1 DESCRIPTION PROCESS FOR PRODUCING 2-PROPANOL 5 FIELD OF THE INVENTION
[0001] The present invention relates to processes for producing 2-propanol. In more detail, the
invention relates to processes for producing high-purity 2-propanol by reacting acetone and 10
hydrogen with suppressed by-production of impuritibs BACKGROUND OF THE INVENTION [0002]
2-Propanol is an important intermediate in organi cp] esis and is an important solvent in industry.
It has a wide range of applications, and somée applica ons require high-purity 2-propanol. [0003] One
of the processes for producing 2-propanol is a 20 reaction of acetone with hydrogen. In the production
of high-purity 2-propanol, the 2-propanol from the reaction is generally purified by distillation. The
distillation, however, involves Iar%e amounts of ener }%} 004] 2_Allowable kinds and amounts of

impurities vary depending on the'use %pﬁﬁ%ﬁtlgﬁg Ef eg qisfi&tion often

5 FIELD OF THE INVENTION
[0001]
The present invention relates to processes for producing
2-propanol. Inmoredetail, the invention relates to processes
for producing high~purity 2-propancl by reacting acetone and

10  hydrogen with suppressed by-production of impurities.

BACKGROUND OF THE INVENTION
[00C2]
2-Propancl is an important intermediate in organic
15 synthesis and is an important solvent in industry. It has a
wide range of applications, and some applications require
high-purity Z-propanol.
[0003]
One of the preocesses for producing Z-propanol is a
20 reaction of acetone with hydrcgen. In the preoduction cf
high-purity Z-propanol, the Z-propanol from the reaction is
generally purifiedbydistillation. Thedistillation, however,
invelves large amounts of energy.

[0604]



cannot provide 2-propanol of high purity with sufficient level of impurity removal. 5 [0005] Accordingly,
reducing impurities that are by-produced in the reaction for 2-propanol is an effective approach for the
production of 2-propanol having high purity. [0006] 10 Processes are established for the production of
2-propanol by reducing acetone with hydrogen. ForZzexample, Kogyo Kagaku Zasshi (Industrial
Chemical Magazine), Vol. 54, Book.1, p. 27 (1951) (Nonpatent Dacument 1) deseribes a.process of
producing 2-propanoﬂF8§7 %?/é%g%eln%%ﬁggfc%téﬁg in the § plrreﬂ e%%jéctojf%SRgné:)y n(%%?rplreﬁ%?ed from
Ni/Al (1:1) alloy.by a commo metrFod. 0007] The yield of 2-propanol %e ribed in Noppatent
Document 1 i§ %%.315/3.% %%%rieﬁ' ?i% d igJ'rﬁséE:ess%ry%;10rcr:lgns‘f&eér)gl‘"lorﬁp of bi%@u%"fr?apf pcr)(?d“uecrﬁon of

2-propanol._[0008] In the estahlished processes, increasing the acetone conversion to, improve the
yield of 2-6?0%%%% Q%SYﬁégaBseg rtﬁé) %rr%cgfm g c}fflb%flp%u uét%ysﬁqc%ttoéls Sdﬁs]?o?plrgﬁﬁ% h%ﬁ‘g?gpane, 3

ethane ang gneltggg%,icgyspg Hggglfr_ns in the separation of 2-propanol from the reaction mixture.

5 [0005]

Accordingly, reducing impurities that are by-produced in
the reaction for Z-propanol is an effective approach for the
production ¢f Z-propanol having high purity.

[000¢6]

10 Processes are established for the production of
Z-propanol by reducing acetone with hydrogen. For example,
Kogyo Kagaku Zasshi (Industrial Chemical Magazine), Vol. 54,
Book 1, p. 27 (1951) (Nonpatent Document 1) describes a process
of producing Z-propanol by hydrogenating acetone in the

15 presence of a Raney nickel prepared from Ni/Al (1:1} alloy by
a common method.

(0007}

The yield of 2-propanol described in Nonpatent Document
1 is 93.3%. A higher yield is necessary in consideration of

20 industrial production of Z-propanol.

[0008]

In the established processes, increasing the acetone

conversion te improve the yield of Z-propanol also increases

the amounts of by-products such as diisopropyl ether, propane,



[0009] Nonpatent Document 1 teaches that the addition of water 5 accelerates the hydrogenation and
the yield of 2-propanol is increased to 98.7%. When this teaching to increase the 2-propanol yield is
practiced in the industrial production of 2-propanol by hydrogenating acetone, the reaction mixture will
contain 30% of water and large amounts of energy @are required 10 to separate 2-propanol therefrom,
causing incr%ased costs and economic problems. JP-A-S62-012729 (Patent Document 12 describes

that impufifics Bfe raBGc& Yy a8Gitior BFwale? ifthethy ety ehation “of HeBfohat FR& afount of water

is defined as water content 15 in the reaction system. However, the working example and

comparati?e BXERDIES in tHiS Batet dd Qe &inStahtiHiye disclose a water content in the reaction
system of 0. 3 wt % alone. Further, the process according to Patent Document 1 requires that at least
0.5 wt% of 38&tdhe should remain unreacted. The 20 reaction efficiency should therefore be
improved. 10010] JP-A-2001-039910 (Patent Document 2) describes that impurities are reduced by
adding water to acEtohE: 1 Abtdi> PERERTDbChRRAPZ Bisdiosesthst acsténe having & 965 small 4

water content is hydrogenated. In more detail, the patent document describes that acetone with a
waterconfertdtfgetes the hydrogenation and the yield of 2-propanol is

increased to 88.7%. When this teaching to increase the
Z2-propanocl yield is practiced in the industrial production of
2-propanol by hydrogenating acetone, the reaction mixture will
contain 30% of water and large amounts of energy are reguired

10 to separate 2-propanol therefrom, causing increased costs and
economic problems.

JpP~A-3562-012729 (Patent Document 1) describes that
impurities are reduced by addition of water in the hydrogenaticn
of acetone. The amount of water is defined as water content

15 in the reaction system. However, the working example and
comparative examples in this patent docuﬁent substantially
disclose a water content in the reaction systemof 0.3 wt% alone.
Further, the process according to Patent Document 1 requires
that at least 0.5 wt% of acetone should remain unreacted. The

20  reaction efficiency should therefore be improved.

[0010]

JP-A-2001-039910 (Patent Document 2) describes that

impurities are reduced by adding water to acetone. In detail,

Patent Document 2 discloses that acetone having a very small



more than 1.0% by mass is hydrogenated to isopropanol. The working examples in Patent Document
2 do not disclose any water 5 contents. Patent Document 1: JP-A-S62-012729 Patent Document 2:
JP-A-2001-039910 Nonpatent Document 1: Kogyo Kagaku Zasshi (Industrial 10 Chemical Magazine),
Vol. 54, Book 1, p. 27 (1951) SUMMARY OF THE INVENTION [0011] Processes have been hitherto
proposed as above in which 15 acetone is hydrogenated to 2-propanol in the presence of water.
However, it water CBAEATS in $hé 4RTeS5T précessed Bamior Sadifidvela suffienPrei&rst impurity
reduction. [0012] The present invention has been made in view of the problems 20 in the art as
described ABOVE LS thérefdre Aifobjed of 3h8 fmftiéH to prdvitR it scésses 9artpraduding
2-propanol with higher purity than heretofore possible while suppressing the by-production of
impurities {05 £3]"5! he préSet invehicrs StudidddifiGéritsy 6 ackieve Hwr abeactject. They have

then found that the conventional problems in the art can be solved when a raw material mixture that
is reacted ‘EoRtanSashatific afdint 6fwaferPFRement 2 do not disclose any water

5 contents,

Patent Document 1: JP-A-562-012729
Patent Document 2: JP-A-2001-039910
Nonpatent Document 1: Kogyo Kagaku Zasshi {(Industrial

10 Chemical Magazine), Vol. 54, Book 1, p. 27 (1951)

SUMMARY OF THE INVENTION
001173
Processes have been hitherto proposgsed as abcove in which
15 acetcne is hydrogenated to 2-propancl in the presence of water.
However, the water contents in the aforesaid processes cannot
achieve a sufficient level of impurity reduction.
[0012]
The present invention has beenmade inview of the problems
20 in the art as described above. It is therefore an object of
the invention to provide processes for producing 2-propanol
with higher purity than heretofore possible while suppressing
the by-production of impurities.

[0013]



5 present invention has been completed based on the finding. [0014] The present invention is
concerned with the following (1) to (7). [0015] 10 (1) A process for producing 2-propanol by reacting
acetone with hydrogen in the presence of a hydrogenation catalyst, wherein the process comprises
reacting a raw material mixture comprising water ahd acetone, with hydrogen in the presence of a
hydrogenation catalyst, and the raw material 15 mixtyre contains water at 1.2 to 4.0 wt% based on 100
W% of the total of e WETEI-AN the ASRIOHES (0161 (2) THe probess fof frodaGing 22sopanol as
described in %) above, wherein the hydrogenation catalyst is a Raney 20 catalyst. [0017] (3) The
process fér Broducing 5 propancisé dé%zﬁbetd‘ﬁm“(z‘i %B%%,Wgreﬁﬂﬁe FHhEY Catdlyst is at least
one Raney catalyst selected from the group consistingaof Raney nickel 6 catalysts and Raney cobalt

catalysts. HELSAF ThE (ro€edS for prodiding 2-pr60andI SR deddiBdanh SamPdnd bF @yt (3)

above, wherein the raw material mixture o
hat 1s reacted contains a specific amount of water. The

5 present invention has been completed based on the finding.

(6014}
The present invention is concerned with the following (1)
to ({7)
[0015]
10 (1) A process for producing Z-propanol by reacting

acetone with hydrogen in the presence of a hydrogenation
catalyst, wherein the process comprises reacting a rawmaterial
mixture comprising water and acetone, with hydrogen in the
presence of a hydrogenation catalyst, and the raw material
15 mixture contains water at 1.2 to 4.0 wt$ based on 100 wt% of
the total of the water and the acetone.
[0016]
{(2) The process for producing Z2-propanol as described in
(1} above, wherein the hydrogenation catalyst is a Raney
20 catalyst.
[COL7]
{3} The process for producing 2-propanol as described in

{2) above, wherein the Raney catalyst is at least one Raney

catalyst selected from the group consisting of Raney nickel



5 contains water at 1.2 to 2.5 wt % based on 100 wt % of the total of the water and the acetone.
[0019] (5) The process for producing 2-propanol as described in (2) or (3) above, wherein the
2-propanol produced by the 10 reaction contains not more than 10 ppm of 4-methyl-2-pentanol and
not more than 100 ppm of 2-methylpentane-2,4-diof. [0020] (6) The process for producing 2-propanol

as described in %2% %3) oréS%Dtabove, wherein the reaction is performed under 15 conditions such that
the obtainaBle™2-Bropandi Cortans fesS than 0.5 Widh of Uinteacted acetone. [0021] (7) The process

for producing.2-propanol as described in (1) above, wherein the hydrogenation catalyst is a solid 20
catalyst co[nn(?&il'nﬁujg copper oxide-zinc oxide. ADVANTAGEOUS EFFECTS OF THE INVENTION
[0022] In the processes for producing 2-propanol according to 7 the present invention, acetone and
hydrogen are reactéd in e Pprasice 6P Maragenatigncatiy&t 2Mthet FEBES 1HE HY-bFoduction
of impurities is suppressed by allowing a_specific amount of water to coexist with the acetone. The 5
2-propandt BBt&iRbIe by'the procésd ofthevifvertiohitiashighe raw material mixture

5 contains water at 1.2 to 2.5 wt% based on 100 wt% of the total
of the water and the acetone.
[0019]
(5} The process for producing 2-propanol as described in
(2) or (3) above, wherein the 2-propanol produced by the
10 reaction contains not more than 10 ppm of 4-methyl-2-pentanol
and not more than 100 ppm of 2-methylpentane-2,4-diol.
(00207
{6} The process for producing 2-propancl as described in

(2}, {3) or {5) above, wherein the reaction is performed under

3......!
un

cenditions such that the obtainable Z2Z-propancl contains less
than 0.5 wt% of unreacted acetone.
[0021]

(7} The process for producing Z2-propanol as described in
{1} above, wherein the hydrogenaticn catalyst is a solid

20 catalyst containing copper oxide-zinc oxide.

ADVANTAGEQOUS EFFECTS OF THE INVENTION

(00221

In the processes for producing Z-preopanol according to



purity with small contents of impurities such as 4-methyl-2-pentanol and 2-methylpentane-2,4-diol.
BRIEF DESCRIPTION OF THE DRAWING 10 [0023] Fig. 1 is a flow chart showing an embodiment of
a production apparatus used in the present invention. 0024] 1 Reactor 15 2 .. Fixed catalyst layer 3 -
Route for supplying raw material mixture 4 . Supply pump 5 Gas-liquid separator 6 Liquid feed pump
20 7 Circulation route 8 Hydrogen supply route 9, 10, 14, 19, 22, 25 . Route 11 . Inlet of reactor 1 12
Inlet of reactor 8 5% Oadel OF redetor £ o5 V721 RdaY 8x et “ T6 7 54 CtrorvallE 18

Deaeration tank 5 20 Filter 23 Hydrogen circulator
presence ©f a hydroggznation catalyst. In the process, the

by-production of impurities is suppressed by zllowing a
specific amount of water to coexist with the acetone. Thae

5 Z-propancl obtainable by the process of the invention has high
purity with small contents of impurities such as

d-methyl~2-pentancl and Z-methylipentane-2,4-diocl.

BRIEF DESCRIPTION CGF THE DRAWING
10 [C023]
Fig. 1 is a flow chart showing an embodiment of a

production apparatus used in the present invention.

[0024]

1 -++ Reactor

15 2 -+ Pixed catalyst laver
3 +++ Route for supplying raw material mixture
4 -+ Supply pump
5 -+ Gas-ligquid separator
& +-+ Liguid feed pump

20 7 -+ Circulation route
8 Hydrogen supply route
9, 16, 14, 18, 22, 25 --+ Route
11 -+ Inlet of reactor 1

12 -+ Inlet of reactor 1



26 Gas discharge control valve 27 Pressure control valve 28 Hydrogen 10 PREFERRED
EMBODIMENTS FOR CARRYING OUT THE INVENTION [0025} The present invention will be
described in detail below. [0026] 15 In a process for producing 2-propanol according to the invention,
acetone is reacted with hydrogen in the presence @f a hydrogenation catalyst to give 2-propanol. In
performing the reaction, a raw material mixture containing water and acetone is reacted with
hydrogen in the presence of 4 2bHydrdgerfafion Satatyst. The raw material mixture contains water at
1.2 to 4.0 wt% based on 100 wt% of the total of the water and the acetone. [0027; In the invention, the
reaction is usually'Carried outih 9 2’ reagfdt cEREMMEARE hydrogenation catalyst. The 2-propanol
produced by the reaction contains by-products described later and unreacted acetone, and the
product is accordirfly étheiwise v&fekredto a8 thesliquid reaction 5 mixture hereinbelow. After the

reaction, the liquid reaction mixture is collected from the reactor together with a gaseous
18 - Deaeration tank

5 20 .-+ Filter
23 -+ Hydrogen circulator
26 +-- Gas discharge control valve
27 -+« Pressure control valve
28 +++ Hydrogen
10

PREFERRED EMBODIMENTS FOR CARRYING QUT THE INVENTION
(00251

The present inventicn will be described in detail below.
[0026]

15 In a process for producing 2-propanocl according to the
invention, acetone is reacted with hydrogen in the presence
of a hydrogenation catalyst to give Z-propancl. In performing
the reaction, a raw material mixture containing water and
acetone 1s reacted with hydrogen in the presence of a

20  hydrogenation catalyst. The raw material mixture contains
water at 1.2 to 4.0 wt% based on 100 wt% of the total of the
water and the acetone.

[G027]

In the invention, the reaction is usually carried out in



reaction mixture based on unreacted hydrogen. The liquid reaction mixture and the gaseous reaction
mixture are also collectively referred to as the reaction mixture hereinbelow. 10 [0028] The
hydrogenation catalysts used in the invention are not particularly limited. There may be generally used
solid catalysts containing metal elements such as Ba, Co, Cr, Cu, Fe, Mn, Ni, Pd, Pt, Zn, Zr, Ru and
Rh. The metal elements may 15 be used in the form of, for example, metallic elemental substances,
alloys, metal’oxitfes of nietal-ehiardes. Btfer Kiidrogéition tatdlysts ‘préferably Faney catalysts,
may be used. The hydrogenation catalysts may be used singly, or two or more kinds may be used in
combinati6n P20 26) Pretéired fifbtdllic SBfMehe SHBStaN R ESthB Shyifogeation (catalysts
include Ni, Co, Cu, Fe, Pd, Pt, Ruand Rh. [0030] 10 From the viewpoint of reaction yield, preferred
metal oxidE3HsthE Bjdroyefiaticn EatalyssiRciEde £66% J0031] ytRogertation tatalyst may be
a mixture of metallic 5 elemental substances, a mixture of a metallic elemental substance and a
memuoﬂdﬁ?ﬁ?ﬁ%&@@éﬂw@ﬁﬂ%&ﬂﬁ%?oﬁ@ferfed to as the liguid reaction

5 mixture hereinbelow. After the reaction, the liguid reaction
mixture is collected from the reactor together with a gaseous
reaction mixture based on unreacted hydrogen. The liquid
reactlion mixture and the gaseous reaction mixture are also
cocllectively referred to as the reaction mixture hereinbelow.

1c [ooz2sgl
The hydrogenation catalysts used in the invention are not
particularly limited. There may be generally used solid
catalysts containing metal elements such as Ba, Co, Cr, Cu,
Fe, Mn, Ni, Pd, Pt, Zn, Zr, Ru and Rh. The metal elements may
15 be used in the form of, for example, metailic alemental
substances, alloys, metal oxides or metal chlorides. Other
hydrogenation catalysts, preferably Raney catalysts, may be
used. The hydrogenation catalysts may be used singly, or two
or more kinds may be used in combination.
20 [0029]
Preferred metallic elemental substances as the
hydrogenation catalysts include Ni, Co, Cu, Fe, Pd, Pt, Ru and
Rh.

(00307



mixed metal oxide. [0032] Examples of the hydrogenation catalysts for use in the 10 invention include
copper-chromium catalysts such as CuO-Cr203-BaO and CuO-Cr203-BaO-MnO, copper-zinc
catalysts such as CuO-ZnO, zinc-chromium catalysts such as ZnO-Cr203, palladium-chromium
catalysts such as Pd-Cr203, cobalt-zirconium catalysts such as Coo-Zr02, nickel-zirconium 15
catalysts such as Ni-Zr02, and nickel-magnesium catalysts such as Ni-MgO. From the viewpoint of

£

reaction yield, the” E8Bperichrdmitith Catalysts: tHee@dpper2iné catdlysts the *Cotiait-ZitbAium
catalysts and the nickel-zirconium catalysts are preferred. Of the copper-zinc catalysts, copper 20
oxide-zinC&xitlé TR ZhBFs Préterbid Eromth& Siethpdints of REletiity-t% reaction temperature

of 140C or above and economic heat recovery, a preferred hydrogenation catalyst in the invention is
a solid cat%@;%% %éntaining copper oxide-zinc oxide. 11 [0033] The hydrogenation catalysts may be
supported on carriers such as activated carbon, Si02, A1203, BaS04, Ti02, Zr02, MgO, Th02 and
diatomaceous earth - Fror AR P EIAToFECchorTE FefficRéhdy, Fed<dbiecarriets afe preferable.
[OOSAé]

elemental substances, a mixture of a metallic elemental
substance and a metal oxlde, a mixture of metal oxldes, or a
mixed metal oxide.
[0032]
Examples of the hydrogenation catalysts for use in the
10 invention include copper-chromium catalysts such as
Cul~Cr,;03-Ba0 and CuO-Cr03-BaG-Mn0, copper-zinc catalysts
such as Cul-Zn0, zinc-chromium catalysts such as Zn0-Cr:0s,
palladiuvum-chromium catalysts such as Pd-Cr:0s,
cobalt=-zirconium catalysts such as Co0-2r0;z, nickel-zirconium
15 catalysts such as Ni-2r0:, and nickel-magnesium catalysts such
as Ni-MgO. From the viewpolint c¢f reacticn yield, the
copper-chromium catalysts, the copper-zinc catalysts, the
cobalt-zirconium catalysts and the nickel-zirconium catalysts
are preferred. O0f the copper~zinc catalysts, copper
20  oxide-zinc oxide Cul-ZnC is preferable. From the viewpoints
of selectivity at a reaction temperature of 140°C or above and
economic heat recovery, a preferred hydrogenation catalyst in
the invention is a solid catalyst containing copper oxide-zinc

oxide.



in a particularly preferred embodiment in view of reaction yield, a Raney catalyst is used as the
hydrogenation catalyst in the reaction. 10 [0035] 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.,
nickel, cobalt, copper or iron, with a metal which ig soluble in alkali or acid, e.g., 15 aluminum, silicon,
zinc or magnesium, and thereafter dissolving the alkali- or acid-soluble metal from the alloy. [0036]
Examples 1 e’ ﬁ?aney catalysts include Raney nickel catalysts, Raney cobalt catalysts, Raney
copper catalysts and 20 Raney iron catalysts. From the viewpoint of reaction yield, it is preferable to
use at least one RanBY CHtAIFst¥Rfdetet) frdrhRateyhieRel Etafysibadd Rarey ectafticatalysts.
0037] The Raney nickel, Raney cobalt, Raney copper and Raney 12 iron are Raney catalysts in which
the metalliZ o pFosifioht iisdhte Arar8y soldbie)n Atkalior dtid e theldlfoyr is? based¥nthickel,
cobalt, copper or iron, respectively. [0038] 5 In the present invention, the raw material mixture
containinglWaterddid abetdres feactsd dathtiydrogénin thee viewpoint of economic

5 efficiency, reusable carriers are preferable.
[0634]

In a particularly preferred embodiment in view of
reaction yield, a Raney catalyst is used as the hydrogenatiocn
catalyst in the reactiocn.

10 [0035]

The Raney catalysts in the invention are metal catalysts
that are ocbtained by alloying a metal which is insoluble (hardly
soluble} in alkali or acid, e.g., nickel, cobalt, coﬁéer or
iron, with a metal which is soluble in alkali or acid, e.qg.,

15 aluminum, silicon, zinc or magnesium, and thereafter
dissolving the alkali- or acid-soluble metal from the alloy.
[0036]

Examples of the Raney catalysts include Raney nickel

catalysts, Raney cobalt catalysts, Raney copper catalysts and

20  Raney iron catalysts. From the viewpoint of reacticn yield,
it is preferable to use at least one Raney catalyst selected
from Raney nickel catalysts and Raney cobalt catalysts.
[C037] |

The Raney nickel, Raney cobalt, Raney copper and Raney



presence of the hydrogenation catalyst such as the Raney catalyst to give 2-propanol. The raw
material mixture may be composed of water and acetone or may further contain a solvent. 10 [0039]
Examples of the solvents include alcohols such as methanol, ethanol and 2-propanol; glycols such as
ethylene glycol, propylene glycol and diethylene glycol; ethers such as diisopropyl ether, dibutyl
ether, ethylene glycol dimethyl 15 ether, diglyme and triglyme; aprotic polar solvents such as
dimethylforfafnide, dlimethylacetmide sacetonitriidand: diiethyistlidxide: arritR@itddatibons such as
hexane, heptane, cyclohexane and cyclopentane. When the raw material mixture contains these
solvents, 2-pFspabol s preferable beeause it 20%s net fieécessary oTermove the sohkhbiyormsthe liquid
reaction mixture. [0040] In the process of the invention, the total amount of acetone and water is
usually in e fgeof 9536400 pafsa Bt by wsight andpréferably 97 10400 iparts by weight based
on 100 parts by weight of the raw material mixture. [0041] In the invention, the raw material mixture
contains wateés &lat 1. 2 to 4. 0 wt%, preferably 1 . 2 to 2. 5 wt%, and more preferably 1.3 to 2. 3 wt

% based on 100 wt% of the total of water and acetone.
5 In the present invention, the raw material mixture

containing water and acetone 1s reacted with hydrogen in the

presence of the hydrogenation catalyst such as the Raney

catalyst to give Z-propanol. The raw material mixture may be

composed of water and acetone or may further contain a solvent.
10 [0039]

Examples ¢f the solvents include alcohols such as
methanol, ethanol and 2-propancl; glycols such as ethylene
gljcol,.propylene glycol and diethylene glycol; ethers such
as diisopropyl ether, dibutyl ether, ethylene glycol dimethyl

15  ether, diglyme and triglyme; aprotic polar solvents such as
dimethylformamide, dimethylacetamide, acetonitrile and
dimethylsulfoxide; and hydrocarbons such as hexane, heptane,
cyclohexane and cyclopentane. When the raw material mixture
contains these solvents, 2-prcpancl is preferable because it

20  1s not necessary to remove the solvent from the liquid reaction
mixture.

[0040]
In the process of the inventiocn, the total amcunt of

acetone and water 1s usually in the range of 95 to 100 parts



The amount of water in the raw material mixture based on 100 wt% of water and acetone combined is
also referred to as the water content. 10 [0042) If the water content is in excess of the above range,
large amounts of energy and great costs tend to be required to purify the liquid reaction mixture
containing 2-propanol to prepare water-free, high-purity 2-propanol. 15 [0043] If the water content is
below the above range, larger amounts of impurities such as 4-methyl-2-pentanol (MIBC) and
2-methylp&atarig-24-diol {HG ) rasd phebdly, [0044]020 AeeroretsUaily contdins wates dscan impurity,
and therefore the amount of water originally contained as impurity is determined beforehand in the
present invénitiona Theé tdtsl adioiint obwaten eriginallyrpreseritandwvaten additionally added to the
raw material mixture represents the amount of water based 14 on 100 wt% of water and acetone
combined.[ §d045E] The raw material mixture may be prepared by mixing acetone and water in
advance and the mixture may be supplied to a reactor 5 containing the hydrogenation catalyst.
Alternatively, aceténetare watermaybe Supplieatore reactar lseparatehrandntains water
5 atl.2ix>4.0wt%,preferablyl.Z%va.Swt%,andmorepreferably

1.3to 2.3 wt% basedon 100 wt% of the total of water and acetone.

The amount of water in the raw material mixture based on 100

wt% of water and acetone combined is alsc referred to as the

water content.

i0 100427

If thewater content is in excess of the above range, large
amounts of energy and great costs tend to be reguired to purify
the liguid reaction mixture containing 2-propanol to prepare
water—-free, high-purity Z-propanol.

15 [(0043]

If the water content is below the above range, larger
amounts of impurities such as 4-methyl-2-pentanol (MIBC) and
Z-methylpentane-2,4-diocl (HG) tend to result.

[G044]

20 Acetone usually contains water as an impurity, and
therefore the amount of water originally contained as impurity
is determined beforehand in the present invention. The total

amount of water originally present and water additionally added

to the rawmaterial mixture represents the amount of water based



mixed together in the reactor. [0046] In the invention, the reaction of acetone with hydrogen 10 is
usually performed at a reaction temperature of 40 to 200C. [0047] When the reaction of acetone with
hydrogen is catalyzed by the Raney catalyst, the reaction temperature is usually in the range of 40 to
160C, preferably 50 to 150C, and more 15 preferally 65 to 130C. [0048] When the hydrogenation
catalyst is a sqlid catalyst éontaining copﬁgaer oxide-zinc oxide, the reaction of acetone with water is

preferably performed at a realfior tenfietatifs 2015t 1666 186€ : [0049] The above reaction

temperatlg%% %r%jure that the amounts of by-products such as diisopropyl ether, propane, ethane and
methane aré simall. 15 [0050] If the reaction temperature is below the above range, the reaction rate

is lowered and the reaction often requires an extremel)é long reaction time to achieve a high yield of 5
21xopanm.[005ﬁ e rawmaterial mixture may be prepared by mixing acetone

and water in advance and the mixture may be supplied to a reactor
5 containing the hydrogenation catalyst. Alternatively,

acetone and water may be supplied to a reactor separately and

mixed together in the reactor.

[6046)]

In the invention, the reaction of acetone with hydrogen

10 is usually performed at a reaction temperature of 40 to 200°C.

[0047]

When the reaction of acetone with hydrogen is catalyzed
by ﬁhe Rahey catalyst, the reaction temperature is usually in
the range of 40 to 160°C, preferably 50 to 150°C, and more

15 preferably 65 to 130°C.
[0048]

When the hydrogenation catalyst is a solid catalyst
containing copper oxide-zinc oxide, the reaction of acstone
with water is preferably performed at a reaction temperature

20 of 100 to 160°C.
[0049]

The above reaction temperatures ensure that the amounts

of by-products such as diisopropyl ether, propane, ethane and

methane are small.



To increase the yield of 2-propanol and protect the reactor, the reaction of acetone with hydrogen is
generally carried out at a reaction pressure of 0. 5 to 4. 0 MPaG, preferably 10 0.7 to 3.0 MPaG, and
more preferably 0.8 to 2.5 MPaG. [0052] The reaction of acetone with hydrogen may be performed
by a process such as a batch process or a flow pracess. In the case of a flow process, unreacted
acetone may be recycled to 15 the reaction system. [0053] When the Raney catalyst is used as the
hydrogena{t oh gétalyst, the liquid reaction mixture containing 2-propanol preferably contains
4-methyl-2-pentanol at not more than 10 20 ppm and 2-methylpentane-2,4-diol at not more than 100
ppm, and more preferatsly Ghtding 4-methyt-55entandivatiiot Hord thar Bsprr&ad - the
2-methylpentane-2,4-diol at not more than 70 ppm.t"%‘0054] When the Raney catalyst is used as the

hydrogendtichie- Catalyst Sthe TeactithrGichcaithe ith Rydtegerris préferanly Ssetiorfedadhder
conditions such that the amount of unreacted acetone in the reaction is 'Less than 0.5 wt%. [0055] 5

In the invéhifioR S8 $MmalléPamotREst uhféactéd Bcdtoné 48 AfoYE preférabie. Theleweilimit thereof is

not
5 2-propanol.

[0051]

To increase the yield of Z-propancl and protect the
reacteor, the reaction of acetone with hydrogen is generally
carriedout at a reactionpressure of 0.5 te 4.0 MPaG, preferably

10 0.7 to 3.0 MPaG, and more preferably 0.8 to 2.5 MPaG.
[0052]

The reaction of acetone with hydrogen may be performed
by a process such as a batch process or a flow process. In the
case of a flow process, unreacted acetone may be recycled to

15  the reaction system.
[0053]

When the Raney catalyst is used as the hydrogenation
catalyst, the liguid reaction mixture containing Z-propanol
preferably contains 4-methyl-Z-pentanocl at not more than 10

20  ppm and 2-methylpentane-2,4-diol at not more than 100 ppm, and
more preferably contains 4-methyl-Z-pentancl at not more than
8 ppm and 2wmethylpentane~2,4—diol at not more than 70 ppm.
[(0054]

When the Raney catalyst is used as the hydrogenation



particularly limited. The amount of unreacted acetone is usually 0.1 wt% or more. [0056] 10 The
amount of unreacted acetone represents the content of acetone in 100 wt% of the liquid reaction
mixture containing 2-propanol which is discharged from the reactor. The above amount of unreacted
acetone may be obtained by performing the reactiof at the reaction temperature and pressure as
described 15 above while appropriately controlling, for example, the reaction time. %0057 In the case
of the reaSfiorfinliquid Phass by & Batcht préee §,”tﬁe%§§ti5ﬁ’ fmedRdy be dsualy hbbat'10
minutes to 20 2 hours. [0058] When the acetone conversion is low with 0.5 wt% or more unreacted

acetone, [BRE aMBGTts OF SRErGP AT §redtt Bosts tend 16 be TRGUBE 10 Sefaratd 46 6hE Free,

high-purity 17 2-propanol from the liquid reaction mixture. [0059] In the case of a batch process, the

-

amounts Gf&efiMe, hydrdten @i theHydrégeraficn aalysPmay besuch that the 5 amount of the
hydrogenation catalyst is usually 1 to 30 parts by weight based on 100 parts by weight of acetone, and
the amourit’ 0531

5 In the inventiocon, a smaller amount of unreacted acetone
is more preferable. The lower limit thereof 1s not
particularly limited. The amount of unreacted acetone is
usually 0.1 wt% or more.

[005¢]

16 The amount of unreacted acetone represents the content
of acetone in 100 wt% of the liguid reaction mixture containing
2-propancl which is discharged from the reactor. The above
amount of unreacted acetone may be obtained by performing the
reacﬁion at the reaction temperature and pressure as described

15 above while appropriately controlling, for example, the
reaction time.

[0C57]
In the case of the reaction in a liguid phase by a batch
process, the reaction time may be usually about 10 minutes to

20 2 hours.

[0058]
When the acetone conversion is low with 0.5 wt% or more
unreacted acetone, large amounts of energy and great costs tend

to be reguired to separate acetone~free, high~purity



of hydrogen is usually in the range of 0.8 to 10 mol per 1 mol of acetone. [0060] 10 When the
reaction of acetone with hydrogen is performed by a flow process according to the invention, the raw
material mixture has a water content in the aforementioned range and the reaction is catalyzed by the
hydrogenation catalyst, and other reaction conditians maybe as described in Japanese Patent 15 No.
2834495. [0061] An embaodiment of the invention will be described with reference to a flow chart (Fig.
1) showiné AN SRESHImMeht O a PrEductiBn ‘dpparafistdssy M tFéE Present invention. 20 [00621 In Fig.
1, the numeral 1 indicates a reactor, the numeral 2 indicates a fixed catalyst layer formed of the
hydrogenaftf%){ﬁ5 %&talyst that is provided in the reactor 1, the numeral 3 indicates a route for supplying
the raw material mixture 18 containing acetone and water, the numeral 4 indicates a pump for
supplying the raw tRaterigl Mddare the miieral & ineiatess a ges-fgid separaforwRieR s@parates the
reaction mixture to a gas and a 'liquid, the numeral 6 indicates a liquid feed 5 pump, and the numeral
7 indicate§ Achedrafion Fouteltfirdught WhtchesarPot the Tiguid T6abtioh Rixtarcsepdratedtiidhe

5 amount of the hydrogenation catalyst is usually 1 to 320 parts
by weight based on 100 parts by weight of acetone, and the amount
of hydrogen is usually in the range of 0.8 to 10 mel per 1 mol
of acetone.

(00801
10 When the reaction of acetone with hydrogen is performed
by a flow process according to the invention, the raw material
mixture has a water content in the aforementioned range and
the reaction is catalyzed by the hydrogenation catalyst, and
other reaction conditions may be as described in Japanese Patent
15 ©No. 2834495,
[0061]
An embodiment of the invention will be described with
reference to a flow chart (Fig. 1) showing an embodiment of
a production apparatus used in the present invention.
20 [0062]
In Fig. 1, the numeral 1 indicates a reactor, the numeral
2 indicates a fixed catalyst layer formed of the hydrogenation
catalyst that is provided in the reactor 1, the numeral 3

indicates a route for supplving the raw material mixture



gas-liquid separator 5 is circulated to the reactor. [0063] In the apparatus, the raw material mixture
containing 10 acetone and water is pumped with the supply pump 4 through the supply route 3 and
merges with the liquid reaction mixture circulated from the gas-liquid separator 5 to the reactor 1
through the circulation route 7, and is supplied intg the reactor 1 through an inlet 11 of the reactor 15
[0064] Separately, hydrogen is supplied through a hydrogen supply route 8 into the reactor 1 from an
inlet 12 oftAe téactor 4. F00B5P 20 FRE hjdloten, thesanmaterial rixirélardthe lkyuikFeaction
mixture circulated from the gas-liquid separator 5 are supplied into the reactor 1 and advance in the
reactor 1 &hil, et tiee fixed cafaly stelayer 2 cacetdnd bnd hydrogéreraastetogethet tolgive 2epropanol.
The reaction mixture containing 19 2-propanol is discharged from an outlet 13 of the reactor 1 and is
fed to the }yaSaiguid-sepefatdf BaHrdtgh aroie9. SEIP66EIhdke Yhs-ligeidseparator s, the #eaction
mixture is 5 separated to a liquid reaction mixture and a hydrogen-based gaseous reaction mixture.
Part of thé fiq@id¥eactiorimixtarequid, the numeral 6 indicates a liquid feed
> pump, and the numeral 7 indicates a circulation route through
which part of the liguid reaction mixture separated in the
gas-liguid separator 5 is circulated to the reactor.
[0063]
In the apparatus, the raw material mixture containing
10 acetone and water 1s pumped with the supply pump 4 through the
supply route 3 and merges with the liquid reaction mixture
circulated from the gas-liguid separator 5 to the reactor 1
through the circulation route 7, and is supplied into the
reactor 1 through an inlet 11 of the reactor 1.
15 [0064]
Separately, hydrogen is supplied through a hydrogen
supply route 8 into the reactor 1 froman inlet 12 of the reactor
1.
[0065]
20 The hydrogen, the raw material mixture and the liquid
reaction mixture circulated from the gas-liquid separator 5
are supplied into the reactor 1 and advance in the reactor 1

and, at the fixed catalyst layer 2, acetone and hydrogen react

together to give Z2-propancl. The reaction mixture containing



is withdrawn and is pumped with the liquid feed pump 6 to a heat exchanger 15 and cooled therein.
The liquid reaction mixture that has been withdrawn is then circulated to the 10 reactor 1 through the
circulation route 7. [0067] The amount of the liquid reaction mixture that is withdrawn is controlled with
a control valve 16. The remaining part of the liquid geaction mixture is fed through a route 10 15 to a
heat exchanger 17 and cooled therein, and is deaerated in a deaeration tank 18, purified with a filter
20 via a route *EP aRE Colfettéth 45 8 FEE&dnIHBRuANTRE §asdous Teadtion miktercthatislseparated
in the gas-liquid separator 5 is fed to a heat exchanger 21 through a route 14 and cooled therein 20 to
condense®Ré ligdid r&&ctioh rixturé Edntatettih tR€ gagedus: ri\cﬁﬁﬁ Prigiure THefgRidPreaction
mixture condensed is fed to the deaeration tank 18 through a control valve 24 and is deaerated
together V\ﬁiﬁwotﬁélliquid reaction mixture supplied through the route 10. 20 [0068] After the liquid
reaction mixture is removed from the gaseous reaction mixture in the heat exchanger 21, part of the
gaseous reaction hilxttFe isdéireulatstias asGiculaid P Kydrogeh ® gaao bllydrogert sitculator 23

through a route 22 and is supplied back to the hydrogen supply route 8. The circulated
separated to a ligquid reaction mixture and a hydrogen-based

gaseous reaction mixture. Part of the liquid reaction mixture

is withdrawn and is pumped with the liquid feed pump 6 to a

heat exchanger 15 and cooled therein. The liquid reaction

mixture that has been withdrawn i1s then circulated to the
10 reactor 1 through the circulation route 7.

[0067]

The amount of the liguid reaction mixture that is
withdrawn is contrelled with a control valve 16. The remaining
part of the liquid reaction mixture is fed through a route 10

15 To a heat exchanger 17 and cooled therein, and 1s deaerated
in a deaeration tank 18, purified with a filter 20 via a route
19 and collected as a reaction product. The gaseous reaction
mixture that is separated in the gas-liguid separator 5 is fed
to a heat exchanger 21 through a route 14 and cooled therein
20 to condense the liguid reactionmixture contained in the gaseous
reactlonmixture. The liguidreactionmixture condensed is fed
to the deaeraticn tank 18 fhrough a control valve 24 and is
deaerated together with the liquid reacticn mixture supplied

through the route 10.



hydrogen gas is then mixed with an amount of fresh hydrogen 28 which compensates for the
hydrogen consumed in the reaction, and is supplied therewith into the reactor 1 through the inlet 10
12. [0069] The remaining part of the gaseous reaction mixture discharged from the heat exchanger 21
is withdrawn to the deaeration tank 18 through a pressure control valve 27. 15 [0070] In the
deaeration tank 18, the liquid reaction mixture supplied through the route 10 and the liquid reaction
mixture cofdised in the heat exchanger 21 and supplied through the control valve 24 are
deaerated. The gaseous mixture released 20 from these mixtures and the gaseous mixture withdrawn
through the presstifé 88ntFol alve 27 Srecoliectively didcharged oitsidatiéaeadtichitsystém through
a route 25 and a gas discharge control valve 26. [0071] 21 The amount of the discharge gas
withdrawrCthFot i the e tdischarge esrtol valve 26isTorrofiéd agproptiatelysotthal ameimpurity
gases other than hydrogen will not accumulate in the circulated hydrogen gas. The hydrogen purity in
the 5 circul&ated hydrogat§asis norparticulary imited blitis preferabirnctdéssitharigo awi%. To

ensure this hydrogen
5 gas to a hydrogen circulator 23 through a route 22 and is

supplied back to the hydrogen supply route 8. The circulated

hydrogen gas is then mixed with an amcunt of fresh hydrogen

28 which compensates for the hydrogen consumed in the reaction,

and is supplied therewith into the reactor 1 through the inlet
10 1z2.

[0069]

The remaining part of the gaseous reactiocon mixture
discharged from the heat exchanger 21 is withdrawn to the
deaeration tank 18 through a pressure control valve 27.

15 (60707

In the deaeration tank 18, the liguid reaction mixture
supplied through the route 10 and the liguid reaction mixture
condensed in the heat exchanger 21 and supplied through the
control valve 24 are deaerated. The gaseous mixture released

20 from these mixtures and the gaseous mixture withdrawn through
the pressure contrcl wvalve 27 are collectively discharged
outside the reaction system through a route 25 and a gas
discharge control valve 26.

{0071}



purity, the raw material hydrogen gas supplied as hydrogen 28 preferably has a hydrogen purity of not
less than 99.5 mol%. If the hydrogen purity of the raw material hydrogen gas is 10 excessively low, a
larger amount of the discharge gas should be withdrawn through the gas discharge control valve 26 to
make sure that the hydrogen purity in the circulated hydrogen gas is not less than 90 mol%, causing
economic disadvantages. [0072] 15 The pressure control valve indicated with the numeral 27 permits
pressure control By’diseRargitg part BEHE GRUTAET AYdrdben GHsTHBretArSUYR” THeSoFiTof the
reactor 1 is not_particularly limited and may be a tank, a tube or a column. The gas-liquid separator 5
is not parficutaRAliAited and Zhy 76 ;:L.é’ﬁ"a% ors comAidrly LEEW TR TSR hE B Spparatus by be used.
The supply pump 4, the liquid feed pump 6, the heat exchangers 15, 17 and 21 and the deaeration
tank 18 afe ot Farticutarty It J0673] 227 The Bpparats uskd in td-irvehtioh isidt patticularly
limited to the apparatus illustrated in Fig. 1 and various modifications may be made thereto. in the
apparatus-§ifovin-irC Rite 1 e the radrmdtetiaPiikture cohtainfg a@tond and Part's &ftfe liquid

reaction mixture withdrawn from the gas-liquid separator and circulated to the reactor merge with
eachbothefirculated hydrogen gas is not particularly limited but 1is

preferably not less than 90 mol%. To ensure this hydrogen
purity, the raw material hydrogen gas supplied as hydrogen 28
preferably has a hydrogen purity of not less than 9%2.5 mol%.
If the hydrogen purity of the raw material hydrogen gas 1is

10 excessively low, a larger amount of the discharge gas should
be withdrawn through the gas discharge contreol valve 26 to make
sure that the hydrogen purity in the circulated hydrogen gas
is not less than 90 mol%, causing economic disadvantages.
[0072]

i The pressure control valve indicated with the numeral 27
permits pressure control by discharging part of the circulated
hydrogen gas therethrough. The form of the reactor 1 is not
particularly limited and may be a tank, a tube cr a column.
The gas-liquid separator 5 is not particularly limited and any

20 separators commonly used in this type of apparatus may be used.
The supply pump 4, the liguid feed pump 6, the heat exchangers
15, 17 and 21 and the deaeration tank 18 are not particularly
limited.

[0073]



and are together supplied into the reactor through the reactor inlet 11. Here, a modification may be
made such that the raw material mixture and the liquid reaction mixture to be 10 circulated are
separately supplied to the reactor. [0074] In other modifications, the liquid reaction mixture to be
circulated to the reactor may be mixed with the hyglpogen gas and the mixture may be supplied to the
reactor, or part 15 of the gas-liquid mixture discharged from the reactor may be cooled and be directly
circulated to the ré4&tor OB 75]-AfferthE Comblkticn oPHeTBACkb, ThB RGuiFreacioht #ixiire and the
reaction product are distilled by a known method 20 and are optionally dehydrated as required to give
high-purity 1Z-pf&iFanbf EXEMPPRST B8] 23 Thapresét inventivd wilf bé descifedqH Hetail by
presenting examples and comparative examples. [0077] [Exarr:sptlsie 1] 5 (Preparation of hydrogenation

catalyst) lR%Ae hpproxirfate middle dfBct&inidsasted? readtor BEniR T nher diafrétdranl 100 mm
in length, 200 g (100 ml)

Fig. 1, the raw material mixture containing acetone, and part
5 of the liquid reaction mixture withdrawn from the gas-liqguid
separatcer and circulated to the reactor merge with each other
and are together supplied into the reactor through the reactor
inlet 11. Here, a modification may be made such that the raw
material mixture and the liquid reaction mixture to be
10 circulated are separately supplied to the reactor.
[0074]

In other modifications, the liguid reaction mixture to
be circulated to the reactor may be mixed with the hydrogen
gas and the mixture may be supplied to the reactor, or part

15 o©of the gas-liguid mixture discharged from the reactor may be
cooled and be directly circulated to the reactor,.
[0075]

After the completicn of the reaction, the liguid reaction

mixture and the reaction product are distilled by a known method
20 and are coptionally dehydrated as required to give high-purity

Z2=propanol.

EXAMPLES

[0076]



of massive nickel aluminum alloy (R-20L manufactured by Nikko Rika Corporation, particle diameters:
4 to 5 mm, Ni/Al weight 10 ratio: 50/50) was packed to form a fixed catalyst layer. The reactor was
then filled with water. [0078] A 3000 ml water tank and the bottom of the reactor were connected
through a liquid feed pump. A route was then provided 15 through which the liquid having passed
through the reactor could return to the water tank through the top of the reactor. The liquid feed pump
was driven to circlifafe Wafet #it6 thé FedttcrCat & flovk rate ol 025 T/ARR. Undetahé éircdtation, a 40%
aqueous sodium hydroxide solution that had been separately 20 prepared was dropped to the water
tank and thessiikdliné g uesas Bokfion Was Ciftbifatetinthe fedctibAS§stem. The circulation of the
alkaline aqueous solution converted the nickel aluminum alloy to a Raney nickel catalyst. [0079] 24
Because thecohVersion to the hydrogenation catalyst generated reaction heat and increased the
temperature in the reactor, the dropping flow rate of the aqueous sodium hydroxide solution was
controlled [Stichmthatetha inside temperature would 5 not exceed 50 [0080] The total amount of the
aqueous sodium hydroxide solution
5 (Preparation of hydrogenation catalyst)
In the approximate middle of a stainless steel reactor
50 mm in inner diameter and 100 mm in length, 200 g (100 ml)
of massive nickel aluminum alloy (R~20L manufactured by Nikko
Rika Corporation, particle diameters: 4 tc 5 mm, Ni/Al weight
10 ratio: 50/50) was packed to form a fixed catalyst layer. The
reactor was then filled with water.
[0078]
A 3000 ml water tank and the bottom of the reactor were
connected through a Ligquid feed pump. A route was then provided
15 through which the liguid having passed through the reactor could
return to the water tank through the top of the reactor. The
liquid feed pump was driven to circulate water into the reactor
at a flow rate of 0.25 1/min. Under the circulation, a 40%
aquecus sodium hydroxide solution that had been separately
20 prepared was dropped to the water tank and the alkaline agueous
solution was circulated in the reaction system. The
circulation of the alkaline aqueous solution converted the

nickel aluminum allcoy to a Raney nickel catalyst.

[(0079]



that was dropped corresponded to 270 g of sodium hydroxide. The alkaline aqueous solution was
continuously circulated 10 after the completion of the dropping, and the conversion was performed for
20 hours in total. [0081] After the completion of the conversion, pure water as a cleaning fluid was
allowed to flow in the reactor to clean the 15 fixed.catalyst layer. The cleaning was continued until the
pH of the cleaning fluid discharged became not more than 11. [0082] Thereatfter, the alkaline aqueous
solution and the cdl&arfiNg fluiliiferealcoNedtad, drel the alumiAtRCEisSolve 20ahéreifwvas
guantitatively determined by chelatometric titration. The conversion rate of the Raney nickel catalyst
obtained W&S' étekrfiihel Scetrding 16 te fllewingegtatc [0DB31AY s Fasultr thel fixdd eatalyst
layer was found to have 25 been converted to the Raney nickel catalyst at a conversion rate of 58%.
[0084] [Férpida ) ComersicrPEata ¢ Amount of &lunfinun® dissoetExsiodl um hydroxide

solution was controlled such that the inside temperature would
5 not exceed 50°C.
[0080]
The total amount of the agueous sodium hydroxide solution
that was dropped ccrresponded tce 270 g of sodium hydroxide.
The alkaline agueous solution was continuously circulated
10 after the completion of the dropping, and the conversion was
performed for 20 hours in total.
(00817
After the completion of the conversiocn, pure water as a
cleaning fluid was allowed to flow in the reactor to clean the
15 fixed catalyst layer. The cleaning was continued until the pH
£ the cleaning fluid discharged became not mcre than 11.
[0082]
Thereafter, the alkaline acguecus sclution and the
cleaning fluid were all collected, and the aluminum dissolved
20 therein was quantitatively determined by chelatometric
titration. The conversion rate of the Raney nickel catalyst
obtained was determined according to the following eguation.
[0083]

As a result, the fixed catalyst layer was found to have



amount of aluminum in nickel aluminum alloy 5 [0085] (Reassembling of reactor) The bottom of the
reactor was connected with a gas-liquid separator having one gas discharge outlet and two liquid 10
withdrawing outlets. One of the liquid withdrawing outlets was connected with a suction side of a
pressure resistant pump for circulating the reactiomsmixture. The discharge side of the pump was
connected with a raw material mixture supply inlet at the top of the reactor, thereby creating a route
through 15%fHictthe Yighictréatfiort ffixtbre \Fithdrawrt frbnfthe akiquith sBpariiorcotiidEirculate to
the top of the reactor. A raw material mixture supply line was connected in this circulation route so
that the rab matétial friixture would be mixed with the liquid reaction mixture that was being circulated.
The other 20 liquid withdrawing outlet of the gas-liquid separator was connected through a pressure
control vaive4¥ithi a glass receiver 26 to collect part of the liquid reaction mixture as the reaction
product. The gas discharge outlet of the gas-liquid separator was connected to a pressure control
valve to disERarge ‘extral hydrogen as a discharge gas. 5 [0086] (Hydrogenation of acetone)

Conversion rate =

amount of aluminum dissolved
x 100

amount cof aluminum in nickel aluminum alloy

00857
(Reassembling of reactor)
The bottom of the reactor was connected with a gas-1iquid
separator having one gas discharge cutlet and two liguid
10 withdrawing outlets. One of the liguidwithdrawingoutlets was
connected with a sucticn side of a pressure resistant pump for
circulating the reaction mixture. The discharge side ¢f the
pump was connected with a raw material mixture supply inlet
at thé top of the reactor, thereby creating a route through
15 which the liguid reaction mixture withdrawn from the gas-liquid
separator could circulate to the top of the reactor. A raw
material mixture supply line was connected in this circulation
route so that the raw material mixture would be mixed with the
ligquid reaction mixture that was being circulated. The other
20 liguid withdrawing outlet of the gas-liguid separator was

connected through a pressure control valvewith a glass receiver



2-Propanol was supplied to the reactor through the raw material mixture supply line, and the reactor
was purged of water with 2-propanol. The reaction mixture-circulating pump 10 was operated to
circulate 2-propanol at a circulation rate of 1600 ml/h. [0087] The reactor was heated by means of a
jacket around the reactor. When the temperature jnside the reactor reached 100C, 15 a raw material
mixture consisting of 98 wt% of acetone (water content in acetone: 0.3 wt%) and 2 wt% of water was
supplied aPafoWtfatd oP79'g/M{1DD i) HGH the 16T sPteTeAEF S StmultaRebigly FAydtogen was
supplied through the raw material mixture supply line at a flow rate of 66.6 NL/h. 20 [0088] The water
content inFthe $aW mateFia riRitire bf GE6tbHE and wakeP Was® 39#t96 (arfidanit 6Faceténe tsed X
water content in acetone + amount of water added = (98 x 0.003 + 2) wt% = 2.29 wt%) . The water
content wed FoGrdeeEsTE &Floe dacifizd 27 UaIace OD8INLT HelredBtibr wasContinasusly péformed at
an internal pressure of 2.0 MPaG and an internal temperature of 100C. The 5 liquid reaction mixture
obtained Was analyred By gas IchrorAatography:

5 [008%6]
{(Hydrogenation of acetone)
2-Propancl was supplied to the reactor through the raw
material mixture supply line, and the reactor was purged of
water with 2-propancl. The reaction mixture-circulating pump
10 was operated to circulate Z-propanol at a circulation rate of
1600 ml/h.
[0087)
The reactor was heated by means of a jacket around the
reactor. When the temperature inside the reactor reached 100°C,
1= a raw material mixture cconsisting of 98 wt% of acetone {water
content in acetone: 0.3 wt%) and 2 wi% of water was supplied
at a flow rate of 79 g/h {100 m1/h) from the top of the reactor.
Simultaneously, hydrogen was supplied through the rawmaterial
mixture supply line at a flow rate of 66.6 NL/h.
20 [COB8]
The water content in the raw material mixture of acetcne
and water was 2.3 wt% {(amount of acetone used x water content
in acetone + amount of water added = (98 x 0.003 + 2) wt% =

2.2% wt%). The water content was rounded off to one decimal



[0090] The liquid reaction mixture was found to contain 0.2 wt% of acetone and 97.5 wt% of
2-propanol. 10 [0091] [Examples 2 to 4] Acetone was hydrogenated in the same manner as in
Example 1, except that the water content in the raw material mixture was changed as shown in Table
1. 15 [0092] [Comparative Example 1] Acetone was;hydrogenated in the same manner as in Example
1, except that the water content in the raw material mixture was changed to 1.1 wt%. 20 [0093]
[Comparakivé Example 2] Acetone was hydrogenated in the same manner as in Example 1, except
that the water content in the raw material mixture was changed to 0.3 wto. 28 [0094] The results of
Examples!P {34 &re set forth in Table 1, and the results of Comparative Examples 1 and 2 are shown

in Table 2. 5[0095] [Table 1]
The reaction was continuocusly performed at an internal

ressure of 2.0 MPaG and an internal temperature of 100°C. The
5 ligquid reaction mixture obtained was analyzed by gas
chromatography.
[0020]
The liguid reaction mixture was found to contain 0.2 wit%
of acetone and 97.5 wt% of Z-propancl.
10 [0C91]
[Examples Z to 4]
Acetone was hydrogenated in the same manner as in Example
1, except that the water content in the raw material mixture
was changed as shown in Table 1.
15 00927
[Comparative Example 1]
Acetone was hydrogenated in the same manner as in Example
1, except that the water content in the raw material mixture
was changed to 1.1 wt%.
20 [C093]
[Comparative Example 2]
Acetone was hydrogenated in the same manner as in Example
1, except that the water contentT In the raw material mixture

was changed to 0.3 wi%.



Table 1 -E-x1 Ex. 2 Ex. 3 Ex. 4 Water content in raw material mixture (wt%) 2.3 1.6 1.3 1.2 Amount of
unreacted acetone (wt%) 0.2 0.2 0.1 0.2 Amount of 2-propanol 97.5 98.3 98.6 98.6 formed (wt%)
4-Methyl-2-pentanol 1 1 335 (MIBC) (ppm) 2-Methylpentane-2,4-diol (HG) (ppm) 21 25 30 60 Other
impurities (ppm) 1.80 162 167 235 [0096] [Table 2} £10 Table 2 Comp. Ex. 1 Comp. Ex. 2 Water

content in @\%gaterial mixture (wt%) 1.1 0.3 Amount of unreacted acetone (wt%) 0.3 0.3 Amount of
2-propanot fo &d (Wt%) 98.6 99.4 4 Methyl 2 pentanol 15 40 MIBC) ppm)

The results of Examples 1 to 4 are set forth in Table 1,

and the results of Comparative Examples 1 and 2 are shown in

Table 2.
5 (G095
[Table 1}
Table 1
Ex 1 Ex. 2 Ex. 3 Ex. 4
Water content in raw 5
material mixture (wt%) -3 1.6 1.3 t.2
Amount of unreacted 9
acetone {wt%) = 0.2 0.1 0.2
Amount of 2-~propanol
formed (wts) 897.58 98.3 98.6 98.6
4-Methyl-2-~pentanol
(MIBC) (ppm) : > : >
2-Methylpentane~2,4-diol
(HG) {pom) 21 25 30 60
Other impurities (ppm) 180 162 167 235
[00%e]
[Table 2]

10 Table 2

Comp. Ex. 1 Comp. Ex. 2
Water content in raw -
material mixture {(wt%) bl v.3
Amount of unreacted
acetone (wt%) 0.3 0.3
Amount of Z-propanol
formed (wt%) 8.6 99.4
4-Methyl-2-pentanol
(MTBC) (pom) 1o ‘e
Z-Methylpentane~2,4-diol
| (HG) (ppm) 120 260
. _Other impurities {(ppm) 195 148
[00987)]

[Example 5]



2 Methylpentane 2,4 diol 190 260 (HG) (ppm) Other impurities (ppm) 195 148 [0097] [Example 5] 29
(Reduction of hydrogenation catalyst) In the approximate middle of a stainless steel reactor 38.4 mm
in inner diameter and 4800 mm in length, 3765 g (2895 ml) of cylindrical CuO-ZnO catalyst
(manufactured by 5 Slid-Chemie Catalysts Japan, ing., particle diameter: 3.2 mm, height: 3.2 mm)
was packed to form a fixed catalyst layer. The reactor was then purged with nitrogen. [0098]
2-PropandFiHisttcontert£2 0 XAvs) Ifaeplaced iftoan- 1Btintermediate drum and was pumped from
the intermediate drum to the reactor through the reactor top at 10 1/h. After 2 hours after the initiation

of the supply of 2-pFopandl, iAFsief#as 18d 862 Rintdhdan adaition ¢ thessupply sE2-propanol. The
pressure in the reactor was adjusted to 3.0 MPaG. 15 [0099] After the pressure in the reactor reached
3.0 MPaG" e t8fiparattifd &tars iipper it 67 the $84&oF Was cortiotiad: o 100E by g of a

double pipe heat exchanger provided at the inlet of the reactor while continuously supplying
2¢N0pmuﬂl) of cylindrical CuC-Zn0O catalyst (manufactured by

5 Std-~Chemie Catalysts Japan, Inc., particle diameter: 3.2 mim ,
height: 3.2 mm) was packed to form a fixed catalyst laver. The
reactor was then purged with nitrogen.

[C098]
Z-Propanol {(water content: 2.0 wt%) was placed into an
10 intermediate drum and was pumped from the intermediate drum
to the reactor through the reactor top at 10 1/h. After 2 hours
after the initiation of the supply of 2-propancl, hydrogen was
fed at 2 Nm’/h in addition to the supply of 2-propanol. The
pressure in the reactor was adjusted toc 3.0 MPaG.
15 [0099]

After the pressure in the reactor reached 3.0 MFPaG, the
Temperature at an upper part of the reactor was controlled to
100°C by means of a double pipe heat exchanger provided at the
inlet of the reactor while continucusly supplying 2-propanol

20 and hydrogen. After the temperature of the reactor reached
100°C, the catalyst was reduced for three hours while keeping
the reactor internal pressure, the reactor temperature and the

supply of Z-propanol and hydrogen.



20 and hydrogen. After the temperature of the reactor reached 100C, the catalyst was reduced for
three hours while keeping the reactor internal pressure, the reactor temperature and the supply of
2-propanol and hydrogen. [0100] 30 (Hydrogenation of acetone) After the reduction treatment, the
flow rate of 2-propanol was changed to 25.6 1/h, the flow rate of hydrogen to 0.51 Nm3/h, and the
reactor internal pressure to 2.0 MPaG. 5 The temperature at an upper part of the reactor was
controlled 18 14084 héans Bftha ctBRSpipe heat exchanger. [0101; When the temperature at the
upper part of the reactor reached 140C, a raw material mixture consisting of acetone 10 and water
(water content: 2.0 Wt56) wasSsuppHEd a8 lowraR drai64 1/h2$hé teiperatire @f a lower part of the
reactor increased to 160C due to the reaction heat:a{0102] The reaction was continuously performed
at a react6r A5TR@AM préssurE oF 9 MPaG an aréActdr ¥6p ferfipertire of 1806 PhéTiquid
reaction mixture obtained was analyzed by gas chromatography. [0103] The liquid acetone
Conversioﬁ%gs éé@%ﬁ 4hd tferd the reéactor internal pressure to 2.0 MPaG.

5 The temperature at an upper part of the reactor was controlled
to 140°C by means of the double pipe heat exchanger.
[c101]
When the temperature at the upper part of the reactor
reached 140°C, a raw material mixture consisting of acetone
10 and water (water content: 2.0 wt$%) was supplied at a flow rate
cof 1.64 1/h. The temperature at a lower part of the reactor
increased to 160°C due to the reaction heat.
[01021
The reaction was continuously performed at a reactor
15 internal pressure of 2.0 MPaC and a reactor top temperature
of 140°C. The liguid reaction mixture obtained was analyzed
by gas chromatography.
[0103]
The liguid acetone conversion was 98.5%, and the
20  Z2-propanol selectivity (wt%) was 98.6%.
[0104]
[Comparative Example 3]
Acetone was hydrecgenated in the same manner as in Example

52, except that the water content in the acetone/water raw



20 2-propanol selectivity (wt%) was 98.6%. [0104] [Comparative Example 3] Acetone was
hydrogenated in the same manner as in Example 5, except that the water content in the
acetone/water raw 31 material mixture was changed to 0.3 wt% and the water content in 2-propanol
was changed to 0.3 wt%. [0105] The results of Example 5 are set forth in Table 3, and 5 the results of
Comparative Example 3 are shown in Table 4. [0106] [Table 3] Table 3 Ex. 5 Acetone conversion
98.5% 2-Pfopahoras Bos Seettivif s Méth§Es peRtahof 1708% 22 MEhSIgEntsHe-2 2RE8RG.000

[0107] 10 [Table 4] Table 4 Comp. Ex. 3 Acetone conversion 98.5% 2-Propanol 96.9%
in 2-propanol was changed to 0.3 wt:.

[0105]

The results cof Example 5 are set forth in Table 3, and

5 the results of Comparative Example 3 are shown in Table 4.

(0106}
[Table 31

Table 3

Ex. 5

Acetone conversion 98.5%

2-Propanol 98.6%

Selectivity 4-Methyil-2-pentanocl 1.08%

| Z-Methylpentane-2,4-diol 0.000

[0107]

10 (Table 4]

Takle 4
Comp. Ex. 3
Acetone conversion 98.5%
2-Propanol 96.9%
Selectivity 4-Methyl-Z-pentanol 3.04%
Z-Methylpentane-2,4-diol 0.00%




Selectivity 4-Methyl-2-pentanol 3.04% 2-Methylpentane-2,4-diol 0.00% 32 CLAIMS 1. A process for
producing 2-propanol by reacting 5 acetone with hydrogen in the presence of a hydrogenation
catalyst, wherein: the process comprises reacting a raw material mixture comprising water and
acetone, with hydrogen in the presence of a hydrogenation catalyst, and 10 the raw material mixture
contains water at 1. 2 to 4. 0 wt % based on 100 wt% of the total of the water and the acetone. 2. The
process for producing 2-propanol according to claim 1, wherein the hydrogenation catalyst is a Raney
catalyst. 15 3. The process for producing 2-propanol according to claim 2, wherein the Raney catalyst
is at least one Raney catalyst selected from thé*§rdtl Tonsisting of Raney nickel catalysts and
Raney cobalt catalysts. 20 4. The process for producing 2-propanol according to any one of claims 1
to 3, wherein the raw material mixture contains water at 1.2 to 2.5 wt % based on 100 wt% of the total

of the water and the acetone. 33
A process for producing 2-propancl by reacting

5 acetone with hydrogen in the presence of a hydrogenation
catalyst, wherein:
the process comprises reacting a raw material mixture
comprising water and acetone, with hydrogen in the presence
of a hydrogenation catalyst, and
LO the raw material mixture contains water at 1.2 to 4.0 wts

based on 100 wt% of the total of the water and the acetone.

2. The process for producing 2-propanol according to

claiml, whereﬂnthehydrogenationcatalystisaiRaneycatalyst.

15
3. The process for producing Z-propancl according to
claim 2, wherein the Raney catalyst is at least one Raney
catalyst selected from the group consisting of Raney nickel
catalysts and Raney cobalt catalysts.
20

4. The process for producing 2-propancl according to
any one of claims 1 to 3, wherein the raw material mixture
contains water at 1.2 to 2.5 wt% based on 100 wt% of the total

cf the water and the acetone.



5. The process for producing 2-propanol according to claim 2 or 3, wherein the 2-propanol produced
by the reaction contains not more than 10 ppm of 4-methyl-2-pentanol and not 5 more than 100 ppm
of 2-methylpentane-2,4-diol. 6. The process for producing 2-propanol according to claim 2, 3 or 5,
wherein the reaction is performed under conditiong such that the obtainable 2-propanol contains less
10 than 0.5 wt% of unreacted acetone. 7. The process for producing 2-propanol according to claim 1,
wherein the hydrogenation catalyst is a solid catalyst containing copper oxide-zinc oxide. 15

5. The process for producing 2-propanol according to
claim 2 or 3, wherein the 2-propanol produced by the reaction
centains not more than 10 ppm of 4-methyl-2-pentanol and not

5 more than 100 ppm of 2-methylpentane-~2,4-diol.

5. The process for producing Z-propancl according to
claim 2, 3 or 5, wherein the reaction is performed under
conditions such that the obtainable 2-propanol contains less

10 than 0.5 wt% of unreacted acetone.

7. The process for producing 2-propanol according to
claim 1, wherein the hydrogenation catalyst is a solid catalyst
containing copper oxide-zinc oxide.

15



