-2- t he' stralght chai n al dehyde’ i s subjected to al dol

~cqndensation to obtain a dimer of the straight-chain . al dehyde, and-the
dimer is hydrogenated to obtain an al cohol having a cazzgﬁZGggqeégf
2n, a process wherein 5 the separated straight-chain al deh

hydrogenated to"obtain a straight chain al cohol having a Eﬁﬁb nunber
of n, and a process wherein the separated branched chai n al dehyde is

hydrogenated to obtain a branched chain abcoh I havh&g carq%@dﬂdﬂber
dely | i et Rea: MOT63S |

of n, have 10 been worldwi dely industrially p

above-nenti oned m xed al dehyde product is one remai ning after
separating fromthe hydroformylation - reaction zone the ngjority of an
unreacted olefin, the sol vent and the catal yst sol ution containing

hi gh boiling 15 point by-products, and it contains, in addition to the

strai ght-chain and branched chain al dehydes as the nm THIS SHEEP HRSSEENST @
very smal |l anount of dissolved gas (such as hydr pgen, & PEpMONOX de,
nmet hane or carbon di oxide), a - smal | armount of ants zefl
paraffins and water, 20 which are lighter than the main conponent'-

al dehydes, an aIdehyde havi ng a carbon nunber smaller by one than the
mai n conponent al dehydes, and a small anmpbunt of the - sol vent and hi gh
boi i ng point by-products; which have - figher -boiling points than the

mai n conponent aldehydes 25 Accordlngly, a product obtai ned by
separatlng t he 231 BOK QUK NG QHOLBe m xed al dehyde product is an

The pfesent invention relates to a process for
producing alcohels obtaineble by hydrogenation of
aldehydes; Pafticularly; it relates to a precess for

5 producing three types of alcohols i.e. a straight-chain
alcohol and a branched chain alcochol each having a carbon
number of n (where n = 3 to 6) and a branched chain
alcohol having a‘carbon.number'of 2n, in parallel, from a
straight-chain and branched chain mixed aldehyde product

10 having a carbon number of n, formed by hydroformylatlon
of an olefin, whereby the energy cost and the
installation cost can be reduced. |

A process wherein a mixed aldehyde product is
obtained by a so-called hydroformylation reaction i.e. by

15 reacting an oiefinic unseturated compound with carbon
monoxide and hydrogen in the presence of a complex
catalyst having a éroup VIII metal such as rhodium
modified with a ligand containing phosphorus, the
aldehyde product is separated by'distillation into a

straight- -chain aldehyde and a branched chaln aldehyde,

9802451 -5 i
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I somer m xture conprising mainly a §trafbht-chain

-3- al dehyde and a branched -chai n al dehyde. However, it is rare
~that this_ isomer mixture is used as it is, as a reaction material for
-the subsequent step, and it is comercially common to purify and
separate the mxture 5 into the straight-chain al dehyde and the branched
chain al dehyde before use. As disclosed in U S. Patent 5, 227, 544,
- for exanpl e, intheceseailitecRathhyltiekgdel is subjecited aocalldol nunber of
2n i s produced by al dol condensati on of n-butyral dehyde, followed by
1 0 hydrogenat i eondéssavignatdebptiainoat dimed of &hei spuweiight-chaim said
n- butyral dehyde is likely to finally change into | sooct anol , thereby
deteriorating takdehpdée; yanfl £he dimeet byl hgdangenpteduto ohltstiantml | y.
The above purification and separation is intended to prevent such 15
deteriorati on odltbeoprbavuinhg aCGonarbenohbhmbehand, 2wt B processspisrain

| sobut yral dehyde, for exanple, in a case where | sobut yral dehyde is
hydr ogenat ed t othét separabedt abpajight-chainbalidehivdehjidge dioecailyed as an
impurity in said i sobutyral dehyde, is likely to deteriorate the

qual ity of 20 hyficogenatednbd pbbaintasabradghtakhginoaloebolamevingy a

I ncrease the cost for distillation for purification to mai ntai n the
quality. The aboasbpurhtrberi of mndand a prpaessi whereinnthedsepegades d

such drawbacks Wth respect to a conventional technique for
branched chain aldehyde is hydrogenated to obtain a

branched chain alcohol having a carbon number of n, have
10 Dbeen worldwidely industrially practiced.
The above-mentioned mixed aldehyde product is one
remaining after separating from the hydroformylation
reaction zone the majofity of an unreacted olefin, the
solvent and the catalyst solution containing high boiling
15 point by—products, and.it_contains, in addition to the
scraight-chain and branched chain aldehydes as the main
components, a very small amount of dissolved gas (such as
hydrogen, carbon monoxide, methane or carbon dioxide), a
" small amount of an unreacted olefin, paraffins and water,
20 which are lighter than the main component aldehydes, an
aldehyde having a carbon number smaller by one than the
-main component aldehydes, and a small amount of tﬁe
solvent and high boiling point by-products, which have
higher boiling points than the main component aldehydes.
25 Accordingly, a product obtained by separating the
catalyst solution from the mixed aldehyde product is an

isomer mixture comprising mainly a straight-chain



25 separation of aldehyde isoners, for ekxanple, JP-A-4-
di.scl oses a nethod wherein a m xed al dehyde pr oduct
single distillation colum to :

simul t aneously obtain three types of independent.product

- 273841
is distilled

in a

- 4-

streans

i.e.

a purified branched chain al dehyde stream. 3 - and two types of purified

different straight chain - aldehyde streans. 5 F

urther, U. S

Pat ent 5, 227, 5441 dblsfdiO S8 2a "B &8Ehed ch&@ﬁréﬂ.ﬂehyaém|HQW§véi‘,0itV\@ber IS
added to a . .. distillation colum for aldehyde to hydrolyze an oligoner

of isobutyral defyge €patathed isomérdeikttyealideligda agdit is,tasdiastill
the entire anmount as a nononer, ‘thereby to |o produce 2-ethyl hexanol of

high purity. reactiofruhd berial PEdr St A8 980Bsdgaenaseted,
obtaining a straight-chain al dehyde fromthe bottomand a

separ at ed underabd¢lydarbébpre use. As disclosed in U.S.

mahidod tofis

branched
chai n al dehyde ¢ésmmebci@biyi oommohhtd purifihandesepalragleathenmibauzeof
from5 to 15 plates fromthe 15 top and above the feeding position,
step for 5 Sipes athagstheightechainehydehpdedant. the branchedr icherin

JP- A- 8- 208554 di scl oses a nethod wherein a m xed al dehyde product is

Patent 2

pressure of fromO0.001 to 0.5 kg/cnferr] G and a colum bottom 20
pressure of frofn2Z2DE544, 1f6r kekamprey | in aheaskbywhere 2-elbyyhexaaiolde and
I sobut yral dehyde can be separated with - a reduced energy cost.

having a carbon number of 2n is produced by aldol

condensation of n-butyraldehyde, followed by

in the

10 hydrogenation, isobutyraldehyde contained as an impurity

in said n-butyraldehyde is likely to finally change into

isooctanol, thereby deteriorating the qual

ity of 2-

ethylhexanol product substantially. The above

purification and separation is intended to prevent such

15 deterioration of the product. On the other hand, with

respect to isobutyraldehyde, for example,

in a case where

isobutyraldehyde is hydrogenated to obtain isobutanol, n-

butyraldehyde contained as an impurity in

said

isobutyraldehyde, is likely to deteriorate the quality of

20 the isobutanol product substantially, or substantially

increase the cost for distillation for purification to

maintain the quality. The above purification and

separation is intended to avoid such drawbacks.

With respect to a conventional technique for

25 separation of aldehyde isomers, for example, JP-A-4-

273841 discloses a method wherein a mixed aldehyde

product is distilled in a single distillation column to-



The above-descri bed nethods- are all conterned with a met hod for
separating a m xed al dehyde. However, even by 25 nmeans of these nethods,
t he al dehyde distillation colum . for separating the straight-chain
al dehyde and the br anched chain al dehyde, requires a large plate
nunber - 4 =5- and a large reflux
~anount, since the boiling points of- al dehyde isoners to be separated,

are very close damf@aneousBPWBELin THEF €& Ot Ppek No I faGependbhti prpducti ed
al cohol s ‘fromsuch a m xed al dehyde economically, it is necessary 5

to suppress thes@neigy £os! anshiiei édsbrahehéd@nchash aldehydet Berahsiehyde
distillation colum. Heretofore, industrially, inprovenent of the

ener gy cogindasvdagfpes tefmher bled habffegent sbeadphtathain _
conditions or recovering waste heat fromother heat |o generating step in

the process. Hv#atefde asitmddmsl. f or nore econom cal ly producing
purified al cohols froma m xed al dehyde product, has been desired.

Accordinglys it is PurtigectUuos. thaetenessne27,544i disellbgest a nm‘hlodie a
process for economcally producing 15 alcohols froma m xed -
al dehyde. pr oducthdneireducsnglY henount ehewayer oss addeflheoi ast al | at I on cost
of the al dehyde distillation colum. The present inventors
have conduct ed distEdtlatsione columstinly ahdelnedaboochgdbptyzeaad aiigomer
result, have found it 20 possible to substantially reduce the energy cost
such as - of isobutyraldehyde contained in crude butyraldehyde and
to distill the entire amount as a monomer, thereby to
10 produce 2-ethylhexanol of high purity.
Further, JP-A-8-169858 discloses a method of
obtaining a straight-chain aldehyde from the bottom and a
branched chain aldehyde from a position within
theoretical plate numbers of from 5 to 15 plates from the
15 top and above the feeding position, in the step for
separating the mixed aldehyde product.
Further, JP-A-8-208554 discloses a method wherein a
mixed aldehyde_pioduct is separated under a column top
" pressure of from 0.001 to 0.5 kg/cnﬁG and a column bottom
20  pressure of from 0.05 to 1.0 kg/cnﬁG, whereby n-
butyraldehyde and isobutyraldehyde_can be separated with
a reduced energy cost.
The above-described methods are all concerned with a
method for separating a mixed aldehyde. However, even by
25 means of these methods, the aldehyde distillation column

for separating the straight-chain aldehyde and the

branched chain aldehyde, requires a large plate number -



-

~a heat |oad and the theoretical plate nunber as conpared ‘Wi th
separating the m xed al dehyde in an al dehyde distillation colum, by
obtaining fromthe top of the al dehyde distillation colum a fraction
containing at 25 least 30 wt% preferably at |east 50 wt% of an al dehyde
havi ng a hi gher boiling point and separat+ng a m xed al cohol obtai ned
by hydrogenati on of a m xed al dehyde

- 6- obt ai el fa draxdee tefflnf amunnnuls&ncermheabsilnmghpelnts othain
al cohol and a branched chain al cohol. The present I nventi on has been
acconpl i shed omlidehyiisiisafershito be sepaxatvedy.ard very dhoséytot bre
present invention provides a process for produci ng al cohols, to obtain
a strai ght - chaianctdheahol Therefbarei, ndna oxaeyo tonwiterimwfpur (et e Icchd@ld o
6), a branched chai n al cohol having a carbon nunber of n (where n
= 3 to 6) and Erommmivd «hdivedadadellydaveoanaenicably, 1o hsnbeces§agy
(where n = 3 to 6) froma m xed al dehyde conprising a straight-chain
al dehyde hawi ngca ssmphmess the reneryy afost (avwdrtehe insmalﬂémiandcasbraﬁched
chain ‘al dehyde having a carbon nunber of n (where n 3 to 6) in
an optional prdhe tdlaglehwde histuinipia tsiem gl ng t he 1|5 m xed al dehyde

to a distillation colum, w thdrawing from the bottom of the colum an
al dehyde rich in tHieretofereaijpdustedal ly debypsovenenti eEnghehenergy
strai ght-chain _
cost has been attempted by changing of the operation
conditions or recovefing ﬁaste heat from other heat
10 generating step 'in the process. However, a method for
more economically producing purified alcohols from a
mixed aldehyde product, has been desired.
Accordingly, it is an object of the bresent
invention to provide a process for economically producing
15 alcohols from a mixed aldehyde product by reducing the
energy cost and the installation cost of the aldehyde
~distillation column.
The present inventors have condugted an extensive
study on the above subject and as a result, have found it
20 possible to substantiélly reduce the energy cost such és _
a heat load and the theoretical plate number_as compared
with separating the mixed aldehyde in an aldehyde
distillation column, by obtaining from the top of the
aldehyde distillétion colﬁmn a fraction containing at
25 least 30 wt%, preferably at least 50 wt%, of an aldehyde
having a higher boiling point and sepérating a mixed

alcohol obtained by hydrogenation of a mixed aldehyde



aldehyde, fol | oned by hydrogenation to-obtafn t he branched chain
al cohol having a carbon nunber of 2n, 20 while obtaining, as a fraction

from'the top of the col um, an ,al dehyde rich in the branched chain
- al dehyde and haV|ng a straight-chain al dehyde concentration in the
fraction of at least 30 w% preferably i-ngthe fraction of at |east 50

wt % subjecting the fraction to 25 hydrogenation, and purifying and

separating theopegithblingrom thet tapybi- ¢hel eodnthnlr dmited Gitadaighteed
al cohol to obtain t he straight-chain al cohol having a carbon nunber of

n ~ chain alcohol and a brancheé& chain al¢ched .br #hehpgtesfitn
al cohol having a carbon nunber of n, respectively. Now, the

present inventigagenthibnbRagdebeehbadcomplishedeoni lthe basis di titigs present
i nvention, the m xed al dehyde to be separated and purified, is an

al dehyde m xt ugeses®BEySi Ng mai nly a straight-chain al dehyde having a
car bon nunber of from3 to 6 and a branched chai n al dehyde having a

carbon nunber of fNafedwt,0the PuRisehtmimrdmlidenpiowvideslGa mtogesd ifortarly
limted. However, it is preferred to enpl oy, for exanple, the
above- nent i onegrodutiing ahtehodd, to obyalindaokareighiti-ahadn &ladbefl n
havi ng a carbon nunber of from3 to 6 such as propyl ene or butene.
An exanpl e of hheimgt hodakbonpnunberngfanmi(whéreln a detoodé )y aa
hydr of ormmyl ati on reaction will be descri bed.

branched chain alcohol having a carbon number of n (where

n = 3 to 6) and a branched chain alcohol having a carbon

10 number of 2n (where n = 3 to 6) from a mixed aldehyde
comprising a straight-chain aldehyde having a carbon
number of n (where n = 3 to 6) and a branched chain
aldehyde having a carbon number of n (where n = 3 to 6)
in an optional proportion, which comprises supplying the

15 mixed aldehyde to a distillation column, withdrawing from
the bottom of the columh an aldehyde rich in the
straight-chain aldehyde, dimerizing the straight-chain
aldehyde, followed by hydrogenation to obtain the

" branched chain alcohol having a carbon number of 2n,

20 while obtaining, as a fraction from the top of the column,
an aldehyde riéh_in the branched chain aldehyde and
having a straight-chain aldehyde concentration in the
fraction of at least 30 wt%, preferably in the fraction
of at least 50 wt%, subjecting the fraction to

25 hydrogenation, and purifying and separating the resulting

straight-chain and branched chain mixed alcohol to obtain

the straight-chain alcohol having a carbon number of n



The starting material propyl ene or butene may usually be enpl oyed

W t hout any special, pre-treatnment. However, a sul fur content or a
hal ogen cont ent known to be a catal yst poison, a diene, a triene, a
peroxide, etc., may 20 be renoved by a conventional nethod such as
adsorption, extraction, distillation,-heat treatnent or separation by -
a menbrane, before use. As the catal yst, a rhodi um cat al yst

containing an and eh@ABHrarRMeEMaih caiEiosld sy ing | ek bem minebers edf
25 The organi ¢ phosphorus conpound may, for exanple, be a

trial kyl phosphi pg QQ@@e@tjvéﬁyuylphosphlne or trioctylphosphine' a
triaryl phosphi ne such as - 8-

tri phenyl phosphi ne, Ngw ! alhd phassdnteinrertion will abel @désspibed bavi ng
hydr ogen of a phenyl groeup . substituted by e.g. a sulfonic group or a
hal ogen, a dadadycl oal kyl phosphi ne such as tricycl ohexyl phosphi ne, an
5 al kyl aryl phosphi ne such as nonobut yl di phenyl phosphi ne or

di propyl phenyl phosphimether pyesarat kiyrl\aémtjadsm,spﬂzhaemlmdamldehyde to be
al kyl cycl oal kyl phosphi ne. Further, a trial kyl phosphite,

'trlarylphosphltseyaﬁaunﬁtandﬂpundﬂﬂuﬁmﬂmseanwaldehyde|mmx¢mmgl¢¢mmx¢$ing

‘whi ch may have a substituent, or an 10 al kyl aryl phosphite, may al so be
‘enpl oyed. Specinfaicdiyt v straigimmﬂmd's didathyubechaving & ¢arkon snumber
3,415, 906, 4,599, 206, 4,351, 759, 4,748,261, 4,567,306, 5,235,113 and
5,227, 532 reefy frmmdn ticorfe dndHewdmanchied tdta in eskdehyde draving 2 he
. carbon number of from 3 to 6. Such a mixed aldehyde is
10 not particularly limited. However, it is preferred to
employ, for example, the above-mentioned mixture obtained
by hydroformylation of an olefin having a carbon number
of from 3 to 6 such as propylene or butene.
An example of the method for prod&éiﬁg a mixed
15 aldehyde by a hydroformylation reaction will be described.
The starting material propylene or butene may usually be
employed without any special pre-treatment. However, a
sulfur content or a halogen content known to.be é |
catalyst poison, a diene, a triene, a peroxide, etc., may
20 be removed by a conventional method such as adsorption,
extraction, distillatioh, heat treatment or separation by
a membrane, before use.
As the catalyét, a rhodiuﬁ catalyst containing an
organic phosphorus compound as a ligand, can be used.
25 The.organic phosphorus compound may, for example, be a

trialkylphosphine such as tributyiphosphine or

trioctylphosphine, a t:iarylphosphine such as



~

type of such an organi c phosphorus conpound is not 15 Ilimted. _
. Further, two or nore anong these organic phosphorus conpounds may be
-used as a mxed ligand. Further, such an organi ¢ phosphorus conpound
may be used in adm xture wi t h a-pentaval ent- organi ¢ phosphorus
" conpound such as 20 triphenyl phosphi ne gxi.de. As the rhodi um
source, in addition to a rhodium conpl ex such as rhodi um:

hydri docar boﬂﬂ%ﬁéﬁ:frl%ﬂl@ yhehoepht 88y 1phospREhEMr a
yl pho

acet oxybi s(tri phen sphine), an oxide such as rhodium 25

acet yl acet ongt £a 8y 1 pheshHimaCEAR BgMBydrbgencsdngl phehigl groupsed. The
rhodi um source nay directly be supplied to the hydr of ormyl ati on

reactor, butstbytpretédibprély.bg sulfonic group or a halogen, a
-9- treated with carbon nonoxi de and hydrogen in a solvent at a

hi gh t enper atieyehéaPkgiphosphiget sechvwashtiieytlghastylphosphiae,omgani c
phosphor us, conpound outside the reactor, to prepare a catal yst
sol uti ons Thelkplaeplphosphbge shchr&pamehbbutyldtpbhengaphbgphiael ot on is
sel ected usually among the solvents for reaction as descri bed
her ei naf t er, dipropplphenylphdsphrihée aacpcisalkglapyiphbsphinecacti am
Wth respect to the conditions for preparation of the catal yst, the
r hodi um concabkyhtyohoatkydphbsphinem airthed ) ppriallyIiphospBiteéhe ratio
of the ligand of an organic
a triarylphosphite such as triphenylphosphite or
trinaphthylphosphite, which may have a substituent, or an
10 alkylarylphosphite, may also be emploved. Specifically,
. compounds disclosed in U.S. Patents 3,415,906, 4,599,206,
4,351,759, 4,748,261, 4,567,306, 5,235,113 and 5,227,532
may be mentioned. However, in the'present invention, the
type of such an organic phosphorus compound is not
15 limited.
Further,_two or more among these organic phosphorus
compounds may be used as a mixed ligand. Further, such
an organic phosphorus compound may be used in admixture
" with a- pentavalent organic'phosphorus compound such as
20 triphenylphosphine oxide.
| As the rhodium source, in addition to a rhodium
complex such as rhodium
hydridocarbonyltris(triphenylphosphine) or rhodium
acetoxybis(triphenylphoéphine), an oxide such as rhodium
25 acetylacetonate or rhodium acetate may, for example, be

used. The rhodium .source may directly be supplied to the

hydroformylatidn reactor, but may preliminarily be



phosphorus conpound to rhodiumis usually PFRh =1 to 10,000 in a
mol ar ratio, the tenperature is from60 to 200[err]C, the pressure is
from at nospheric pressure to 200 kg/cnerr]G and the treating tinme is
within a range of from 15 a few minutes to'a Lew tens hours. The
above treatnent may be carried out by a batgh- system or a continuous
system As the solvent for the hydrofornylation reaction, t he

olefin itself nareheedsadthschbbofoh¥abkider andl bydRdgeO ial ¢eluderantt at
hi gh boiling point substance produced as a by- product by ‘the reaction,

nmay be used. Fuathegh tempevatiiedsafidl peeksurbi ebgatbesapdithe tife diitaia/i ng
t he catal yst and which give no adverse effects to the reacti on,
may be enpl oyedofsdghoggantiicaphpbphbeus2bohipduadannes iskc thas deaeastr Orto
octane, an aromatic hydr ocar bon such as tol uene or xylene, an al cohol

such as bupasphre2acthyhbgsansblueibyl. enthgl yodrent povpyhene
- 10 - gl ycol, an ether such as triglyne, an ester such as

di octyl phtal apeeparavdbar of this catdbhgshygotbaion disi eseleeasd asum)lye
carried out usual Iy under such conditions as a hydrogen partial 5
pressure of froambng the286lkghts foz reabthonvasxdéscribed deriedngfitessur e
of fromO0.1 to 200 kg/cm, a total pressure of a few kg/cmto 300
kg/cm, a ratiobat may nbydbegthepaameabspthesspdteatbdormmeadtdeons 0.1 to
10. @ With respect to the conditions for preparation of the-
catalyst, the rhodium concentration is ﬁsually from a few
10 ppm to a few wt%, the ratio of the ligand of an organic
phosphorus compound to rhodium is usually P/Rh = 1 to
10,000 in a molar ratio, the temperature is from 60 to
200°C, the pressure is from atmospheric pressure to 200
kg/cnﬁG, and the treating time is within a range of from
15 a few minutes to a few tens hours.
The above ;reatment may be carried out by a batch
system or a continuous system.
As the solvent for the hydroformylation reaction,
the olefin itself may be used as the solvent, or a formed
20 aldehyde or a high boiling point.substance produced as a
by-product by the reéctioﬁ, may be used. Further,
various solventé which are capable of dissolving the
catalyst and which give no adverse effects to the
reaction, may be employed, such as an aliphatic
25 hydrocarbon-such as hexane or octane,. an aromatic

hydrocarbon such as toluene or xylene, an alcohol such as

butanol, Z2-ethylhexanol, ethylene glycol or propylene



tenperature of from®60 to 200[err]C, a rhodiumconcentration 10 of froma
few ppmto a feww% a nolar ratio of P in the . organi ¢ phosphorus
“conpound ligand/Rh = 1 to 10,000, and a reaction time of froma few
mnutes to a few tens hours. The met hod for obtaining the m xed
al dehyde fromthe reacti on zone of hydcofornylation which is carried
out as 15 described above, is not particularly limted and may, for

exanpl e, be IR Y s ifidPidy @i iy 058d éotdP-such ad- 52- 125103
or a method by “distillation as disclosed 1n JP- A-54-89974. By adopting

any neans, ag éymnﬁhtﬂgyate, orRiadAy of an unreacted olefin, the
sol vent and t he 0 catal yst solution containing high boiling point by-

products, will bepié&nmy®sbs 161 §0 NPEAERi 6n CRAY ab8i 88rried batt he ni xed
al dehyde wi I | be, other than the main conponent m xed al dehyde, a very

smal | amount Wually WHEEO0MRt Fnditidhadad V4 egdrogen popt fanoxi de,

nmet hane 25 or carbon dioxide), a small anount of an unreacted ol efin,

par af f i nssang, MadRive W Frci @ 11 H¥ &od hayydiife @l dahdes monoxide fraction

l'ighter than"the main conponent al dehydes, such as a | ow
boi | i ng poi ntpattdielty i ot HdaeD . 1 td‘bﬂwrk?[&h ,Cfa BotHIe than the
mai n conponent al dehydes, and a _snmal | anopunt t he sol vent and hi gh

boi | i ng poi Ntpressude PRO@IES Kpicall kaveoBoiky/ee’ poankathbgbgr than the 5
mai n conponent al dehydes.
hydrogen partial pressure/carbon monoxide = 0.1 to 10, a
temperature of from 60 to 200°C, a rhodium concentration
10 of from a few ppm to a few wt%, a molar ratio of P in the
organic phosphorus compound ligand/Rh = 1 to 10,000, and
a reaction time of from a few minutes to a few tens hours.
The method for obtaining the mixed aldehyde from the
reaction zone of hydroformylation which is carried out as
15 described above, is not particularly liﬁited and may, for
example, be a méﬁhod'by gas stripping as disclosed in JP-
.A~52—125103 or a method by distillation as disclosed in
JP-A-54-89974. By adoptiﬁg any means, as a reéult, the
" majority of an.unreacted olefiﬁ, the solvent and the
20 catalyst solution containing high boiling point by-
~products, will be removed, and the components containing
in the mixed aldehyde will be, other than the main
component mixed aldehyde, a very small amount of
dissolved gas (such as hydrogen; carbon monoxide, methane
25 or carbon dioxide), a small amount of an unreacted olefin,

paraffins and water, which are lighter than the aldehydes,

- a fraction lighter than the main component aldehydes,



In the acconpanying draw ngs, Figure 1 is a fl owchart show ng the
general steps of the process of the - present invention.

Referring to Figure 1, an outline of the step of 10 separating and
purifying the m xed al cohol obtained by . - hydrogenation of the m xed
al dehyde separated by distillation, acgprding to the process of -the

pr esent invention, will be described. Firstly, the nixed al dehyde

I's supplied froguahpageki Newlbb@lang pbintakildehyife telvinyg a daxivod he
m xed al dehyde supplied, a fraction havi ng a straight-chain al dehyde

content of at | aambez0smallewt Yy snebtaanethie diain Pogomrent?,a Weheid¢d e
bott om wherein the main conponent is a straight-chain al dehyde,

i s obtained froand ai pRkalleamhounieofuthky sodvenr a2(d htimH rlwidkihd\pdiet
t heoretical plate nunber, the refl ux ratio and the distillation ratio,
but it is prefebiegrb@ucts, @htieghnhtbe botitldmghading s Hsitgheghtharhaine
al dehyde content of at |east 99.8 W% _ The fraction
containing a4 | mash 3O0mpbient tldeh¥Best.rai ght-chain al dehyde, is supplied
to a hydrogenation reactor via the pipeline 2 -and subjected to a
hydr ogenati on react iIon the @ctcampaanyingedrawdiolyd, Figure 1 is a
- 12 - conprising the straight-chain al cohol and the branched
chai n al cohol . Thiowchiaxed shbwahgl the gepgriadd steps of th# miiddess @f cdhemm
2 via a pipeline 4, whereupon the '
present invention.
Referring to Figure 1, an outline of the step of
10 separating and purifying the mixed alcohol obtained by
hydrogenation of the mixed aldehyde separated by
distillation, according to the process of the present
invention, will be described. Firstly, the mixed
aldehyde is supplied from a pipeline 1 to a distillation
15 column 1. From the miked aldehyde supplied, a fraction
having a straight-chain aldehyde content of at least 30
wt% is obtained from a pipeline 2, while the bottom
wherein thé main component is a straight-chain aldehyde,
is obtained from a pipeliné 3. The purity can be
20 ‘controlled by the theéretical plate number, the reflux
ratio and the distillation ratio, but it is preferred to
obtain the bottom having a straight-chain aldehyde
content of at least 99.8 wt%.
The fraction cdntaining at least 30 wt% of the
25 straight—chain_aldehyde, is supplied to a hydrogenation

reactor via the pipeline 2 and subjected to a

hydrogenation reaction to obtain a mixed alcohol



el
branched chai n al cohol i.s obtained froma plpellne 5, and 5 the

strai ght-chain al cohol is obtained froma pipeline 6. On the other
hand, the bottom fromthe pipeline 3, .whichH is rich.in the

'stralght chain al dehyde, is subjected to an al dol condensation
reaction by neans of an al kali catalysts and a diner al dehyde obtai ned
by the 10 reaction is further subjected to hydrogenation to obtain an
al cohol havi ngoppedshan thebetrafight-chaif @loohbl and tire Ybrarsdlgde fl ow
is illustrated to evaluate the energy and the installation required

- for separatinghhhft alcohdilr. ai Thischbkedaallcbhehchedsapdpldedr aduat S.
However, in 15 a usual industrial operation, it is conmon to add a

rectifying cohigritioatésnyeocivnnl 2aviants pdfpdldmerd,l iwlpreupompoile and

hi gh boiling point conponents contained in the al cohol s. The
distillation pehuehetiochainseadcoholhdspobtarined Erow entgipeime e, dndny
distillation system so |ong as it is capable of directly separating
the straight - ¢chei Btraight-dhhydeadpdhbie ilsr aiptakcheth firomlad eyl irme 6 he
strai ght-chain al cohol and the branched chain al cohol . The col um
top pressure of tlom dibst idthetri drandgl whe A tons fwdm pche ipipetinel3m t ed.
However, it is preferably at | east atnospheric pressure, since under
reduced phéshuie, rachoia thet beralidhltydds icualidehyale . camliensati on

- 13 -

subjected to an aldol condensation reaction by means of
an alkali catalyst, and a dimer aldehyde obtained by the
10 reaction is further subjected to hydrogenation to obtain
an alcohol having a carbon number'of 2n. In Figure 1,
only a simple flow is illustrated to evaluate the energy
and the installation required for separating the
- straight-chain and branched chain products. However, in
15 a usual industrial operation, it is common to add a
| rectifying column to remoVe small amounts of low boiling
point and high boiling point compohents contained in the
alcohols. “
The diétillation column to be used in the present
20 invention may be of any distillation system, so long as
it is capable of directly separating the straight-chain
aldehyde and the branched chain aldehyde, or the
straight-chain alcohol and the branched chain alcohol.
The column top pressure of the distillation column
25 is not particularly limited. However, it is preferably
at least atmospheric pressure, since under reduced

pressure, a loss of the aldehydes due to non-condensation



is likely to result in the colum top condenser enpl oying cool i ng
wat er of from about .20 to 30[err]C The tenperature in the
distillation colum varies dependi ng upon the carbon nunber of  the
aliphatic 5 al dehyde, the columm top pressure and the col um bottom
pressure determned by the type of the distfBlation col utm. However,
it is preferably from about 62[err]C to - about 115[err]C at the top of

the colum, and jfy aikehQuUtto’ HeeltCin thd calhowi tHeS[esndéhsér t &mpboving
of the colunn 10 In the hydrogenation reaction, a conventional solid

catal yst havi ng @dTEny water dF MrorCalutOR G urp@Ee%ed on a carrier,
may be used, and the hydrogenation can be carried out either in a gas

phase or in a |iqui ceHhasemperaturds iecHy digeihlavionoodltimnnsariesi s
usual to enploy a 15 tenperature of from60 to 200[err] C and a hydrogen
pressure depending upon the carbon number of Zhe alipliavia range of
froml to 200 kg/cnmferr] G . The al dol condensation reaction nay be

carried out s aﬂdéhyde(nnhé[dv%umnntdp1prq;ﬂunﬂmamd time acohsren whet tomt
is carried out in a liquid phase, an aqueous al kali 20 catal yst solution

such as an aquegressutielmdevetmiriee by thesdiype ot neye bdi el byedonand
usual ly, the tenperature is from80 to 120[err]C, and the pressure is
within a range @folumn. However, it is preferably fron etodut 62°at tospheric
pressure to 6 kg/cnferr] G and at |east the saturated pressure of the
liquid at the sebdsnmdasiCuate. tha5top ofNahe rhdupresemd ifimoantalmutni716°Che
described in further detail with reference to Exanpl es by process
simul ati on cal cu:lcatahnmt HaseCernt ithesbotitombe futther s:tqiontm

10 In the hydrogenation reaction, a conventional solid
catalyst having a metal such as Ni, Cr or Cﬁ supported on
a carrier, may be used, and the hydrogenation can be
carried out either in a gas phase or in a llquld phase
As the hydrogenation conditions, it is usual to employ a

15 temperature of from 60 to 200°C and a hydrogen pressure
within a range of from 1 to 200'kg/cnﬁG. |

The aldol condensation reaction may be carried out

in a liquid phase or in a gas phase. In a case where it
is carried out'in a liquid phase, an aqueous alkali

20 catalyst solution such as an aqueous sodium hydroxide
solution may be employed, and usually, the temperature is
from 80 to 120°C, and the pressure is within a range of
atmospheric pressure to 6 kg/cnﬁG and at least the
saturated pressure of the liquid at the set temperature.

25 Now, the present invention will be described in

| further detail with refefence to Examples_by process

simulation calculation. However; it should be understood



/_-a’
- 14 - that the present invention is by no neans restricted to
_such specific Exanples. COVPARATI VE EXAMPLE 1 A m xed
al dehyde conpri sing n-butyral dehyde and 5 i sobutyral dehyde was supplied
to a distillation colum 1 via a pipeline 1+at 10 T/h. The
‘strai ght-chai n/ branched chain ratiojsf-the supplied liquid was 10, and
t he pressure for distillation was atnmospheric pressure. In

accordance Wghhtathenpeakeagaintenltidn tilke kst r gliamhatestdictedcd he
branched chain were separated in the distillation  colum 1, whereby

n- but yr al dehggdenwapeehacngstamplesa pipeline 3, and the
| sobut yral dehyde was obtained froma pi peline 2. The heat |oad for

heati ng t he doMPRRR&TVENEXAMPLEORUM was 2,830 Mal/hr, and the theoretical
plate 15 nunber was 44.3 plates. The results are shown in Table 1.

COVPARATI VE EXAMBLmiZ%ed aldehyds miommpd iadidehyoldowconmaldelngden - &mmyraldehyde
and i sobutyral dehyde, was supplied to a distillation colum 1
from a- ps pelispbutyzhldehyie. wake sappdiigt toha @ iytaridread or? Cathaim ¥ at i 0
in the supplied liquid was 70, and the pressure for distillation was
at nrospheri c piasaupdpelline 1 a&cdfr ddhce Bhehsaradghérthanal/breniched t he
m xed al dehyde ~ was separated by the distillation colum 1, whereby n-
but yr al dehydehads ohtabned themsappilpeld ldeghidamas 29, soliutghieal dehyde was
obtained froma pipeline 2. The heat | oad for heating the distillation
col um was 7p5éssure Fbal Aistidddtibe wasoedmosgpheyiat presthere waind4. 0
. pl ates.
accordance with a conventional method, the straight-chain
10 and the branched chaih were separated in the distillation
column 1, whereby n—butyraldehyde was obtained from a
pipeline 3, and the isobutyraldehyde was obtained from a
pipeline 2. The heat load for heating the distillation
column was 2,830 Mcal/hr, and the theoretical plate
15 number was 44.3 plates. The results are shown in Table 1.
ICOMPARATIVE' EXAMPLE 2
A mixed aldehyde comprising n-butyraldehyde and
~isobutyraldehyde, was suppiied to a distillation column 1
from a pipeline 1 at 10 T/h. The straight-chain/branched
20 chain ratio in the supplied liquid was 70, and the
pressure for distillation was atmospheric pressure. In
accordance with.a conventional method, the mixed aldehyde
. was separated by the distillation column 1, whereby n-
butyraldehyde was obtained from a pipeline 3, and
25 isobutyraldehyde was obtained from a pipeline 2. The

heat load for heating the distillation column was 7150

Mcél/hr, and the theoretical plate number was 44.0 plates.



- 15 - The results are shown in Table 1. COMPARATI VE EXAMPLES 3
to 5 A m xed al dehyde conpri sing n-butyral dehyde and -
i sobutyral dehyde, was supplied to a distillation colum 1 5 froma
‘pipeline 1 at 10 T/ h. The strai ght-chain/branched chain ratio in the
supplied liquid was 70 or 10, as | dentnkied in Table 1, and the
pressure for distillation was at nospheric pressure. Fromthe

distillation colygg rhsults ad IsHdvoncosiaing from5 to 20 wt % of
n- butyral dehyde. 10 was obtained froma pipeline 2. This fraction was

subjected to a ifregenatve EXETIRDIB itb & hydr ogenat i on reactor to
obtain a m xed al cohol conprising n-butyl al cohol and i sobutyl al cohol

froma pipeline 4. THenixed dldsitydé cObmbri@inguppbutdraddehgdet ehdati on
colum 2, 15 whereupon isobutyl alcohol was obtained froma pipeline 5,

and n-butyl al cah@bura alldativirg fweem sugp picdd neo 6a dhetillatiensutbdiumnel
shown in Table 1. EXAMPLES 1 to 4 A m xed al dehyde conpri sing

n- but yr al dehyde fafsh a2@iipsabiitie/ rialade yaler fins Fiheplstach itgh ta-chasin A branaied
colum 1 froma pipeline 1 at 10 T/h. The strai ght chai n/branched
chain ratio in tdmisupatdied id el svpspIAkdrlidguid was 70dent10i edsin Tabl e
‘1, and the pressure for distillation was at nospheric pressure. From
the distillationdeuinfied iPTakid riactamd ChatpressgrérHor 40isbidYatd enof
- was atmospherié pressure. From the distillation column 1,
a fraction containing from 5 to 20 wt% of n-butyraldehyde
10 was obtained from a pipeline 2. This fraction was
subjected to a hydrogenation reaction in a hydrogenation
reactor to obtain a mixed alcohol comprising n-butyl
alcohol and isobutyl alcohol from a pipeline 4. The
mixed alcohol was supplied to a distillation column 2,
15 whereupon isobutyl alcohol was obtained from a pipeline 5,
and n-butyl alcohol was obtained from a pipeline 6. The
results are shown in Table 1.
EXAMPLES 1 to 4
A mixed aldehyde comprising n-butyraldehyde and
20 isobutyraldehyde was supplied to a distillation column 1
from a pipeline 1 at 10 T/h. The straight chain/branched
chain ratio in the supplied-quuid was 70 or 10 as
identified in Table 1, and the pressure for distillation
was atmospheric pressure. From the distillation column 1,
25 a fraction containing from 40 to 97 wt% of n-

butyraldehyde was obtained from a pipeline 2. This

fraction was subjected to a hydrogenation ;eaction in a-



e andl

butyral dehyde was obtained froma pipeline 2. This fraction was

‘subj ected to .a hydrogenation reaction in a '

- 16 - - hydr ogenation reactor, to obtain a m xed al cohol

cofrpri si ng n-butyl al cohol and isobutyl al cohol froma pi peline 4. The
m xed al cohol was supplied to a distyid I.ation colum 2, whereupon

I sobutyl alcohol was 5 obtained froma pipeline 5 and n-butyl alcohol was

obt ai ned fron, g\gfli%@%&o Ao ré@f@téfsui:ésoﬁﬁﬁlﬁhﬁv‘ﬁlkad alcohadl e 1.

Fromthe fore mparative Exanpl es and Exanpl es it is evident

that as a methg }gm@ I?-to mszii&bﬁai and0i §5BLBy2nd186aB2hedorhai N

al cohols in hlg purit m xed aldehyde conposed essentlally of

| somer al dehyélﬁ?erllne 4l atggy n{ﬂa@a RIRAIRS] WS Paigd] 18a the &i xed al dehyde
by a. istiTlation colum before conversion to alcohols, it is

better that idydefiTstichdoldmipn \ﬁl‘i’éf'éﬁ?oﬁ 15 $Bdry15a2k8aBYdgagoNt ai ni ng
at least 30 wt % of a straight- chai n dehyde, is distilled, and it is

subj ect edst 0 @btainedYEF&HNSiPE1 {88CE | OandOnOBLEYD a16bK6d @hgohol , and

t he m xed al cohol is subjected to distillation and separ at-i-on in
a second di stéhtBhad £LIHNED, pIHEIERY §he mertsulls edfé céleowy intal ing
the two colums is good, and the total theoretical plate nunber can be

made small. 0 rableFUrther, the bottomfromthe first distillation colum is

From the foregoing Comparati&e Examples and'Examples,

-it is evident that as a method for obtaining straight-

10 chain and branched chain alcohols in high purity from a
mixed aldehyde composed essentially of isomer aldehydes,
rather than precisely separating the mixed aldehyde by a
distillation column before conversion to alcohols, it is
better that in a first distillation column, a mixed

15 aldehyde containing at least 30 wt% of a straight-chain
aldehyde, is distilled, and it is subjected to a
hydrogenation réaction to obtain a mixed alcohol, and the
mixed alcohol is éubjected to distillation and separation
in a second distillation column, whereby the energy

20 efficiency totaling the two columns is good, and the
total theoretical plate number can be made small.
Further, the bottom from the first distillation column is
rich iﬁ the straight-chain aldehyde and usually contains
at least 99.8 wt% thereof, and by subjecting the bottom

25 to aldol condensation, followed by hydrogenation, it is
possible to produce the alcohol having a carbon number of

2n with good purity in parallel.
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possi bl e to produce the al cohol

.2n with good purity in parallel.

it is
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with the present invention, the m xed al dehyde is treated in the first
dlstlllatlon_colunn to . obtain a fraction containing the straight-chain
‘al dehyde and the branched chain al dehyde in -a-specific ratio,

- 21 -

In accordance with the present invention, the mixed
éldehyde is treated in the first distillation column to
- obtain a fraction containing the straight-chain aldehyde
and the branched chain aldehyde in a specific ratio,

5 followed by hydrogenation to obtain a mixed alcohol,
which is separated into the respective isomer alcochols,
while.the bottom from the first distillation column is
subjected to aldol condensation, followed by
hydrogenatlon to obtain the alcohol having a carbon

10 number of 2n, whereby, while a large energy used to be
consumed for separating the aldehyde isomers, both the
theoretical plate number and the reboiier heat load can
be substantially reduced as compared with the
conventional method, and the three types of alcohols can

15 be produced in parallel. Thus, the value of the present

invention for industrial application is wvery high.



5 foll owed by hydrogenation to obtain a m xed al cohol, which is

sep ' spective isoner alcohols, whil e the bottom from
theTﬂ“ﬁmlmmmllrﬂI“En colum is subj ected to al dol condensati on,

foll dwed by ™ S hydrogenation to obtain the al cohol having a carbon 10
nunber of 2n, whereby, while a |arge energy used to be consuned for
separati ng the al dehyde i soners, both the t heoretical plate nunber and
the reboil ercrpemdsd oad can be substantially reduced as conpared with

t he conventional nethod, and the three types of alcohols can 15 be

produced in Jparqilﬁecé@wfof heryaheen®falbsheleserb obtainngention for
I ndustrial application is very high.

- 22 - iy iMPit -chairl al UYL IRES AP a PELEWEHh NBuRbeLheEsn t(whebéal n a
strai ght-chai n al cohol having a carbon nunber of n (where n=3to6),

a branched ghai 18 alc @0 hawdcried akin aﬁcomanévQﬁgna(t&ﬁEb@nn =3to
6) and a branched chain al cohol having a carbon number of 2n (where n

3 to 6 numbdrBR i pitbd dehy @ KNGy | Al Ga Bbsani6helt cRaghN
aldehyde havi ng a carbon nunber of n (where n 3 to 6) and a branched

chai n al dehylie-dili Ngava reprd ararborb afuntben oﬁmn(méﬁenn:=33tao6)s)i n an
optional proportion, which conprises supplying the m xed al dehyde to a
distill ati orfrom a odlxed,aMdhhdiaveonpfising he dotabghvfchééncol um an
| aldehyde having a carbon number of n (where n = 3 to 6)
and a branched chain aldehyde having a carbon number of n
10 (where n = 3 to 6) in an optional proportion, which
comprises supplying the mixed aldehyde to a distillation
column, withdrawing from the bottom of the column an
aldehyde rich in the straight-chain aldehyde, dimérizing
the straight-chain aldehydé, followed by hydrogenation to
15 obtain the branched chain alcohol having a carbon number
of 2n, while obtaining, as a fraction from the top of the
column, an aldehyde rich in thé branched chain aldehyde
and hav;ng a sﬁraight—chain aldehyde concentration in the
fraction of at_least 30 wt%, subjecting the fraction to
20 hydrogenation, and purifying and separating the resulting
straight-chain and branched chain mixed alcohol to obtain
the straight—chain alcohol having a carbon number of n
and the branched chain alcohol having a carbon number of
n, respectively.
25 2. The process for producing alcohols accofding to
Claim 1, whereiﬁ the straight-chain alcohol concentration

in the fraction from the top of the column is at least 50



-~

al dehyde rich in the straij ght -chai n al dehyde, di neri zi ng t he

st rai ghitiIKe “lBIMl “L foI | oned by hydrogenation to 15 obtain the
branchgﬂlﬁlm | (1 avi ng a carbon nunber of 2n, while obtaining,

as a-frattion'frdm fhe" top of the columm, an al dehyde rich in the
branched chai n al dehyde and havi ng angeught-chain al dehyde
‘concentration in the fraction of at least 30 wt% subjecting the
fraction to 20,pydrogenation, and purifying and separating the resulting
straight-chain and branched chain nixed al cohol to obtain t he
strai ght-chain gl cobak pa¥cegsaresr bevdadiigr adicohols acwurdimg tranched
chai n al cohol having a carbon nunber of n, respectively. 25 2. The
process for progugimolabgoppl whegcedndthe tarbon nGmblem b =wHerein t he
strai ght-chain al cohol concentration ~in the fraction fromthe top of
the colum is ai. | eghkt pRocess for producing alcohols according 128 any

wt % 3. The process for producing al cohols according to Caiml
or 2, whereis tfgeCaEbobaimgberto 3, 4whereindrh&hmipedc edsiehydeprasdtdieng
alcohols according to any 5 one of Claims 1 to 3, wherein the m xed
al dehyde as thestartifigamhtegiaht ¢si ehei sboadnekit @wnwdz;oﬂmmdfaﬁim}i @f on
of an ol efin. 5. The process for producing al cohols according to
any one of afl elleEih.t o 4, wherein the m xed al dehyde as the 10
starting material is one obtained by hydrofornylation of

5. The process for producing alcohols according to any

one of Claims 1 to 4, wherein the mixed aldehyde as the
10 starting material is one obtained by hydroformylation of
butene and/or propylene.
6. The process for producing alcohols according to any
one of Claims 1 to 5, wherein a catalyst-for the |
hydroform&lation is a rhodium catalyst containing an
15 organic phosphorus compound as a ligand.
7. The process for producing alcohols according to any
one of Claims 1 té 6, wherein the straight-chain aldehyde
content in the aldehyde withdrawn from.the bottom of the
column is at least 99.8 wt%.

20 8. The process for pfoducihg alcohols according to any
one of Claims 1 to 7, wherein the straight-chain and
branched éhain mixed alcohol-obtained by hydrogenation of
the fraction from the top of the column, is purified and
separated by distillationitq obtain the straight-chain

25 alcohol having a carbon number of n and the branched
chain alcohol having a carbon number of n, respectively.

9. The process for producing alcohols accprding to any:



butene_aﬁaraF_ﬁFaﬁyTEﬁé‘““ ‘6. The process for producing al cohol s
accordl of Clains 1 to 5 wherein a catalyst for the
hydr.of'o Hﬂ'ﬂ"ﬂm"mul,umnﬁdl um cat al yst contai ning an 15 organi c phosphorus
" conpound ‘as®a tidh 7. The process for producing al cohols according
to any one of Clalns 1 to 6, wheretn2dhe straight-chai n al dehyde
content in the al dehyde withdrawn fromthe bottom of the colum is at
| east 99.8 wt eme 2@ 8lails pr toeSs whergiadddiengdluohdicp gooessiirg ¢D any
one of Clainms 1 to 7, wherein the straight-chain and’ branched chain
m xed al cohol thbkt disedlbpthpdr cgdnani dorofseparattimg fuheerts tora fghom ¢eein op
of the colum, is purified and separated by distillation to obtain the’
st rai ght - chai ald@bydkecehdl thevbmgnehedr chaimusticiehyiden amd ttthee br anched
chai n al cohol having a carbon nunber of n, respectively. 9. The
' process f or psbdadghy- ahamhoaicahodrdnﬂgthe manched chain alcohol, is

24 - one of Clains 1 to 8, wherein the colum top pressure of t he
dlstllleulbn ablmﬂastoatmepaharnngprhsssrealght chain al dehyde and the
branched chai n al dehyde, and the strai ght-chain al cohol and the
branched chain alcohol, is 5 at |east atnospheric pressure.



