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1 DESCRIPTION ALCOHOL PRODUCTION PROCESS AND
ACID-TREATED RANEY CATALYST-5 FIELD OF THE INVENTION
[0001] The present invention relates to alcohol production processes and
acid-treated Raney catalysts. In more detail, the invention relates to
processes for producing an alcehal-}0; efftighy purity by reacting a ketone
and hydrogen with inhibited by-production of impurities, and relates to
acid-treated Raney catalysts used in the processes. BACKGROUND OF
THE INVENTION 15 [0002] Alcohols are important intermediates in

Aﬁ&gﬁ%& Séfdﬁg!ﬁﬁ&%roiﬁ‘ 13k sQlvents in theJndustiy- Jise0f@leohals 1 vgr
as spread in wide-ranged areas, and some applications require
high-purity alcohols. 20 Distillation is generally used for the production of
alcohols with high purity, but it involves large amounts of energy.

Allowable kigds and aNmounﬁs of impurities vary depending on the use
F%pﬁcé}tﬁ)n%. fh sohhe u%%g distillation often cannot provide alcohols of
[Oh[i)%hlr})urity with sufficient 2 level of impurity removal. [0003]

The present invention relates to alcohol production
processes and acld-treated Raney catalysts. In more detail,
the invention relates to processes for producing an alcohol
of high purity by reacting a ketone and hydregen with inhibited
by-production of impurities, and relates to acid-treated Raney

catalysts used in the processes.

BACKGROUND OF THE INVENTION
[0002]

Alcohols are important intermediates in organic
synthesis or important solvents in the industry. Use of
alcohols has spread inwide-ranged areas, and some applications
require high-purity alcohols.

Distillation is generally used for the preoduction of
alcohols with high purity, but it involves large amounts of
energy. Allowable kinds and amounts of impurities vary
depending on the use applications. In some uses, distillation

often cannot provide alcohols of high purity with sufficient
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Accordingly, reducing impurities that are by-produced in the
alcohol-producing reactions is an effeetive approach 5 for the production
of alcohols having high purity. As known in the art, alcohols are produced
by hydrating olefins or hydrogenating the carbonyl groups of ketones.

1100041 Ip the praduction ofisepiopyl alcohol for example, 10 olefin
hydration methods that are generally used are an indirect hydration

[0WE d in which propylene is esterifled with concentrated sulfuric acid
and the resultant ester is hydrolyzed, and a direct hydration method in

whichiprapylans Js direclbulivrted;uder the catalygis.of ahetgianobbaucea

acid 15ort these methods, the sulfuric acid or the heteropoly

. _acid used as.catalyst carrodes the appar . Further, t Qpy! roa
JJ%%%@.&QCO o%y%ro%uc%ﬁg L aé%ﬁ%%g éjgﬁ ?%%%€T&¥%ﬁ%> ch

ation methods‘involve by=production of impurities such as n-propy

alcohol, tert-butyl alcohol, 2-methyl-2-pentene and.20 2-methyl-i-pentene.

EqB00sPrHe aC?‘BgE)?I Yrolips i%lqk{:e énés%r’e%‘%?o%e%ﬁ?e% by ggr?e)g[lction
method using reagents such as lithijum aluminum hydride ang %odigmd y
boron’Hydffie"8r A ¢ataltié Fedudion 3" éﬁh%ﬁ%vi%[ﬁydlrga ngas! Yo resEne

0006
ofefigs or hydrogenating the carbonyl groups of ketones.

(00041

In the production ¢f iscpropyl alcohol for example,
olefin hydration methods that are generally used are an
indirect hydrationmethod inwhich propylene is esterifiedwith
concentrated sulfuric acid and the resultant ester is
hydrolyzed, and a direct hydration method in which propylene
is direcﬁly hydrated under the catalysis of a heteropoly acid
or the like. In these methods, the sulfuric acid or the
heteropoly acid used as catalyst corrodes the apparatus.
Further, these propylene hydration methods involve
by—production of impurities such as n-propyl alcohol,
tert-butyl alcchol, 2-methyl-Z2-pentene and
Z2-methyl-l-pentene.
[C005]

The carbonyl groups in ketones are hydrogenated by a
reduction method using reagents such ag lithium aluminum

hydride and sodium boron hydride, or a catalytic reduction
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Exemplary methods with hydrogen gas for the production of isopropyl
alcohol include a method using a massive Raney 5 nickel catalyst (Patent
Document 1), a method with a gas-liquid-solid three phase trickle bed
system (Patent Document 2), and a method in which part of a reaction

mePixre, is-cirowated t-increase the reaction yield (Patent Document 3).
10 [0007] However, all these methods address the improvement of

[Orgggtjon results and are irrelevant to the quality improvement for the
obtainable isopropyl alcohol. Patent Document 4 discloses a method

using hydiagen, g5, dBuhich canpradue isapropyLalgehol o igh Ut ; or

even from ‘crude acetone. This method specifies the kinds and amounts

fi iti tained in th terial tone. P t at 1

o SHTBIES Sonetin A TReTe0sic0e, EASDI DORMTERLY mancy
D t 3: JP-A-H03-133941_ Patent D t4: JP-A-2002-121160

& Cqmé%ﬁﬁéyéﬁ TW@WENI??C?N%ET&S%?%% pIPeesJ{-‘elﬁ?l%nv‘gﬁt%ln Ras

been made in view of the problems in the art as S%egéribed $bove Itis

IaReretor 4T Bbject of theTRvertivhto provide FrodeSses/ior prodtichg™" ©

Document 2), and a method in which part of a reaction mixture
is circulated to increase the reaction yleld (Patent Document
3).

[0GO7]

However, all these methods address the improvement of
reaction results and are irrelevant to the quality improvement
for the obtainable isopropyl alcohol.

Patent Document 4 discloses a method using hydrogen gas
which can produce isopropyl alcohol of high purity even from
crude acetone. This method specifies the kinds and amounts

of impurities contained in the raw material acetone.

Patent Dcocument 1: JP-A-H03-141235
Patent Document 2: JP~-A~-H02-270829
Patent Document 3: JP~-A-HO3-133541

Patent Document 4: JP-A-2002-121160

DISCLOSURE OF THE INVENTION
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5 alcohols such as isopropyl alcohol with high purity and little by-product
impurities by reacting a ketone and hygrogen, and acid-treated Raney
catalysts used in the processes. [0009] The present inventors studied
diligently to achieve the 10 above object. They have then found that the

rcQhject is accomplished by catalytically hydrogenating a ketone under the
catalysis of an acid-treated Raney catalyst that is obtained by

contagl-treafing.a Raney, catalyst with an acld.The.present {nveptior has e
been completed based on the finding. 15 [0010] The present invention is

ooneemed;with the following. [LIA process foy producing alcohgls. e fore an

comprising catalytically hydrogenating a ketone of Formula (1) below in

o th?ﬁ)gvgeffgi&?% aj_crg%%'}é%tﬂgﬁ%’ ?é‘oag%gfﬁef ?B‘é?gsbs‘/egofoofm&ao@cing

, qta yst being an aci -tr.ate Ra_ne catalyst obtained by
< o e  Foney S 0 0 QOIS BB o
by-product impurities by reacting a ketone and hydrogen, and
acid-treated Raney catalysts used in the processes.

[0009]

The present inventors studied diligently to achieve the
above object. They have then found that the object is
accomplished by catalytically hydrogenating a ketone undexr the
catalysis of an acid~treated Raney catalyst that is obtained
by contact-treating a Raney catalyst with an acid. The present
invention has been completed based on the finding.

(0010]

The present invention is concerned with the following.

[1] A process for producing alcohols, comprising
catalytically hydrogenating a ketone of Formula (1) below in
the presence of a catalyst into an alcohol represented by
Formula (2} below,

the catalyst being an acid-treated Raney catalyst
obtained by contact-treating a Raney catalyst with an acid;

(0011]
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having the carbon number of 1 to 6; 5 [0013] OH (2) RI R2 [0014] wherein
R1 and RZ each represent a similar gepup as indicated by R1 and R2,
respectively, in Formula (1). 10 [2] The process for producing alcohols
according to [1] wherein the acid-treated Raney catalyst is obtained by
contact-treating a Raney catalyst with an acidic aqueous solution. [0015]
15 [3] Thé process for producing alcohols according to [2] wherein the
acidic agbieous solution has a pH of from 2.5 to less than 7. [4] The

rproducm;n ;;ohols according to [2] or [31, wherein the acidic

olution is ueous acetic 6 acid solution. [0016] [5] The

cing alcohols according to any one of [1] to [4], wherein
e Raney cata%lﬁ is at least one 5 Raney catalyst selected from the

group consisting of a Raney nickel and a Raney cobalt.

[0012]
wherein R, and R, are each independently an alkyl group
having the carbon number of 1 toc &;

[0013]

O

(2
R Rz
(00147

wherein Ry and R; each represent a similar group as
indicated by R; and Ry, respectively, in Formula (1).

[2] The process for producing alcchols according to (L1,
wherein the acid-treated Raney catalyst is obtained by
contact-treating a Raney catalyst with an acidic aqueous
solution.

[0015]

[3] The process for producing alcohols according to [2],
wherein the acidic agueous solution has a pH of from 2.5 to
less than 7.

[4] The process for producing alcohols according to {2]

r [3], wherein the acidic agqueous solution is an agqueous acetic
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[0017] [6] The process for producing alcohols according to any one of [1]
to [5], wherein R1 and R2 in Formulae;(1) and (2) 10 are each
independently a methyl group, an ethyl group, a n-propy! group, an
i-propyl group or an i-butyl group. [0018] [7] The process for producing

2 algohgls aegarding to any one of [1] to [6] , wherein the ketone of Formula
(1) is acetone 15 and the alcohol represented by Formula (2) is isopropyl

wqjg%l]ol. [0019] [8] An acid-treated Raney catalyst obtained by
contact-treating a Raney catalyst with an acid. 20 [9] The acid-treated

Raney catalyst %9_98 rding te [8], whigh &ﬁ%taérl%@b contact-treating@+ o any

Raney catalyst with an acidic aqueous solution. [0020] [10] The

acid-treated Ra catalyst accordi rei (i

Ons%lﬁtl%(r)nﬁf{wis%oprlile% ’frowrrg %%5@%)%lgg@%ﬁ%%g%%‘%ﬂ?éﬂgggﬁgmgga %ﬁ%ﬁ one
catalyst according to £94

R aiitbous & hiatic BETS

nickel and a Raney cobalt.

A o e AR AHERNR 28182 8 ey
[0017]

[6] The process for producing alcohols according to any
one of [1] to [5], wherein Ry and R; in Formulae (1) and (2)
are each independently a methyl group, an ethyl group, a
n-propyl group, an i-propyl greoup or an i-butyl group.
[0018]

71 The process for producing alcohols according to any
one of [1] to [6], wherein the ketone of Fermula (1) is acetone
and the alcohel represented by Formula (2) is isopropyl
alcohol.

[0019]

[8] An acid-treated Raney catalyst obtained by
contact~treating a Raney catalyst with an acid.

9] The acid-treated Raney catalyst according to [8],
which is obtained by contact-treating a Raney catalyst with
an acldic aguecus solution.

[0020]

[10] The acid-treated Raney catalyst according to [9],
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[12] The acid-treated Raney catalyst according to any one of [8] to [11],
wherein the Raney catalyst is at least-pne Raney catalyst selected from
the group consisting of a Raney 10 nickel and a Raney cobalt.

ADVANTAGEOUS EFFECTS OF THE INVENTION [0022] The alcohol

whRrodugtiqn, processes.of.the dayention use ; 13,an agidstreated Rangyn 2.5 to
catalyst obtained by contact-treating a Raney catalyst with an acid. By the

1cUse (tht e catalyst, alcohols of high purity can be produced with little
by-product impurities. 20 PREFERRED EMBODIMENTS FOR

CARRYING ﬁh%g (E'Ed'bléé%%'&&\' C%%%Z% Té‘%ﬁf?%”é invention willbe o 19

described’in de ereinbelow. [Al roductioni processes] 8 In‘the

pr s for producing alcohols according to the present inventjon
orkeﬁgﬁ of Eclﬁen%ﬁérzl%g(ﬁo@ﬁ% %%?al?tﬁf%ﬁ)? ]ﬁ?drgo%?hlgt]éarlln the Srrgsg &ae ous
of a catalyst into an alcohol represented by Formula (2) below. The
2C&HtalysEis 5 Adidtredted Raney catalyst obtained by contact-treating a

Raney catalyst with an acid. 0024] (1
o8 1}y y 1 (1)

[12] The acid-treated Raney catalyst according to any
one of [8] to [11], wherein the Raney catalyst is at least one
Raney catalyst selected from the group consisting of a Raney

nickel and a Raney cobalt.

ADVANTAGEOUS EFFECTS OF THE INVENTION
[0022]

The alcohol preduction processes of the invention use
an acid-treated Raney catalyst obtained by contact-treating
a Raney catalyst with an acid. By the use of the catalyst,

alcohols of high purity can be produced with little by-product

impurities.

PREFERRED EMBODIMENTS FOR CARRYING COUT THE INVENTION

[0023]

The present invention will be described in detail

hereinbelow.

[Alcohol production processes]



R1 )t~ R2 [0025] 10 In the formula above, R1 and R2 are each

independently an alkyl group having the carbon number of 1 to 6. [0026]
(2) R1 R2[0027] 15 In the formula above, R1 and R2 each represent a
similar group as indicated by R1 and R2, respectively, in Formula (1) . In

the compeunds having Formulae- g and (), she alkyh greup-Baving the-o the
carbon number of 1 to 6 indicated by R1 and R2 include methyl group,

p 0¥ groun, n-pronyl, grauip, Lprapy! 2 L0reUR-ArbYtyl group. rButyk group,
n-pentyl group and n-hexyl group. The groups R1 and R2 may be the
ame or. different fro athsr..[00 icular, 200+ ;
Cai:oarrﬁn{ﬁé'é: ?1 ah &3{%?%%%%%%%@9%@(@%r%%%%%rggr%?fﬁ r%e%%(/j? %ro%p? e
an ethyl group, a n-propyl group,.an i-propyl.gro ni- I Toet 4
B LA T S g el S eation: (oasey 267 *°
Examples of the ketones represented by Formula de ace

“ d Y. incl |
5 aﬁﬂ@ﬁ&ﬁéﬁ§?ﬁ§8ﬁéﬂﬂ8ﬁ&l%%Bﬁ) 5 m%%galneg'Sgcgontac%mgteatlng

a Raney catalyst with an acid.

[00Z24]
O
(1)
R4 Rz
[0025]
190 In the formula above, R; and R; are each independently

an alkyl group having the carbon number Qf 1 to 6.

100246]
OH
(2)
R, R,
(00271
15 In the formula above, Rq and Ry each represent a similar

group as indicated by Ry and Rp, respectively, in Formula (1).
in the compounds having Formulae (1) and (2}, the alkyl
group having the carbon number c¢f 1 to 6 indicated by R; and

R. include methyl group, ethyl group, n-propyl group, i-propy.l
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and methyl isobutyl ketone. In particular, acetone is preferable. [0030] 15
According to the alcohol production precesses of the invention, the
alcohols represented by Formula (2) are produced from the ketones as
described above. For example, isopropyl alcohol may be produced from
g r2&giong.- 2ibutanglirom methyl ethyl ketope, S-pettly2-Buiangl roen -hexy
methyl isopropyl ketone, 20 and 4-methyl-2-pentanol from methyl isobutyl
g Kstone. {00311 Accouding to-thexalcghol produgtion pracesses of #i8-ent from
invention, isopropyl alcohol having a wide range of industrial applications
o580 tg)e_tg@élgr.ably produced from acetone. 10 The catalysts used in the
invention are acid-treated Raney catalysts that are obtained by
rd)%wé ct-treating Raney catalysts with an acid. [00323 5 The Raney
alysts in the invention are metal catalysts that are obtained by alloying

tal which s, insolubl dl luble) in alkal; id, e. g., nickel
Cobelt A hblal Weh i SOidbie o Akal of SHEE G g, i ) <

a or acid, €.g., aluminum,
silicon, zinc or magnesium, and thereafter di%soiving the alkali- or 10
R SEIILIE ) oI THEANGy: [pBa3] "o Ty - Group, S Syl group,

a n-propyl group, an i-preopyl group or an i-butyl group. Such
compounds have a wide range of industrial applications.
[0029]

Examples of the ketcones represented by Formula (1)
include acetone, methyl ethyl ketone, methyl isopropyl ketone
and methyl isobutyl ketone. In particular, acetone 1is
preferable.

00301

According to the alcohol production processes of the
invention, the alcohols represented by Formula (2) are produced
from the ketones as described above. For example, isopropyl
alcohol may be produced from acetone, 2-butanol from methyl
ethyl ketone, 3-methyl-2-butanocl frommethyl isopropyl ketone,
and 4-methyl-2-pentanol from methyl isobutyl ketcne.

[0031]

According to the alcohol production processes of the

invention, isopropyl alcohol having a wide range of industrial

applications can be favorably produced from acetone.
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Examples of the Raney catalysts include a Raney nickel, a Raney cobalt,
a Raney copper and a Raney iron. From the viewpoint of reaction yield, it
is preferable to use at least 15 one Raney catalyst selected from a Raney
nickel and a Raney cobalt. [0034] The Raney nickel, Raney cobalt, Raney

coppefad2aney, ren afg Raney catalysts inawhich the metallic d-treated
composition 20 insoluble (hardly soluble) in alkali or acid is based on

rdliekel - cobalt, copper,oriran, Jespectively [0035k hnthealcohtl a ¢ s ng Raney

production processes, the Raney catalyst is contact-treated with an acid

c abceggr}?st}eg c‘ggag)ﬁticajnl hydrogenation. The contact treatment may be

performed at any time without limitation as long as it takes place before
[ B% antalytic hydrogenation. To avoid degradation of the catalyst due to
ong-ferm storage, the contact treatment is preferably 5 performed within

one day before the reaction, for example .immediately before the reaction,
0030 R ey B ot i e € feaglion; -

eal aney‘_cataﬁ_/sjtg,vnearrlnély?, haér %.Crln(?— reétec?
o30S it e gtae i o of o 10 ey e e
s£¥g§ e) in alkali or acid, e.g., nickel or cobalt, with ametal
which is soluble in alkali cor acid, e.g., aluminum, silicon,
zinc or magnesium, and thereafter dissolving the alkali- or
acid-soluble metal from tThe alloy.
[0033]

Examples of the Raney catalysts include a Raney nickel,
a Raney cobalt, a Raney copper and a Raney iron. From the
viewpoint of reactilon yield, it is preferable to use at least
one Raney catalyst selected from a Raney nickel and a Raney
cobalt.

[0034]

The Raney nickel, Raney cobalt, Raney copper and Raney
ircn are Raney catalysts in which the metallic composition
insoluble (hardly soluble) inalkali or acid is based on nickel,
cobalt, copper or iron, respectively.

[0035]

In the alcohol production processes, the Raney catalyst

1s contact-treated with an acid before the catalytic
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catalysts are not limited as long as they do not deteriorate the catalysts.
[0037] 15 The acids may be organic agids or inorganic acids, and
organic acids are preferred. The acids may be used singly, or two or
more kinds may be used in combination. The acids used in the contact

nylieiment areusualiyn the.licuid state kiguidacids, may pe bseen@d at any

acids may be 20 dissolved in solvents to give acidic solutions. In view of

« 1Gast andieasy controkofiacid,strengthiig aveid catalyst deterioration, @ re the

preferred acidic solution is an aqueous acidic solution of the acid in water.

<alP938l 12, The proanic.acids, inclyde formig acid. acelic aGid RrapiaNC, £ 41 y st

acid,’butyric acid, valeric acid, oxalic acid, malonic acid, succinic acid,

fumaric acid, maleic acid_and citric acid. Of thes ' id is
e et ahd Caek SR (3040] TS o Gori, At e 70y

inexpens ctive e Inorganic acids include

h Jﬁrochlo ic aci%t,‘sulfuric acid, phosphoric acid and nitric acid. The
pe&%/ At treathén Lﬁ?‘tﬁ’eni‘%vce{:r@'ﬂiL o%%i‘%ﬁm%t%g 16 ggr%o%%nds tﬁ%ngﬁgeaymple
catalyst is brought into contact with the acid. In an exemplary method (1) ,

LT E4ge Eomdinitig the Rarfey = Sac=1on-

[0036]

The contact-treated Raney catalysts, namely, the
acid-treated Raney catalysts are ignitable. Inviewof safety,
they are preferably stored in water as reguired.

The acids used in the contact treatment of the Raney
catalysts are not limited as long as they do not deteriocrate
the catalysts.

[0037]

The acids may be organic'acids or inorganic acids, and
organic acids are preferred. The acids may be.used singly,
or two or more kinds may be used in combination.

The acids used in the contact treatment are usually in
the liguid state. Liquid acids may be used, or acids may be
dissolved in solvents to give acidic soluticns. In view of
cost and easy control of acid strength to aveid catalyst
deterioration, a preferredacidic solution is an aqueous acidic
solution of the acid in water.

[0038]
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catalyst is fixed in a container equipped with a stirrer which contains the
acid in liquid state such as the acidic agueous solution, and the Raney
catalyst is contact-treated with the 15 acid under mild stirring. According to
-an exemplary method (1), the method (1) is repeated to a degree that

does nef. dgtesiorate the Raney catalyst. Inaraxemplay metbed {W).acid,
the Raney catalyst is packed in a catalytic hydrogenation reactor and the

o Aid inliquid, state syuch 3 the acidig agueous 20 sglutian is,suppliedacid,

thereto in an amount that does not deteriorate the catalyst, thereby

rSONtinYously confact-treating the, Raney. catalyst. [0040] Qf these.coptact »nq

treatment metHods, the acid-treated 13 Raney catalyst can be produced

cféf;&'%”t!{ and 9994 operation pronefties e obianed by G, XL cost
méthod ﬁIJ) in which the F—Qaney cataliyst IS packed in a catalytic
g drogenation reactor and the acid in liquid state such as the acidic
© %%%B%Jg%'solution is supplied thereto in an amount that does not
deteriorate the catalyst, thereby continuously contact-treating the Raney
st. [0041] The acid-treated Raney catalysts in the invention are 10
obtained by contact-treating the Raney catalysts with the acids, and

preferabiy By EoaBL ety the Ranay Satalfsis witho ¥ 1 ¢ acid, sulfuric

acid, phosphoric acid and nitric acid.

The contact treatment in the invention is not limited
as long as the Raney catalyst is brought into contact with the
acid. In an exemplary method (I}, a cage containing the Raney
catalyst is fixed in a container equipped with a stirrer which
contains the acid in liguid state such as the acidic agueous
solution, and the Raney catalyst is contactmtréated with the
acid under mild stirring. According to an exemplary method
(IT), the method (I) is repeated tc a degree that does not
deteriorate the Raney catalyst. In an exemplary method (II1),
the Raney catalyst is packed in a catalytic hydrogenation
reactor and the acid in liguid state such as the acidic agueous
solution is supplied thereto in an amount that dces not
deterioraﬁe the catalyst, thereby continuously
contact~treating the Raney catalyst.

100401

Of these contact treatment methods, the acld-treated
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the acidic aqueous solution as described above. The pH of the acidic
aqueous solutions used in the contact, freatment is not limited as long as
itis less than 7. To 15 prevent the deterioration of the catalysts or the
corrosion of the apparatus, the pH of the acidic aqueous solutions is

raeferably fion 2.5 10, less thani, and mete preferably f1om 2,10 dperation

[0042] 20 The acidic aqueous solutions used in the contact treatment

o ally. have an acid.concentration of 0.001,t0, 10 molil and preferably .y cn

.01 to 5 mot/L. [0043] The amount of the acidic aqueous solutions used

in the 14 contact treatment is limited. as lo catal -
T L o PG Thos e e e i Do

200 times, and.more preferably 50.tq 100 times the volume of the, catalyst

= <etCS [OAA I R er o, - HaRES RSyt iy ba o e A¥feous
contact-treated with the acidic aqueous solution at any solution

S G RRUrEWIGUT iion 56 fory dS R RS afure I Aoy hie™t
freezing point but below the boiling 10 point of the acidic aqueous solution

defrfitdoesiiot debetiorate® thésdataly e TRE LolttiBh teHp&iatife is usually

in the range
contact-treating the Raney catalyst.

(00417

The acid-treated Raney catalysts in the invention are
ocbtained by contact-treating the Raney catalysts with the acids,
and preferably by contact-treating the Raney catalysts with
the acidic agueous solution as described above.

The pH of the acidic aqueous sclutions used in the contact
treatment is not limited as long as it is less than 7. To
prevent the deterioration of the catalysts or the corrosion
of the apparatus, the pH of the acidic agueocus solutions is
preferably from 2.5 to less than 7, and more preferably from
2.5 to 4.

[0042]

The acidic agqueous soluticons used in the contact
freatment usually have an acid concentration of 0.001 to 10
mol/L, and preferably 0.01 to 5 mol/L.

100437

The amount of the acidic agueocus solutions used in the
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of -10C to 150C, and preferably 10C to 80C. In view of energy efficiency,
the contact treatment is preferably pearformed at room temperature. 15
[0045] After the Raney catalyst is contact-treated with the acid and before
the acid-treated Raney catalyst is used in catalytic hydrogenation, the

c@eid-treated-Raney catalystds preferablyy washeshwith watgete:preventts arc
the acid from decomposing the 20 ketone of Formula (1) or from

ndecenying animpyrty inthe qbtaingble alcohel. 00461 The amoyntokoution
water is not particularly limited, but is preferably 5 to 200 times, and more

i Preferably 5049 100,times,; 15 .the volume, of the acidstreated Raneys o o 100

catalyst. The washing with water may take place at any temperature
e thout jimitglian, put s usually cauied ot a 106G to 80C. I view of
energy efficiency, the washing is preferably 5 performed at room
%mgirature. [0047] The washing with water maybe performed by various
e4th ds. In an exemplary method (A) , a cage containing the acid-treated
Raney catalyst is fixedti_n a con%a}i]ner equlJ{iap ed with a s;cirrer 10 which
containd waltér, aRd the 46 reatéd Baane;}p catalyst 15° wasShed with water

under mild stirring. Accordin%to an . . .
contact-treated with the acidic aguecus soluticn at any

scolution temperature without limitation as long as the
temperature is above the freezing point but below the boiling
point of the acidic agueous solution and does not deteriorate
the catalyst. The solution temperature is usually in the range
of -10°C to 150°C, and preferably 10°C to 80°C. In view of
energy efficiency, the contact treatment is preferably
performed at room temperature.

[0045]

After the Raney catalyst is contact-treated with the acid
and before the acid-treated Raney catalyst isused in catalytic
hydrogenation, the acid-treated Raney catalyst is preferably
washed with water to prevent the acid from decomposing the
ketone of Formula (1) or from becoming an impurity in the
obtainable alcohol.

[0046]
The amount of water is net particularly limited, but is

preferably 5 to 200 times, and more preferably 50 to 100 times



exemplary method (B), the method (A) is repeated several times. In an
exemplary method (C), the acid-treated Raney catalyst is packed in a
catalytic hydrogenation reactor and water is 15 supplied thereto to
continuously wash the acid-treated Raney catalyst. [0048] Examples of

- Hibe-feactpes foruse in the catalytic, hydragenatjon-inclidesracked
reactors, trickle bed reactors, 20 multi-tube reactors, moving bed

reactosg .syspended huhble columnreactors and stiring tapk (eact@fserature

The catalytic hydrogenation may be carried out under conventional

ww16onditions; [0049] 16, The reactiontemperature and pressuke il the o go°c,

catalytic hydrogenation are not particularly limited. These conditions

rrusyally vary deerPeeP%kF‘ge%T&aetg‘QgPh%rﬁé” e teagtor Eo exampls,
the temperature ant-pressure are usually not more than 5 130C and in the

5 eréag)rf] e of O.5atg 4r|\élgg-(%én Ii%%ig-é)hage reaction, and are in the range of
P to%%% and n6tMore than TMPaSG in gas-phase reaction. [00501 In

the invention, the molar ratio between the ketone and 10 hydrogen

tohe: hydrogen) used in the catalytic hydrogenation is not particularly

limited, but is usually in the range of .
The washing with water may be performed by various methods.

In an exemplary method (A}, a cage containing the acid-treated
Raney catalyst is fixed in a container equipped with a stirrer
10 which contains water, and the acid-treated Raney catalyst is
washed with water under mild stirring. According to an
exemplary method (B), the method (A) is repeated several times.
In an exemplary method (C), the acid-treated Raney catalyst
is packed in a catalytic hydrogenation reactor and water is
15 supplied thereto to continuously wash the acid-treated Raneay
catalyst.
(00487
Examples of the reactors for use in the catalytic
hydrogenation include packed reacters, trickle bed reactors,
20 multi-tube reactors, moving bed reactors, suspended bubble
column reactors and stirring tank reactors. The catalytic
hydrogenation may be carried out under conventional
conditions.

[0049]
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1:1to 1:10. The acid-treated Raney catalyst is typically used in the

- catalytic hydrogenation in a volume tRaf is 0.1 to 4 times the volume of
the ketone. 15 [0051] When the alcohols are produced by the reaction in
liquid phase, it is preferable to use reaction solvents from the viewpoint

of reagtion yield..Examples,of therreactian golveatssinglide-aleohols sbeh vt i
as methanol, ethanol, propanol, butanol 20 and isopropy! alcohol; glycols

hyt%r:&ljéct ethylene glycal, .propylene glycol . diethylene-glyceland: -ongitions

lene glycol; ethers such as diisopropyl ether, dibutyl ether, ethylene

u%‘m dimg%g'&éh%r diglyme and triglyme: hydrocarbops guch as. o por
Iéyhi h

exang, ﬁep ne, cyclohexane and cyclopentane; and water. 17 They

may be used sjngly, or two or more kinds may be used in Egm%in%ti n.
£ o) ] th
AR e e e e R g e A EET AR B0e cnan
being the obtainable alcohojﬁibﬁurgoe as the salvent because the
p

d :
L 5UrifiGtidn Bete? the Hicbhal difeiton 1§ Facilitatsd J0052FAC g -+

to the processes of the invention, the ketone and hydrogen are rﬁ%%eg MPa-G

& 1ghdet the Rohffioh B8 HéseribBd t Rereimabovats give ahigipl

_alcohol with little 10 impurities. The present inventors assume that the
1rg|&GHoT BrotiftieractLon .

[0050]

In the invention, the molar ratio between Lhe ketone and
hydrogen (ketone:hydrogen) used in the catalytic hydrogenation
is not particularly limited, but is usually in the range of
1:1t0 1:10. The acid-~treated Raney catalyst is typically used
in the catalytic hydrogenation in a velume that is 0.1 to 4
times the volume of the ketone.

[0051]

When the alcohols are produced by the reacticon in liquid
phase, it is preferable to use reaction solvents from the
viewpoint of reactionyield. Examplesof the reacticon solvents
include alcchols such as methanol, ethancl, propanol, butanol
and isopropyl alcohol; glycols such as ethylene glycol,
propylene glycol, diethylene glycol and triethylene glycol;
ethers such as diisopropyl ether, dibutyl ether, ethylene
glycol dimethyl ether, diglyme and triglyme; hydrocarbons such

as hexane, heptane, cyclochexane and cyclopentane; and water.
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processes of the invention achieve reduced impurities compared to the -
conventional processes because the ¢gntact-treatment of the Raney
catalyst with the acid before the catalytic 15 hydrogenation reduces trace
amounts of impurities attached on the Raney catalyst. [0053] In the

THYQAKgton,ef igaprepyk algohol fram-agstone ag the ketone, iBpuEtiesised in
that are reduced in amount according 20 to the invention are for example

cmmethylpentanesg, 4:diol, 4-hydraxy-4-methyl-2-peptanene, . < s preferable
4-methyl-2-pentanone and 4-methyl-2-pentanol. [0054] [Acid-treated

tﬂQ@ne¥3%g§%%§llgiggiggdﬂg¥ﬂgdgﬁ%®¥5@§ﬁ%ﬂ%QEﬂﬁﬂQWﬁH@nfgeused

obtaine tact-treating Raney catalysts with acids. The acid-treated

. Raney catalysts are as described.in [Acohol. production processesl, ; - ono1
Sherelna ove.elrhe acuf—treated an y é cata ysts (0] the Invention have

higher activity, cor%pareg ,t% onar/entional Raney catalysts without the
PRORBict hi88tmént ahd " afe therstore suitably used as hydrogenation

catalysts. In detail, the acid-treated Raney catalysts may be used not only
alcohol production by catalytic hydrogenation of ketones 10 as
described above, but also in other production processes such as

produdtisiPEItke e bl tAtAyHE Rfdrogenatibn of - nventton, the ketone

and hydrogen are reacted under the conditions as described
hereinabove to give a high-purity alcohol with little
impurities.

The present inventors assume that the alcohol preduction
processes of the invention achieve reduced impurities compared
to the conventional processes because the contacti-treatment
of the Raney catalyst with the acid before the catalytic
hydrogenation reduces trace amounts of impurities attached on
the Raney catalyst.

[0053]

In the production of isopropyl alcohol from acetcone as
the ketone, impurities that are reduced in amount according
£o the invention are for example 2-methylpentane-2,4-diol,
4-hydroxy-4-methyl-2-pentanone, 4-methyl-Z-pentanone and
4-methyl-2-pentanol.

[0054]

TAcid-treated Raney catalysts]
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a-methylstyrene and production of methyl isobutyl ketone by catalytic
hydrogenation of mesityl oxide. 15 EXAMPLES [0055] The present
invention will be described in detail hereinbelow without limiting the scope
of the invention. [Example 1] 20 (Washing of catalyst) A Raney nickel

catalygt 4R:2004 manifactureg:by NIKKQ: RIKA GCQRPORATIQNL Mk on are

volume of 20 mL was packed in a glass column. At room temperature, an

oblﬂ%f#% fa. 03 meliaquequs. f’&‘ﬁ%ﬁi%ﬁ@f%ﬁ%@b& 2.9xwassupplied The

to the glass column 19 at a rate of 500 mL/hr for 3 hours. The massive

aﬁ%ﬂ%@i&ﬁ%hCatgys§W8§{%%r§Q¥ gontact-treatgd with.the AQUEOUS: 1 - ohe

acetic acid solution to give an acid-treated Raney nickel catalyst. [0056]

5 Subsequently, an upflow of water at.room temperature.was lied to
prt(l%e]“lgcra%sls% golﬁr%%ca? Sagr%ttg(\;Y oc?fojbeﬁﬁi k??gre?{ hr(;?Pse tog\?vjéé ﬁié‘g%%fj aney

acid-treated Raney nickel catalyst. (Catalytic hydrogenation, of ketone) A
<30 11 Stafilocs e 1Sacior W bs FAdked Vi 36 L 10 e thor DA Ted o

acid-treated Raney nickel catalyst that had been washed with water as
Cogeseibd @ AbbveS BrHeR. 'S0 At 'of Acetane® 50- L GHisahTopyF aicoha ™ = 27

(IPA) and 2 mL of water were added. i
are therefecre suitably used as hydrogenation catalysts. In

detail, the acid-treated Raney catalysts may be used not only
in the alcohol production by catalytic hydrogenation of ketones
as described above, but also in other producticn processes such
as production of cumene by catalytic hydrcgenaticn of

a-methylstyrene and production of methyl isobutyl ketone by

catalytic hydrogenation of mesityl oxide.

EXAMPLES
[0055]

The present invention will be described in detail
hereinbelow without limiting the scope of the invention.
[Example 1]

(Washing of catalyst]

A Raney nickel catalyst (R-200L manufactured by NIKKO
RIKA CORPORATION) in a volume of 20 ml was packed in a glass
column. At room temperature, an upflow of a 0.1 mol/L aqueous

acetic acid solution {pH: 2.9) was supplied to the glass column
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The reactor was purged with nitrogen and then with hydrogen. Under the
hydrogen atmosphere, the reaction was carried out 15 at a pressure of 0.8
MPa and a temperature of 110C for 1.5 hours. After the reaction, the
reaction liquid was analyzed by gas chromatography. The acetone

atConversian was, 43.8%,  [Comparative.Example 4L The pracedures:ivy nickel
Example 1 were repeated except that 20 the Raney nickel catalyst

céﬁé¥¥¥t”W§§“¥H8¥%kR¥%@%%Qé%w%&é&%%@c%ﬁ%HCHEHNéaﬁggus acetic

contact-treated with the ‘aqueous acetic acid solution. The acetone

Cogvggsi% Wgs 3@?}%% Lpeosaq TJEL@M%Q%'Q‘Q(? @9%@ er@t@fgeenlts <9£ talyst.

acl lh g
impurities other 2 an isopropyl alcohol, acetone and water in the

ﬁ on liquids obtained in Example 1 and Comparative Example 1.
2100 aco,n 1J01nLU OOcc HN--4103

Subseguently, an upflow of water at room temperature was
supplied to the glass column at a rate of 500 mL/hr for 3 hours
+0 wash the acid-treated Raney nickel catalyst.

(Catalytic hydrogenation of ketone)

A 150 mlL stainless steel reactor was packed with 20 mlL
of the acid-treated Raney nickel catalyst that had been washed
with water as described above. Further, 50 mlL of acetcne, 50
nl. of isopropyl alcohol (IPA) and 2 mL of water were added.
The reactor was purged with nitrogen and then with hydrogen.
Under the hydrogen atmosphere, the reaction was carried out
at a pressure of 0.8 MPa and a temperature of 110°C for 1.5
hours. After the reaction, the reaction liguid was analyzed
by gas chromatography. The acetone conversion was 15.8%.
[Comparative Example 1]

The procedures in Example 1 were repeated except that
the Raney nickel catalyst {R-200L manufactured by NIKKC RIKA
CORPORATION) was not contact-treated with the agqueous acetic
acid solution. The acetone conversion was 13.3%.

[0057]

The table below shows the contents of impurities other



GO MO UO41Q,ro EOONO4tod"ZS IOJHccH >1CT LUH
JJH NOHa ONrd ON OU N&;43H 00
than isopropyl alcohol, acetone and water in the reaction
liguids obtained in Example 1 and Comparative Example 1.

10058]
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INDUSTRIAL APPLICABILITY
[0059]

The alcohol production processes of the inventicn by
reacting ketones with hydrogen can produce alcohels of high
purity with little by-product impurities. The acid-treated
Raney catalysts of the invention show high hydregenation
activity. The processes and the catalysts of the invention

are highly valuable in the industry.



UW LU 22 INDUSTRIAL APPLICABILITY. [0059] The alcohol production
processes of the invention by reacting ketones with hydrogen can
produce alcohols of high 5 purity with little by-product impurities. The -
acid-treated Raney catalysts of the invention show high hydrogenation
activity. The processes and the catalysts of the invention are highly
valuable in the industry. 23 CLAIMS 1. A process for producing alcohols,
comprising 5 catalytically hydrogenating a ketone of Formula (1) below in
the presence of a catalyst into afalgehtol represented by Formula (2)
below, the catalyst being an acid-treated Raney catalyst obtained by
contact-treating a Raney catalyst with an acid; 1 10 wherein R1 and R2
are each independently an alkyl group having the carbon number of | to 6;

ON, wherein RY and R2 each represent ASIMiar IoURaS conpris ing
5 catalytically hydrogenating a ketone cf Formula (1) below in
the présence of a catalyst into an alcchol represented by
Formula (2) below,
the catalyst being an acid-treated Raney catalyst

obtained by contact-treating a Raney catalyst with an acid;

1c

wherein R; and Ry are each independently an alkyl group

having the carbon nunmber of 1 'to 6

OH

(2
R, R,

wherein R; and R; each represent a similar group as

15 indicated by R; and Ry, respectively, in Formula (1).

2. The process for producing alcohols according to
claim 1, wherein the acid-treated Raney catalyst is cobtained

by contact-treating a Raney catalyst with an acidic aqueous
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15 indicated by R1 and R2, respectively, in Formula (1). 2. The process
for producing alcohols according to -glaim 1, wherein the acid-treated
Raney catalyst is obtained by contact-treating a Raney catalyst with an
acidic aqueous 24 solution. 3. The process for producing alcohols
according to claim 2, wherein the acidic aqueous solution has a pH of
so1d0Mm,,5 2.5 to less than 7. 4. The process for producing alcohols according
to claim 2 or 3, wherein the acidic aqueous solution is an aqueous acetic
acid solution. 10 5. The process for producing alcohols according to any
one of claims 1 to 4, wherein the Raney catalyst is at least one Raney

catalyst Se'ﬁ%tsdg@ the.greup %ysiéﬂaa%a Ransy nickelandas; o +o

Raney cobalt. 15°6. The process for producing alcohols according to any

cla;&pxezof %v?lignse]i%) %mvghggejigﬁlz ag% %%WSFQ%’@M%§ cgl) %ﬂ% (%) p%eoeﬁcprom
ndepen enﬁy a methyl group, an e Hyl group, a n-propyl group, an

L (r)owl group,or an7|-butyl group. 20 7. The process for producing

alcohofs accorcﬁﬁlg to'any one of claims 1 to 6, wherein the ketone of
Formula (1) is acetone

4. The process for producing alcohols according to
claim 2 or 3, wherein the acidic agqueous solution is an agueous

acetic acid solution.

5. The process for preducing alcochols according to any
one of claims 1 to 4, wherein the Raney catalyst is at least
one Raney catalyst selected from the group consisting of a Raney

nickel and a Raney cobalt.

6. The process for producing alcohols according to any
one of claims 1 to 5, wherein R; and R; in Formulae (1) and (2)
are esach independently a methyl group, an ethyl group, a

n-propyl group, an i-propyl group or an i-butyl group.

7. The process for producing alcohols according to any
one of claims 1 to 6, wherein the ketone of Formula (1) is acetone

and the alcochol Formula (2) 1is isopropyl alcohol.
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and the alcohol Formula (2) is isopropyl alcohol. 25 8. An acid-treated
Raney catalyst obtained by contactsteeating a Raney catalyst with an acid.
9. The acid-treated Raney catalyst according to claim 5 8, which is
obtained by contact-treating a Raney catalyst with an acidic aqueous
solution. 10. The acid-treated Raney catalyst according to claim 9,

wherein the qcigic; aqueaus-solution-has a-pH of frem 2510 t:lesp than
7. 11. The acid-treated Raney catalyst according to claim 9 or 10,

contvm%r%@g@ﬂﬁjc aqueois, soldtion is an afuequs Acetic @cid solution.

15 12. The acid-treated Raney catalyst according to any one of claims 8
to 11, wherein the Raney catalyst is at least one Raney catalyst selected
from the group consisting of a Raney nickel and a Raney cobalt.

9. The acid-treated Raney catalyst according to claim
8, which is obtained by contact-treating a Raney catalyst with

an acidic agueous solution.

10. The acid-treated Raney catalyst according to claim
9, wherein the acidic aqueocus solution has a pH of from 2.5

to less than 7.

11. The acid-treated Raney catalyst according to claim
9or 10, wherein the acidic agueous solution is an agueous acetic

acid sclution.

12. The acid-treated Raney catalyst according to any
one of claims 8 to 11, wherein the Raney catalyst is at least
one Raney catalyst selected from the group consisting of a Raney

nickel and a Raney cobalt.



