

column K2 is generally from 2.5 to 7 bar, preferably from 4 to 6 bar.

It is optionally also possible to treat recycle stream d2 in the same way if it still
comprises relatively large amounts of ester. Here too, preference is given to distillative

36 purification of the stream. This can be done in a separate column, or alternatively
together with the treatment of stream d in a common column. This can be followed by
fine purification by adsorption, absorption, gas scrubbing or catalytic purification
stages.
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In this stage, product mixture f can be separated into a stream g1 comprising the acid

and a stream g2 comprising the alkanol (I) and the atkyl ester (V). The alkyl ester can
30 be removed by distillation from the alkanol stream g2 and recycled into the ester

hydrolysis zone. Depending on the phase equilibria, the alkanot (I) can be removed

from product mixture f by simple distillation or by azeotropic rectification with use of

azeotroping agents (for example benzene, cyclohexane or diisopropyl ether in the case

of isopropanol), by extractive distillation using an extractant (for example ionic liquids or
35  acetic acid) and by membrane processes (pervaporation or vapor permeation),

The esterification can be performed either under homogeneous or heterogeneous
catalysis. Suitable catalysts for the ester hydrolysis are in principle the above-described
catalysts, which are also used in the esterification reaction. Preferred heterogeneous



be operated in a controlled manner at the fluidization point (so-called
floating bed nethod). In the case of the honbgeneously catal yzed ester
hydrol ysis, the reactor can, for exanple, be configured as a stirred tank
reactor or tubular reactor. When the es g 25 hydrolysis is perforned
honogeneously, the catal yst is general I? renoved together wth the organic
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variant is shown in Figure 1. In a specific variant, the separation of the
product m xture f i nto a stream gi consisting essentral |y of acetic acid
and a stream 2 csaptitbe ptércgpeopyly catalyzatiegstérsbypirapsisothe estelr hgdrelysisan be
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first distillation column. In this case, the catalyst can be removed before the organic
acid is recycled into the esterification stage D), and the catalyst removed can be
recycled into the ester hydrolysis reactor. The catalyst can be removed thermally in an

30 evaporator or in a multistage distillation column, and also in a phase separator, or else
by combination of phase separation and thermal separation. When the same
homogeneous catalyst as for the esterification is used for the ester hydrolysis, it is
possible to dispense with separate removal of the catalyst. For this process variant,
heteropolyacids or sulfuric acid are particularly suitable.

35
For example, in a first specific embodiment of the process according to the invention,
the organic acid used is acetic acid and an isopropyl acetate-comprising product
mixture e2 is obtained, and,



pressure of from2 to 10 bar and a tenperature of from60-to 130C. The
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reaction 25 conversion in the hydrolysis reactor (process step F) is
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which can be implemented in the additional hydrolysis reactor. As a consequence of

the additional hydrolysis conversion, the recycle streams (water = stream h3; isopropyl

30 acetate = stream i1) are reduced, and correspondingly also the capital cost and energy
demand of the apparatus (2), (3), (4) and (5) described below.

In a further column {4), isopropanol can be removed as the distillate from stream h1 so
as to obtain a stream i1 which consists essentially of isopropyl acetate and is recycled
35 into the ester hydrolysis reactor (10). The water present in stream g2 can be removed
by azeotropic distillation, comprising two distillation columns (referred to hereinafter as
the second (2) and third column (3)} and a phase separator (5), using an azeotroping
agent, for example benzene or diisopropyl ether, and recycled as stream h3 into the
ester hydrolysis reactor (10). When diisopropyl ether is obtained as a by-product in the



| sopropanol and fromO to 5% by weight of acetic acid, and stream h2, which
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conprises, for 25 exanple, from30 to 60% by wei ght of isopropyl acetate,
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comprise up to 50% by weight of the azeotroping agent and traces of acetic acid.

The stream h3 obtained as the bottom draw stream of the third column (3} comprises
30 preferably at least 95% by weight of water, and stream h4, which is generally obtained
as the top draw stream of the third column (3), comprises, for example, from 5 to 15%
by weight of isopropyl acetate, from 15 to 50% by weight of water and from 30 to 70%
by weight of isopropanol. In addition, stream h4 may also comprise up to 5% by weight
of azeotroping agent and traces of acetic acid. Stream it, which is generally obtained
35 as the bottom draw stream of a further (fourth) column (4) comprises preferably at least
90% by weight of isopropyl acetate, up to 5% by weight of acetic acid and up to 5% by
weight of isopropanol, and stream i2, which is generally obtained as the top draw
stream of the fourth column (4), comprises preferably at least 98% by weight of
isopropanol. In addition, stream i2 may also comprise up to 2% by weight of isopropyl
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in step G), product mixture f is separated in a first distillation column (1) into a stream
g1 comprising formic acid and water, and a stream g2 comprising isopropyl formate,

30 isopropanol and water, and stream g2 is separated in a second distillation column (2)
into a stream g4 comprising isopropyl formate, water and isopropanol, and a stream g3
essentially consisting of isopropanol and stream g1 are recycled into the esterification
zone, and stream g4 into the ester hydrolysis reactor (10). g3 is generally obtained as
the bottom draw stream or gaseous side draw stream. In addition, water can be

35 removed from formic acid in stream g1, and thus only the concentrated formic acid can
be conducted back into the esterification zone, which achieves higher space-time
yields and allows the low-formic acid water stream to be conducted back into the ester
hydrolysis reactor. This variant is shown in Figure 2.



theoretical plates and is operated at a pressure of fromO0.5 to 1 bar. In a
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F), the 30 isopropyl formate-conprising product mxture e2 is reacted with
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f2 conposedppleighe al kanol (1) and the alkyl ester (V), and a 25 streamf3
whi ch is conposed of the organic acid (1V) and is recycled into the

esterification zone, are obtained fromgroduct gas mxture f in a reactive
di stil|2f i ohhe first column (1) has generally from 30 to 60 theoretical plates and is operated at a

pressure of from 0.5 to 3 bar. The second column (2) has generally from 30 to 60
theoretical plates and is operated at a pressure of from 0.5 to 1 bar.

In a third specific embodiment of the process according to the invention, in step F), the

30 isopropyl formate-comprising product mixture e2 is reacted with water in an ester
hydrolysis reactor (10) to give a product mixture f comprising isopropanol, formic acid,
isopropyl formate and water, and,

in step G), product mixture f is conducted into a dividing wall distillation column (1) on
35 one side of the dividing wall and separated into a stream g1 comprising formic acid and
water, a distillate stream g4 comprising isopropyl formate, water and isopropanol, and
a side stream g3 on the far side of the dividing wall essentially consisting of
isopropanol, and the bottom stream g1 is recycled into the esterification zone and
stream g4 into the ester hydrolysis reactor (10). The composition of the streams g1, g3



colum, and product m xture f2 is separated in a downstream (further)
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reacti on cqlogeible.t he catal ytically active internals may be arranged either
bel ow above the feed. In addition, further separating i nternal s may be
present at the top 20 and in the bottom of the colum. The feed |s
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the distil |y @Qq @fﬁguetz)'mxtgl@nga & separated in a do nstream (further) distiltation
column into a stream g1 composed of the alkanol (I} and the alkyl ester (V) and small

amounts of water, and a stream g2 composed of the alkanol (l), stream g1 being
30 recycled inte the ester hydrolysis zone, preferably into the reactive distillation column.

For example, in a fourth specific embodiment of the process according to the invention,
in step F), the isopropyl acetate-comprising product mixture e2 is reacted with water in
a preliminary ester hydrolysis reactor to give a product mixture f comprising

35 isopropanol, acetic acid, isopropy! acetate and water, a product mixture f2 essentially
consisting of isopropanol, isopropyl acetate and smali amounts of water, and a stream
13 essentially consisting of acetic acid, are obtained from product gas mixture f in a
reactive distillation column (1), and stream {3 is recycled into the esterification zone,
and,



preferably to an extent of at |east 98% by wei ght of isopropanol. In
addition, it nmay also 30 conprise isopropyl acetate, generally in anpunts of
up to 1 % by weight. The distillation colum (2) has generally from10 to
50 theoretical plates and is operated at,qa pressure of fromO0.01 to 1 bar.
The ester hydrolysis reactor (10) connecied upstream of the reactive
distillation colum 35 (1) can also be dispensed with. The advantage of the
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acet ate-conprising product mxture e2 is fed with water into a reactive 20
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stream g2 B&ieRNMhe AlablorcAt@i Shid &g Mo theapaciBABhe itédld Stream gl is recycl ed
into the reactive distillation colum. This variant is shown in Figure 6.

30 The cat al %/st can be renmoved fromstreamf3 thermally in an evaporator or
a nul ti 8% agétregmgxli whigh isopenesaliy ehtaineg asrihe torherew streparad thy distilatipmeotumn
combi nat i on(Df corgries sopaka@hple, Ao 10t BEF0TR by MR ak isopfspaf@InGeiNtdnitaeco
catal yst st 55"%”@)3} %efgﬂf%? L|s%gro'p§}f chttQS_ ‘Sﬁggﬁwf&,%ich is generally obtained as the
bottom draw stream or gaseous side draw stream of the distillation column (2), consists
preferably to an extent of at least 98% by weight of isopropanol. in addition, it may also
30 comprise isopropyl acetate, generally in amounts of up to 1% by weight. The distillation
column (2) has generally from 10 to 50 theoretical plates and is operated at a pressure
of from 0.01 to 1 bar.

The ester hydrolysis reactor (10} connected upstream of the reactive distillation column

35 (1) can also be dispensed with. The advantage of the preliminary reactor in the
heterogeneously catalyzed reactive distillation is that the amount of catalyst in the
column here can be reduced, and the preliminary reactor additionally acts as a
protective bed protecting from catalyst poisons.



section of the reaction colum, and the concentrated acetic acid is recycled
back into the esterification stage. 35 The conposition of streans f2, gl
and g2 corresponds essentially to the nethod with heterogeneously catalyzed
reactive distillation. Streamf3, prefergbly consisting of acetic acid, may
conprise up to 50% by wei ght of catalyst. 31 In the reaction colum (1),
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25 in step G), product mixture f2 is separated in a distillation column (2} into a stream g1
essentially consisting of isopropyl acetate water and isopropanol, and a stream g2
essentially consisting of isopropanol, and stream g1 is recycled into the reactive
distillation column. This variant is shown in Figure 6.

30  The catalyst can be removed from stream {3 thermally in an evaporator or a muitistage
distiliation column and in a phase separator, or the combination of phase separator and
thermal removal. The concentrated catalyst stream is recycled into the rectifying
section of the reaction coiumn, and the concentrated acetic acid is recycled back into
the esterification stage.

35
The composition of streams 2, g1 and g2 corresponds essentially to the method with
heterogeneously catalyzed reactive distillation. Stream {3, preferably consisting of
acetic acid, may comprise up to 50% by weight of catalyst.



35 isopropanol, from5 to 50% by weight of formc acid, from20 to 70% by
wei ght of isopropyl formate and from1l to 15% by wei ght of water, is
converted further in the reactive distillation colum (1) and
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from10 to 50% by wei ght of isopropanol “and from 30 to 80% by wei ght of
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i sopropanol -1 soar op wat er reaction co
catal yt 1% i RoRIP \é{IaQ arranged either below or above the feed. In
addi tion, further separ ating internals nay be present at the top and in the

bot t om of tmeth%orl:é%nof i5ogr ?Ieﬂ)rr‘nﬁtepfo%f @rg@%b b@ﬁ%sfshEarf PBCHrRAMEQ M a THE

reaction col um ene OE oretical plates and is
operated at eQCt"deaﬁlua @%df"Y"g'ﬂFtlprf’H"'Qa%[Pac Whe ester hydrolysis reactor
(10) connected upstreamof the reactive distillation colum (1) can
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Exanpl e 1 Vitycholysie resctbrdf O) thegiveoarpeoduiciinixdurent lcatnpusing isograpend!s foemiel acid, an
i ntegrated @Yl formate and water, and a product mixture f2 essentially consisting of
isopropanocl and isopropyl formate, and a stream 3 essentially consisting of formic acid
25 and water, are obtained from product mixture f in a reactive distillation column (1), and

stream f3 is recycled into the esterification zone, and,

in step G), product mixture 2 is separated in a distillation column (2) into a stream g1
essentially consisting of isopropanol and isopropyl formate and a stream g2 essentially

30 consisting of isopropanol, and stream g1 is recycled into the ester hydrolysis reactor
(10) or preferably in the reactive distillation column {1). This variant is likewise shown in
Figure 4.

Product mixture f, which comprises, for example, from 5 to 15% by weight of
35 isopropanol, from 5 to 50% by weight of formic acid, from 20 to 70% by weight of
isopropyl formate and from 1 to 15% by weight of water, is converted further in the
reactive distillation column (1) and simultaneously separated into a stream f2 which
comprises, for example, from 10 to 50% by weight of isopropanol and from 30 to 80%
by weight of isopropyl formate and is generally obtained as the top draw stream, and a



process for the production of isopropanol from propane was cal cul ated by way
of exanple. In this exanple, the process conprises stages Ato N These are
shown with 5 the acconpanying streans in Figures 7 and 8. The cal cul at ed
conpositions of the individual streans ségn be taken fromthe table. The
sinmulation calculation is based on a st¥ady-state equilibriumnodel on the
basi s of nestseanefewhish @bmpeipey, fdri exampleamdm &0 mJBS%Iblqumghtmmﬂmceamd lahdri a.
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reactor A iS 1S CO ggc rea e top of the
rectificati 8eNeEdyhtaited asihedep @Mt essentl ally propane, and the feeds
of fresh propane (1), water (2) and oxygen (3). The dehydrogenati on gas

m xture dée ﬁésﬁ%ﬁ%@%hﬁﬁ@ tjékg\e‘?@?%&)ﬂf ined alssthé%i:l &dw &t aﬁt@‘&%dlbﬁ?laﬁ&?c& gi ng

and con @ on stag aln an ueous conden str am (6). The
product gas'2dt PUBRHSET)IENET )éé‘”t%?epﬁgp'ﬁdﬂﬁ“?sg‘?‘?iﬂoiepa Gt’,‘aFWeiMﬂ oM
conpr essed B@%sz vaight ©h ésopmpanelsaetfremr At O8% by maagmmtlmﬂ:rmpyl fdremaphase
separator  Subdth Gy Wirfih RURHERAREhtairdiPa0d% RUAGATHAW Shodh dreghoblud B

e u st to

absorption co I ropane ene
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aqueousiGt r eamrxied) of amleameQ%an:ﬂgrUmf ¢soipropandl IrEaddlitia atnmay aopronpeise ar e
preferably Qbﬁr%?kl"f@ﬁlnétg ?E?‘ I?Qﬁ Q%hm%rlﬁ ubgg 15/099%‘?‘dhtWﬁe%ustfllﬁﬁo@@&&ﬁhe“t as

stream (12) i_on reac

acetic acid 2r f 98¢ r?rﬁﬂ)o tPé”@JE?%“W B‘ﬁ{etsr?é‘dB%PP%'ﬁfﬁﬂ‘raé\ﬁ FHPS%%%W from
rectificationtodlbamm |, which is supplenented with fresh acetic acid (34).
The gas stream (13) can be discharged as offgas or else, if appropriate

after an ad i onal tion ste cl ed 25 back i nt.o
Gehydr obsaalh bh SAEenth SPos bigcesvarienbieanbed pltver bis Hsmise PiRerres tB4se and
110C, 90% oWatehé giep ¢ irestsichiphictit defitlensit baseaon(idd&)ropyt dor(nb®. Siervesdetiesd Wit h

acetic acig, AR r vity
of | 100% for .i‘%“!;gqyogif‘;@ﬁf@ty‘he. A S e el oTbimpllon Bt SEERD
e

WO exl
esterificatPER" gs ( %ee’ijé@éf‘ou%OPr%qﬂf‘@'a‘fﬁtFEM'Fo%{HBaViQi.‘;SOP[CIQM BorglaFeeam
(15), are fedtetlo the rectification columm G The 30 gaseous top draw stream
(16) of, oI um G is conducted into the propane dehydrogenatl on reactor A,
andthe |Jld bottomdraws 57 m ( 17?n|ntothe esée rol sis reactor H
In additi on N §1e; 1Restian FRIUMN () the,gatalitic  ipiynals dna, t%n %‘1’195 TPl Xt r eans
(30) and ( 3apowvefthe heed. &t bdditiaatfurther ceparating ibteaimals Maydspmeséni @k theatop ahdd t o

the ester [y Obdﬂf‘dn? o’fQﬁ&tcefurdﬂ The B8 |§~°ptr§éra'8wdﬁabw%§ r@&é}%oion'é' T% 5 bar
and 100C, 20% of |so eTﬁacet ate I's sopr.op

assumed sel EEEfRR €9/ P u iy frami30 té’té%ﬂ"ﬁ '?'5" ?i?tﬁﬁqnﬁésé@fe?rte‘ﬁ%?ol ysi s

react or 28 i pressuretod fromel nbcﬁ/\bmt ream rectifi catl on colum |. The acetic

acid-rich bottomdraw stream (22) of the colum | is recycled into the

absorption | u the to ondenser of the rectificatiqon._col

of £ 9as streiﬁ? 2105 Bl S S agocin urrdisg] 91186 (RASNC HRUGHOR MR ons

34 ) can likewise be dispensed with. The downstream column (2) and the reaction
column (1) can also be combined to give a reactive dividing wail column.

an

30
The invention is illustrated in detail by the examples which follows.



and the remaining top draw stream (23), are conducted into the stripping
colum K. In the stripping colums K and L and the phase separator M a

het er oazeotropic rectification stage with benzene as the azeotropi ng agent
is perforned. In each case at the upper,,ends of the two colums K and L, an
of fgas stream conposed of gases 5 uncondnsi bl e under these conditions is
drawn of f (Bxameples! 251 and 311). The two renmining top draw streans (25)

and (31) arWltﬁ qhé ‘éﬁf @Idth'erEdPn rﬁ&%lap Q@ﬁ%t%ﬁ F}ﬂr&@'aﬂf A%e&l&ﬂso Bt |hfegp4{i@§ %ﬁérgﬁ’ar at or

M the upper %%u%ﬂ E asedZ% l% tré m 0 enzene
(27) toget HIPC 128 predsstion of t'??é’r‘?qﬁ‘ﬁobfm'ﬂ“h%’og?‘?? P eRlUAtBE YKV R t he
| ower | i qui exapipdesan @M@pxample hbe pagress comprisssrstayeis igtodd) Theselare Shewrbaitt om
draw 10 st rtﬁé@cﬁé%aﬁﬁrﬁ@fr@é Yn ERREd F1 M E"aﬁ'ﬁé c&k@lgietdh ddéltf&ﬂhr]ﬂ ! um L

is recycled aw stream (24)
of the stri BB‘VWBQIC%WGW qan; ta\‘@\;ﬁ?'a t{‘ %ﬁ%gﬁ?fﬁ”ﬂg?"%c%!wﬂfﬂﬁ‘ I8 Pag9tbOhot t om
dr aw st r eana EB2dysiate lequitiiuwnmmddel whitbé basisngfr measirememtataf alabyr-licah anpy |

acetate, | SguRtikkiEshdse t]fﬁb ter hydrolysis reactor H At the top of the
rectlflcatlgrn Cllfﬂnﬁw eb S|red product stream (33) is obtained with a

15 content of 99. 7% mass of | sopropanol . Table 1 bel ow once again sunmari zes
t he i ndidvi digkosinagiel gaseols stidamn ¢4jripdad ta e pbparehdelsdrog@mationsreaeior dduced

by Table 2.iigs Jﬁgﬂo%e&of ﬁ.@%&ﬁyétréan%gegtraaﬁhgqm te'reamém%mb@lrmenat i on

reactor; ne conver ectiv ene:
055 B Cool 1 NYCARIMBEG SIS PIAPOPAGS a3 the Ioshs obfiesh RRBRISH IIAtB0E ag
Conpr essi omwgang(ﬁ) €l demeksgenatictOgdmamidurPiasa 590p@ Hestvony, redtobAris c6dl€l E

Absor pti on ﬁ@téﬁ@%un%’e Q%Imgaé?ﬁoéotﬁ@ ﬁsaftlﬁﬁ@tag% B 95 obtzth Slli'%aﬁé'édsc@dndghﬁtgs F

Esterifjcation ¥ é geﬁ) ﬁconverSJon % selectivity
for i sijsp HATH t eepro %g%é“?@ﬁtﬂf de 19 e&BWBFﬁ?’S'OBSBa&e ewhiR §rigt i cal
pl ates, refdéampresseddo 40 bar. HhEsheprdnsdd strgam 48)rie aepavatedin therphas®B8eparateopr opy|

acet at e corwyafai e ABYoarte R! dall dibahPl1 1) SORROBAE absdi BN LoffRR e fheat | on

colum; 1 bar 21 theoreti cal e re col um;
oL 55 tiulsh Bianens. BraRigbareaieny Sleats (0] e Polsfication; faaGobiE. LIRS Sl at 05

M Phase sepatitained in the lphase 4€@ArdNoRBd$ mhiagaedenstealmu{®)., In7thd absorgiont dobonret | cal

pl ates,oq ef  Yopdid fhd Rofene are preferably dissolved in an absorbent and fed together with
the absorbent as stream (12) to the esterification reactor F. The absorbent used is the
acetic acid-rich stream (22) recycled from the bottom draw of the rectification column |,
which is supplemented with fresh acetic acid (34). The gas stream (13) can be
discharged as offgas or else, if appropriate after an additional separation step, recycled

25 back into the dehydrogenation reactor A. In the esterification reactor F, at 40 bar and
110°C, 90% of the propene supplied with sireams (12) and (10) is reacted with acetic

acid to give isopropyt acetate. For the calculation, a selectivity of 100% for isopropyl
acetate is assumed. The two exit streams from the esterification reactor F, the gaseous
stream (14) and the liquid stream (15), are fed to the rectification column G. The

30 gaseous top draw stream (16} of column G is conducted into the propane
dehydrogenation reactor A, and the liquid bottom draw stream (17) into the ester
hydrolysis reactor H. In addition to this stream (17), water {(18) and the two bottom draw
streams (30) and (32) of the rectification columns L and N respectively are fed to the

ester hydrolysis reactor H. In the ester hydrolysis reactor H, at 5 bar and 100°C, 20% of

35 isopropyl acetate is converted to isopropanol at an assumed seiectivity of 100%. The
exit stream (21) from the ester hydrolysis reactor H is fed to the downstream
rectification column I. The acetic acid-rich bottom draw stream (22) of the column [ is
recycted into the absorption column E. At the top condenser of the rectification column

I, an offgas stream (231) composed of gases uncondensible under these conditions,
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O O O Bram thephase sgparatpr M, the upper liquid phase (26) is fed with the feedstream of
fresh benzene (27) together as stream (28) to the top of the siripping column K, and

the lower liquid phase (29) to the top of the stripping column L. The bottom draw
10  stream (30) essentially comprising water from the stripping column L is recycled to the

ester hydrolysis reactor H. The botiom draw stream (24) of the stripping column K is

fed to the rectification column N. The bottom draw stream (32) of the column N, which

comprises essentially isopropyl acetate, is recycled to the ester hydrolysis reactor H. At

the top of the rectification column N, the desired product stream (33} is obtained with a
15  content of 99.7% mass of isopropanol.
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Table 1 below once again summarizes the individual stages A - N. The composition of
the streams is reproduced by Table 2.
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A Dehydrogenation reactor; 2.5 bar; 590°C; propane conversion: 35%;
selectivity for propene: 95%

Cooling and condensation stage; 2.4 bar; end temperature 60°C

Compression stage; end pressure 40 bar

Absorption column; 40 bar; absorbent feed at 40°C; 30 theoretical plates

B
c
D Phase separator; 40 bar; 60°C
E
F

Esterification reactor; 40 bar; 110°C; propene conversion: 90%; selectivity for
isopropyl acetate: 100 %

G Rectification column; 5 bar; 13 theoretical plates, reflux ratio: 0.6

H Ester hydrolysis reactor; 5 bar, 100°C; isopropyl acetate conversion: 20%;
selectivity for isopropanol: 100%

| Rectification column; 1 bar; 21 theoretical plates, reflux ratio: 0.5

K Stripping column; 1 bar; 35 theoretical plates

L Stripping column; 1 bar; 3 theoretical plates

M Phase separator; 1 bar; 40°C

N Rectification column; 7 bar; 60 theoretical plates, reflux ratio; 6.6
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nour are reagiu! OBUERE 4 b GroBand BREE Tl eboll feidl pBndlE s Fecked

cat al yst. THetherpegenme %ft%e?iﬂl qf SAmbgHy Asrets @ a catalyethdhe elluent srfamyisseous

phase ar& adeatgmpessepandtre liquityar@yastbusphgsecpy laealgzabseparatelp by GC. K%

i sopropyl agﬁ@%ﬁe'&ngg&%h”&dgd%,t@cﬁg |6kt Is! dotQhe@ With a g?o E‘tiv‘ﬂ? of V@i MBS

1. A process { preparing 1soprop propane, conpri sing e steps of: A
provi di ng a%8tart i ng gas stream a conprising propane; B) feeding the
starting gas streama conprising propane into a 10 dehydrogenati on zone and
subj ecting propane to a dehydrogenation to propene to obtain a product gas
stream b conprising propene and unconverted propane, with or w thout high
boil ers, steam hydrogen and

gooozo



| ow boilers; 15 C) at |east conpressing product gas streamb, optionally
separating product gas streamb into an aqueous phase cl, a phase c2
conprising propene and propane, with or without high boilers, and a gas
phase c¢3 conprising hydrogen and |ow boilers; 20 D) reacting product gas
stream b or the phase c2 conprising propene and propane with acetic acid in
an esterification zone to obtain a proﬂl ct mxture d conprising isopropyl
acetate and the unconverted propane; E) renoving from product mxture d a
gas stream ?Iaiﬁﬁ‘@i ch conprises propane 25 and is recycled into the

dehydr ogenation zone if appropriate, and a product m xture e2 conprising

i sopropyl acetate; F) reacting the product m xture e2 conprising isopropyl
acetat e gt h, waA@rodess farpresdriag isvpebpahyiprepaeneohprigigbeatapsattuct m xture f
conprising isopropanol, 30 acetic acid, isopropyl acetate and water,
separating product mxture f in a first distillation colum into a stream gi
essential |y conél st Pioyidisg astatting gas stieath @ cAMPIBIBERIPANBONpr i si ng i sopr opyl
acetate, isopropanol and water, and separating streamg2 in a second

di stillation cokhumgipi tream hl 1.5 Ng | I e..and,.35

i sopr opanol , anéya fs???'t(g mqng,esgag{éﬂr#]i %ﬁo%%%lél gi[i n%%%so@?%’g%\o r@;n

wat er, #hd recycl i ngetydragepation zene apf Sublecing PreRANeolR 2 slpbydiagenationHa
pro]ccess gccordihng t propbRé o Lobtaine aeproduble gde hsttbagp anabimprsing ropendBlands 41
performed in the pr : : d2ALC i iml,
wherein the dehydr ogr?a(%gt? ?%éry Pg’)%ggp"o‘"r”ﬁ%&mﬁ"&[ﬁéﬁ’?&@%h%@%ﬁ‘%’@@%ﬁ‘ %IgHL. The
process according t GWHRARH® 1, wherein step F) is perforned in a reactive
distillation colum. 5. The process according to claim1, wherein step F) is
per for at | east LLLy A e Si.Su [ : | east
paft | yrr:?% ar eag i v%talglr‘.‘és’tt (T‘qnﬁbar? %sgnrf @@I%E#néash%tg%é’ B?té%ggggﬁ%gﬁnf ﬁ'gd?%‘ claim
1, wherein water is93f8®Heam bsipihanrpaygpug PhaseicdhaJBe? Cé CQEPTIENG Egpengs 7.
Thedpr ocgss accor di agd papahaj wittbor witiesug ihight Hstﬁlgmr, gaﬂixge&c;bﬁhsﬂ&ﬂ&dng:riamgt idc

aci and an isopro - jsing product mxture e2 is obtained,
and, in step F), th@}'cirg pr%’%{/’?w;b%e at e-conprising product mxture e2 is
reacted wwth 20 water in an ester hydrolysis reactor to give a product

m xt ure2f conpriD§i n@acting product gas stream b or the phase ¢2 comprising propene and

propane with acetic acid in an esterification zone to obtain a product
mixture d comprising isopropyl acetate and the unconverted propane;

E) removing from product mixture d a gas stream e1 which comprises propane
25 and is recycled into the dehydrogenation zone if appropriate, and a product
mixture e2 comprising isopropyl acetate;

F) reacting the product mixture e2 comprising isopropyl acetate with water in
{ an ester hydrolysis zone to give a product mixture f comprising isopropanol,
30 acetic acid, isopropy! acetate and water,

separating product mixture f in a first distillation column into a stream g1

essentially consisting of acetic acid and a stream g2 comprising isopropyl

acetate, isopropanol and water, and separating stream g2 in a second

distillation column into a stream h1 comprising isopropyl acetate and

35 isopropanol, and a stream h2 essentially consisting of isopropanol and
water, and recycling stream g1 into the esterification zone.

40 2. The process according to claim 1, wherein the dehydrogenation in step B) is



| sopropanol, acetic acid, isopropyl acetate and water, and, in step G,
product mxture f is separated in a first distillation colum into a stream
gl essentially consisting of acetic acid and a stream g2 conpri Ssing

i sopropyl 25 acetate, isopropanol andgyater, and streamgl is recycled into
the esterification zone, and, in a further step H, streamg2 is separated
in a second di skerfarmed dnhthediresnce at exyaenstream hi conpri si ng i sopropyl
acetate and isopropanol, and a stream h2 30 essentially consisting of

I sopr opanol ,and r I e ) il ' Spyed as
a distillat % frBHn\%géforcgsaS?ngﬁcfrélﬁggo I;Ifl.'i an hé’P Stegfw&ndegga%gg'?%%ﬁg% gieﬁong st'}réeam It
whi ch consi sts ®edseganag Pistgam; sopropyl acetate and is recycled into the

ester hysirol ysis reactor.

4. The process according to claim 1, wherein step F) is performed in a reactive
distiliation column.

5. The process according to claim 1, wherein step F) is performed at least partly in
10 an ester hydrolysis prereactor and at least partly in a reactive distillation column.

6. The process according to claim 1, wherein water is used in step F) in a
stoichiometric deficiency.

7.  The process according to claim 6, wherein the organic acid used is acetic acid
and an isopropyl acetate-comprising product mixture e2 is obtained, and,

in step F), the isopropyl acetate-comprising product mixture e2 is reacted with
20 water in an ester hydrolysis reactor to give a product mixture f comprising
isopropanol, acetic acid, isopropyl acetate and water, and,

in étep G), product mixture f is separated in a first distillation column into a stream
g1 essentially consisting of acetic acid and a stream g2 comprising isopropyl

25 acetate, isopropanol and water, and stream g1 is recycled into the esterification
Zone, and,

in a further step H), stream g2 is separated in a second distillation column into a
stream h1 comprising isopropyl acetate and isopropanol, and a stream h2
30 essentially consisting of isopropanol and water, and,

in a further step 1), isopropancl is removed as a distillate from stream h1 in a
further column so as to obtain a stream i1 which consists essentially of isopropyl
acetate and is recycled into the ester hydrolysis reactor.



