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1 DESCRIPTION PROCESS FOR PRODUCING PROPYLENE GLYCOL
Technical Field 5 [0001] The present invention relates to a process for
producing propylene glycol from glyeerol as a raw material. Background
Art [0002] 10 As one of the measures to suppress global warming, fuels
for diesel engines which are called biodiesel and are produced from fats
of plants and/or animals serving as raw materials have recently been
developed. In a production process dFbigdtesel, glycerol is produced as a
by-product in 15 an amount of about 10% with respect to the raw-material
fats. The eHBOWES I IZatoR ®P INE jlyCerokhas besR iaiefsively
investigated. [0003] Meanwhile, propylene glycol is a compound in which
a 20 hydroxyl group at the 1-position of glycerol is converted into
hydrogen. Propylene glycol has low toxicity to animate beings and is
TecHastelessmnelledorless, because of which it is widely used as a
humectant, a lubricant, an emulsifier, antifreeze, solvent or the like, in the
foodelds of 2 pharmaceuticals, cosmetics, food and so forth. Generally,
propylene glycol is produced by oxidizing propylene derived from
petralewncadlad fossianatesials-torprepare:-propylenecess for producing
propylene glycol from glycerol as a raw material,
Background Art
[0002]

As one of the measures to suppress global warming, fuels
for diesel engines which are called biodiesel and are
produced from fats of plants and/or animals serving as raw
materials have recently been developed. In a production
precess of biodiesel, glycercl is produced as a by-product in
an amount of about 10% with respect to the raw-material fats.
The effective utilization of the glycerol has been
intensively investigated.

[0003]

Meanwhile, propylene glyccl is a compound in which a
hydroxyl group at the l-position of glycercl is converted
into hydrogen. Propylene glycol has low toxicity to animate
beings and is tasteless and odorless, because of which it is

widely used as a humectant, a lubricant, an emulsifier,

antifreeze, solvent or the like, in the fields of



oxide, followed by hydration. 5 [0004] Here, regarding the effective
utilization of the glycerol, it is known that glycerol is converted into
propylene glycol with a copper catalyést. For example, U.S. Pat. No.
5,214,219 specification discloses a process for 10 converting glycerol into
propylene glycol and ethylene glycol by reacting glycerol with hydrogen in
the presence of a catalyst containing copper oxide and zinc oxide. [0005]
pha frurthenmore, \WP200 4040299 pamphdetdistlesesta processzdbdor 11y,

hydrogenating glycerol in the presence of a catalyst at a specific reaction

profgempesatyteyand aispesificreastion pressure withspecHisamauntiationld
hydrogen to raw materials and for a specific reaction time in a gaseous

f rompheser 41 eatalyst cortainiag soppelz@xde and zine exide a-eatalysh20ene
containing copper oxide and silica, and the like are exemplified as the

oxidgafalystiusedfar the repgtign.idecording to the process, although
propylene glycol can be produced in a high yield and at a high conversion

roof glycerol, glycerol needs to be vaporized with a vaporizer. This results
in an 3 increase in energy necessary for performing the reaction and is

egenamicallydisadvantageouss #ich feauires improvement. [09Q6] As

described above, various processes for producing 5 propylene glycol have

g1ydesmdeveloped hy fochsing.attention.on, catalysts apd reaction, .
conditions. However, the foregoing

prepylene glycol with a copper catalyst. For example, U.S.
Pat. No. 5,214,219 specification discloses a process for
converting glycerol into propylene glycol and ethylene glycol
by reacting glycerol with hydrogen in the presence of a
catalyst containing copper oxide and zinc oxide.
[0005]

Furthermore, WO2007/010299 pamphlet discloses a process
for hydrogenating glycerol in the presence of a catalyst at a
specific reaction temperature and a specific reaction
pressure, with specific amount ratioc of hydrogen to raw
materials and for a specific reaction time in a gaseous phase.
A catalyst containing copper coxide and zinc oxide, a catalyst
containing copper oxide and silica, and the like are
exemplified as the catalyst used for the reaction. According
to the process, although preopylene glycol can be produced in
a high yield and at a high conversion of glycercl, glycerol

needs to be vaporized with a vaporizer. This results in an
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patent documents are silent on a catalyst containing all of copper oxide,
zinc oxide and silica and provides no disclosure or suggestion on the
appropriate proportions 10 thereof a?d the like. [Patent Document 1] U.S.
Pat. No. 5,214,219 specification [Patent Document 2] W02007/010299
pamphlet Disclosure of Invention 15 Problems to be Solved by the
Invention [0007] It is an object of the present invention to provide a

inchiaeessior preducing.propylene,glyea! fram glyeenol @swanaw dnatefish and
without necessity for a step of vaporizing glycerol. 20 Means for Solving

is dbersablems P08k Ihe-preserldnwentors havereonducted idgnsiMement .
studies to overcome the foregoing problems and have found that the

oo eoblems are solved by the use of a catalyst containing zinc 4 oxide,
silica, and at least one of copper and copper oxide to complete the

presentinvention; Inpatticulars thepresent, inventars have found.that by

the use of a catalyst containing the three components in a specific

pm@@e@!éiogwwylmgy&@w%%p&%{f@@ﬂ eéég@yie%g-attemon on

urthermore, the present inventors have found that the preferred

cat PI9RQII0NS Of the componepis.in thg catalystyary depepding N8 o1 ng
meéthod for preparing the catalyst. [0009]

patent documents are silent on a catalyst containing all of

copper oxide, zinc oxide and silica and provides no

disclosure or suggestion on the appropriate proportions

therecf and the 1like.

[Patent Document 1] U.S. Pat. No. 5,214,219
specification

[Patent Document 2] W0O2007/010299 pamphlet
Disclosure of Invention
Problems to be Sclved by the Invention
[6C07]

It is an object of the present invention to provide a
process for producing propylene glycol from glycercl as a raw
material without necessity for a step of vaporizing glycerol.
Means for Sclving the Problems
[0008]

The present inventors have conducted intensive studies

to overcome the foregeoing problems and have found that the

problems are solved by the use of a catalyst containing zinc
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10 That is, the gist of the present invention is a process for producing
propylene glycol comprising a step of subjecting glycerol to catalytic
hydrogenation in the presence of a gatalyst A containing zinc oxide, silica,
and at least one of copper and copper oxide. 15 [0010] The catalyst A
preferably has a silica content of 0.1% to 25% by weight with respect to
. 100% by weight of the catalyst A. [0011] 20 The weight ratio of the at
OXl%asﬁﬂrél@ﬁcoﬁﬁéf# ahitl eGpper oXide fo-sifca it Teast Gne BT RDppEFanE o
copper oxide:silica) in the catalyst A is preferably in the range of 0.5:1 to
COmMPAGREE. [D0%2P5 SFdtHerioYE it iscalso prefepalile thatiths weiglst mte ofnt
~ the at least one of copper and copper oxide to zinc oxide (at least one of
inveippper ahdcopperoddéziic dxide)in thescardlyst Ads inlthetrangaohining
6:1 to 5:90. 5 [0013] In the case where the catalyst A is prepared by a
the copresipitatigromettictl draminspreghation method; thercatalyspAXiene
preferably has a silica content of 0.1% to 25% by weight with respect to
91y &00% by Vieeightrofthe gatalystaA. IThe 1§ weight ratio of tkeratleast ofne of
copper and copper oxide to silica (at least one of copper and copper
preside:siieaninothe CatalysttAus:dreferbly: indhe radge o£0. 50k tpd@@1ons
of the components in the catalyst vary depending on a method
for preparing the catalyst.
[0009]

That is, the gist of the present invention is a process
for producing propylene glycol comprising a step of
subjecting glycerol to catalytic hydrogenation in the
presence cof a catalyst A containing zinc oxide, silica, and
at least cne of copper and copper oxide.

[C010]

The catalyst A preferably has a silica content ¢f 0.1%
to 25% by welght with respect to 100% by weight of the
catalyst A.

[C011]

The weight ratio of the at least one of copper and
copper oxide tc silica {at least one of copper and copper
oxide:silica) in the catalyst A is preferably in the range of

0.5:1 to 700:1.

[0012]
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The weight ratio of the at least one of copper and copper oxide to zinc
oxide (at least one of copper and copper 15 oxide:zinc oxide) in the
catalyst A is preferably in the range®f 6:1 to 5:90. [0014] Further, in the
case where the catalyst A is prepared by mixing silica and a catalyst
containing zinc oxide and at 20 least one of copper and copper oxide, the
catalyst A preferably has a silica content of 0.1% to 4.5% by weight with
relSPEEL BTN by\Weight Gfthe dataystA T Werht TaGo br#fd At ratio
least one of copper and copper oxide to silica (at least one of copper and
of doppef oxressilicd) tn 6 thectatalyseATs praterablyciitie rasgeof .50k 1de
to 700:1. The weight ratio of the at least one of copper and copper oxide
(2T tdwftoxibe (afleastromrobecpper Rt coppetoxideiginevxide) in thethe
catalyst A is preferably in the 5 range of 6:1 to 5:90. [0015] In the case
catayhisre the tatalystiil preparedtly mixinga eatafyst containing zinc
oxide and at least one of copper and copper oxide and a silica-containing
: 00Jsgbstance or a silica 10 containing catalyst, the catalyst A preferably has
a silica content of 0.1% to 10% by weight with respect to 100% by weight
oflthe Catalyst4. Teeweight eaticaofthe st |@ast somerebeopperianda
copper oxide to silica (at least one of copper and copper oxide:silica) in
coptbke catatyst fois I plreferably iarthe range ob%:1do 708thckhe waight
ratio of
catalyst A preferably has a silica content of 0.1% to 25% by

weight with respect to 100% by weight of the catalyst A. The
welght ratio of the at least one of copper and copper oxide
to silica {(at least cne of copper and copper oxide:silica) in
the catalyst A is preferably in the range of 0.5:1 to 700:1.
The weight ratio of the at least one of copper and copper
oxide to zinc coxide (at least cone of copper and copper
oxide:zinc oxide} in the catalyst & is preferably in the
range of 6:1 to 5:90.

[0014]

Further, in the case where the catalyst‘A is prepared by
mixing silica and a catalyst containing zinc oxide and at
least one of copper and copper oxide, the catalyst A
preferably has a silica content of 0.1% to 4.5% by weight
with respect to 100% by weight of the catalyst A. The weight
ratio of the at least one of copper and copper oxide to

silica (at least one of copper and copper oxide:silica) in
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the at least one of copper and copper oxide to zinc oxide (at least one of

copper and copper oxide:zinc oxide) in the catalyst A is preferably in the

range of 6:1 to 5:90. [0016] 20 On the other hand, in the case where the

catalyst A is prepared by extrusion molding of a catalyst containing zinc

oxide and at least one of copper and copper oxide or a catalyst

containing zinc oxide, silica and at |east one of copper and copper oxide,
fefaﬁlg} has% 1

the gt akiich-dont&intigfihBrgdntd’ 7 1hindee e edanst Alpre
silica content of 0.1% to 25% by weight with respect to 100% by weight of
The wgighhlyst Al Thewdight o aPREsPEnE BPESIper "End eBb5eT
~ oxide to silica (at least one of copper and copper 5 oxide:silica) in the
ox1iatalystA LS prefefiblyt itthé$afde 67 8. 24 t6 700%E THeWEigRPRItio of
~ the at least one of copper and copper oxide to zinc oxide (at least one of
ox 1 Gsoppei caritkésisperidxidel zine dkie) #rt tHe datalysEAds prefgrably firthe
range of 6:1 to 5:90. 10 Advantages of the Invention [0017] According to
ranghe present idverition’ the use of the catalyst A containing zinc oxide,
silica and at least one of copper and copper oxide permits the production
{C01df propylene 15 glycol from glycerol without vaporization of glycerol.
Furthermore, by the use of the catalyst containing the three components
inTanspécific proportien; propyene glycobtambe sprodaped #da highnyisldng a
Thus, the production process of
catalyst containing zinc oxide and at least one of copper and
copper oxide and a silica-containing substance cor a silica-
containing catalyst, the catalyst A preferably has a silica
content of 0.1% to 10% by weight with respect to 100% by
weight of the catalyst A. The weight ratio of the at least
one of copper and copper oxide to silica (at least one of
copper and copper oxide:silica) in the catalyst A is
preferably in the range of 5:1 to 700:1. The weight ratio of
the at least one of copper and copper oxide to zinc oxide (at
least one of copper and copper oxide:zinc oxide) in the
catalyst A is preferably in the range of 6:1 to 5:90.
[0016]
On the other hand, in the case where the catalyst A is
prepared by extrusion molding of a catalyst containing zinc
oxlide and at least one of copper and copper oxide or a

catalyst containing zinc oxide, silica and at least one of

copper and copper oxide, and a silica-containing inorganic
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the present invention has a high utility value in industry. 20 Best Mode for
Carrying Out the Invention [0018] A process for producing propylene
glycol using a specific catalyst of the;present invention will be described
in detail below. 8 [0019] [Catalyst A containing zinc oxide, silica and at
least one of copper and copper oxide] A catalyst used in the present
invention is a catalyst A 5 that contains zinc oxide, silica and at least one
bingt eoppée afdicoppet oRider Afaethiod Yo preparig itisaot partcutanyt
limited. Examples thereof include: (1) a method in which it is prepared by
0. 1% dopreéipitation snethodvortan ingpegadtionamethdll with varolsttypés ohe
salts 10 of copper, zinc and silicon as raw materials; (2) a method in
catahich afcatalysecontaiting zint oxidefand:at feast eneof copperfandpper
copper oxide is mixed with silica; (3) a method in which a catalyst
and contaiming Zinclexide andlatcleastone ebhedppenand toppepexidernsl copper
mixed with a silica 15 containing substance or a silica-containing catalyst;
oxldads (4) amethodtihahichta catalyst containiad 2inccoxidd andlat leasice of
one of copper and copper oxide or a catalyst containing zinc oxide, silica
1.2 ahdtat |6dst ohe offbeppes and-coppet oxide ane 28+@ Sikiea-containing

inorganic binder are subjected to extrusion molding.
copper and copper oxide to zinc oxide (at least one of copper
and copper oxide:zinc oxide) in the catalyst A is preferably
in the range of 6:1 to 5:90.
Advantages of the Invention
[0017]

According to the present invention, the use of the
catalyst A containing zinc oxide, gilica and at least one of
copper and copper oxXide permits the production of propylene
glycel from glycerol without vaporization of glycerol.
Furthermore, by the use of the catalyst containing the three
components in a specific proportion, propylene glycol can be
produced in a high yield. Thus, the production process of
the present invention has a high utility wvalue in industry.
Best Mode for Carrying Cut the Invention
00183

A process for producing propylene glycol using a
specific catalyst of the present invention will be described

in detail below.
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The catalyst A can be prepared by, for example, the methods described

above. The present inventors found that preferred proportion of zinc

oxide, silica and at least one 9 of copper and copper oxide in the catalyst

A varied depending on how the catalyst A was prepared. Catalysts

prepared by the four methods described above will be described below.

[0020] 5 <Catalyst Prepared by Method (1)> In the method (1) described
[00abbve, a catalyst is prepared by a known method, e.g., a coprecipitation

method or an impregnation method, with at least one selected from the
[Catgrdilp eofisisting of D witrale: suffgted earbdhafe; acettie séhldndes oxites ©f

hydroxide and the like of copper, at least one selected from the group
copreonsislifig of nnigate; suffgte, carbonate, acetate, chloride, oxide,

hydroxide and the like of zinc, and 15 at least one selected from the group

cansistipglofssilicacoolloidal sitica rsotium silicateandthelbkeraseaw Lyst A

materials. [0021] For example, in a method called the coprecipitation 20
thatmethotzan aqueous selutien confaining Togpertnifrate; zino aitraie andper

sodium silicate is reacted in the presence of a base to form a
and copprecipitate thiat.contaimstdoppef, zineard ssilicon. The icopnedipitate is

dried and calcined to yield the catalyst used in the present invention. The
partchlcidationy limited. Examples thereof include:

(1) a method in which it is prepared by a coprecipitation
method or an ilmpregnation method with various types of salts
of copper, zinc and silicon as raw materials;
(2) a method in which a catalyst containing zinc oxide and at
least cone of copper and copper cxide is mixed with silica;
(3) a method in which a catalyst containing zinc oxide and at
least cne of copper and copper oxide is mixed with a silica-
containing substance or a silica-containing catalyst; and;
(4) a method in which a catalyst containing zinc oxide and at
least cne of cepper and copper oxide or a catalyst containing
zinc oxide, silica and at least cone of copper and coppsr
oxide and

a silica-containing incrganic binder are subjected to
gxtrusion molding.

The catalyst A can be prepared by, for example, the
methods described above. The present inventors found that

preferred proportion of zinc oxide, silica and at least one



10 is usually performed at 300C to 600C for 1 to 6 hours. 0022] The
content proportion of zinc oxide, silica and at least one of copper and
copper oxide in the catalyst prepare& 5 by the method (1) can be
adjusted by changing the amount proportion of at least one selected from
the group consisting of nitrate, sulfate, carbonate, acetate, chloride,

of c@ﬁ%rh)ét%@x@@p%@ﬂ@ﬁh@eoﬁwp{?ﬁéué%%ﬁ}'}@@l@”@é?;{%ﬁegi%@%ding
e

the group consisting of 10 nitrate, sulfate, carbonate, acetate, chlori

on H¥de:rRydroxide and the, like of zinc used, a%@%'fg@%@%%@sg@ggrq;g

the group consisting of silica, colloidal silica, sodium silicate and so forth.

the (09231 12 The satalyst prepared by the method,(1) B@é%@%@%%ﬁ%‘%a

content of 0.1% to 25% by weight, more preferably 0.1% to 20%
1002 ight, and patrticularly preferably 0.5% to 15% by weight with respect to
100% by weight of the catalyst. The yield of propylene glycol when

<Ca ﬂorgg%%eq?%%i}?g }E% cgtalx% tZQ Os'grliiic}%ntly varies depending on whether
the sili [

flica content is within the above fange or not. 'I_'he use of _the catalyst
A L e e (e N o
oreighasataysthavinga slics 11, content oyiside the AROYE[BN0%: 1 oa o
an impregnation method, with

at least one selected from the group consisting of
nitrate, sulfate, carbonate, acetate, chloride, oxide,
hydroxide and the like of copper,

at least one selected from the group consisting of
nitrate, sulfate, carbonate, acetate, chloride, oxide,
hydrexide and the iike of zinc, and

at least one selected from the group consisting of
silica, colleidal silica, sodium silicate and the like as raw
materials.

[0021]

For example, in a method calléd the coprecipitation
method, an agueous solution containing copper nitrate, zinc
nitrate and sodium silicate is reacted in the presence of a
pase to form a coprecipitate that contains copper, zinc and

silicon. The coprecipitate 1is dried and calcined to yield

the catalyst used in the present invention. The calcination
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The weight ratio of at least one of copper and copper oxide to silica (at
least one of copper and copper 5 oxide:silica) contained in the catalyst
prepared by the method (1) is preféf%bly in the range of 0.5:1 to 700:1,
more preferably 1:1 to 500:1, and more preferably 1.5:1 to 100:1. The
yield of propylene glycol when produced using the catalyst significantly

1 Q@riesdepsndinganwhetherdhe weight, 39 raticig within the;abaye tange
or not. The use of the catalyst having a weight ratio within the above
[0pdange permits producing propylene glycol in extremely high yield as

compared with the case of using a catalyst having a weight ratio outside

thﬁhaebo(,vgnrggg%- %%g.gﬁlg@ﬁ vxeégga%iogifg'eeasc%%% 9f copper.and

copper oxide to zinc at least one of coppér and copper oxide:zinc

leasoe(i%%} o~ Ea i@%%é)?eé% ?a%?éal%%tp reeP aé%qug trﬁen n%%;%o%%(]?)%l%gs’o% prepared

particularly limite I yin he range o

referably 5:1 0:90, more_preferably 3:1 t0,6:35, and particularl
oy DS EENI1 L0 56 TS uBH o T Sl B neigRt A Wi

orcdl abe s s i corin o plocoed iz Myl .,

)?S?Sbreparedsoey fha M
compaonent other than copper oxide, zinc oxide and silica to the extent
O oS BhBor T CHERAH 0 & PHSE Srodyn ool b Lo
hydroxide an i

catalytic hydrogenation of
d the like of copper used,

at least one selected from the group consisting of
nitrate, sulfate, carbonate, acetate, chloride, oxide,
hydroxide and the like of zinc used, and

at least one selected from the group consisting of
silica, cellioldal silica, sodium silicate and so forth.
[0023]

The catalyst prepared by the method (1) preferably has a
silica content of 0.1% to 25% by weight, more preferably 0.1%
to 20% by weight, and particularly preferably 0.5% to 15% by
welght with respect to 100% by weight of the catalyst. The
yield of preopylene glycol when produced using the catalyst
significantly varies depending on whether the silica content
is within the above range or not. The use of the catalyst
having a silica content within the above range permits
producing propylene glycol in extremely high yield as

compared with the case of using a catalyst having a silica
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glycerol) is not inhibited. [0027] Examples of the component include alkali
metals such as sodium, potassium and cesium; alkaline-earth metals
such as 10 magnesium and barium:tftansition metals such as zirconium,
manganese, iron, nickel, cobalt, chromium, rhodium, ruthenium,
palladium and platinum; the periodic table group 13 elements such as
con@idminum; ang oxides thereof. g%(}%% 15 The incorporation of the fourth
component into the catalyst is expected to improve the persistence of the
{Oofziffet of the catalyst and the stability of the catalyst. [0029] <Catalyst
prépared by method (2)> 20 In the method (2), a catalyst 1 containing zinc
o>&i,gl% a‘}qnediathl ast %neoof copper nd copper oxide is mixed with silica to

prepare a catalyst. The mixing is physical mixing: G030] & c&diyst OPPeT

. prepared.by.the foregojng known method (e.g., 13 the coprecipitation
O% et Co)d:st]h%li(r:naprz&?]%tlioer%r%tetﬁonoe o a? I?née%gf?@ rﬁgfﬁo%f)j%ﬂa‘?hose

. o_mmgr.cial% available (e.g., FIOG manufactured by Nikki Chemical Co.,
LT O ShMax 210" HAHUFETER by SR CHam I GAARSR Sapartfc.)

m lz used 5 as the catalyst 1 used in the method (2%. £0031] Examples
metkb?%)illi i)thétscéfﬂffl?g%@mﬁ’cl&éb 5ifita 15rep&redhy’a Rnowhméthbdlfornore

example, hydrothermal
preferably I:1 to 500:1, and more preferably 1.5:1 to 100:1.

The yield of propylene glycol when produced using the
catalyst significantly varies depending on whether the weight
ratio is within the above range or not. The use of the
catalyst having a weight ratio within the above range permits
producing propylene glycol in extremely high vield as
compared with the case of using a catalyst having a weight
ratio outside the above range.

[0025]

The weight ratioc of at least one of copper and copper
oxide to zinc oxide (at least one of copper and copper
oxlide:zinc oxide) contained in the catalyst prepared by the
method (1) 1s not particularly limited, but it is usually in
the range of 6:1 to 5:90, preferably 5:1 to 10:50, more
preferably 3:1 to 6:35, and particularly preferably 2:1 to
©:35. The use of the catalyst having a weight ratio within
the above range allows a catalytic reaction to proceed with a

high yield.
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synthesis; and commercially available silica (e.g., CARIACT 10 Q6,
manufactured by Fuji Silysia Chemical Ltd.). [0032] The catalyst prepared
by the method (2) preferably has a $#ica content of 0.1% to 4.5% by
weight, more preferably 0.1% to 4% by weight, and particularly preferably
0.2% to 4% 15 by weight with respect to 100% by weight of the catalyst.
[OOZT@F yield of propylene glycol when produced using the catalyst
significantly varies depending on whether the silica content is within the

above r or not. The use qf the catalyst having a silica content within
thbé%a%ogggrg% & 90h preer%alltgep%oéa/citﬁg %réﬁy?e%oedglféil iR E%trERiEh Aigh®
ield as_compared with the case of using a catalyst having a silica
fou%%%tecn%%% & the’ g g\}:e%glnag%. 063357 By ﬁ&%%ﬁn&ﬁ%cra?iﬁlo%hémd
<11 Powder o{gatal&sg 1 tg ]JC tr%e powder of silica mixed and the ratio of the
at Teast ona” of Copper and copper oxide Y8 vinc-oxide irPthe (CagsEPn o
when the catalyst is prepared by the method (2), the proportion of zinc
DY RS o, RHARA] e ok PO §%5-EdpPer and EOppEr BRite R the
resulting catalyst can be adjusted. [0034] The weight ratio of at least one

91Y G oBpper&nd Coppdi bRitied silica (at least one of copper and copper 10

oxide:silica) contained in the catalyst prepared by the method (2) is
[Oozp?éferably in the range of 1.5:1 to 700:1, more

Examples of the component include alkali metals such as
sodium, potassium and cesium; alkaline-earth metals such as
magnesium and barium; transition metals such as zirconium,
manganese, iron, nickel, cobalt, chromium, rhodium, ruthenium,
palladium and platinum; the periodic table group 13 elements
such as aluminum; and oxides thereof.

(0028]

The incorporation cof the fourth component into the
catalyst 1s expected to improve the persistence of the effect
of the catalyst and the stability of the catalyst.

[0029]
<Catalyst prepared by method (2)>

In the method (2), a catalyst 1 containing zinc oxide
and at least cne of copper and copper oxide is mixed with
silica to prepare a catalyst. The mixing is physical mixing.
[0030]

A catalyst prepared by the foregoing known method (e.qg.,
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preferably 2.5:1 to 650:1, particularly preferably 5:1 to 350:1. The yield of
propylene glycol when produced using the catalyst significantly varies
depending on whether the weight 18 fatio is within the above range or not.
The use of the catalyst having a weight ratio within the above range
permits producing propylene glycol in extremely high yield as compared

tne WiLATE.case oLusing g catalyet haing guisioht. afioroyide she goe

range. 0035] The weight ratio of at least orie of copper and copper

. oxide ta zinc oxide_(at least one of copper.a d%cop er. xi% :zinc oxide)
e a1 T st en aro b3 the Iadthod (O Sk bartiaraty. 18
limited, butitis u uaTIS!Xﬁ: 15 1o 5:90, preferably 5:1 to_10: or
mamp%fgtrggl;e/%:f% %JS ,laréla1 Sranrfi%ﬁ%rlg/%réfegr%b% 2°I'to :ﬁ%%%é{ ue2s%%f
the catalyst havi ight ratio within the ahove range allows a catalytic
e i 5 phoCett ST S Hih B 5 (Or a1 TR Cata Bt preatec By “ocd
the metho y contain a fourth component other than zinc oxide,

2)
a8 1] Fcacfrﬁtc?ié %E: oRet cﬁﬁpé%gnal%ﬁgéﬂr oXide to the extent that the

resent reaction is not inhibited. 10 [0037] Examples of the component
[003Aclude alkali metals such as sodium, potassium and cesium;

alkaline-earth metals such as magnesium and barium; transition metals

SUCHE® 2FcorfidmS ‘mafgartedd’ ir6AT nickel "65BAIE RRrdHitnT Yhoditm,

ruthenium,
prepared by a kncwn method, for example, hydrothermal

synthesis; and commercially available silica (e.g., CARIACT
06, manufactured by Fujili Silysia Chemical Ltd.).
[0032]

The catalyst prepared by the method (2) preferably has a
silica content of 0.1% to 4.5% by weight, more preferably
0.1% to 4% by welght, and particularly preferably 0.2% to 4%
by weight with respect to 100% by weight of the catalyst.

The yield of propylene glycol when produced using the
catalyst significantly varies depending on whether the silica
content is within the above range or not. The use of the
catalyst having a silica content within the above range
permits producing propylene glycol in extremely high yield as
compared with the case of using a catalyst having a silica
content outside the above range.

[0033]

By adijusting the ratio of the powder of catalyst 1 to
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15 palladium and platinum; the periodic table group 13 elements such as
aluminum; and oxides thereof. [0038] The incorporation of the fourth

component into the catalyst is expetfed to improve the persistence of the
effect 20 of the catalyst and the stability of the catalyst. [0039] The fourth
component may be appropriately contained in the catalyst 1 and/or silica.

IS, it may ained i or_hath of the cataly, ilj 6
the [ 04(%% <£C?tgly€§]ﬁ%2%ar§6 %@%n%ﬁ%d[t(%% Fﬁ%%é%mgiﬁoﬁ%)?ggc%g%{g 2 one

of %ﬁ%@i(‘%ﬁ”%gﬁggra%qg%'eea%o%r?é08%3&63""”&00&9@ éitgglgft 1

with a a-containing substance or a S|Iica-conta|n|ng catalyst.

The mixing is,physical mixing. [0041] The same catalys the catalyst 1
e D e e e R o e

and.is 10 explained as to the catalyst prepared by the method (2
pm%%é%ﬁt%d é%o&el l|’lsce>?exrfjiéleﬁi’edszsit‘asitjhctijgcaata ys’?ﬁl.g[o%%lz E‘;’l(g%”lpf)enseoﬁﬁe
silica-containing substance ar silica- containing catalyst include know
oD ystARe s suth 4 15'siikaluRTHA and GilCATRAgesia eSS do
. hot have catalytic activity); and catalysts containing silica and at least one
a3d1%¢ 6pper and copper oxide.

[0034]

The weight ratio of at least one of copper and copper
oxide to silica {at least one of copper and copper
oxide:silica) contained in the catalyst prepared by the
method (2} is preferably in the range of 1.5:1 to 700:1, more
preferably Z.5:1 to 650:1, rparticularly preferably 5:1 to
350:1. The vield of propyiene glycol when produced using the
catalyst significantly varies depending on whether the weilght
ratio is within the above range or not. The use of the
catalyst having a weight ratio within the above range permits
producing propylene glycel in extremely high yield as
compared with the case of using a catalyst having a weight
ratic outside the above range.

[CG035]

The weight ratic of at least one of copper and copper
oxlide To zinc oxide (at least one of copper and copper
oxide:zinc oxide) contained in the catalyst prepared by the

method (2} is not particularly limited, but it is usually 6:1
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[0043] Examples of the catalyst containing silica and at least 20 one of
copper and copper oxide include a catalyst containing silica and at least
one of copper and copper oxide proH%ced by the known method (the

coprecipitation method, the impregnation method, the kneading method
or the like); and those commercially available (e.g., E35S manufactured

to gWeb7 NikkiGhemical ©o;, Lid, KCAH W%&@é%@gﬂﬁﬁ‘@hﬂ@ﬂ“@@ 6:35,

Industry Co., Ltd., and Cu-0860E manufactured by N.E. CHEMCAT
'potatoN), [0044]. S-Ihe catalyst prepargd by themethod (3) prefgrably
and a%s a g&l‘tl%ggggorgeét gf (-)El%l% toE?lO%, more pre%rably Oglr‘}ggtg( 9% t()a)g/ g
eight,.and.particularl ferably: 0.5% % by weight with_respec
o0 L APt o Qe iy S The s el oF prabe e Shbol Ags - tovs
roduced using the catalyst 10 significantly, varies .dependi n whether
7 Cé{)ﬁg s?f(i;%:écco% egn tf]'sovlgllit%:lr? the 38%\6% rél”}nlglée/:horan(i)%).:L ?elt?e %gng the catalyst
3h@a]ving a silica content within the above range permits producing
propylene glycol in extremely high yield as compared with the case of
usi%%a catalyst havinga sili%? 5 co%t)ent ouﬁidg the above ran%?:. ,
[0045] THE 2ok tent PropoHicn of Zint bxide; siticd aht thE%Y 1685 6He o
copper and copger oxide in the catalyst obtained by the method (3) can
Fou iy GHSRA d'ﬁgﬁﬁgtth%ﬂoﬁf‘réczaﬁf?& dérirlg e preParitionsrs
J

the catalyst: . )
one ©i copper and copper oxide to the extent That the present

[G0

reaction is not inhibited.
{0037]

Examples of the component include alkali metals such as
sodium, potassium and cesium; alkaline-ecarth metals such as
magnesium and barium; transiticn metals such as zirconium,
manganese, iron, nickel, cobalt, chromium, rhodium, ruthenium,
palladium and platinum; the periodic table group 13 elements
such as aluminum; and coxides thereof.

[0038]

The incorporation of the fourth component into the
catalyst is expected to improve the persistence of the sffect
of the catalyst and the stability of the catalyst.

[00389]

The fourth component may be appropriately contained in

the catalyst 1 and/or silica. That 1is, it may be contained

in one or both of the catalyst 1 and silica.
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(i) the amount ratio of the powder of the catalyst 2 to the powder of the
silica-containing substance or the silica- containing catalyst mixed; (ii) the
amount ratio of the at least one of cépper and 18 copper oxide to zinc
oxide in the catalyst 2; and (iii) in the case where the silica-containing
substance or silica-containing catalyst contains zinc oxide or at least one
{Ooéca‘]copper and copper oxide, the amount ratio of silica to 5 at least one of
copper and copper oxide and/or zinc oxide in the silica-containing
supstance or silica-containing catalyst.. The weight ratio of the at least
<Catoan g?tc&jp%eel?%ﬁﬁdcc?) e?%%%%to gﬁicg (at least one of copper and
capper, oxide:silica) cantained in the catalyst prepared by the 10 methop
(37 BiSTelabhy Feind Thgs OF S0 000:L, raaTe: profelsbly 5110 8001,
and particularly preferably 8:1 to 100:1. The yield of propylene glycol.
SRR s c Sl S Mt e b L
. . Wwhether the weight ratio is within the aboye range or not, The use of the
1L CAIRSPRAIRG S Waight Patio Withif tﬁéit%&\?e‘ ratigepéimiifs cata-yst.
producing propylene glycol in extremely high yield as compared with the

The Wi dtdsiy & 2afatyéthadVingd deight ratio outside the above range.

i Here, when the silica- containing substance or silica-containing catalyst
[00%0htains 20 at least one of copper and copper oxide, the weight of the at
least one of copper and copper oxide means the sum of the weights of

copter BRACOppER bXitle i the BataRRt 2 antithé Weights 6PEGEDEraNEEnC

copper oxide in the silica-containing
oxide and at least one ¢f copper and copper oxide and is

explained as to the catalyst prepared by the method (2)
described above i1is exemplified as the catalyst 2.
[0042]

Examples of the silica-containing substance or silica-
containing catalyst include known composite oxides such as
silica/alumina and silica/magnesia (these do not have
catalytic activity}; and catalysts containing silica and at
least one c¢f copper and copper oxide.

[0043]

Examples of the catalyst containing silica and at least
one of copper and copper oxide include a catalyst containing
silica and at least one of copper and copper oxide produced
by the known method (the coprecipitation method, the

impregnation method, the kneading method or the like); and

those commercially available (e.g., E358 manufactured by
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substance or silica-containing catalyst. 19 [0046] The weight ratio of at
least one of copper and copper oxide to zinc oxide (at least one of copper
and copper oxide:zinc oxide) containkd in the catalyst prepared by the 5
method (3) is not particularly limited, but it is usually in the range of 6:1 to
5:90, preferably 5:1 to 10:90, more preferably 3:1 to 6:35, and particularly

w1 kxArefaraply ;1 te 6:35; The useof the catalyst.having a weightratio within

the above range allows a catalytic reaction to proceed with a 10 high yield.

¢ llgws a cal oceed wif a 10T
e A 655k it of ouber and capbes axdl. e Mool sy ¥ V-6

CHEME?&I qne of crogg%na}nd copper oxide means the sum of the weights of

copper aﬁaocopper oxide in the catalyst 2 and the weights of copper and

15 copper oxide in the silica-containing substance or silica- containing
(004 o . . ..

catalyst. Further, when the silica-containing substance or silica-containing

lyst contains zinc oxide, the weight of zinc oxid h f
(he oL GViak T b Chlalyil2 Aac IR weroh Bf SRS = 2

., the 20 silica-containing, substance or silica-containing catalyst.. [0047] The
Slljt%?a&&rlbltrg%re%?‘; e methott (3 rﬁtjl:lclifr@orﬁ’giﬁg&f&}jﬁﬁ cygsmb%ngﬁt 8%y

other than zinc oxide, silica and at least one of copger and copper oxide

&1 98 e BRENPTHat & prosent BBSreak it 16 Hotiihibled.” bY weignt with

respect tc 100% by weight of The catalyst. The yield of
propylene glycol when produced using the catalyst
significantly varies depending on whether the silica content
is within the above range or not. The use cof the catalyst
having a silica coentent within the above range permits
producing propylene glycol in extremely high yield as
compared with the case of using a catalyst having a silica
content outside the above range.

[0045]

The content preportion of zinc oxide, silica and the at
least one of copper and copper oxide in the catalyst obtained
by the method (3} can be adjusted by adjusting the following
ratios during the preparation of the catalyst:

(i) the amount ratio of the powder of the catalyst 2 to the
powder of the silica-containing substance or the silica-
containing catalyst mixed;

(ii) the amount ratioc of the at least one of copper and
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[0048] Examples of the component include alkali metals such as sodium,
potassium and cesium; alkaline-earth metals such as 5 magnesium and
barium; transition metals such as zifdonium, manganese, iron, nickel,
cobalt, chromium, rhodium, ruthenium, palladium, and platinum; the
periodic table group 13 elements such as aluminum; and oxides thereof.

coprl0049), 10 The ingarporationsof the feyrth component into the  catalyst is

expected to improve the persistence of the effect of the catalyst and the

(iiigtagiﬂtytq{éh%ggglw. [985911 Th§£95}gg§8g}?§ﬁ§%g‘ ,yst{leostaﬁce or
or the si

appropriately contained in 15 the catalyst 2 an lica-containing

a1 Substance arsfica-containing. calglyet, That is the fourty companent g

ing,_ Z1 ol
e contained In one or of the cataﬁ/st 2 and the Xsllllcea-(czjontglmng

one SHpstance oy siica-containing. catalyet. (0051} 20 scatalyst preparedy. .
metho%lp(aﬁg Inthe rethod (A%) desribe gbove, a catalyst'3" containing

zinc pxide and at least one of copper and copper oxide or a catalyst 4 .
at lea % on Ota a‘ﬂC? (.[3) 0%%§?glﬁd%686ep§>%lgg, in

con?amlngezinc oxid8r sifica and at 18ast oon}élé%ec
and.a silica—containin% 21 | or%anic binder are subg'ected to extrusion

€Re | oHiiigE Tretaby Profdcing 2Catalyt. f0052} THe saink tatdlystas e Y=<

catalglst 1 which contains zinc
Thé weight ratio of the at least one of copper and

copper oxide to silica {at least one of copper and copper
oxide:silica) contained in the catalyst prepared by the
method (3) is preferably in the range of 5:1 te 700:1, more
preferably 5:1 to 500:1, and particularly preferably 8:1 to
100:1. The yield of propylene glycol when produced using the
catalyst significantly varies depending on whether the weight
ratio is within the above range or not. The use of the
catalyst having a weight ratio within the above range permits
producing propylene glycol in extremely high vyield as
compared with the case of using a catalyst having a weight
ratic cutside the abocve range. Here, when the silica-
contalining substance or silica-containing catalyst contains
at least one of copper and copper oxide, the weight of the at
least one of copper and copper cxide means the sum of the
weights of copper and copper oxide in the catalyst 2 and the
welghts of copper and copper oxide in the silica-containing

substance or silica-containing catalyst.
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5 oxide and at least one of copper and copper oxide and is explained as
to the catalyst prepared by the method (2) described above is exemplified
as the catalyst 3. [0053] Examples &fthe catalyst 4 include catalysts
prepared by 10 the method (1). [0054] In the extrusion molding, the
catalyst 3 or catalyst 4, the silica-containing inorganic binder, a molding
O@éjriliary and water are kneaded. The resulting kneaded article is 15
xtruded, dried and calcined. [0055] (Silica-containing inorganic binder)
Examples.of.the silica-containing-inarganic binder include silica,itself; and
20 combina %ﬁs% %ﬁiga%?dai‘r?orlg%%%:gbi% eeers(:)sefllrjcﬁofsp ec%yaﬁ%e?glgper
oxi on%inigg as a }rpiaé]ré cce%)oPth %mectéigteéb]fsed swellable, clcag/, e.q..
a?umlna, AlUmina-si ica, activated “white e3r h,ct?évrﬁgﬁitggﬁld ppe
. montmorillonite, [0056] 22 Examples of silica serving as an inorganjc
o1 e olie Howchy SR hd Colol SHGE o SIREEs £ che
mixture of colloidal silica particles_ dispersed in water. Alkali-type and _
et mriunt Gy P colloTial Uifeh s 5 freferaBy uodd - Commardiiys 11y in
available products such as_fumed silica (manufactured by Sigma),
the Gifguitex Serids (ntdhutdctlrePBy fxﬁﬁ%*?#@’he?ﬁﬂ:amdhéﬁ% ; LIPF&nd

LUDOX .
preferably 3:1 to 6:35, and particularly preferably 2:1 to

6:35. The use of the catalyst hdving a weight ratio within
the above range allows a catalytic reaction to proceed with a

high yield. Here, when the silica~containing substance or

~silica-containing catalyst contains at least one of copper

and copper oxide, the weight of the at least one of copper
and copper cxide means the sum of the welghts of copper and
copper oxide in the catalyst 2 and the weights of copper and
copper oxide in the silica-containing substance or silica-
containing catalyst. Further, when the silica-containing
substance or silica-containing catalyst containg zinc oxide,
the welght of zinc oxide means the sum of the weight of zinc
oxide in the catalyst 2 and the weight of zinc oxide in the
silica-containing substance or silica-containing catalyst.
[0047]

The catalyst prepared by the method (3) may contain a
fourth compecnent other than zinc oxide, silica and at least

one of copper and copper oxide to the extent that the present
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colloidal silica (manufactured by Grace Davison) can also be used. 10
[0057] The used amount of silica serving as an inorganic binder is an
amount such that the total silica cortént of the extrusion-molded catalyst
is preferably in the range of 0.1% by weight to 25% by weight. The yield
of propylene glycol 15 when produced using the catalyst significantly

rezcVares depending on.whether the total silica content is within the above
range or not. The use of the catalyst having a silica content within the

[Ooé%kpve range permits producing propylene glycol in extremely high yield
as compared with the case of 20 using a catalyst having a silica content

outside the above. range, J90361  The gatalysthas sufficient senatleyen, .
if extrusion mo ding Is per rmed with silica alone used as the silica 23
.containing_inorganic binder. To further reinforce the_strength of the

=00 SRBEs nGHaAn e HHaey iy e GUaT i ZormbiRahon TR Ghed™
amount of the silica- cqntainaigg inorganic b}'&n r is usually 3% b Weilght to

ARG B 5 Weight, préferabll 3% by WRIGHT to"35% By Weight, T hiore

e
referably 3% by weight to 30% by weight with respect to the weight of
R e ARVt o AL b S PR

the molding auxiliar){ include substances _
palladium, and platinum; the periodic table group 13 elements

such as aluminum; and oxides thereof.
[0049]

The incorporation of the fourth component into the
catalyst is expected to improve the persistence cf the effect
of the catalyst and the stability of the catalyst.

[0050]

The fourth component may be appreopriately contained in
the catalyst 2 and/cr the silica-containing substance or
silica-containing catalyst. That is, the fourth component
may be contained in one or both of the catalyst 2 and.the
silica-containing substance or silica-containing catalyst.
[0051]
<Catalyst prepared by method (4}>

In the method (4} described above, a catalyst 3
containing zinc oxide and at least cne of copper and copper
oxide or a catalyst 4 containing zinc oxide, silica and at

least one of copper and copper oxide, and a silica-containing
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called thickeners, dispersants, surfactants, deflocculants, humectants or
organic binders. Each of these molding auxiliaries often has some
characteristics but is called on the Bdsis of one characteristic for
convenience. These may 15 be used alone or in combination. The
functions of the molding auxiliary are, for example, to adjust the viscosity
of the mi(?ture to an extrud%?jtlee viscosity as well as to uniformly disperse

ar S ec

IystG'B or cattgfg

e Shd e Cata st8 &Rl thasiica-&htain thereby
Ciporganic binder. 3040060] Examples of the molding auxiliary include
produc ng & cata(y %. : ;
organi€ compounds, synthetic resins, gum, and natural polymers. For
(00 §g mple, at least one selected from methyl cellulose, carboxymethyl
lulose, hydroxyethyl cellulose, polyethylene 24 glycol, polyethylene
oxide, polyacrylamide, polypropylene glycol alginate, polyvinylpyrrolidone,
p e , uft’ c y of,a 1Y ;
ohi5r R, SARTHE GURE OByt IHEraof. al HeRVARIUE thaRe Gt
. may be preferably used. Finally, the moldin?? aid does not remain in S the
Ox1¢atast R bed&dsEhit R Buried ERFGI Aoz 6@ P& tedicihdfiorn Bépt s
subsequent to an extrusion step. [0061] The total amount of the molding
expLpddliary dsed s bEGalRAIRINEehERF I5% Brweiyht BRd prefetably
2% by 10 weight to 10% by weight with respect to the weight of the
deschidipst REPHFR cataljsea o062 fwateryhe catalyst 3.
[0053]

Examples of the catalyst 4 include catalysts prepared by
the method (1).

[CO54]

In the extrusion molding, the catalyst 3 or catalyst 4,
the silica-containing incrganic binder, a molding auxiliary
and water are kneaded. The resulting kneaded article is
extruded, dried and calcined.

[0055]
{(Silica-containing incrganic binder)

Examples of the silica-containing inorganic binder
include silica itself; and

combinations of silica and inorgahic binders such as
clay minerals containing as a main component smectite~based
swellable clay, e.g., alumina, alumina-silica, activated

white earth, bentonite and montmorillonite.

[0056]
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In extrusion molding, the water content is adjusted so 15 as to be usually
20% to 60% and preferably 25% to 55% with respect to the total
components (including water) used ot the extrusion molding. A water
content of less than the above range may result in a kneaded article
which has a high viscosity and cannot be subjected to molding process. A

2Q.water,content exceeding the above range may lead to a resultin
c%ﬁé@%ﬁg\%na%o%%cf%u% insgesrt}relr?l h,a So that %heo%%?arfﬁs? c%ﬁﬁéte bge
. __.used as an industrial catalyst. [0063] (Organic polymer particles). 25 _In
lncjtﬁe Bx rﬁ‘éqi%%rrﬁo%fhg{“ _c‘? sr%%%thﬁy %]%éf%gr% mGQIgi%%lco‘:‘j‘p'era%(())rﬂ%sf “or grjfic
.. polymer particles may be added in additign to the silica-containing
TS, AR witer EoAIES of e SaRE dAThEP paTRs o
, include silicone._5 rubber, silicone resins, polystyrene, cross-linked,
in RiiEiyrert. BolBTERE baNEd TASRG reneivifgbeRsea. Silica are
copolymer, styrene-acrylic acid copolymer, styrene-acrylic acid ester
prefy %i%]néfe ME&ffene SIGRitHE thPoRierl SRtenesthasSlic aelk 28
copolymer, styrene-methacrylic acid 10 ester copolymer, _
fum%?yrahéérﬁéthg%%%ﬁﬁﬁéieaﬁéiyﬁ%r,%ammyn EHE Spolysthyiefe,
polyolefin resins, acrylic resin, cross-linked acrylic resin, ethylene-acrylic
{magﬁﬁé '

Topbifety ethyfetila YR aci@ esteriopoRyiisr effiyfene-and LUDOX

acrylonitrile copolymer, ethylene-methacrylic acid copolymer, 15
col fylahe-PiethadryiB atidfeterespblyirer e e hetratniemtiid so be

copolymer, polymethyl methacrylate,
used.

[0057]

The used amount of silica serving as an inorganic binder
is an amount such that the total silica content of the
extrusion-molded catalyst is preferably in the rance of 0.1%
by weight to 25% by weight. The yield of propylene glycol
when produced using the catalyst significantly varies
depending on whether the total silica content is within the
above range or not. The use of the catalyst having a silica
content within the above range permits producing propylene
glycol in extremely high yield as compaﬁed with the case of
using a catalyst having a silica content ocutside the above
range.

[0058]
The catalyst has sufficient strength even if extrusion

melding is performed with silica alone used as the silica-



)

polyethyl methacrylate, polyglycidyl methacrylate, cross- linked polymethyl
methacrylate, polyacrolein, polyglutaraldehyde, polyacrylamide,
cross-linked alcoholic 20 resins, phérblic resin, epoxy resins, nylon 6,
nylon 66, nylon 11, nylon 12, benzoguanamine resins, melamine resins,
melamine-guanamine resin, and poly-n-butyl acrylate. [0064] The total

___.weight of the organic palymer particles used 26 is usually 15% hy, weight
contiS LY AEIAN S PRMPERAT S5 FEi D Haiab g s

the catalyst .3 or the, catalyst 4. The organic polymer particles are burned
str g e e e D e R ey a e

tep. Thus, finally, they do not remain in the catalyst A. %00?5 Extrusion
5o Tt B B S Bt R ShSeFitns Fradused

by kneading 100 parts by weight of powders of the 10 catalyst 3 or the, __
con e, oGS by WOGHIAE 50 Gartoty weight bt e SRRbanahidg® Y
. inorganic binder, 2 parts by weight to 15 parts by weight of the moldin%
we Lqhkiliahy, D0 Tans by Welght 160 Phrts By weightioriratar angdnd more
optionally 15 parts by weight or less of the organic polymer 15 patrticles,
Predhding the r@é’ul‘ﬁﬁ@r%ga&é’d aftitIeIBFEE By tryiy afdRalkchation="e

- [0066] The catalyst 3 or the catalyst 4, the raw material of the
welghieatontdifintfihdrgahic Binder, thé nididmg Giiliary,

[0059]
{(Molding auxiliary)

Examples of the molding auxiliary include substances
called thickeners, dispersants, surfactants, deflocculants,
humectants or crganic binders. Fach of these molding
auxiliaries coften has some characteristics but is called on
the kbasis of one characteristic for convenience. These may
be used alone or in combination. The functions of the
molding auxiliary are, for example, to adjust the viscosity
of the mixture to an extrudable viscosity as well as to
uniformly disperse and bond the catalyst 3 or the catalyst 4
and the silica-containing inorganic binder.

(00607

Examples of the molding auxiliary include organic
ceompounds, synthetic resins, gum, and natural polymers. For
example, at least one selected from methyi cellulose,

carboxymethyl cellulose, hydroxyethyl cellulose, polyethylene
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20 water, and optionally the organic polymer particles are kneaded to
form a kneaded article that can be extruded. The kneading step is
performed at room temperature or a2 femperature equal to or higher than
room temperature, producing an appropriate clay-like kneaded article.
The 27 kneaded article is molded by using an extruder. [0067] After the

kneaded article is extruded, drying is, performed..Drying conditions are
LY 0 haREL Ty ThARCd B ey o i B T an B O HCBga T ne
atmosphere qr under a stream thereof, preferably at 25C to 120C, usuall
TLY {1 28 500 Rbits TOGSB. RHEF WLy s, (e Tl s termnthan
calcined at 10 400C to 60Q0C for usually 1 to 6 hours in air or in the
G b BT UraeF St fearf O a Oy 6k SORTAIrG BSS Hin tEY b
calcination step, a method_in which a low heating rate is used at first until
P e Fretdteriitet tempefature is reGchist s Bfployed iR fdétor16™a 1 in
cause the rapid change of the 15 molded article. [0069] Particles of the
he atdifst bhfaiféd By 8XtriiSion tndldingnay Rdve i sphetitarsthpe? a?
crushed shape, a flat_ shape, an elliptic shape or the like. The molded
caleabdlyst©20 préferably fiad erdiameterist 0558 0 3 MR [0D7OP (Catalyst A
[Ogg{e]:pared by extrusion molding (Method (4)))

The total amount of the molding auxiliary used is
usually 2% by weight to 15% by weight and preferably 2% by
welght to 10% by welght with respect to the weight of the
catalyst 3 c¢r the catalyst 4.

[0062]
(Water)

In extrusion molding, the water content is adjusted so
as to be usually 20% to 60% and preferably 25% to 55% with
respect tc the total components (including water) used for
the extrusion melding. A water content of less than the
above range may result in a kneaded article which has a high
viscosity and cannot be subjected to molding process. A
water content exceeding the above range may lead to a
resulting catalyst having poor crushing strength, so that the
catalyst cannot be used as an industrial catalyst.

[0C63]

(Crganic polymer particles)



10

15

20

The catalyst prepared by the method (4) preferably has a silica content of
0.1% to 25% by weight, more preferably 0.1% 28 to 20% by weight, and
particularly preferably 0.4% to 20% By weight with respect to 100% by
weight of the catalyst. The vyield of propylene glycol when produced using
the catalyst significantly varies depending on whether the silica content 5
is within the above nanrgem%rlrg?it. The use of the catalyst hﬁvin a siJ[i a

con?er%hﬁitrﬁﬁ{ A& above range Bgr’miFso p?&ﬁj% E{ro%?i% &gy &oi =9

extremel hi{gh@yield com aredrwith the %se of usin% a catalyst having a
OPeTicACoRtert datside e abbve raRgé o O7AF The ToRtEHt Propbrtion
ad of zinc oxide, silica,and the at least one of copper and copper oxide in the
2GdLht4ist prepared® by té nisthdd t4) 'dah beadigisfetbyadjising fife water-

content proportion of respective components in the catalyst 3 or the 15
Exa%ﬁﬁaﬁﬁst%fugébein%%ﬁaﬁﬁg e ¥atafy st and éﬂﬁ%ﬁn@?ﬁg%ﬁoﬁﬁtﬁcom

silica in the silica-containing inorganic binder subjected to extrusion
rubhFslding togefiet withthe tatdlty® of 1é BatalysP 2 S[0D721 2 The

weight ratio of at least one of copper and copper oxide to silica (at least
POlﬁéﬁEH%ﬁpePﬁﬁd’ tbPpEF OxRESSiifca) tontaePinth catalystipteparsgz ene

by the method (4) is preferably in the range of 1.2:1 to 700:1, more ‘
COPpreTafdbly 11371 %6 8009 vhdpattculaip preferaply, 2:3 tgpone-acrylic
acid ester copolymer, styrene-acrylonitrile copolymer,
styrene-methacrylic acid copolymer, styrene-methacrylic acid
ester copolymer, styrene-methacrylonitrile copolymer,
polyvinyltoluene, polyethylene, polyolefin resins, acryiic
resin, cross-linked acrylic resin, ethylene-acrylic acid
copolymer, ethylene-acrylic acid ester copolymer, ethylene-
acrylonitrile copolymer, ethylene-methacrylic acid copolymer,
ethylene-methacrylic acid ester copolymer, ethylene-
methacrylonitrile copolymer, polymethyl methacrylate,
polyethyl methacrylate, polyglycidyl methacrylate, cross-
linked polymethyl methacrylate, polyacrolein,
polyglutaraldehvde, polvacrylamide, cross-linked alcoholic
resins, phenclic resin, epoxy resins, nylon 6, nylon 66,
nylon 11, nylen 12, benzoguanamine resins, melamine resins,
melamine-guanamine resin, and poly-n-butvl acrylate.

[0064]

The total weight of the organic polymer particles used
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250:1. The yield of propylene glycol when produced using the catalyst
significantly varies depending on whether the weight ratio is within the
above range or not. The use of the gatalyst having a weight ratio within
the above range permits 5 producing propylene glycol in extremely high
yield as compared with the case of using a catalyst having a weight ratio

. . .outside the ahoye range. [0073] The weight ratio of at least one of copper
5 9Hh aggp\ﬁ:%%fo\éyidg%ﬁh% &%delf}aﬁegﬁ%ng%?t%ﬁﬁgrlé(n&gépﬁé’r weight

. loxide:zinc oxide) contained in the catalyst prepared by the method (4) is
OF 1ot paticularfAimitsdt bt itiS GsHARAR tthe Tah§é of 8 doys803 ©F the
referably 5:1 to 10:90, and more preferably 4:1 to 6:35. The use of the
catthflyst having'd 15 REIGhT ratio Witk the Bbove Finge &I dwe & eataytid/ o
reaction to proceed with a high yield. [0074] The catalyst prepared by the
VaPYYSAGH (47 mBl Contdif %ﬂﬂ%ﬂrﬁ?ﬁcﬁﬁﬁ&néﬁ%}%‘%ﬁéﬂﬁaﬁ Zire &ide Sflicansion
and at least 20 one of copper and copper oxide to the extent that the
stepresdht! feactioRds hit inhilsiEed OTS] EBefedies bhtidcomporetst 2.
include alkali metals such as sodium, potassium and cesium;
[00&Rdaline-earth metals such as 30 magnesium and barium; transition
metals such as zirconium, manganese, iron, nickel, cobalt, chromium,
(ExbRod AT rithéfium) palladium and platinum; the periodic table group 13

elements
In the extrusion molding, the catalyst A is preferably

produced by kneading 100 parts by weight of powders of the
catalyst 3 or the catalyst 4, 3 parts by weight to 40 parts
by weight of the silica-containing incrganic binder, 2 parts
by weight to 15 parts by weight of the molding auxiliary, 20
parts by weight to 60 parts by weight of water, and
optionally 15 parts by weight or less of the organic polymer
particles, extruding the resulting kneaded article followed
by drying and calcination.

[0066]

The catalyst 3 or the catalyst 4, the raw material of
the silica-containing inorganic binder, the molding auxiliary,
water, and cptionally the organic polymer particles are
kneaded to form a kneaded article that can be extruded. The
kneading step is performed at room temperature or a
temperature equal to or higher than room temperature,

producing an appropriate clay-like kneaded article. The



such as aluminum; and oxides thereof. 5 [0076] The incorporation of the
fourth component into the catalyst is expected to improve the persistence
of the effect of the catalyst and the %Fability of the catalyst. [0077] 10 The
fourth component may be appropriately contained in the catalyst 3 or the
catalyst 4 and/or silica. That is, the fourth component may be contained in

r.e NELH0th Of the catalyst 3 or the catalyst4 and silca, [0078] 15 As
neag{(};:ri%ecc%[[above, tﬁe prefe?red égntent gﬁoportion o# gﬁc oxide, silica and
[006a7t east one of copper and copper oxide in the catalyst A used in the

present invention varies depending on the method for producing the

catalyst (09791,20 Inthe calalyst prepared by (e method (1), the catalys

is'prepared by a coprecipitation method o oxide,

o Slica.and atleast gne of copper. and copner. oxide are lacated at hor
PELidtaRces from each other when' viewed at the'tndletular fevel, ’

In each of the methods (2) and (3), mixing is simply performed. In th
" BTG cATIE thiS S DYick: dich & &rIe4GEGHS OF EOFBE SF O

er oxide are 5 located at long distances from each other as compared

ERAGHIR (od BT the LS prEDAIERFE e MEtHOA (1) NotbHals 2518 <17

for 1 to 100 hours.
[0068]

After the drying step, the meclded article is calcined at
400°C to 600°C for usually 1 to 6 hours in ailr or in the
presence of or under a stream of an oxygen-containing gas.

In the calcination step, a method in which a low heating rate
is used at first until a predetermined temperature is reached
is employed in order not to cause the rapid change of the
melded article.

[0069]

Particles of the catalyst A obtained by extrusion
molding may have a spherical shape, a crushed shape, a flat
shape, an elliptic shape or the like. The molded catalyst
preferably has a diameter of 0.5 to 3 mm.

[0070]
(Catalyst A prepared by extrusion molding (Method (4)))
The catalyst prepared by the methed {4} preferably has a

silica content of 0.1% to 25% by welght, more preferably 0.1%
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zinc oxide and the at least one of copper and copper oxide are located at
short distances from each other. This is because the catalyst 1 or 2
containing zinc oxide and at 10 least®ne of copper and copper oxide is
prepared by a known method (e.g., the coprecipitation method, the
impregnation method or the kneading method) or is commercially

to Alghle, as %B'ai%e[gdi’?Q&%%'X%LﬁrgE?;%%%’gg&?:?g £2L5Th8s 1y

commercially’available catalysts are als nown

weidsl?]%“l?f'tﬁ‘ ?@sga%s&""tﬂ%ref%%g'ﬂ?f‘%%@%@%‘go URSIANGE OL ) vor . e

Ica-containin catalyst contains at leastone o copper and ¢ per oxiae

yssaly Emelin 3, il ood e, atLgast gne of copper and copper gde

gr
are loc shor nces from each o respect’to

. _the catalyst prepared by the method (4), simple mixing is not performe
10Ty Lo MG o BETBOER 15t TESLAT sy SE Hie the e ert
. qgis, ances _amon%zincpxide, silica and at ]fast one of copper and 32
o Wc“o%[‘bé?o%%% steShortertiin the disthnces AMoRg thethiee” componéhts
~_Inthe catalyst prepared by each of the methods (2) and (3) and longer
D3V 4R8N the distarites AMEH tHe thred conipSHATSintRB Eatdl§<t brépared

by the method (1). 5 [0082] The present invention provides a process for
PTOB6dGEng [oropyRNAE gyt By catalftic-RyRtEgEnatidh ofiifcetor opared

arding the catalyst used in this reaction, copper serves as an active

~ Re
wi e Ropgsicoride IPtheGAtalyatia rédlicd ving a silica content

outside the above range.
[C071]

The content proportion of zinc oxide, silica and the at
least one of copper and copper oxide in the catalyst prepared
by the method (4} can be adjusted by adiusting the content
proportion of respective components in the catalyst 3 or the
catalyst 4 used in preparing the catalyst and adjusting the
amount of silica in the silica-containing inorganic binder
subjected to extrusion molding together with the catalyst 3
or the catalyst 4.

(00721

The weight ratio of at least one of copper and copper
oxide to silica (at least one of copper and copper
oxlcde:silica} contained in the catalyst prepared by the
method {4} is preferably in the range of 1.2:1 to 700:1, more

preferably 1.3:1 to 300:1, and particularly preferably 2:1 to
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10 into copper during the reaction). Zinc oxide is thought to interact with
copper to increase the activity of copper. The inventors believe that silica
also interacts with copper to increag® the activity of copper. The
interactions among copper, zinc oxide, and silica seem to be related to
the 15 distances thereof from each other. Thus, the inventors speculate
that th%catal,ys S prepared bgf the above methods >é|1) to (4g§liffer from

#°9gach other T terfhs o the AStadss Amory zinC GXidBT Siffcs affd & fedt the
one of copper and copper oxide, thereby leading to the different preferred
a0 Sropdiibh of thetedpe e Comporitms v the S8 cAfiRdis T [0083] Agtaht

a general guide, preferred proportion of the three components Ln the
ratiQeaifstiA uSed it tife presift nveffior? Tefattess 6fa PRsce’s foPe
producing the catalyst is 33 described below. [0084] The catalyst A used
catgd yisd preseht thventin prefefably hasid Bilica ESfteRPEIS. 196 16 259empi ts
. weight, more 5 preferably 0.2% to 20% by weight, and particularly
PIoGieferably "6 BY46 f5 0% D Rrbight vAthTre8pEct Yo 100% by Weigitof the
catalyst A. The use of the catalyst having a silica content within the above
COMRaKGE peirhfts protlueiritPprobylehel§ly ol 47 textreately Aigh ek, 1o1ght
[0085] The weight ratio of at least one of copper and copper oxide to
ratgflicav(as ledst 6he of kepertaidopper
[0073]

The weight ratio of at least one of copper and copper
oxide to zinc oxide {(at least one of copper and copper
oxide:zinc coxide) contained in the catalyst prepared by the
method (4) is not particularly limited, but it is usually in
the range of 6:1 to 5:%0, preferably 5:1 to 10:90, and more
preferably 4:1 to 6:35. The use of the catalyst having a
weight ratic within the above range allows a catalytic
reaction to proceed with a high vield.

[0074]

The catalyst prepared by the method (4) may contain a
fourth component other than zinc oxide, silica and at least
one of copper and copper oxide to the extent that the present
reaction is not inhibited.

[0075)

Examples cf the compeonent include alkali metals such as

sodium, potassium and cesium; alkaline-earth metals such as
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oxide:silica) contained in the catalyst A used in the present invention is
preferably in the range of 0.5:1 to 700:1, more 15 preferably 1.0:1 to
500:1, and still more preferably 1.2:kto 350:1. The use of the catalyst
having a weight ratio of at least one of copper and copper oxide to silica
within the above range permits producing propylene glycol in extremely
high yield. 20 [0086] Further, the weight ratio of at least one of copper and
magRgppefokide t6FMcdkidé (atleastishe Srdopper HEcopFel” bRiRAZiRE .
oxide) contained in the catalyst A used in the present invention is not
manggpfdfarly: fiaited But 63 34cusaally-in the Fangeof 626615190, ruthenium,
preferably 5:1 to 10:90, and more preferably 4:1 to 6:35. [0087]
palirdasfiorng Ip #ie prodoctidh pracess ol ive praseat invention, lyderokists
subjected to catalytic hydrogenation in the presence of the catalyst A
suclkontainihgzinesRide nsilicarand satiibastasne.of copper and copper oxide.
The use of the catalyst A containing the three components permits
[00praducing 10 propylene glycol from glycerol without voporization of
glycerol. In particular, the present inventors found that the use of the
cakaly st.cantaipingathethreefcarnporfients i acspesificcproportian the
permitted producing propylene glycol from glycerol with a high yield.
catFythermerethe inventars famnd d54hat; as deserikactabeve; thehe effect
preferred proportion of the
of the catalyst and the stability of the catalyst.

[0077]

The fourth component may be appropriately contained in
the catalyst 3 or the catalyst 4 and/or silica. That is, the
tourth component may be contained in one:or both ¢f the
catalyst 3 or the catalyst 4 and silica.

[¢o78]

As described above, the preferred content proportion of
zinc oxide, silica and at least one of copper and copper
oxlde in the catalyst A used in the present invention varies
depending on the method for producing the catalyst.

[0079]

In the catalyst prepared by the method (1), the catalyst
is prepared by a coprecipitation method or the like. Thus,
zinc oxide, silica and at least one of copper and copper
oxide are located at short distances from each other when

viewed at the molecular level.
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three components in the catalyst A varied depending on the process for
producing the catalyst A. [0088] For a batch reactor, the amount of the
catalyst A used 20 is usually 0.1% t©120% by weight and preferably 1% to
10% by weight with respect to 100% by weight of glycerol. [0089] In the
production process of the present invention, glycerol is subjected to
catalytic hydrogenation to yield 35 propylene glycol. Here, glycerol may
{Oogb@]used alone or in the form of an aqueous solution or a solution of an
organic solvent. The amount of water or the organic solvent used is not

particGafy liffited! Bulit iRy 4 tiEFange lof SH0vhTE 969 By Weight
and preferably 20% to 70% by weight with respect to 100% by weight of
PeT yjdetel-frontthefe W SIRL G- V8IuRitA¢ Efffciency shd the'tateosrde
. reaction. [0090] Examples of a reactor in which the production process of
s11lhgptha'pledéntliffaition’is cafrictPEREACIE attbthaessfixsdbege
catalytic reactors, fluidized-bed catalytic reactors and moving-bed
LocahedlyticrebRicrsAfDDYA 36 thel prasent iflveAtidik a methodrior ehdrgid b
the 15 catalyst A into a reactor is not particularly limited. For example, in
thogke easé be usimgahe satalystprasarelibytthe methoed(3),lthe catalyst 2hat
containing zinc oxide and at least one of copper and copper oxide is
zingnixad 9@thathe silica-at least one of copper and copper oxide
are located at short distances from each other. This is
because the catalyst 1 or 2 containing zinc oxide and at
least one of copper and copper oxide 1s prepared by a known
method (e.g., the coprecipitation method, the impregnation
method or the kneading method) or is commercially available
as explained in the catalyst prepared by the method {2). The
commercially available catalysts are also prepared by the
known method. In the case where the silica~containing
substance or silica-containing catalyst contains at least one
of copper and copper oxide in the method (3), silica and the
at least one of copper and copper oxide are located at short
distances from each other.
[0081]
With respect to the catalyst prepared by the method (4},
simple mixing is not performed, but extrusion molding is

performed. In the resulting catalyst, thus, the distances

ameng zinc oxide, silica and at least cone of copper and
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containing substance or silica-containing catalyst, and then 20 the mixture

may be charged into the reactor. Further, for example, in the case of

using the catalyst 2 and the catalyst3gontaining silica and at least one of

copper and copper oxide, both of the catalysts may be alternately

charged into a fixed-bed reactor in such a manner that one catalyst and

the 36 other catalyst form layer(s). [0092] In the case where the catalyst
COPRE his&F i the e seRC iivehtibh s useF 1t a o3kt itMay) betliedas ke

is. 5 Alternatively, before being used for the reaction, the catalyst A may
Comgrangdtivated by FedutlibA-with-hydr8gén & therdby e6mpletelylor paftidly s

reduce metal compounds contained in the catalyst A to give a metal. The

(2} reddction’ isyPicaliy peHofmed by Brirgirfy the cafalpstint doitadtiiose
with hydrogen gas at 100C to 400C. [0093] In the case of using the

Coml%%féﬁ?éﬁ)réﬁaﬁé@@b)ﬁﬁ%arﬁéﬁﬁ)dp@Péﬁ@qh@ﬁaﬁ%t@@éﬁmﬁni%)zinc
oxide and at least one of copper and copper oxide is subjected to
[CO%&duction 15 operation, and then the catalyst that has been subjected to
reduction operation may be mixed with the silica-containing substance or
silidzecamtambng catalyst Altsrnativehy, e catalyst obtained by npixingutheng
catalyst 2 and the silica- containing substance or silica-containing catalyst
promyayehe 201subjected ta retiuktibn operations Eugheémmoref egdly obthel -
catalyst 2 and the catalyst containing silica and at least
Regarding the catalyst used in this reaction, copper serves
as an active site (copper oxide in the catalyst is reduced
into copper during the reaction). Zinc oxide is thought to
interact with copper to increase the activity of copper. The
inventors believe that silica also interacts with copper to
increase the activity of copper. The interactions among
copper, zinc oxide, and silica seem to be related to the
distances therecf from each other. Thus, the inventors
speculate that the catalysts prepared by the above methods
(1) to (4) differ from each other in terms of the distances
among zinc oxide, silica and at least one of copper and
copper oxide, thereby leading to the different preferred
proporticn of the respective components in these catalysts.
[C083]
As a general guide, preferred proportion of the three

components in the catalyst A used in the present invention

regardless of a process for producing the catalyst is
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one of copper and copper oxide may be subjected to reduction operation,
and then the resulting two catalysts that have been subjected to reduction
operation may be mixed. 37 [0094]3he reaction can be usually
performed at a reaction temperature of 100C to 350C and preferably
150C to 300C in a liquid phase under continuous or batchwise conditions.
5 [0095] Under the continuous or batchwise conditions, the reaction is
desqudiRaly p&rtstined at a hydrogen pressure of 1 to 30 MPa and preferably
2 to 20 MPa. The rate of reaction is sufficiently high in this pressure
EOOgi’ér%ge, thus propylene 10 glycol can be efficiently obtained. [0096] The
reaction time is usually 1 to 20 hours. 0097] In the production process of
thelfreséritanvetitich, Y5 propyleneSgIyés T8 belproatée o giyeadp Ly
without vaporization of glycerol as described above. Of course, glycerol
nas mayphe vapofized 8Ad stibjettedbtotcatalytic tiydrsgertiontis §aseous
phase. Furthermore, a step of removing catalyst poisons from raw
prefraeRalbgljcerdl ffaydie 20 appopiiately @idded deforethe step sfreferably
subjecting glycerol to catalytic hydrogenation. [0098] As described
0. >%abbve Zinthe preseritinvention, cgilgie thydrogéidtidrvofyarrol isf the
performed in the presence of the
catalyst A. The use of the catalyst having a silica content

within the above range permits producing propylene glycol in
extremely high yield.
[0085]

The weight ratio of at least one of copper and copper
oxide to silica (at least one of copper and copper
oxide:silica) contained in the catalyst A used in the present
invention is preferably in the range of 0.5:1 to 700:1, more
preferably 1.0:1 to 500:1, and still more preferably 1.2:1 to
356:1. The use of the catalyst having a weight ratioc of at
least one of copper and copper coxide to silica within the
above range permits producing propylene glycol in extremely
high vield.

[0086]

Further, the weight ratio of at least one of copper and
copper oxide teo zinc cxide (at least one of copper and copper
oxide:zinc oxide) contained in the catalyst A used in the

present invention 1s not particularly limited, but it is
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38 catalyst A containing zinc oxide, silica and at least one of copper and
copper oxide to give propylene glycol. In particular, the use of the catalyst
A containing the three componentsid a specific proportion (preferred
proportion of 5 the three components varies depending on the process for
producing the catalyst as described above) permits efficiently producing
propylene glycol with a h| |eId Furthermore, as described above and
usuEhyile rEﬁF‘ﬁJSm ble%odetéc?Bed %Eﬁ)@\?‘?ﬁ@ SPecifi¢ to 10:20,
proportion is 10 si |f|cantly important. The use of the catalyst that

and dafisfe Lt Spetiiciprbportioh fermts producing propylene glycol in
extremely high yield as compared with that of the case of using a catalyst

0C%Hdt does not satisfy the specific proportion. 15 [0099] Specifically, the

use of the catalyst A containing the three component in the specific

[ Re3p&p6ridn permits the production of propylene glycol at a conversion of
glycerol of usually 72% or more and preferably 80% or more and in a 20
yield ofRBuBNP A0 6LmakE afg prefefabiy F5%r srmbdie. L EXAMPLES
[0100] The present invention will be described in further detail below by

glyexambless britkhe pitesent inveatied istrict 39y fimitedthéretor Te the
conversion of glycerol and the yield of propylene glycol were calculated
prepygss chifotatography ywithA containing zinc oxide, silica and
at least one of copper and copper oxide. The use of the
catalyst A containing the three components permits producing
propylene glycol from glycerol without voporization of
glycercl. In particular, the present inventors found that
the use of the catalyst containing the three components in a
specific proportion permitted producing propylene glycol from
glycerol with a high yield. Furthermore, the inventors found
that, as described above, the preferred prcocportion of the
three compcnents in the catalyst A varied depending on the

process for producing the catalyst A.

[00B8]

‘For a batch reactor, the amount of the catalyst A used
is usually 0.1% tc 20% by weight and preferably 1% to 10% by
welght with respect to 100% by weight of glycerol.

[0089]

In the procduction process of the present inventicn,

glycerol i1z subiected tc catalytic hydrogenation to yield



10

15

20

a gas chromatograph, GC-14A from Shimadzu Corporation; column:
HP-INNOWAX from Agilent; detector: FID). 5 [0101] [Example 1] First, 24
g of glycerol, 6 g of distilled water, 149 of FIOG (50% by weight of
copper oxide and 50% by weight of zinc oxide) from Nikki Chemical Co.,
Ltd. and 0.20 g of E35S 10 (67% by weight of copper oxide, 27% by
weight of silica and 6% by weight of a binder) from Nikki Chemical Co.,
Propyd.Siered Witdhed ald tharged/ipts & 100avl &gtoclkwe cohyosednofin the
SUS 316 equipped with an electromagnetic induction rotator stirrer. 15
forforo2) Hiter Sapstittiting sideof the auteclavé with mitfogen (10aViRa x 5
times), substitution was carried out with hydrogen (10 MPa x 5 times)
solrnmdly, théautoetavetwasd filledawitrohydroger sgasito havevaminteraall is
pressure of 10 20 MPa at room temperature, and was then hermetically
not spatet] cthe adtoclaveitasiheated uip-toi200G toapérforim catadyticange of
hydrogenation reaction while stirring the reaction solution containing the
10% catalystin the autOglavezatd stireifig ratel of 45 rpm. T heating vast with
stopped after 12 hours. The 40 autoclave was left to natural cooling. The

resinside the Butdclave was gubstitited with nittogen-aftertibe tampetature of
inside the autoclave reached 30C or lower, and then the autoclave was
volapened The conteats-wera filtrated tosremave -the-eatalyst. Analysis of

the resulting reaction solution by
[0090]

Examples of a reactor in which the production process of
the present invention is carried out include autoclaves,
fixed~-bed catalytic reactors, fluidized-bed catalytic
reactors and moving-bed catalytic reactors.

[0091]

In the present invention, a method for charging the
catalyst A inte a reactor is not particularly limited. For
example, in the case of using the catalyst prepared by the
methed (3), the catalyst 2 containing zinc oxide and at least
cne of copper and copper oxide 1s mixed with the silica-
containing substance or silica-containing catalyst, and then
the mixture may be charged into the reactor. Further, for
axample, in the case of using the catalyst 2 and the catalyst
containing silica and at least one of copper and copper oxide,

both of the catalysts may be alternately charged into a

fixed-bed reacter in such a manner that one catalyst and the



gas chromatography showed that the conversion of glycerol was 91.1%
and the yield of propylene glycol was 86.0%. [0103] [Examples 2 to 9 and
Comparative Examples 1 and 2] 10 #xeach of Examples 2 to 9 and
Comparative Examples 1 and 2, the reaction was performed in the same
manner as in Example 1, except that the amounts of FIOG and E35S
used were changed as shown in Table 1. Table 1 shows the results
oLheggtHERWIR that OTEXRSIE 15 15 [0104] [Table 1] 41 U s0+ o0 LO LO
LOLQrtOu)oLeiLOcoCDr OO X 0O UOCmi5.MrMMp hM (A
[C0%%krrrNrr X._ OO0 Na

In the case where the catalyst A used in the present
invention 1s used for a reaction, it may be used as it is.
Alternatively, before being used for the reaction, the
catalyst A may be activated by reduction with hydrogen,
thereby completely or partially reduce metal compounds
contained in the catalyst A to give a metal. The reduction
is typically performed by bringing the catalyst into contact
with hydrogen gas at 100°C to 400°C.

[0093]

In the case of using the catalyst prepared by the method
{3), only the catalyst 2 containing zinc oxide and at least
cne of copper and copper oxide is subjected to reduction
cperation, and then the catalyst that has been subjected to
reduction operation may be mixed with the silica-containing
substance or silica-containing catalyst. Alternatively, a
catalyst obtained by mixing the catalyst 2 and the silica-
containing substance or silica-containing catalyst may be
subjected to reduction operation. Furthermore, @ach cf the
catalyst 2 and the catalyst containing silica and at least
one of copper and copper oxide may be subjected to reduction
operation, and then the resulting two catalysts that have

been subjected to reduction operation may be mixed.
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[0094]

| The reaction can be usually performed at a reaction
temperature of 100°C to 350°C and preferably 150°C to 300°C
in a liquid phase under continucous or batchwise conditions.
[0095]

Under the continucus or batchwise conditions, the
reaction is typically performed at a hydrogen pressure of 1
to 30 MPa and preferably 2 to 20 MPa. The rate of reaction
is sufficiently high in this pressure range, thus propylene
glycol can be efficiently obtained.

[0096]

The reacticn time i1s usually 1 to 20 hours.
[0097]

In the production process of the present invention,
propylene glyccel can be produced from glycerol without
vaporization of glycerol as described above. 0Of course,
glycerol may be vaporized and subjected to catalytic
hydrogenation in gaseous phase. Furthermore, a step of
removing catalyst poisons from raw material glycerol may be
appropriately added before the step of subjecting glycerol to
catalytic hydrogenation.

[0098)
As described above, in the present invention, catalytic

hydrogenation of glycerol is performed in the presence of the
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XXXXX-XE XXXXWWWWWWWWW FUW O 42 [0105] Table 1

shows that in the case where the catalyst (catalyst prepared by the
Cat%ﬁ@ﬁ%dﬁ3%Q%ﬁﬁﬁﬁ%ﬁ§pﬁ%ﬂﬁnOX1 g, silica and at least one of

copper and copper oxide to give propylens glycol. In
particular, the use of the catalyst A containing the three
components in a specific propeortion (preferred proportion of
the three components varies depending on the process for
prodﬁcing the catalyst as described above) permits
efficiently producing propylene glyvcol with a high yield.
Furthermore, as described above and as will be apparent from
examples described below, the specific proportion is
significantly important. The use ¢f the catalyst that
satisfies the speclfic proportion permits producing propylene
glycol in extremely high yield as compared with that of the
case.of using a catalyst that does not satisfy the specific
proportion.

[0089]

Specifically, the use of the catalyst A containing the
three component in the specific proportion permits the
production of propylene glycol at a conversion of glycercl
of usually 72% or more and preferably 80% or more and in a
yield of usually 70% or more and preferably 75% or more.
EXAMPLES
[0100]

The present invention will be described in further

detail below by examples, but the present invention is not
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reaction had a silica content of 0.1% to 10% by weight, 5 propylene glycol
was able to be produced from glycerol in extremely high yield as
compared with the case where the gatalyst had a silica content of 13.5%
by weight (Example 7). [0106] [Preparation Example la] 10 <Preparation
of Catalyst with Copper Oxide:Zinc Oxide = 30:70 (Weight Ratio)
(Hereinafter, abbreviated as "Catalyst la")> Copper nitrate trihydrate (18.2

11m3d§%otfiﬁ€ E?ﬁ"ci%rte ﬁé&h‘}@%‘f@ {51 ‘QI'Q)CWer@ Hissonel mrdistifed watet o °f

prepare 400 ml of an aqueous solution (hereinafter, the 15 aqueous .
Prorsphfich i3 abbfevidetcastan “AdiEots sofutiohsA"Y D MaEwwiile2phy (with

anhydrous sodium carbonate (34.1 g) was dissolved in distilled water to
a g3fteparecnor Al bRER adieobdSolition (Hekeladrer, Heragiuedus salution

is abbreviated as an "aqueous solution B"). 20 [0107] Next, each of the
colugeods SOt ahd e Aglésnd /soldtion® was dimiltaneously

added dropwise to 150 ml of distilled water under vigorous stirring to
[01{derform a reaction. The resulting precipitate was filtered off and subjected

to 43 sludging with distilled water. The resulting solid was dried at 110C
[Exdop3holis and then calcined at 400C for 3 hours in air. [0108] 5

Elementary analysis value of the resulting solid showed that the solid was

a Eatadyst (Gdtalystid) hayvingraviatiotofs of distilled water, 1.0 g
of F10G (50% by weight of copper oxide and 50% by weight of
zinc oxide} from Nikki Chemical Co., Ltd. and 0.20 g cof E35S8
(67% by welight of copper oxide, 27% by weight of silica and
&% by weight of a binder) from Nikki Chemical Co., Ltd. were
welghed and charged into a 100-ml autoclave composed of SUS
316 equipped with an electromagnetic induction rotator
stirrer.
[0102]

After substituting inside of the autoclave with nitrogen

{10 MPa x 5 times), substitution was carried out with
hydrogen (10 MPa x 5 times). Finally, the autcclave was
filled with hydrogen so as to have an internal pressure of 10
MPa at room temperature, and was then hermetically sealed.
The autoclave was heated up to 200°C to perform catalytic
hydrogenation reaction while stirring the reaction solution

containing the catalyst in the autoclave at a stirring rate

of 450 rpm. The heating was stopped after 12 hours. The
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copper oxide:zinc oxide of 30:70 (weight ratio). [0109] [Preparation
Examples Ib to f] 10 Catalysts Ib to if shown in Table 2 were prepared in
the same manner as in PreparationzExample la, except that the amounts
of copper nitrate trihydrate and zinc nitrate hexahydrate used were
changed. [0110] 15 [Table 2] 44 Table 2 Catalyst Copper oxide:zinc
oxide name weight ratio Preparation example la Catalyst 1a 30:70
autqSepdfatithtexdmple T Catalystrh £585*Preparaiisn exdnipe &
Catalyst 1c 7.5:92.5 Preparation example 1d Catalyst 1d 50:50
aut PrepHfativhiexdmpié ¢ catslystitd 6040 PrsaratditexampletipCatdlysture
If 70:30 [0111] [Examples 10 to 17 and Comparative Examples 3 to 8] 5
insideabhof ExXanipley 201627 w1 ComiparativeEsamplesd f8nthehe
reaction was performed in the same manner as in Example 1, except that
autqRe Hjfe ARG afitRint 6f catdlyst tsetichefe eifaifgetids sioved i Tablergve

Table 3 shows the results. [0112] 10 [Table 3] 45
the catalyst. Analysis of the resulting reaction solution by

gas chromatography showed that the conversion of glycerol was
91.1% and the yield of propylene glycol was 86.0%.

[0103]

[Examples 2 tc 9 and Comparative Examples 1 and Z]

In each of Examples 2 to 9 and Comparative Examples 1
andg 2, the reaction was performed in the same manner as in
Example 1, except that the amounts of F10G and E358 used were
changed as shown in Table 1. Table 1 shows the results
together with that of Example 1.

[0104}

[Table 1]
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(catalyst prepared by the method (3} ) used in the present
reaction had a silica content of 0.1% to 10% by weight,
propylene glycol was able to be produced from glycercl in
extremely high vield as compared with the case where the
catalyst had a silica content of 13.50% by weight (Example 7).
[0106:
[Preparaticn Example lal
<Preparation of Catalyst with Copper Oxide:Zinc Oxide = 30:70
(Welght Ratio) (Hereinaftef, abbreviated as "Catalyst la™)>
Copper nitrate trihydrate (18.2 g) and zinc nitrate
hexahydxéte {51.2 g) were dissclved in distilled wate: to
prepare 400 ml of an agueous solution (hereinafter, the
agueocus soluition is abbreviated as an "agueous solution A").
Meanwhile, anhydrous sodium carbonate (34.1 g) was dissolved
in distilled water to prepare 400 ml of an agueocus solution
(hereinafter, the agueous solution is abbreviated as an
"agueous sclution B").
[0107]
Next, each of the aqueous sclution A and the aqueocus
solution B was simultanecusly added dropwise to 150 ml of
distillied water under vigorous stirring to perform a reaction.

The resulting precipitate was filtered off and subjected to
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O)CLCLCLCLCLO.CLaE-EaEaEO.EQEtU E COWOWOWDO
W UWOW cl~ 46 [0113] From Table 3, comparisons between the
examples and the comparative examples that use the same types of
copper oxide/zinc oxide catalysts (e.g., between Example 10 and 5
Comparative Example 3, between Example 11 and Comparative Example
4, and between Example 12 and Comparative Example 5) show that, in
sludhe cases Where theldatalystsa(ecatalyst8hpreparadlby the melhict (8)p dried
used in the present invention each had a silica content of 0.1% to 10% by
at Wdight, propylerieot0 glycotwhs ablectolibe protdlueed 4001 glyterol ih hours
extremely high yields as compared with the case of using the copper
in akide/zinc oxide catalysts (Comparative Examples). [0114] [Example 18]
15 The reaction was performed in the same manner as in Example 3,
[01@&Xxeept that 0.007 g of silica (CARIACT Q6 from Fuji Silysia Chemical
Ltd.) was used instead of E35S in Example 3. The conversion of glycerol
wdas 89100z and dhe 1yieltlofpropyens glycel was 961204523 0113] showed
[Examples 19 to 28] In each of Examples 19 to 28, the reaction was
thatetfeamedlid was a catalyst (catalyst la) having a ratio of

copper oxlde:zinc oxide of 30:70 {(weight ratio}.
[0109]
[Preparaticn Exanmples 1b to f}

Catalysts 1b to 1f shown in Table 2 were prepared in the
same manner as in Preparation Example la, except that the
amounts of cepper nitrate trihydrate and zinc nitrate
hexahydrate used were changed.

(01107

[Table 2]



in the same manner as in Example 18, except that the type and amount

of catalyst and the amount of CARIACT Q6 used were 47 changed as

shown in Table 4. Table 4 shows the £esults together with that of

Example 18. [0116] [Table 4] 48 G o Co r*- nnr04 r c1 egcQr rCi

CIP(ococs~ OU. CDCNLOro(r) NeoINCV ULC _~a:~~.0cocoLO0.0)

-PPrrPP'tO00e9caOO0OP UXsOXO0(r)x a\~~.NN(r)a=
TablsEeES 0CIO O 0000 ONCUCcOrNINC XxCDO03:F-OCQ

Catalyst Copper oxide:zinc oxide
name weight ratio
Preparation example 1a Catalyst 1a 30:70
Preparation examplé 1b Catalyst 1b 15:85
Preparation example 1¢ Catalyst 1c | 7.5:92.5
Preparation example 1d Catalyst 1d 50:50
Preparation example 1e Catalyst 1e 60:40
Preparation example 1f Catalyst 1f 70:30

[0111]
[Examples 10 to 17 and Comparative Examples 3 to 8]

5 In each of Examples 10 to 17 and Comparative Examples 3
to 8, the reaction was performed in the same manner as in
Example 1, except that the type and amount of catalyst used
were changed as shown in Table 3. Table 3 shows the results.
[C112]

10 [Table 3]
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shows that, as compared with Examples 20 and 21 in which the silica
content of each of the catalysts (catalysts prepared by the method (2))
[011ukkd in the present 5 invention was outside the range of 0.1% to 4.5% by
weight, propylene glycol was able to be produced from glycerol in
extramelydiighe yieldscinithe otlserrexamyples #rwhich the asilicaecortent afe
each of the catalysts was within the above range. 10 [0118] [Preparation
comyExample 2a¢ x@reparation of Catalysthwitls EopperyOxicdecdine Qxide: Silica
= 50:40:10 (% by weight) (Hereinafter, abbreviated as "catalyst 9a")> 15
oxideoppet nittatedehydratel (38:@ g),ezing ittt ween Example 10 and
Comparative Example 3, between Example 11 and Comparative
Example 4, and between Example 12 and Comparative Example &)
show that, in the cases where the catalysts (catalysts
prepared by the method (3)) used in the present invention
each had a silica content of 0.1% to 10% by weilght, propylene
glycol was able to be produced from glycerol in extremely
high yields as compared with the case of using the copper
oxide/zinc oxide catalysts (Comparative Examples).
[0114]
[Example 18]

The reactlon was performed in the same manner as in
Exanple 3, except that 0.007 g of silica (CARIACT C¢6 from
Fuji Silysia Chemical Ltd.) was used instead of E358 in
Example 3. The conversion of glycerol was 89.1%, and the
vield of propylene glycol was 96.1%.

[0115]
[Examples 19 to 28]
In each of Examples 19 to 28, the reaction was performed

in the same manner as in Example 18, except that the type and

amount of catalyst and the amount of CARIACT Q6 used were



hexahydrate (36.6 g) and i2.5 g of colloidal silica (Snowtex 0 from Nissan
Chemical Industries, Ltd.; silica concentration: 20% by weight; water: -
80% by weight) were dissolved in djstilled water to prepare 500 ml of an
agueous 20 solution (hereinafter, abbreviated as an "aqueous solution
E"). Meanwhile, an aqueous solution of anhydrous sodium carbonate
(32.7 g) was dissolved in distilled water to prepare 500 ml of an agqueous
changghgtions(hebeinaftér dbbréviated aSanagdestsysiutionr F)e 501 [0119]
Next, each of the aqueous solution E and the aqueous solution F was
togssimaktansdusly added drdpwase te 306 ml of distilled water under
vigorous stirring to perform a reaction. 5 The resulting precipitate was
[ 01 ¥ittered off and subjected to sludging with distilled water. The resulting
solid was dried at 110C for 3 hours and then calcined at 400C for 3 hours
[TakAair4[0120] 10 Elementary analysis value of the resulting solid showed
that the solid was a catalyst (catalyst 2a) having a ratio of copper
oxide:zinc oxide:silica of 50:40:10 (% by weight). [0121] [Preparation
Examples 2b to 2p] 15 The following copper oxide:zinc oxide:silica
catalysts (catalysts 2b to 2p) were prepared in the same manner as in
Preparation Example 2a, except that the amounts of copper nitrate
trihnydrate, zinc nitrate hexahydrate and colloidal
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Table 4 shows that, as compared with Examples 20 and 21
in which the silica content of each of the catalysts
(catalysts prepared by the method (2)) used in the present
invention was outside the range of 0.1% toc 4.5% by weight,
propylene glycel was able to be produced from glycerol in
extremely high yields in the other examples in which the
silica content of each of the catalysts was within the above
range.
[0118]
[Preparation Example 2a]
<Preparation of Catalyst with Copper Oxide:Zinc Oxide:Silica
= 50:40:10 (% by Weight) (Hereinafter, abbreviated as
"catalyst %a")>
Copper nitrate trihydrate (38.0 g), =zinc nitrate

hexahydrate (36.6 g} and 12.5 g of colloidal silica (Snowtex
¢ from Nissan Chemical Industries, Ltd.; silica
concentration: 20% by weight; water: 80% by weight) were
dissolved in distilled water to prepare 500 ml of an agqueous
solution (hereinafter, abbreviated as an "agqueous solution
E"). Meanwhile, an agueous sclution of anhydrous sodium
carbonate (22.7 g) was dissolved in distilled water to

prepare 500 ml of an agueocus solution (hereinafter,

abbreviated as an "agueous solution F").
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W75 (CtCllIfof6f6eB(6t62 Y cccoOmMmmmtOC60 0O mMm (6
CLCLQOO2202NNONAL.~d1.I'VLEHdCL (Lnd
d2d(-n-c.0 o L a) c. 52 [0123] [Examples 29 to 42] The reaction was
performed in the same manner as in Example 1, except that each of the
catalysts 2a to 2p was 5 used as a catalyst for use in the reaction in an
amount of 1.200 g. Table 6 shows the results. [0124] [Table 6]53 CC 0
[01%PC:) LO0ooCDOCD 00 0-5r00rNMrrrrrr CnC)sour Mr

cnLnNNO) L CL a) NrrrrC 0 ON

Next, each of the aguecus sclution E and the agueous

sclution F was simultaneously added dropwise to 300 ml of
distilled water under vigorous stirring to perform a reaction.
The resulting precipitate was filtered off and subijected to
sludging with distilled water. The resulting solid was dried
at 110°C for 3 hours and then calcined at 400°C for 3 hours

in air.

[0120]

Elementary analysis value of the resulting solid showed
that the solid was a catalyst (catalyst 2a) having a ratio of
copper oxide:zinc oxide:silica of 50:40:10 (% by weight).
[0121]

[Preparation Examples 2b to Zpl

The following copper oxide:zinc oxide:silica catalysts
{catalysts 2b to 2p) were prepared in the same manner as in
Preparation Example Z2a, except that the amounts of copper
nitrate trihydrate, zinc nitrate hexahydrate and colloidal
silica used were changed.

10122]

[Table 5]
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XXX UUWWWWWWWWWWWWW H 54 [0125] [Preparation
Example 3a] <Preparation of catalyst with Copper Oxide:Zinc Oxide:Silica

[012345:45:10 (% by weight) (Hereinafter, abbreviated as 5 "catalyst 3a")>
5.6 g of colloidal silica (Snowtex S from Nissan Chemical Industries, Ltd.;

‘ Exatlieacongentratiarz 120% by weight; water: 80% by weight), 0.4 g of
xanthan gum, and 5.6 g of distilled water (10.1 g in total with water
derived-feam d0-Snewtex-s)weraaddechtork0-g o the gatalyst-hawng @
ratio of copper oxide:zinc oxide of 50:50 prepared in Preparation

mxarpxeaple Idand wellmixed= The resulting mbdure, was extruded tbF)wgé\sa

c

nozzle with a diameter of 3 mm, dried at 110C for 3 hours, and calcined
usedt 400¢ for 8oues incalr. 1840126]cne reaction in an amount of
1.200 g. Table & shows the results.

[0124]

[Table 6]



Table 6

Elementary analysis value of the resulting solid showed that the solid was
a catalyst (catalyst 3a) having a ratio of copper oxide:zinc oxide:silica of
45:45:10 (% by weight). To eliminate the difference between the resulting
catalyst and 20 the catalyst used in ®ach of Examples up to 42 in terms of
the contact efficiency (contact area) with glycerol and hydrogen, the
catalyst 3a was pulverized and then used in a test of Example 43. [0127]
55 [Preparation Examples 3b to 3u] In Preparation Examples 3b to 3u,
copper oxide:zinc oxide:silica catalysts (catalysts 3b to 3u) shown in
Table 7 below were prepared in the same manner as in Preparation 5
I}@ le 3a, except haht the types[lof cafalyst$ mixed with colloidal silica,
il

xanthgn gum, and distilleq water, the, amounts of colloidal silica used and
the aigaents of|distilled: wate Bu%eotlawgeochaqged @s shown in Table 7

be|0V\Zé '?gles BTy stE Were &S0 st verepd gadthen used in respective
10 Exanples 44 to G1. [[0L28] [[Fable! 7]|56 c|U ¥0;.00to 0 LnO'o MO0
000B COQO;OINNEV)p() rrrrrriNir © QG '

o x 109 %

0.2
0.09
2
3.5

oxide weight

ratio
1.25
1.11

1

1

1
1.43
1.67
2.5
0.5

Copper
oxide/zinc

Copper
oxidef/silica
weight ratio

5
10
50

100
500
3.33
2.5

1.67

3

1.5
0.75
6
7
4.5

Yield of propylene
glycol (%)
93.2
96.1
90.4
87.2
82.9
82.1
741
6.8
927
93.2
72.8
89.1
86.1
91.2

4
3

99.5
95.2
91.6
87
83.9
77.6
29.1
99.2
98.5
75.8
6.9
89.8
98.7

Conversion
of Glycerol
(%)

97

Catalyst
Catalyst 2a
Catalyst 2b
Catalyst 2¢
Catalyst 2d
Catalyst 2e
Catalyst 2f
Catalyst 2g
Catalyst 2h
Catalyst 2i
Catalyst 2j
Catalyst 2k
Catalyst 2m
Catalyst 2n
Cafalyst 2p

Example 29
Example 30
Example 32
Example 33
Example 34
Example 35
Example 36
Example 37
Example 38
Example 39
Example 40

Example 41
Example 42

Example 31
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aNa)yMCOWNO,wLrrrrrrrrrrC)d rNrr mOVOXtTNOOTrr
r Oxxnjcaotocor-to(0OrOtOOM<tcor-MNO)coU50LOCOlr
VOcoCV oVNNrrO)LOc6 xa),0 ag0entOLOMroocCco)'CoO
rONoLOIOtf) Or000roLOOO mrw.EtONU)MCOOTrrrLOO
rrNraNy+. L) NO) ON-MO)tCoMCoOd NOMOOCLa)m
Cel;V;VMMa.et..vtV)NMO ) VVVMd EU*X'-OjU)u) Oto 6
[0120ILOMCOG6C)Rt1-L6LO(Ot"1f-caOONI,~M) co6Lf)COON
MOjVd'dV VV~rep03'tco O.ONCO)W0)O0)0)O0)OtTO)

[ Pre@p®@ah 0 Okceantf) )@ GADMhCOto00COU)O)r wWONLNmO. W
000OO0OL6LO0OtOtocor E-omC)0 iOOCOITCMCDOODO0)O
<Pre@pWeQLON D) O m)dD)yst with Copper Oxide:Zinc Oxide:Silica
= 45:45:10 (% by weight) (Hereinafter, abbreviated as

"catalyst 3a")>

5.6 g of colloidal silica (Snowtex 8 from Nissan
Chemical Industries, Ltd.; silica concentration: 20% by
welght; water: 80% by weight}, 0.4 g of xanthan gum, and 5.6
g of distilled water (10.1 g in total with water derived from
Snowtex S5) were added to 10 g of the catalyst having a ratio
of copper oxide:zinc oxide of 50:50 prepared in Preparation
Example 1d and well mixed. The resulting mixture was
extruded through a nozzle with a diameter of 3 mm, dried at
110°C for 3 hours, and calcined at 400°C for 3 hours in air.
[0126]

Elementary analysis value of the resulting solid showed
that the solid was a catalyst {catalyst 3a) having a ratic of
copper oxide:zinc oxide:silica of 45:45:10 (% by weight). To
eliminate the difference between the resulting catalyst and
the catalyst used in each of Examples up to 42 in terms of
the contact efficiency (contact area) with glycerol and
hydrogen, the catalyst 3a was pulverized and then used in a

test of Example 43.

[0127]
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LOOto))tOtOMvV) 00d'V"tCd: 0.dNe-00LOL0oO0O0O00OO0OO
tO6060 OX.al000OO6LCD0O0Oant0Oti(OMM Lo td) tCD O In do
OXOwAOOawoLYECaONNMMMMMCOMMM ChCI)M

[ PregoaMaCl dh MENMEmL D030 e 0w 0 0-0tO0OCOOONCtEA_AAA
AAAA, 2"AAAAA>+A Coc(sCFawtomBm.w.<0 wmw fa

toIm e Cactot(bda Mxmenpie6N3 G)PH08U,VUWULDE \6RKUEEY L))o
MAO-ow'+-oLYECa6'-ococoC)COMMMMMMM M co CO

oxido:MiCHY)M @803 a) 000 &) & ; Bia)i-a Og) Ghawha o aecaa 7

affcaaaaaEEEEEEEEEEEEEEEEEEwmmmmmmw
beldwMBr® Pl fMel Wi Yhe same manner as in Preparation
Example 3a, except that the types of catalysis mixed with
colloidel silica, =xanthan gum, and distilled water, the
amounts of colleoidal silica used and the amounts of distilled
water used were changed as shown in Table 7 below. These
catalysts were also pulverized and then used in respective
Examples 44 to 61.

[0128]

[Table 7]
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The reactiocon was perfcrmed in the same manner as in
Example 1, except that each of the catalysts 3a to 3u was

used as a catalyst used in an amount of 1.200 g. Table 8

shows the results,.
16130)

{Table B8]
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is in the range of 6:1 to 5:90. 20 5. The process for producing propylene
glycol according to Claim 1, wherein the catalyst A is prepared by a
coprecipitation method or an impregnation method, and the catalyst A has
a silica content of 0.1% to 25% by weight with respect to 100% by weight
of the catalyst A. 60 6. The process for producing propylene glycol
according to Claim 5, wherein the weight ratio of the at least one of
copper and copper oxide to silicadat@ast one of copper and copper
oxide:silica) in the catalyst A is in the range of 5 0.5:1 to 700:1. 7. The

1 .process dar=prodacingpropylene glycobagcardingdoyEHimd» a6, wherein
the weight ratio of the at least one of copper and copper oxide to zinc

stepxide @hleast onepfcopper @andwopper oxide zinc.gx¥de)inthe catalyst the
Ais in the 10 range of 6:1 to 5:90. 8. The process for producing propylene

pre gireek ageording:toa Glaim 1, wherei theneatalyst-Ads prapared by @aixingnd
a catalyst containing zinc oxide and at least one of copper and copper

at xide; apdd Y silieaanchwherein-theeatalyst Adas a silica content of
0.1% to 4.5% by weight with respect to 100% by weight of the catalyst A.

2.9. The ppacessder produsingpropylens Glyael ageording-191 20 Llaimi8ng <o
wherein the weight ratio of the at least one of copper and copper oxide to
clapilica (atleastone PLEORRSIANGL: A has a silica content of 0.1%
to 25% by weight with respect to 100% by weight of the
catalyst A.

3. The process for producing propylene glycol according to
Claim 1 or 2, wherein the weight ratioc of the at least cne of
copper and copper oxide to silica (at least one of copper and
copper oxide:silica) in the catalyst A is in the range of
0.5:1 to 700:1.

4. The process for producing propylene glycol according to
any one of Claims 1 to 3, wherein the weight ratio of the at
least one of copper and copper oxide to zinc oxide (at least
one of copper and copper oxide:zinc oxide) in the catalyst A
is in the range of 6:1 to 5:90.

5. The process for producing propylense glycol according to
Claim 1, wherein the catalyst A is prepared by a
coprecipitation method or an impregnation method, and

the catalyst A has a silica content of 0.1% to 25% by

weight with respect to 100% by weight of the catalyst A.
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copper oxide:silica) in the catalyst A is in the range of 1.5:1 to 700:1. 10.

The process for producing propylene glycol according to 61 Claim 8 or 9,

wherein the weight ratio of the at leagt one of copper and copper oxide to

zinc oxide (at least one of copper and copper oxide:zinc oxide) in the

catalyst A is in the range of 6:1 to 5:90. 5 11. The process for producing

propylene glycol according to Claim 1, wherein the catalyst A is prepared

6 . by hhigingra> cataty st containing zinccoxide ard at keasl gne of coppedand to

copper oxide, and a silica-containing substance or a silica-containing 10
Claicatdlystyand svhereindhe «htalyst2 has acsilicargonient1af Ds1%010:10%

by weight with respect to 100% by weight of the catalyst A. 12. The

copgasecessyot producing prapytenesglycel accarding tos 1 5-Glaimn 4 1o whesinand
-the weight ratio of the at least one of copper and copper oxide to silica (at

copgeastonedf coppecand ieoppes oxidessikea) inthescatalysh 8 isimthe of
range of 5:1 to 700:1. 13. The process for producing propylene glycol

0.5 accerding to, 20 Claim 11 or 12, wherein the weight ratio of the at least
one of copper and copper oxide to zinc oxide (at least one of copper and

7 .COpPRY Qide;zine oxide)dndhe satadysh Ads in dhe range.ef6:14e 590 n4 o
14. The process for producing propylene glycol according to
Claim 5 or 6, wherein the weight ratio of the at least one of
copper and copper oxide to zinc oxide (at least one of copper
and copper oxide:zinc oxide) in the catalyst A is in the
range of 6:1 to 5:90.

8. The process for preducing propylene glycol according to

Claim 1, wherein the catalyst A is prepared by mixing

a catalyst containing zinc oxide and at least one of
copper and copper oxlide, and

silica,

and wherein the catalyst A has a silica content of 0.1%
to 4.5% by welght with respect toc 100% by weight of the
catalyst A.

9. The process for producing propyl@ne‘glycol according Lo
Claim 8, wherein the weight ratio of the at least one of
copper and copper oxide to silica [(at least one of copper and
copper oxide:silica) in the catalyst A is in the range of

1.5:1 te 700:1.

10. The process for producing propylene glycol accerding to
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62 Claim 1, wherein the catalyst A is prepared by extrusion molding of a
catalyst containing zinc oxide and at least one of copper and copper
oxide, or a catalyst containing zinc @xide, 5 silica, and at least one of
copper and copper oxide, and a silica-containing inorganic binder, and
wherein the catalyst A has a silica content of 0.1% to 25% by weight with
respect to 100% by weight of the catalyst A. 10 15. The process for
Claiproducing propyiene dtycohaccordinto rélaim 14 wheteiaithe sweightone of
ratio of the at least one of copper and copper oxide to silica (at least one
coprafcopper angreoppex dxidetsilica)im thexdatalystA id anthie rangeof copper
1.2:1to 700:1. 15 16. The process for producing propylene glycol
and acgprding tox Clain 14ords; ddierein the aveightaatie of theiat |éasttone
of copper and copper oxide to zinc oxide (at least one of copper and
rang@pper éxitlezincsoxide) in the catalyst A is in the range of 6:1 to 5:90.

11. The process for producing propylene glycol according to

Claim 1, wherein the catalyst A is prepared by mixing

a catalyst containing zinc oxide and at least one of
copper and copper oxide, and

a silica-containing substance or a silica~containing
catalyst,

and wherein the catalyst A has a silica content of 0.1%
to 10% by weight with respect to 100% by weight of the
catalyst A.

12. The process for producing propylene glycol according to
Claim 11, wherein the weight ratic of the at least one of
copper and copper oxide to silica (at least one of copper and
copper oxide:silica) in the catalyst A is in the range of 5:1
te 700:1.

13. The process for producing propylene glycol according to
Claim 11 or 12, wherein the weight ratio of the at least one
of copper and copper oxide to zinc cxide {(at least one of
copper and copper oxide:zinc oxide) in the catalyst A is in

the range of 6:1 to 5:90.

14. The process for producing propylene glycoel accerding to
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Claim 1, wherein the catalyst A is prepared by extrusion
molding of

a catalyst containing zinc oxide and at least one of
copper and copper oxide, or a catalyst containing zinc oxide,
silica, and at least cne of copper and copper oxide, and

a silica-containing incorganic binder,

and wherein the catalyst A has a silica content of 0.1%
to 25% by weight with respect to 100% by weight of the
catalyst A.

15. The process for producing propylene glycol according to
Claim 14, wherein the weight ratioc of the at least one of
copper and copper oxide to silica (at least cne of copper and
copper oxide:silica) in the catalyst A is in the range of
1.2:1 to 700:1.

16. The process for producing propylene glycol according to
Claim 14 or 15, wherein the weight ratio of the at lesast one
of copper and copper oxide toe zinc oxide {at least cone of
copper and copper oxide:zinc coxide) in the catalyst A is in

the range c¢f 6:1 to 5:90.



