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
alcohol 10 of high purity by reacting a ketone and hydrogen with inhibited by-production of impurities,
and relates to acid-treated Raney catalysts GéedCinthé protesses. BACKGROUND OF THE
INVENTION 15[0002] Alcohols are important intermediates in organic synthesis or important
solvents in the industry. Use of alcohols has spread in wide-ranged areas, and some applications
require high-purity alcohols. 20Distillation is generally used for the production of alcohols with high
purity, but itAinvoives.large anormsiofrerergy.cAlkawalkle Kind S aRd AR URENEN MPATines gary
depending on the use applications. In some uses, distillation often cannot provide alcohols of high
purity with sufficient 2 level of impurity removal.

5 FIELD OF THE INVENTION
(0001
The present invention relates to alcohol producticn
processes and acid-treated Raney catalysts. In more detail,
the invention relates to processes for producing an alcohol
10  of high purity by reacting a ketone and hydrogen with inhibited
by~-production of impurities, and relates to acid-treated Raney

catalysts used in the processes.

RACKGROUND O THE IHNVENTION

15 100062]

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

20 Distillation is generally used for the production of

alcohols with high purity, but it invelves large amcunts of
energy. Allowable kinds and amcunts of impurities vary
depending on the use applicaticons. In some uses, distillation

often cannot provide alcohols of high purity with sufficient



[0003] Accordingly, reducing impurities that are by-produced in the alcohol-producing reactions is
an effective approach 5 for the production of alcohofs having high purity. As known in the art,
alcohols are produced by hydrating olefins or hydrogenating the carbonyl groups of ketones. [0004] In
the production of isopropyl alcohol for example, 10 olefin hydration methods that are generally used
are an indirestraydration methad-in whitk peapylene is esterified with concentrated sulfuric acid and
the resultant ester is hydrolyzed, and a direct hydration method in which propylene is directly hydrated
under the cagalysis of a heteropoly acid 15 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-productign of ilapurities such a@sdmprPpyhalcohel; tert-butyl-alseloly2-methyl2-pentene and
20 2-methyl-l-pentene. [0005] The carbonyl groups in ketones are hydrogenated by a reduction

method using reagents such as [Py alumnuanyrideandsoriupbaron ydide ot axcalalyti
reduction 3 method with hydrogen gas. [0006] Exemplary methods with hydrogen gas for the

produ%l:ion E@OQEQ%YE@E}?%QJ{QC&#G& n%el'gg%ql 8§iggk§a@§§ 'vgﬁﬁ@e%gmkg catalyst (Patent
0

Document 1), a met with a gas-liquid-solid three phase trickle béd system (Patent Document 2),
and a method in which part,of a reacign nmixturg g greulated 19 increase e [eAgipnvield (Patent

Document 3)2
olefins or hydrogenating the carbonyl groups c¢f ketones.
(00047
In the production of isopropyl alcchol for example,
10 oeolefin hydration methods that are generally used are an
indirecthydrationn@thodjjiwhichpwopylenejjsesterifiedwith
concentrated sulfuric acid and the resultant ester is
hydrolyzed, and a direct hydration method in which propylene
is direcfly hydrated under the catalysis of a heteropoly acid
15 or the like. In these methods, the sulfuric acid or the
hetercpoly acid used as catalyst corrodes the apparatus.
Further, these propylene hydration methods involve
py~productio; of impurities such as n-prepyl alcohol,
tert-putyl alcohol, 2-methyl-2-pentene and
20 Z=methyl-1-pentense.
[0005]
The carbonyl groups in ketones are hydrogenated by a
reduction method using reagents such as lithium aluminum

hydride and sodium boron hydride, or & catalytic reduction



10[0007] 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 15 which can produce isopropy! alcohol of high purity even from crude
acetone. This method specifies the kinds and amounts 20 of impurities Patent Patent Patent Patent
contained im4tié: ratv midterialyacetersa: Docsiment 1:JA-H03-141235 Document 2:JP-A-H02-270829

Document 3:JP-A-H03-133941 Document 4:JP-A-2002-121160 DISCLOSURE OF THE INVENTION
[0006]

Exemplary methods with hydrogen gas feor the production
of isopropyl alcohol include a method using 2 massive Raney
5 nickel catalyst (Patent Document 1), a method with z
gas-liquid~solid three phase trickle bed system (Patent
Document 2), and a method in which part of a reaction mizxture
is circulated to increase the reaction yield (Patent Document
3.
10 10007]

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

Patent Document 4 discloses a method using hydrogen gas

1% which can produce isopropyl alcchol of high purity even f{rom
crude acetone. This method specifies the kinds and amocunts

of impurities contained in the raw material acetone.

—+

Patent Document JP-A-H03-141235
z0 Patent Document 2: JP-A-HOZ-27082%

Patent. Document 3: JP-A-H03-133941

JP-B-2002-121160
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-4 [0008] The present invention has been made in view of the problems in the art as described
above. It is therefore an object of the invention to prbvide processes for producing 5 alcohols such as
isopropyl alcohol with high purity and little 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{ddhid/e the 10 above object. They have then found that the object is accomplished by
catalytically hydrogenating a ketone under the catalysis of an acid-treated Raney catalyst that is
obtained by contact:treatingea &aneyrcatalystwithaaeatid eThepresentiinvéstiorvlias been completed
based on the finding. 15[0010] The present invention is concerned with the following. [1] A
process forpreducing alcehelss cemprisisg catalyticalys hydrogenating aketoresafdfarmula(l) below
in the presence of a catalyst into an alcohol represented by 20Formula (2) below, the catalyst
being an acig, eeated Rangy catalyst obtained by, eortagi-treatinga Rasey satalyst anithiayacid;

[0011] [0012] wherein R1 and R2 are each independently an alkyl group having the carbon
numb@§0f%§%®hols such as isopropyl alcohol with high purity and little
by-product impurities by reacting a ketone and hydrogen, and
acid-treated Raney catalysts used in the processes.
[0008%]
The present inventors studied diligently to achieve the
10 above object. They have then found that the object is
accomplished by catalytically hydrogenating a ketone under 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.
15 [0010]
The present invention is concerned with the fellowing.
[1] A process for producing alcohcls, comprising
catalytically hydrogenating a ketone of Formula (1) below in
the presence of a catalyst into an alcochol represented by
20 Fermula (2) below,
the catalyst being an acid-treated Raney catalyst
obtained by contact-treating a Raney catalyst with an acid;

[0011]



5[0013] (2) [0014] wherein R1 and R2 each represent a similar group as indicated by Ri and R2,
respectively, in Formula (1). 10[2] The process for pboducing alcohols according to [1], wherein the
acid-treated Raney catalyst is obtained by contact-treating a Raney catalyst with an acidic agueous
solution. [0015] 15[3] The process for producing alcohols according to [2], wherein the acidic aqueous
solution has a pH of frgm 2.5 to less than 7. [4] The process for producing alcohols according to
[2] or [3], wherein thegcidic aqueous solution is an aqueous acetic 6 acid solution.

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

5 [0013]

Ok

@
R; R-

100141
wherein R; and R; each represent a similar group as
indicated by R: and Rg, respectiveiy, in Formula (1).

10 [2] The process for producing alcohols according to [1],
wherein the acld-treated Raney catalyst 1s obtained by
contact—-treating a Raney catalyst with an acidic agueous
solution.

0015}

15 {31 The process for producing alcohols according to {271,
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]

or [31, wherein the acidic agueous sclution ig an aguecus acetic



[0016] [5] The process for producing alcohols according to any  one of [1] to [4], wherein the :
Raney catalyst is at least one 5 Raney catalyst seleted from the group consisting of a Raney nickel
and a Raney cobalt. [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-Brob¥l Group tar?Rpropyl group or an i-butyl group. [0018] [7] The process for producing
alcohols according to any one Of [1] to [6], wherein the ketone of Formula (1) is acetone 15 and the
alcohol représehfet by Formula (2) is isopropyl alcohol. [0019] [8] An acid-treated Raney catalyst
obtained by contact-treating a Raney catalyst with an acid. 20[9] The acid-treated Raney catalyst
according to [8], whichlisTéistaireelis\scoRtatt-Beathig-a Rarfeyccatalyst witls andkidic Bguabis
~ solution. [0020]
one of [1] to [4], wherein the Raney catalyst is at least one
5 Raney catalyst selected from the group conslsting of a Raney
nickel and a Raney cobalt.
f0017]
[6] The process for producing alcohols according to any
one of [1] to {5], wherein Ry and R; in Formulas (1} and (2)
10 are each independently a methyl group, an ethyl group, a
n-propyl group, an i-propyl group or an i-butyl group.
[0018]
. [7] The process for producing alcchels according te any
cne ¢f [1] to {61, wherein the ketone of Formula (1) 1is acetone
15 and the alcchol represented by Formula (2) is iscpropyl
alcohol.
[0019]
[8] An acid-treated Ransy catalyst obtained by
‘contact-treating & Raney catalyst with an acid.
20 [9] The acid-treated Raney catalyst according to [8],
which is obtained by contact-treating a Raney catalyst with

an acidic agueocus solution.

00201

r
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0] The acid-treated Raney catalyst according to [9],



wherein the acidic aqueous solution has a pH of from 2.5 to less than 7. [11] The acid-treated
Raney catalyst according to [9] or [10], wherein the’acidic aqueous solution is an aqueous 5 acetic
acid solution. [0021] [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 10 WieR&EdTd & Rarky cobslt SICANT ASEOUSEFFECTS CEITRE INVENTION 6022] The
alcohol production processes of the invention use 15 an ac d-treated Raney catalyst obtained by
contact-treating atRamey/ catalyst with an acid. By the use of the catalyst, alcohols of high purity can be
produced with little by-product impurities. 20 PREFERRED EMBODIMENTS FOR CARRYING OUT
- THE INVENTION [0D23] The The present mvetitiGewilbecdasetived irndetat herginbelow? [Alcohol
production processes] 8 In the process for producing alcohols according to the present invention,
a ketone ot Formula (1ybelowiis catalytisallyshydragenrated instheprésencesof ancatalystinto an
alcohol represented by Formula (2) below. The catalyst is an acid-treated Raney catalyst obtained by
contaci-treating aRaneycatalystwithhan acid. [0024]
[0021]
[12] The acid-treated Raney catalyst according to any
one of [8] to [11}, wherein the Raney catalyst 1s at least one

Raney catalyst selected from the group consisting of a Raney

10 nickel and a Raney cobalt.

ADVANTAGECUS EFFECTS OF THE INVENTION
.[00223
The alcohol production processes of the invention use
15 an acid-treated Raney catalyst obtained by-égﬁtactwtreatlng
a2 Raney catalyst with an acid. By the use of the catalyst,
alcohols of high purity can ke produced with little by-product

impurities.

20 ?REFERRED.EMBODIMENTS FOR CARRYING OUT THE INVENTION
[0023]
The present invention will be described in detail
hereinbelow.

[Alcohol production processes]



[0025] 10in the formula above, R1 and R2 are each independently an alkyl group having the carbon
number of 1 to 6. [0026] OH [0027] 15in the forméila above, R1 and R2 each represent a similar
group as indicated by R1 and R2, respectively, in Formula (1). In the compounds having Formulae
(1) and (2), the alkyl group having the carbon number of 1 to 6 indicated by Ri and R2 include methyl
group, ethyl group,Im-promy| growps $prdpyt @roducing alcchols according to the

present invention, a ketone of Formula (1) below is

catalytically hydrogenated in the presence of a catalyst into

an alcchoel represented,by Formula (2) below. The catalyst is
5 an écid—treafed Raney catalyst obtained by contact~treaﬁing

a Raney catalyst with an acid.

(00247
Ke!
(1)
=¥ R
(00253
10 In the formula above, R: and R, are each independently

-

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

[0026]

(00277
15 In the formula above, R: and R; each represent a similar
group as indicated by R; and Ry, respectively, in Formula (l).
In the compounds having Formulae (1) and (2), the alkyl
group having the carbon number of 1 to € indicated by Ry and

R, include methyl group, ethyl group, n-propyvl group, i-propyl



group, n-butyl group, i-butyl group, n-pentyl group and n-hexyl group. The groups Rl and R2 may be
the same or different from each other. [0028] I particular, R1 and R2 in Formulae (1) and (2) are
preferably each independently a methyl group, an ethyl group, a n-propyl group an i-propyl group or an
i-butyl group. Such compounds have a wide range of industrial applications. [0029] 10Examples of the
ketones regresepted: by Foyhga ¢hrincludedastones rtethyrathyketons Cre thid SopreEii ketone and
methyl isobutyl ketone. In particular, acetone is preferable. [0030] 15According to the alcohol
production gprecessesti¢he inventioR; the:dldohels yepresehte by Eoermutal (2) are produce from the
ketones as described above. For example, isopropyl alcohol may be produced from acetone, 2-butanol
from methyd gtityl ketese,. 3-methyl-2-butanol from methyl isopropyl ketone, 20 and
4-methyl-2-pentanol from methyl isobutyl ketone. [0031] According to the alcohol production
processes obthednvention, isopropyl alcohol having a wide range of industrial applications can be
favorably produced from acetone. 10 The catalysts used in the invention are acid-treated Raney
catalysfs that are obtained by contact-treating, Raney:catalysta with-an agid2[0932) are
preferably each independently a methyl group, an ethyl group,
a n-propyl group, an i-propyl group or an i-butyl group. Such
compounds have a wide range of industrial applications.
[0029;
10 Examples of the ketones represented by Formula (1)
include acetone, methyl ethyl ketone, methyl isopropyl ketone
and methyl isobutyl ketone. In particular, acetone is
preferable.
[0030]
15 According to the alcohol prodﬁéfion processes of the
invention, the alcohols represented by Formula (2) are produced
from the ketones as described above. For examples, lsopropyl
alcohcl may be produced from acetone, 2-butancl from methyl
ethyl ketone, 3-methyl-2~butancl frommethyl isopropyl ketone,
20 énd 4-methyl-2-pentanol from methyl isobutyl ketone.
[0031]
According to the alcohol production processes of the

inventicn, iscpropyl alcohol having a wide range of industrial

applications can be favorably produced from acetone.



The Raney catalysts in the invention are metal catalysts that are obtained by alloying a metal which is
insoluble (hardly soluble) in alkali or acid, e.g., nickePor cobalt, with a metal which is soluble in alkali or
acid, e.g., aluminum, silicon, zinc or magnesium, and thereafter dissolving the alkali- or 10 acid-soluble
metal from the alloy. [0033] Examples of the Raney catalysts include a Raney nickel, a Raney
cobalt, a Raney coflier andta Raney iroa cEromm thehdewpoiansfieactareyieldi it+$ preferatile to use at
least one Raney catalyst selected from a Raney nickel and a Raney cobalt. [0034] The Raney
nickel, Raney celyalt; Rarieyscoppen and RaneyhrmmiaredRaneycatalysts it whichithe rietalic
composition 20 insoluble (hardly soluble) in alkali or acid is cased on nickel, cobalt, copper or iron,
respectively: 48@35}s+ s lnthe aloohekpreduction processes, the Raney catalyst is contact-treated with
an acid before the catalytic 11 hydrogenation. The contact treatment maybe performed at any time
without limitagion s long as it takes place before the catalytic hydrogenation. To avoid degradation of
the catalyst - due to long-term storage, the contact treatment is preferably 5 performed within one day

before ¢he reaction, faeexampledmmediately befarg ther¢actionen are metal catalysts

thatareobtainedknzalloyingeaﬁetalwhich.isinsoluble(hardly
soluble) inalkall or acid, e.g., nickel or cobalt, with amezal
which is soluble in alkali or acid, e.g., aluminum, silicon,
zinc or magnesium, and thereafter dissolving the alkali- or
10 acid-soiuble metal from the alloy.
[C033]
Examples ¢f the Raney catalysts include a Raney nickel,
a Raney coball, a Raney coppser and a Ransy iren. TFrom the
viewpoint of reaction yield, it is preferable to use ai least
15 one Raney catalyst selected from a Raney nickel and a Ransy
cebhalt.
[00341
The Raney nickesl, Raney cobalt, Raney copper and Raney
iron are Raney catalysts in which the metallic composition
290 inscluble (hardly soluble) in alkall or acid is based onnickel,
cobalt, copper or iron, respectively.
[0035]
In the alcohel production processes, the Raney catalyst

is contact-treated with an acid before the catalytic



[0036] The contact-treated Raney catalysts, namely, the acid-treated Raney catalysts are
ignitable. In view of safety, 10 they are preferably stared in water as required. The acids used in
the contact treatment of the Raney catalysts are not limited as long as they do not deteriorate the
catalysts. [0037] 15The acids may be organic acids or inorganic acids, and organic acids are
preferred. Thelacigs nwyilbenused sighlprorawo dgrrmeratkinds miay be used i combisdtiomy  The
acids used in the contact treatment are usually in the liquid state. Liquid acids may be used, or acids
may be 20 disselvetihsalvebisiogive acidicssdlotians: ¢n view: efeost mhd@asy<contrel ohacid
strength to avoid catalyst deterioration, a preferred acidic solution is an aqueous acidic solution of the
acid in wateys {00881 112 Thearganis acisls inclidesfesmic asigh- aceticiacide propionie aeidy butyric acid,
valeric acid, oxalic acid, malonic acid, succinic acid, fumaric acid, maleic acid and citric acid. Of these,

acetic acid is,inexpensive-and:6osi Scaffegtiye[0039) nt » Thedineeganic.acids include hydroehloric
acid, sulfuric acid, phosphoric acid and nitric acid. :
| 5 performed within one day before the reaction, for example
immediately before the reaction.
[003¢6]

The contact-treated Raney catalysts, namely, the

acid-treated Raney catalysts are ignitablie. Inviewof safety,
10 they are preferably stored in water as reguired.

The acids used in the contact treatment of the Raneay
catalysts are not limited as long as they dc not deteriorate
the catzalysts.

(00373

15 _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 liquid state. Liguid acids may be used, or acids may be

20 dissclved in solvents to give acidic solutions. In view of
cost and easy control of acid strength te avold catalyst
deterioration, a preferred acidic sclution is an aguecus acidic
solution of the acid in water.

06387



The contact treatment in the invention is not limited 10 as long as the Raney catalyst is brought into
contact with the acid. In an exemplary method (1), & éage containing the Raney catalyst is fixed in a
container equipped with a stirrer which contains the acid in liquid state such as the acidic aqueous
solution, and the Raney catalyst is contact-treated with the 15 acid under mild stirring. According to an
exemplary method Tit); thermethiod @risaepédted tola degivilthat do€s nétddterorateithe Raney
catalyst. In an exemplary method (Il1), the Raney catalyst is packed in a catalytic hydrogenation
reactor andctheracichindiquid statéosuchras theacidicaguéeus. 20 solution ds<supplied thgteto in an
amount that does not deteriorate the catalyst, thereby continuously contact-treating the Raney
catalyst. [0040]c1.3 Raney ¢atadyst can e producedtefficienty and gpodioperatioa piapetties are
obtained by the exemplary method (l11) in which the Raney catalyst is packed in a catalytic
hydrogenation:reastos and the@gictindigljd state: suchsas theiacidie agyeous: selutiondis supgplied
thereto in an amount that does not deteriorate the catalyst, thereby continuously contact-treating the
Raney:catalyst.[0041)-The acid-treated Raney catalysts in the invention are 10 obtained by '
contact-treating the Raney catalysts with the acids, and preferably by contact-treating the Raney
catalysts wi%g@ga}cidic agueous solution as described above. The pH of the acidic aqueous
solutions used in the contact treatment is not limited as long as it is less than 7. To 15 prevent the

deterioration of the eatalysts 0k i corosien otihe appargilis e, B of the pailic aguenus solutions
is preferably from 2.5 to less than 7, and more preferably from 2.5 to 4. [0042] 20The acidic aqueous

Sohmonsu%%ggjh%ﬁgggﬁgric acid and nitric aci

The contact treatment in the invention is not limited
10  as long as the Raney catalyst is brought into contact with the
acid, In an exempiary method {Iﬁ, a cage containing the Raney
catalyst is fixed in a container eguipped with a stirrer which
contains the acid in ligquid state such as the acidic agueous
solution, and the Raney catalyst is contact-treated with the
15 acid under mild stiffing. According to an exemplary method
(II), the method (I) iz repeated to a degree that does not
deteriorate the Raney catalyst. irzan exemplary method (II1},
the Raney catalyst i1s packed in a catalytic hydrogenation
reactor and the acid in liguid state such as the acldic agueous
20 solution is supplied thereto ip an amount that doss not
deterioraﬁe the catalyst, thersby continuously
contact-treating the Raney catalyst.
[0040]

Of these contact treatment methods, the acid-treated



treatment usually have an acid concentration of 0.0.01 to 10 mol/L, and preferably 0.01 to 5 mol/i.
[0043] 14 contact treatment is not limited as long asthe catalysts are not deteriorated. The volume of
the acidic aqueous solution is preferably 5 to 200 times, and more preferably 50 to 100 times the
volume of the catalyst used. [0044] In the invention, the Raney catalyst may be contact-treated
with the acilicaquesusaSahdtionr arany soltidatem pefat el without nitatorr asiomy as i
temperature is above the freezing point but below the boiling 10 point of the acidic aqueous solution
and does not-deteriorates ther eatélysti The sojutidretempanature ysrustialhdin thelrange wh<19C to 150C,
and preferably 10C to 80C. In view of energy efficiency, the contact treatment is preferably performed

at room temperaiude.ckb[0G4S] 1 v s tAfter the Randy tatadyst iscednfadt<réated with:the dcid and before
the acid-treated Raney catalyst is used in catalytic hydrogenation, the acid-treated Raney catalyst is

preferably washegewith vvater t0 preventihe acid ram seeomposing the 2:ketane of losmuta (1) or
from becoming an impurity in the obtainable alcohol. [0046] The amount of water is not particularly
limitedgbut i\ 15+ i o, is supplied thereto in an amount that does not
deteriorate the catalyst, thereby continucusly
contact~treating the Raney catalyst.
(00411
The acid-treated Raney catalysts in the invention are
10 obtainedby 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 aquecus solutions used in the contact
treatment is not limited as long as it is less than 7. To
15 prevent the deterioration of the catalysts or the corrosion-
of the apparatus, the pH of the acidic aquecus solutions is
preferably from 2.5 to less than 7, and more preferably Ifrom
2.5 to 4.
(00427
20 The acidic agueous solutionsg used in the contact
treatment usually have an acld concentraticn of 0.001 to 10
mol/L,.and preferably 0.01 to 5 mol/L.

[0043]

The amount of the acidic agueous solutions used in the



the volume of the acid-treated Raney catalyst. The washing with water may take place at any
temperature without limitation, but is usually carried but at 10C to 8000. In view of energy efficiency,
the washing is preferably performed at room temperature. [0.047] The washing with water may be
performed by various methods. In an exemplary method (A), a cage containing the acid-treated Raney
catalyst is fixedtia atcontamenequipped with ‘alstirfer d CAwhichrcoritain Wfate & aindl ihé acid-freated
Raney catalyst is washed with water under mild stirring. According to an exemplary method (B), the
method (A)ris tepedted severa timesT freanekemplary méthod{CY ‘the agitkreatetcRarigyocatalyst is
packed in a catalytic hydrogenation reactor and water is 15 supplied thereto to continuously wash the
acid-treated Raney tatalysty[0948t 20 (Exaingles okthe reactersfor fise #bthe Cdlalytic 1CC
hydrogenation include packed reactors, trickle bed reactors, 20 multi-tube reactors, moving bed

reactors, suspesded bubbleicohemas reacterscanchstireng tankdeactors. The catalytic hydrogenation
may be carried out under conventional conditions. [0049] 16 The reaction temperature and

pressuge in the gatalytic hydrogenation are not particularly limited. These conditions usually vary
depending on the atmosphere in the reactor. For example, the temperature and pressure are usually

not more than 5 13Q¢ andin thesange of 0.5.10-AMRa:G, indiguid-phaseeaction, and are in the range
of 60 to 200C and not more than 1 MPa-G in gas-phase reaction. [00501

contact-treated with the acidic agueous sclution at any
solutien temperature without limitation as long as the
temperature is above the freezing point but below the boiling

10 point of the acidic agueous sclution and does not deteriorate
the catalyst. The soluticon femperature is usually in the range
of -10°C to 150°C, and preferabliy 10°C to 80°C. In view of
energy efficiency, the contact treatment is preferably
performed at room temperature.

15 [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

20 ketone of Formula (1) or from becoming an impurity in the
obtainable alcchol.
[0046]
The amount of water 1s not particularly limited, but is

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



In the invention, the molar ratio between the ketone and 10 hydrogen (ketone:hydrogen) used in the
catalytic hydrogenation is not particularly limited, bl is usually in the range of 1:1to1:10. The
acid-treated Raney catalyst is typically used in the catalytic hydrogenation in a volume that 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 isgireferalilerte usé rédction soiiehtsfomdh viempoirst of teEction yield. Examples of the
reaction solvents include alcohols such as methanol, ethanol, propanol, butanol 20 and isopropy!

alcohol; glycols sutinaswethylene ghicol; prapylenesglyceli digthylenesglyeolvatic trietimd&ne glycol;
ethers such as diisopropyl ether, dibutyl ether, ethylene glycol dimethyl ether, diglyme and triglyme;
hydrocarbans:sushtas hexans; heptang; cyclohexarne gndyelopantane zand Watero BOThey may be
used singly, or two or more kinds may be used in combination. When the ketone used is acetone, it is

preferable that isopropyt alcebelke. aigithe Dhtainableadcohgkis iisedias the solent because the
purification after the alcohol production is facilitated. [0052] According to the processes of the

invention, the ketane.andhydragen atgreacted.under the conditions as described hereinabove to give
a high-purity alcohol with little 10impurities. The present inventors assume that the alcohol

production pPrRcesses of the invention achieve reduced impurities compared to the conventional
processes because the contact-treatment of the Raney catalyst with the acid before the catalytic 15

hydrogenation -fed%?g Hggﬁ da]%gw% of impurities aftached o the Raney catalyst[2053]4n the

production of isopropyl alc m acetone as

In an exemplary method (A), a cage contalning 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 hydrogenaticn reactor and water 1s
15 supplied thereto to continuously wash the acid-treated Raney
catalyst.
[oo48]
Examples of the reactors for use in the catalytic
nhydrogenation include packed reactors, trickle bed reactors,
20 multi-tube reactors, moving bed reactors, suspended bubble
column reactors and stirring tank reactors. The catalytic
hydrogenation may be carried cut under conventiocnal
conditions.

[0049]



the ketone, impurities that are reduced in amount according 20 to the invention are for example
2-methylpentane-2,4-didl, 4-hydroxy-4-methyl-2-péritanone, 4-methyl-2-pentanone and
4-methyl-2-pentanol. [0054] [Acid-treated Raney catalysts] 18 The acid-treated Raney catalysts of
the invention are obtained by contact-treating Raney catalysts with acids. The acid-treated Raney
catalysts are as debrbett indAlcohot pratictsn processesitretsinabove: THeeagidtirehtéd Raney 5
catalysts of the invention have higher activity compared to conventional Raney catalysts without the
contact treatment qad are therefere suitably used hs:hydragenatiod catélpstselr datdil tthens
acid-treated Raney catalysts may be used not only in the alcohol production by catalytic hydrogenation
of ketones 16@s1degcribed abgver butalso:in oikersproduciioaprotessesesuectras produdiion of
cumene by catalytic hydrogenation of a-methylstyrene and production of methyl isobutyl ketone by
catalytic hydroggnation-efanesityoxide: 15 EXAMPLES{0055 = usthelpresent invendiamuill be
described in detail hereinbelow without limiting the scope of the invention. [Example 1 20(Washing of

catalysf) 1 34 Raneynickelcatalyst {Rs200L manufactured by, NIKKO: RHeA SORPORATION) in a
volume of 20 mL was packed in a glass column. At room temperature an upflow of a 0.1 mol/L
aqueous acgtis acid soltion (318 2.9  wagsupplied to the.glass selufik-e than 1 MPa-G
in gas-phase reaction. |
160501
Tn the invention, the molar ratio between the ketone and
10 hydrogen (ketone:hydrogen) used in the catalytic hydrogenation
ig not particularly limited, but is usually in the range of
.i:ltolle. The acid-treated Raney catalyst is typically used
in the catalytic hydrogenation in a volume that is 0.1 to 4
times the volume cof the ketone.
s 00511
When the alcohols are produced by the reaction in liguid
phase, it is preferable to use reaction solvents from the
viewpoint of reactionyield. Examplesof the reactionsolvents
include alcohols such as methancl, ethanol, propancl, butanol
20 aﬁd isopropyl alcohol; glycols such as ethylene gliycol,
propylene glycol, diethylene glycol and triethylene glycol:
ethers such as diisopreopyl ether, dibutyl ether, ethylene
glycol dimethyl ether, diglyme and‘triglyme; hydrocarbons such

as hexane, heptane, cyclohexane and cyclepentane; and water.



19 at a rate of 500 mL/hr for 3 hours. The massive Raney nickel catalyst was thereby contact-treated
with the aqueous acetic acid solution to give an aciitreated Raney nickel catalyst. [0056]
Subsequently, an upflow of water at room temperature was supplied to the glass column at a rate of
500 mL/hr for 3 hours to wash the acid-treated Raney nickel catalyst. (Catalytic hydrogenation of
ketone) A I50emLrstaintessistea reactol waspacked with 20 ki X0 bfitharacid e dted Rahey nickel
catalyst that had been washed with water as described above. Further, 50 mL of acetone, 50 mL of
isopropyl atcohblifRA) and 2 mhaf waterieerereddect: The reactorwas porgedowitit pitragen and then
with hydrogen. Under the hydrogen atmosphere, the reaction was carried out 15 at a pressure of 0.8
MPa and atemperaduieref 110G lordimhours iAffercthe reactiom; siel reaclion iquidveas:aralyzed by
gas chromatography. The acetone conversion was 15.8%. [Comparative Example The procedures in

Example | weredgpeatedexcepbihat 26 the-Raney:nickelcatalyst (Re2Q01E masutactsad by NIKKO
RIKA CORPORATION) was not contact-treated with the aqueous acetic acid solution. The acetone .

conversion Wasdl3-3%.{0057] £20-than+senrepyl alcohol, acetone and water in the reaction liquids
obtained in Example 1 and Comparative Example 1. [0058] rt5 a 0
[0052]

According to the processes of the invention, the ketone
and hydrogen are reacted under the conditions as described
hereinabove to give a high-purity alcohol with little

10 impurities.

The present inventors assuhe that the alcohol production
processes of the invention achieve reduced impurities compared
to the conventional processes because the contact-treatment
of the Raney catalyst with the acid before the catalytic

15 hydrogéﬁétion,reduces trace amounts ofJﬁﬁﬁuriti@s attached on
the Raney catalyst.
[C053]

In the production of isopropyl alcohol from acetone as

the ketone, impurities that are reduced in amount according
20 to the invention are for example Z-methylipentane-2,4-dicl,

4-hydroxy-4-methyl-2-pentancne, 4-methyl-Z-pentanone and

4~methyl-2-pentancl.

[0054]

[Acid-treated Raney catalysts]
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The acid-treated Raney catalysts of the invention are
obtained by contact~treating Raney catalysts with acids. The
acid-treated Raney catalysts are as described in [Alcohol
productionlprocesses} hereinabove. The acid-treated Ransy
catalysts of the invention have higher activity compared to
conventional Raney catalyste without the contact treatment and
are therefore 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 alsc in other production processes such
as production of cumene by catalytic hydrogenation of
a-methylstyrene and production of methyl isobuty. ketone by

catalytic hydrogenation of mesityl oxide.

. EXAMPLES

0055

The present invention will be described in detaill
he;einbelow without limiting the scope oI the invention.
[Example 1]
(Washing of catalyst)

2 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 agueous

acetic acid sclution {(pH: 2.9) was supplied to the glass column
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at a rate of 500 mL/hr for 3 hours. The massive Raney nickel
catalyst was thereby contact-treated with the aqueous acetic
acid solution to give an acid-treated Raney nickel catalyst.
[0056]

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

(Catalytic hydrogenation of ketone)

A 150 mL stainless steel reactor was packed with 20 mL
of the acid-treated Raney nickel catalyst that had been washed
with water as described above. Further, 50 mL of acetons, 50
mL 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 a2 temperature of 110°C for 1.5

hours. After the resaction, the rsaction Liguid was analyzed
by gas chromatography. The acetone conversion was 15.8%.
[Comparative Example 11

The procedures in Example 1 were repeated except that
the Raney nickel catalyst (R-Z00L manufactured by NIKKC RIKA
CORPORATION) was not contact-treated with the agusous acetic
acld solution. The acetcone conversion was 13.3%.

[0057]

The table below shows the contents of impurities other
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than isopropyl alcohol, acetone and water in the reaction
liquidé obtained in Example 1 and Comparative Example 1.

[0058]
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aiEO0Uri 22 INDUSTRIAL APPLICABILITY [0059] The alcohol production processes of the
invention by reacting ketones with hydrogen can$¥oduce 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 A
process for producing alcohols, comprising 5 catalytically hydrogenating a ketone of Formula (1) below
in the prédentelot Biéatafsilintorav alEdHol represented by Formula (2) below,

[0059]
The alcohol preduction processes of the invention by
reacting ketones with hydrogen can produce alcohols c¢f high
5 vpurity with little by-product impurities. The acid-treated
Raney catalysts of the invention show high hydrogenation
activity. The processes and the catalysts of the inventiocn

are highly wvaluable in the industry.



the catalyst being an acid-treated Raney catalyst obtained by contact-treating a Raney catalyst with an
acid; wherein R1 and R2 are each indeper?d%ntly an alkyl group having the carbon number of 1
to 6; OH wherein Rl and R2 each represent a similar group as 15 indicated by R1 and R2r
respectively, in Formula (1). 2.The process for producing alcohols according to claim 1, wherein the
acid-treated Raney catalyst Is obtained by contact-treating a Raney catalyst with an acidic aqueous

24 solution.

CLATIMS

1. A process for producing alccochols, comprising
5 catalytically hydrogenating a ketone of Formula.(l) bélow in
the presence of a catalyst into an alcohol represented by
Formula {(2) below,
the catalyst being an acld-treated Ransy catalyst

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

(1)

iw"
O

wherein R; and R; are each independently an alkyl group

having the carbon number of 1 to 6;
OH
(2
Ry Rz
wherein R; and R; each represent a similar group as

S indicated by Ry and R:, respectively, in Formula (1).

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

by contact-~treating a Raney catalyst with an acidic agueous



3. The process for producing alcohols according to claim 2, wherein the acidic aqueous solution has a-
pH of from 52.5 to less than 7. 4. The process fo¥ groducing alcohols according to claim 2 or 3,
wherein the acidic aqueous solution is an aqueous acetic acid solution. 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 selected from the group consisting of a Raney nickel and a Raney cobalt. 6. The
process fepproducing alcohols according to any one of claims 1 to 5, wherein'R1 and R2 in Formulae
(1) and (2) are each 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 alcohol Formula (2) is isopropyl alcohol. 25
ABSTRACT 3 Processes of the: iwentien pravite alcohols suethas 5 isepropyatephod with high
purity and little by-product impurities by reacting a ketone such as acetone and hydrogen. The process
for produeing ateohplsineltdes catalyticallyihydsegenatingssketone-in the psesancerofa on catalyst
into an alcohol, and the catalyst is an acid-treated 10 Raney catalyst obtained by contact-treating a
Raney catalyst withasacidnan 7.

4. The process for producing alcchols according to
claim 2 or 3, whereln the acidic aguecus solution is an agueocus

acetic acid solution.

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 selected fromthe group consisting of a Raney

nickel and a Raney cobalt.

|-
o

6. The process for producing alcchols according to any
one of claims 1 to 5, wherein R; and R; in Formulae (1} and (2)
are each independently a methyl group, an ethyl group, a
n-propyl group, an i-propyl group or an i-butyl group.
Z0
7. The process for producing aleohols according to any
one of ¢claims 1 to 6, wherein the ketone of Formula (1) is acetons

and the alcohol Formula (2) is iscpropyl alcchol.
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ABSTRACT

Processes of the invention pro#ide alcéhois such as
isopropyl alcohol with high purity and little by-product
impurities by reacting a ketone such as acetone and hydrogen.

The process for producing alcohols includes
catalytically hydrogenating a kstone in the presence of a
catalyst into an alcohol, and the catalyst is an aéid—treated
Raney catalyst cbtained by contact-treating 2 Raney catalyst

with an acid.



