DESCRIPTION PROCESS FOR PRODUCING PROPYLENE GLYCOL Technical Field 5[0001]

The present invention relates to a process for producing propylene glycol from glycerol as a raw
material. Background Art [0002] 10As 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 of biodiesel, glycerol is
produced as a by-product in 15 an amount of about 10% with respect to the raw-material fats. The
effective utilization of the glycerol has beenditersiBRLirVestigated. [0003] Meanwhile, propylene
glycol is a compound in which a 20 hydroxyl group at the 1-position of glycerol is converted into
hydrogen. Propylene glyédt¥asdewHexicity: i akimbie DRiyS antEisGasteldss 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 2 pharmaceuticals, cosmetics, food and so forth. Generally, propylene glycol is produced
by oxidizing propylene derived from petroleum called fossil materials to prepare propylene oxide,
followed By hydiatioh. B0OD#4]  Here, regarding the effective utilization of the glycerol, it is known
that glycerol is converted into propylene glycol with a copper catalyst. For example, U.S. Pat. No.
5,214,219&petification 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 p[0OO&5hEurthermmaresV020071@E0299 pampbletdiscloses aqracess:45 for
hydrogenating glycerol in the presence of a catalyst at a specific reaction temperature and a specific
reaction ptessute; mithospeeific amenntratio=nf hiydragen togawmzateripds and for a specific reaction
time in a gaseous phase. A catalyst containing copper oxide and zinc oxide, a catalyst 20 containing
..copper oxigeianc-sitien, zane the like are exemplified as the catalyst used for the reaction. According to
- the process, although propylene glycol can be produced in a high yield and at a high conversion of
glycerol, gtyzergl needs to be vaporized with a vaporizer. This results in an

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 of biodiesel, glycercol is produced as a by-product in

15 an amount of about 10% with respect to the raw-material fats.
The effective utilization of the glycerol has been
intensively investigated.

(00037
Meanwhile, propylene glycel is a compound in which a

20  hydroxyl group at the l-position of glycerol is converted
into hydrogen. Propylene glycol has low toxicity to animate
beings and 1is 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



increase in energy necessary for performing the reaction and is economically disadvantageous, which
requires improvement. [0006] As described above, various processes for producing 5 propylene glycol
have been developed by focusing attention on catalysts and reaction conditions. However, the
foregoing 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 and the like.
[Patent Document 1] U.S. Pat. No. 5,214,219 specification [Patent Document 2] W02007/010299
pamphlePDfselsstfe bf fiivehtios A5 Frobfeins t°BE SoledIsy thellhbenti6R 1GOG7 LY (It is an object of
the present invention to provide a process for producing propylene glycol from glycerol as a raw
material RAEBUITEGRsYity forla $teprofavdpefiging ylycerell 20 Meaisfoy Sohing #ie Pesblems [0008]
The present inventors have conducted intensive studies to overcome the foregoing problems and have
found thdtthe ppeiilembeare soivetily thesgselofia catalyst eofitaining zines Aroxidey, silica, and at least
one of copper and copper oxide to complete the present invention. In particular, the present inventors

have found tliat,byfthe usesof dvatalyst soAtaining the three components in a specific proportion,
propylene 5 glycol can be produced in a high yield. Furthermore, the present inventors have found that
the prefetfediGgrbportions of the components in the catalyst vary depending on a method for preparing
the catalyst. [0009] 10That is, the gist of the present invention is a process for producing propylene
glycol comprisifig asstepefiarding the effective utilization of the
glycercl, it is known that glycercl is converted into
propylene glycel with a copper catalyst. For example, U.S.
Pat. No. 5,214,219 specification discloses a process for
10 converting glycercl into propylene glycol and ethylene glycol
by reacting glycerol with hydrogen in the presence of a
catalyst containing copper oxide and zinc oxide.
[00C5]
Furthermore, WO2Z007/010299 pamphlet discloses a process
15 for hydrogenating glycercl in the presence of a catalyst at a
specific reaction temperature and a specific reaction
pressure, with specific amcunt ratio of hydrogen to raw
materials and for a specific reaction time in a gaseous phase.
A catalyst containing copper oxide and zinc oxide, a catalyst
20  containing copper oxide and silica, and the like are
exemplified as the catalyst used for the reaction. According
to the process, although propylene glycol can be produced in

a high yield and at a high conversion of glycercl, glvycerol

needs to be vaporized with a vaporizer. This results in an



subjecting glycerol to catalytic hydrogenation in the presence of a catalyst 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 Z00% by weight of the catalyst A. [0011] 20The
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 0.5:1 to 700:1. [0012] 5  Furthermore, it is
also preferable that the weight ratio of the at least one of copper and copper oxide to zinc oxide (at
least one B ESihe? ahd PPER Bxide FvcS BXidef ithBTafalystA® iklthe FaRge 6P6:138%:90. 5[0013]
In the case where the catalyst A is prepared by a copreciipitation method or an impregnation method,
the catalyst & preterabiiphas aSilRACEHIERITTOIEY t61250k byamelgewith FeSpece s 200% by weight
of the catalyst A. The 10 weight ratio of the at least one of copper and copper oxide to silica (at least
one of copp&¥ @hd 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 oxide (at least one of copper and
copper 15 oxidézirteoxide)inthe batadyst veisipreferatly g treemngeofB: L ¢ 51903 [0014] Further, in
the case where the catalyst A is prepared by mixing silica and a catalyst containing zinc oxide and at
20 least ome oY teperand-copper oxide; the catad/st Pepleferablychesiasilisd cententof 611% 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 andicopper exidedo sitica(atleasbone. of.copper &dreopper dXide: Silica)ini6¢he catalyst A is
preferably in the range of 1.5:1 to 700:1.

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 and the like.
[Patent Document 1] U.S8. Pat. No. 5,214,219
specificaticn
[Patent Document 2] W02007/010299 pamphlet

Disclosure of Invention

et
(@3]

Problems to be Scolved by the Invention
[0007]

it is an object of the present invention to provide a
process for producing preopylene glycol from glycerol as a raw
material without necessity for a step of vaporizing glycerol.
20 Means for Solving the Problems
[coosg]

The present inventors have conducted intensive studies
to cvercome the foregoing problems and have found that the

problems are solved by the use of a catalyst containing zinc



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 5range of 6:1 to 5:90. [0015] In
the case where the catalyst A is prepared by mixidg a catalyst containing zinc oxide and at least one of
copper and copper oxide and a silica-containing substance 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 of
the catalyst A. The weight ratio of the at least one of copper and copper oxide to silica (at least one of
copper antdi@ppef bkitlesi calih the chRAFSt REC155refsHabBR N e rage6f5:3 10 D0 The
weight ratio of the at least one of copper and copper oxide to zinc oxide (at least one of copper and
copper oxidERZiAE dxide i iHeSGithlystASS bicterably in B ratge 6t 6.1 t6'5:90F f6FE} 200n the
other hand, in the case where the catalyst A is prepared by extrusion molding of a catalyst containing
zinc oxidergitlatieast G of-copper @nditcdppet BRidessr £éatalyst EdAtafing et oxidé: Silica and at
least one of copper and copper oxide, and a silica-containing inorganic 7 binder, the catalyst A
preferabltfas-& sitica Contett oF DS1% o 259 B WeightwitiPfespeetito TOUWbyaREight 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 Soxidecsilics)tin e patatystAds preferdiblgin thesrafge ofulz 2Nt o0E1. 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) inghe satdly sty srprefarablyin tHe raretdiza: 1 1d .30 . fcAdvahtages of thedngention [0017]
According to the present invention, the use of the catalyst A containing zinc oxide, silica and at least
one of cappertandcoppenexide permitsehe praductionvef propyere d Sglycolframigiyéerdl without
vaporization of glycerol. Furthermore, by the use of the catalyst containing the three components in a
- specific gropottiory prapydereglycelcammtse produced in a high yield. Thus, the production process of
- the present invention has a high utility value in industry. 20 Best Mode for Carrying Out the Invention
[0018] [Axwretess for producing propylene glycol using a specific catalyst of the present invention
will be described in detail below.

10 That 1is, the gist of the present invention is a process

for producing propylene glycel comprising a step of
subjecting glycerol to catalytic hydrogenation in the
presence of a catalyst A containing zinc oxide, silica, and
at least cne 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 ratioc 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
0.5:1 te 700:1.

[0012]



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
of copper and copper oxide. A method for prepariag it is not particularly limited. Examples thereof
include: (1) a method in which it is prepared by a coprecipitation method or an impregnation method
with various types of salts 10 of copper, zinc and silicon as raw materials; (2) a method in which a
catalyst containing zinc oxide and at least one of copper and copper oxide is mixed with silica; (3) a
method in Whicﬁ%é&%@”%@%mtaﬁﬁnd%in%%@dé)éﬁdg%ﬁéé%?oﬁ%%? copperanid®Edppet oxide is mixed
with a silica-15 containing substance or a silica-containing catalyst; and; (4) a method in which a
catalyst €dnthifing Zint Vkitle & aPlEaSPoRe bf edpperaiRFCopDEr SRideCorzd Batalyst €8ntaining zinc
oxide, silica and at least one of copper and copper oxide and 20a silica-containing inorganic binder are
subjected 3§ ekBasibNINEIdNG. TREBFAIFSICA eaR BRIprepars by, T6r exdfigle, iie fethods
described above. The present inventors found that preferred proportion of zinc oxide, silica and at
least onecD-eflaoPpet ahdl coppehexidernd the Eatalyst PovariedCdepending on how the catalyst A was
prepared. Catalysts prepared by the four methods described above will be described below. [0020]
<Cdtalyst P¢épdred by Method (1)>  In the method (1) described above, a catalyst is prepared by a
known method, e.g., a coprecipitation method or an impregnation method, with at least one
selected from the group censistiigporl Onittate:z salfatel cdrbonate; @cetate, ¢hitorde, oxide, hydroxide
and the like of copper,  at least one selected from the group consisting of nitrate, sulfate, carbonate,
acetate, chloride ioxidethydroxiderand the like ofrminc: @ndt i cat |eastrang, seleeted from the group
consisting of silica, colloidal silica, sodium silicate and the like as raw materials. [0021] For example, in
. a method:ealigd/the copreeipatidri y has a silica content of 0.1% to 25% by

welght with reépect to 100% by welght of the catalyst A. The

10 weight ratic of the at least one of copper and copper cxide
to silica {at least cne of copper and ccpper 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 oxide (at least cne of copper and copper

15  oxide:zingc oxide) in the catalyst A is preferably in the
range c¢f 6:1 to 5:90.
(001473

Further, in the case where the catalyst'A is prepared by

mixing silica and a catalyst containing zinc coxide and at

20  least one of copper and copper oxide, the catalyst A
preferably has a silica content of 0.1% toc 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



20 method, an aqueous solution containing copper nitrate, zinc nitrate and sodium silicate is reacted in
the presence of a base to form a coprecipitate that contains copper, zinc and silicon. The coprecipitate
is dried and calcined to yield the catalyst used in the present invention. The calcination 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 prepared 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 acefité, [chidride, okide: hYBFRde and e ke 6PE5pPer uSed + “%at {845t one selected
from the group consisting of 10 nitrate, sulfate, carbonate, acetate, chloride, oxide, hydroxide and the
like of ziREBsEd @it T af fsast bnékelctted fBMthe ol coRBIEfitg BFSIliEEREoTbidal silica,
sodium silicate and so forth. [0023] 15The catalyst prepared by the method (1) preferably has a silica
content 6°0-995 {6P23%% 15y WEHRE nidie prefethbRAG 196 to°20% Yy \WEIght SRideFarticularly preferably
0.5% to 15% by weight with respect to 100% by weight of the catalyst. The yield of propylene glycol
when préductel: dsing tivecéaialyst 20 Sighificairtly xatied depeRdmgormwhether thidsilica content is
within the above range or not. The use of the catalyst having a silica content within the above range
perits pradaeingiprépylene ghictPin extremely high yield as compared with the case of using a
catalyst having a silica 11 content outside the above range. [0024]  The weight ratio of at least one
of coppef @hdcbpper oxide to silica (at least one of copper and copper 5 oxide:silica) contained in the
catalyst prepared by the method (1) is preferably in the range of 0.5:1 to 700:1, more preferably 1:1 to
500:1, and morepreferablysk5ihterkO0t LeT e yield/ of-pidpyiene miyeot edhemyprodeded using the
catalyst significantly varies depending on whether the weight 10 ratio is within the above range or not.
.. The use ot the gatalyst hawing anweght ratiowifleinahe above eange pernitstprociuciy propylene

- glycol in extremely high yield as compared with the case of using a catalyst having a weight ratio
outside the@beve sange. Ea{0025]= i 1 The weightaatio nfatleastene:of capperandieapper oxide to
zinc oxide (at least one of copper and copper oxide:zinc oxide) contained in the catalyst prepared by
the methedr(1) isnnetpartiewarhs timitedbutdtis ussrally inp26therabge of 65 to &90; preferably 5:1 to
10:90, more preferably 3:1 to 6:35, and particularly preferably 2:1 to 6:35. The use of the catalyst
having agveightratio within the: above rangewalioyis-a catalyticaepstion taoproceedwith a high yield.

weight of the catalyst A. The weight ratioc of the at least
one of copper and copper oxide to silica (at least one of

copper and copper coxide:silica) in the catalyst A is

15  preferably in the range of 5:1 to 700:1. The weight ratio of
the at least cone 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 least one of

copper and copper oxide, and a silica-containing inorganic



12 [0026]  The catalyst prepared by the method (1) may contain a fourth component other than
copper oxide, zinc oxide and silica to the extent that the present reaction (reaction to 5 prepare
propylene glycol by catalytic hydrogenation of 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; transition metals such as zirconium, manganese, iron, nickel, cobalt,
chromium, rhodium, ruthenium, palladium and platinum; the periodic table group 13 elements such as
aluminurfia8R¢ 6xides thérabh U628 LT IRESIpbYatishtofthé ¥édiBE cERmpbRBHAt Mfo the catalyst is
expected to improve the persistence of the effect of the catalyst and the stability of the catalyst. [0029]
<Catalys? prépared by method{ Ry PoIRitRE mehBaTR), BPcatdlyst Peokititing zifc 6xiGe and at least
one of copper and copper oxide is mixed with silica to prepare a catalyst. The mixing is physical
mixing. [08361A eatalyst reparetilisy therfdregoing kidwn aiethod $6.9°12123 WHe copietipitation
method, the impregnation method or a kneading method) and those commercially available (e.g.,
FIOG manufactaraeEly Nikki€hemical lGoa Ltk or ShiftMax 220 sdariufacttired: by SteFChRemie
catalysts Japan, Inc.) may be used 5 as the catalyst 1 used in the method (2). [0031] Examples of
silica that sandesusetdintlude siliva preparedy & khewpméthoabfor exaniple, hyargtheerhal
" synthesis; and commercially available silica (e.g., CARIACT 10 Q6, manufactured by Fuji Silysia
Chemical Lftk). [@@32]CThelcatelyst prepared byahe enethod{2) preferabhthasia of

copper and copper oxide to zinc oxide (at least one of copper

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

in the range of 6:1 to 5:90.
© 10 Advantages of the Invention

[0017]

According to the present invention, the use of the
catalyst A containing zinc oxide, silica and at least one of
copper and copper oxide permits the production of propylene
15  glycel from glycercl without vaporization of glycerol.

Furthermore, by the use of the catalyst containing the tThree

components in a specific proportion, propylene glyccl can be

produced in a high yield. Thus, the production process of

the present invention has a high utility wvalue in industry.

20  Best Mode for Carrxrying Cut the Invention
[0018]
A process for producing propylene glycol using a

specific catalyst of the present invention will be described

in detail below.



silica 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. The yield of
propylene glycol when produced using the catalysg 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 20 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 adjusting the ratio of the
powder dfléatalyst 1 to 14 the powder of silica mixed and the ratio of the at least one of copper and
copper oxide to zinc oxide in the catalyst 1 when the catalyst is prepared by the method (2), the
proportiorCeftzid 6%id&, sified amnd Hie atlbast 6/e 8F5 coppérandelppér oxdde in theresiilting
catalyst can be adjusted. [0034]  The weight ratio of at least one of copper and copper oxide to silica
(at least onEF topper arvbeeFperitisxide:silica) contained in the catalyst prepared by the method
(2) is preferably in the range of 1.5:1 to 700:1, more preferably 2.5:1 to 650:1, particularly preferably
5:1 to 350:1. The yield:ofsropylene glycdliwhenpradnted usiggthetatalyst sitpiificartly Varies
depending on whether the weight 15 ratio is within the above range or not. The use of the catalyst
having atweightratioanithén thenabove thingespermits producing brepylenerglyed| inaxtremely high yield
as compared with the case of using a catalyst having a weight ratio outside the above range. 20[0035]
The weightdatimpbatdeastiore of Boppertani coppearoxidertorzing oxide (atteast one of copper and
copper oxide:zinc oxide) contained in the catalyst prepared by the method (2) is not particularly limited,
but it is ysualy 6111 45119 5:96,ipreterabiixaririd 49 30 amerefpreferablys3:1 to 6:35, and particularly
preferably 2:1 to 6:35. The use of the catalyst having a weight ratio within the above range allows a

.- catalytic reactianne preeceechwith adhigh yield. 3{0036]r« < The catatyst preparedpyitbe method (2) may
. contain a fourth component other than zinc oxide, silica and at least one of copper and copper oxide to
the exterdhatthe presentregetiomismioiinhibitethd with various types of salts

10 of copper, zinc and silicon as raw materials:
(2} a method in which a catalyst containing zinc oxide and at
lezst one of copper and copper oxide is mixed with silica;
(3) a method in which 2 catalyst containing zinc oxide and at
least one of copper and copper oxide is mixed with a silica-
15 containing substance or a silica-containing catalyst; and;
(4y a method in which a catalyst containing zinc coxide and at
least one of copper and copper oxide or a catalyst centaining
zinc oxide, silica and at least cone c¢f copper and copper
oxide and
20 a silica-containing inorganic binder are subjected to
extrusion 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[0037] 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, rhodiugn, ruthenium, 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 expected to improve the persistence of the effect 20 of the
catalyst and the stability of the catalyst. [0039]  The fourth.component may be appropriately
containef n BPBARAIVEEE drAEISsiliCE THat i ittmay Ba tonidinedin’éhe 6FbofFoFtHe tatalyst 1
and silica. 16 [0040] <Catalyst prepared by method (3@)> In the method (3), a catalyst 2 containing
zinc oxideraritPat 1688t Gifs6f.etipet fdiTTappRP BXRId is rhked With-& SFEifRecstaimihg substance or
a silica-containing catalyst. The mixing is physical mixing. [0041] The same catalyst as the catalyst 1
which cohbing 2ine a¥ide 18R ¢ atl feast bRe df eBpPEr ahd-copiferiiderakd s BFéxplained as to the
catalyst prepared by the method (2) described above is exemplified as the catalyst 2. [0042]
Example§ &t ive silica-containing substance or silica-containing catalyst include known composite
oxides such as 15 silica/alumina and silica/magnesia (these do not have catalytic activity); and
catalysts<éantainingtsifzeaad atidast Yrd b ogperand copper oxide. [00431 Examples of the
catalyst containing silica and at least 20 one of copper and copper oxide include a catalyst containing
silica and at least ohe®@feepperarid toppercoxide produeed byatheknownsmetiod (the coprecipitation
method, the impregnation method, the kneading method or the like); and those commercially available
(e.g., E3b8apanufactuyed bynown methed, e.g., a coprecipitation method or

an impregnation method, with
at least one selected from the group censisting of
10 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, chleride, oxide,
hYdroxid@ and the like of zingc, and
15 at lesast one selected from the group coensisting of
silica, colloidal silica, scdium silicate and the like as raw
materials.
[0C21]
For example} in a methed called the coprecipitation
20 method, an agueous solution containing copper nitrate, zinc
nitrate and sodium silicate is reacted in the presence of a
base to form a coprecipitate that contains copper, zinc and
silicon. The coprecipitate is dried and calcined to yield

the catalyst used in the present invention. The calcination



17 Nikki Chemical Co., Ltd., KC-1H manufactured by Sakai Chemical Industry Co., Ltd., and
Cu-0860E manufactured by N.E. CHEMCAT Corporation [0044] 5The catalyst prepared by the method
(3) preferably has a silica content of 0.1% to 10%; more preferably 0.1% to 9% by weight, and
particularly preferably 0.5% to 6% by weight with respect to 100% by weight of the catalyst. The yield
of propylene glycol when produced using the catalyst 10 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 rah§e Permits Profuchig Bropyienelgigcs! in exfBmely figh vieldastcdrmpdidd with the case of
using a catalyst having a silica 15 content outside the above range. [0045]  The content proportion
of zinc oXid€zsilica 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 20 ratios during the preparation of the catalyst:
(i) the amount ratie of he-powdeirefthetcatalystl2 wlthe powdks of the silisaxodtaiting substance or
the silica-containing catalyst mixed; (ii) the amount ratio of the at least one of copper and 18 copper
oxide to zine okidenia thé catatyst?; and (i) ipthe casedwhene thesilicatcontainingrsubstante or
silica-containing catalyst contains zinc oxide or at least one of copper and copper oxide, the amount
ratiosof sitiga td& atdédstdnélof coppeband €opperoXide andAorzimeyoxitle irtheusilica-containing
substance or silica-containing catalyst. The weight ratio of the at least one of copper and copper oxide
to silica (atleastoneof ocdpper dreheapperoxidel silica)dcoftained ir:thercatalystprepatedh jy the
method (3) is preferably in the range of 5:1 to 700:1, more preferably 5:1 to 500:1, and particularly
preferably8:1 ta 1804, The yieldwof prapene glycobwhen pegdusietdising thescatalyst significantly
varies depending on whether the weight ratio is within the above range or not. The use of the 15

- catalyst haxing a weightratiorvathin the abovetange peradts producing propylene glycol in extremely
- high yield as compared with the case of using a catalyst having a weight ratio outside the above range.

Here, when thessiliceseetaining swhsianee]or siiga-cpataining catalyst coptains 2@ at least one of
copper and copper oxide, the weight of the at least one of copper and copper oxide means the sum of

they weights-of gopperand sepper-xigde i the cafalyst2 and the weights of gepper and copper oxide in
the silica-containing substance or silica-containing catalyst.
o hydroxide and the like of zinc used, and
at least one selected from the group consisting of
silica, colloidal silica, sodium silicate and so forth.
[00237
15 The éatalyst prepared by the methoed (1) preferably has a
silica content of 0.1% to 25% by weilght, more preferably 0.1%
to 20% by weight, and particularly preferably (0.5% to 15% by
weight with respect to 100% by weight of the catalyst. The
vield of propylene glyccl when produced using the catalyst
20 significantly varies depending on whether the silica content
is within the above range or not. The use of the catalyst
having a sillica content within the above range permits

preoducing propylene glycol in extremely high yvield as

compared with the case of using a catalyst having a silica



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) contained in the catalyst prepared by the 5 method (3) is not
particularly limited, but it is usually in the range ofi6:1 to 5:90, preferably 5:1 to 10:90, more preferably
3:1 to 6:35, and patrticularly preferably 2:1 to 6:35. The use of the catalyst having a weight ratio within
the above range allows a catalytic reaction to proceed with a 10 high yield. Here, when the
silica-containing substance or silica-containing catalyst contains at least one of copper and copper
oxide, th& Welght lof the at Rast Bfie BPEFSpErdrtEcopper oxide means the sum of the weights of
copper and copper oxide in the catalyst 2 and the weights of copper and 15 copper oxide in the
silica-contiindify substance or silica- containing catalyst. Further, when the silica-containing substance
or silica-containing catalyst contains zinc oxide, the weight of zinc oxide means the sum of the weight
of zinc oxide in'the cialyst 2 aitthe wdight ofl Zine bxidedn tie 2015ila-containingesubstance or
silica-containing catalyst. [0047]  The catalyst prepared by the method (3) may contain a fourth
componeht bitfertthas zincoxide tsilicaaarid atleastons pbeapperdandogapper oxide to the extent that
the present 20 reaction is not inhibited. [0048]  Examples of the component include alkali metals
suctras sotligm; potassium and tesiund dlkalineceardit ailetals suchasrermagpesitm and barium;
transition metals such as zirconium, manganese, iron, nickel, cobalt, chromium, rhodium, ruthenium,
palladiummedaricbplatinum; thepperiedie table grou 43 eterments Suth asialuminim;:and axides thereof.
[0049] 10The incorporation of the fourth component into the catalyst is expected to improve the
persistenceedf¢he leffectlofithe cafdlystignd:the stakilityrof she eatalyst.1/0050] The faLrth component
may be appropriately contained in 15 the catalyst 2 and/or the silica-containing substance or

- silica-cortaining eatalyst Thatis; the fourthyeemponent pay becontaineddn ene or both of the catalyst
~ 2 and the silica-containing substance or silica-containing catalyst. [0051] 20 <Catalyst prepared by

method (43> 41 themethodh (4) deserbed-aboves aelalystidc on whether the weight
10 ratio is within the above range or not. The use of the
catalyst having a weight ratic within the abcve range permits
producing propylene glycol in extremely high yield as
compared with the case of using a catalyst having a weight
ratio cutside the above range.
15 [0025]

The weight ratic of at least one of copper and copper
oxide to zinc oxide (at least one of copper and copper
oxide:zinc oxide) contained in the catalyst prepared by the
method (1) is not particularly limited, but it is usually in

20 the range of 6:1 to 5:90, preferably 5:1 to 10:90, more
preferably 3:1 to €: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.



containing zinc oxide and at least one 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 21 inorganic binder are
subjected to extrusion molding, thereby producing-a catalyst. [0052] The same catalyst as the catalyst
1 which contains zinc 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 of the catalyst 4 include catalysts prepared by 10the method (1). [0054] In the extrusion
molding, ¥ é&thlyst 3 cr catalyst 4, the silica-containing inorganic binder, a molding auxiliary and
water are kneaded. The resulting kneaded article is 15extruded, dried and calcined. [0055]
(Silica-containifidgiihotgardic birfder) epExathples shthesiticascbntaihintginomyanie binder include silica
itself; and 20combinations of silica and inorganic binders such as clay minerals containing as a main
componefit shidct tebpsed sweltable tlay; &ng.catupsinacalunina-silica, activadtecwhite earth,
bentonite and montmorillonite. [0056] 22 Examples of silica serving as an inorganic binder include
powdery silicaznd:eolloidal siicanColididal silica isremixturerefcotlbictal sitiea paiticles dispersed in
water. Alkali-type and ammonium-type colloidal silica are 5 preferably used. Commercially available
productsisuehassfumetbsilicanmanigfactured by Sigma), iSndwtax sedes {mhanutattured by Nissan
Chemical industries, Ltd.) and LSDOX colloidal silica (manufactured by Grace Davison) can also be
used. 10[0pZ¢rel) is not inhibited.
[0027]
Examples of the component include alkali metals such as
sedium, potassium and cesium; alkaline-earth metals such as
10 magnesium and barium; transition metals such as zirconium,
manganese, ilron, nickel, cobalt, chromium, rhodium, ruthenium,
palladium and platinum; the periodic table group 13 elements
such as aluminum; and oxides thereof.
[oozg]
15 The incorporation of the fourth compeonent into the
catalyst is expected to improve the persistence of the effect
of the catalyst and the stability of the catalyst.
[C029]
<Catalyst prepared by method (2)>
20 In the method (2), a catalyst 1 containing zinc oxide
and at least one 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.g.,



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 range of 0.1% by weight to 25% by weight. The
yield of propylene glycol 15 when produced usingithe 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
compared with the case of 20 using a catalyst having a silica content outside the above range. [0058]
The catalyst ha§Rafficient Stength & iPextrisisn eIEmgIs pefformedith Siicatalone used as the
silica- 23 containing inorganic binder. To further reinforce the strength of the catalyst, another
inorganicbifder ray s tissd infesmbihaten. crielgsed amaving Bktheadilica-dentdinind iekganic
binder is usually 3% by weight to 40% by 5 weight, preferably 3% by weight to 35% by weight, and
more preferabRa3% edelint to-86% Byweight Withrespéétte the wilighttdfake afalyst 3 or the
catalyst 4. [0059] (Molding auxiliary) 10Examples of the molding auxiliary include substances called
thickenersz dispersants urfactants, (defloteulants: hyrectaiits o ordartic bindeys XEacteefthese
molding auxiliaries often has some characteristics but is called on the basis of one characteristic for
conveniensetThesa mayyvkibé usedalone amia comithingtior '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 Bhd3iond the catalyst 3 or the catalyst 4 and the silica-containing inorganic binder. 20[0060]
Examples of the molding auxiliary include organic compounds, synthetic resins, gum, and natural
polymers. For examplé =at ledst-0riei selectedifram methyt cetltilasec tadoxymeilnd cellulose,
hydioxyethyl cellulose, polyethylene 24 glycol, polyethylene oxide, polyacrylamide, polypropylene

.~ glycol alginatea pelyvinylpyriofidane rpalyigethanes xanthapigum reepohimensithereof, and derivatives

- thereof, may be preferably used. Finally, the molding aid does not remain in 5 the catalyst A because it
is burnedsane/ee vaporizedincasealeinatian stepasubseguest toian extrysion siep: 1@36:1]he total
amount of the molding auxiliary used is usually 2% by weight to 15% by weight and preferably 2% by
10weight 0 1% by weightwithrespegtitoghe weightcofdhe eatalyst3.or the catalyst 4.

[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 weight, and particularly preferably 0.2% to 4%

15 by weight with respect to 100% by weight of the catalyst.
The yield of propyiene glycol when produced using the
catalyst significantly varies depending on whether the silica
content i1s within the above range or not. The use of the
catalyst having a silica content within the above range

20  permits producing propylene glyeol in extremely high vield as
compared with the case of using a catalyst having a silica
content outside the above range.
[0033]

By adiusting the ratic of the powder of catalyst 1 to



[0062] (Water) 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 for the
extrusion molding. A water content of less than thesabove range may result in a kneaded article which
has a high viscosity and cannot be subjected to molding process. A 20 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. [0063] (Organic polymer particles) 25  In the extrusion molding, to
smoothly-pérfatarATdiRG opefatiohsTérgamnicpolyiiet pafticles fay becadded FeaddifisiFto the
silica-containing inorganic binder and water. Examples of the organic polymer particles include silicone
5 rubber SSilictneRsins} folyRBRERe, CrdSElifke dEpBIysErente pblystyreneHased Fésins,
styrene-divinylbenzene copolymer, styrene-acrylic acid copolymer, styrene-acrylic acid ester
copolymet; etyréhe-acafieditiié copolyirp astgrenevymelitacraiciacid ¢8polyie?, styrene-methacrylic
acid 10 ester copolymer, styrene-methacrylonitrile copolymer, polyvinyltoluene, polyethylene,
polyolefirp reging; worylicaBsing erossdinked achyliccresim @tiyiene-achdie acidespolyfmer,
ethylene-acrylic acid ester copolymer, ethyleneacrylonitrile copolymer, ethylene-methacrylic acid
copslymerpdbasthyeneanethacryic adid estet-topolypmet, tethylenemethactylonitrileeopolymer,
polymethyl methacrylate, polyethyl methacrylate, polyglycidyl methacrylate, cross-linked polymethyl
methacnrydatéypokydcrolein, polyglutaraldehyde, polyacrylamide, cross-linked alcoholic 20 resins,
phenolic resin, epoxy resins, nylon 6, nylon 66, nylon 11, nylon 12, benzoguanamine resins, melamine
resins, melaraihe-guanamine resin, and poly-n-butyl acrylate. [0064] The total weight of the organic
polymer particles used 26 is usually 15% by weight or less and preferably 10% by weight or less with
respect to the vieight.efiba catalyst3 erthecatalyst-4.cthe erganigpalymenpariiotes-are burned
and/or vaporized in the calcination step subsequent to the extrusion 5step. Thus, finally, they do not
remain inctheatalysisA.1 [0085] ExtrusionMelting)f copper and copper

10 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 2.5:1 to &50:1, particularly preferably 5:1 to
350:1. The yield of prepylene glycol when produced using the
catalyst significantly varies depending on whether the weight

15 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 yield as
compared with the case of using a catalyst having a weight
ratio outside the above range.

20 (0035}

The weight ratioc of at least one of copper and copper
oxide to zinc oxide (at least one of copper and copper
oxide:rzinc oxide) contained in the catalyst prepared by the

method (2) is not particularly limited, but it is usually 6:1



In the extrusion molding, the catalyst A is preferably produced by kneading 100 parts by weight of
powders of the 10 catalyst 3 or the catalyst 4, 3 parts by weight to 40 parts by weight of the
silica-containing inorganic 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 15 patrticles, 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,”20 watet; aid ®pfidhaallthe ofganic polyiter Fitfifled afd RRERde to'fbri Krieated article

that can be extruded. The kneading step is performed at room temperature or a temperature equal to
or higherhén¥ééihitemperatir® 1t 68aciRg an‘apprépridte thay-liké knedde@ artidk€ The 27 kneaded
article is molded by using an extruder. [0067] After the kneaded article is extruded, drying is
performedt Dhyjitig eohditibns ate ot paitictfbklydinitdd! TR 8ryimpissperfotifedtinatt'&r or nitrogen
atmosphere or under a stream thereof, preferably at 25C to 120C, usually for 1 to 100 hours. [0068]
After thearying tef); the Mcldéd anticle isedlcined at 10806Chd BOOLfor dsually 1 to 6 hours in air or
in the presence of or under a stream of an oxygen-containing gas. In the calcination step, a method in
which a |6WlhReating rate is used at first until a predetermined temperature is reached is employed in
order not to cause the rapid change of the molded article. [0069]  Particles of the catalyst A obtained
by extrusion maldimgamay have apspirericalishape; mecrushiéd shdpe, anfiat strapes an etliptic shape or
the like. The molded catalyst 20 preferably has a diameter of 0.5 to 3 mm. [0070] (Catalyst A prepared
by extrusforumdidingriMetiiod: (HPher than zinc oxide, silica and at least
cne of copper and copper coxide to the extent that the present
reaction is noif inhibited.
10 [0037]
Examples cf the component include alkali metals such as
sodium, potassium and cesium; alkaline-earth metals such as
magnesium and barium; transition metals such as zirconlium,
manganese, iron, nickel, cobalt, chromium, rhodium, ruthenium,
15 palladium and platinum; the periodic table group 13 elements
such as aluminum; and oxides thereof.
[0038]
The incorporation cf the fourth component inte the
catalyst is expected to improve the persistence of the effect
20 of the catalyst and the stability of the catalyst.
[GC39]
The fourth component may be appropriately contained in

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

in one or both of the catalyst 1 and silica.



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 yiel@ of propylene glycol when produced using the
catalyst significantly varies depending on whether the silica content 5 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 compared with the case of using a catalyst having a silica content
outside the abeve range. 10[0071]  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 adjusting
the contéritPprégortion W?ﬁp@ﬂv@%o%@%@ﬁw iR tFe catalyst 3 or the 15 catalyst 4 used in preparing
the catalyst and adjusting the amount of silica in the silica-containing inorganic binder subjected to
extrusion moldihg téGethBeRithdhd Zatalyst B6rathE Thtaly st [6072] 2D Thelveighi ffio of at least
one of copper and copper oxide to silica (at least one of copper and copper oxide:silica) contained in
the catalgstthrepareeliithenfethod @y ispreferablyinike rangelss 1.2: oo ¥ 1iore preferably
1.3:1 to 300:1, and particularly preferably 2:1 to 29 250:1. The yield of propylene glycol when
produced usihgahe catalyst sighificantlyavaries depeanding orewhethie the waight tatio/istwithin the
above range or not. The use of the catalyst having a weight ratio within the above range permits 5
producingpropylene glycel iprextreraslyhighi vigld as compared with the case of using a catalyst
having a weight ratio outside the above range. [0073] The weight ratio of at least one of copper and
copper 10@xddel to zinc oxide (at least one of copper and copper oxide:zinc oxide) contained in the
catalyst prepared by the method (4) is not particularly limited, but it is usually in the range of 6:1 to
5:90, preferablyrbd to=h0:90,zand more preferably:-41:t0,6:35.1Thé tis@ of theceatalyst having a 15
- weight ratio within the above range allows a catalytic reaction to proceed with a high yield. [0074]
The catalyst peepatied by the methed 4 )anay cpptain a-feurdscompongntiethenthanszinc oxide, silica
and at least 20 one of copper and copper oxide to the extent that the present reaction is not inhibited.
[00175] e Examplescofdbe component includeralkak: pretala sugh@sssogimopotagsium and cesium;
alkaline-earth metals such as

described above is exemplified as the catalyst 2.

[0042]
Examples of the silica-containing substance or silica-
containing catalyst include known composite oxides such as
15 gsilica/alumina and silica/magnesia (these do not have
catalytic activity); and catalysts containing silica and at
least one of copper and copper oxide.
[0043]
Examples of the catalyst containing silica and at least
20 one of copper and ceopper oxide include a catalyst containing
silica and at least one cof copper and copper oxide produced
by the known method (the coprecipitation method, the
impregnation method, the kneading method cr the like); and

those commercially available (e.qg., E35S manufactured by



30 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. 5[0076]  The incoyporation of the fourth component into the catalyst
is expected to improve the persistence of the effect of the catalyst and the stability of the catalyst.
[0077] 10The 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 one or both of the catalyst 3 or the
catalyst 4 akd silicas[oo78] 158s deséfibed &bovd! tHéprefafred coRtdhf prépcriion of zinc oxide, silica
and at least one of copper and copper oxide in the catalyst A used in the present invention varies
dependirig entiliea melliotifor prodisting teCcatalysc [0079) 2OHEtHeacEtdly St prepardayby e method
(1), the catalyst is prepared by a coprecipitation method or the like. Thus, zinc oxide, silica and at least
one of cépperahl dopperoxideare located at short distances from each other when viewed at the
molecular level. 31 [0080] In each of the methods (2) and (3), mixing is simply performed. In the
resulting tatelyst, thus, zinc oxide, silica and at least one of copper and copper oxide are 5 located at
long distances from each other as compared with those of the catalyst prepared by the method (1).
Noté&that zinc dxide and Hie/at-lepstore oficapper andeopped oXitle areddeated Ay shert distances
from each other. This is because the catalyst 1 or 2 containing zinc oxide and at 10 least one of
copper aad topper-oxidens prepated by ackriaven methed (e-g £ #heoopretipitation nigthod, the
impregnation method or the kneading method) or is commercially available as explained in the catalyst

prepared:ky: tietmethed @) Hie-commiercially available catalysts aresalsbprepargatby.therl Sknown
method. In the case where the silica-containing substance or silica-containing catalyst contains at least

.-one of copperand copperoxideyn the methed (I)hsilierand ke at least ope«f gopper and copper
- oxide are located at short distances from each other.
propylene glycel when produced using the catalyst
10 significantly varies depending on whether the silica content
ig within the abo&errangé or not. The use of the catalyst
having a silica content within the abocve range permits
producing propylene glycol in extremely high yield as
compared with the case of using a catalyst having a silica
15 content outside the above range.
[0045]

The content proportion 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

20 ratios during the preparation of the catalyst:
(i) the amount ratic of the powder ¢f the catalyst 2 to the
pewder of the silica-containing substance or the silica-

containing catalyst mixed;

(ii) the amount ratioc of the at least one of copper and



20[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 among zinc oxide, silica
and at least one of copper and 32 copper oxide ar@ shorter than the distances among the three
components in the catalyst prepared by each of the methods (2) and (3) and longer than the distances
among the three components in the catalyst prepared by the method (1). 5[0082] The present
invention provides a process for producing propylene glycol by catalytic hydrogenation of glycerol.
RegardifiBieccatahystdsddrinthisreaétért coppergervas aki-active™sife (copper oxide in the
catalyst is reduced 10 into copper during the reaction). Zinc oxide is thought to interact with copper to
increase thé ‘attivity 6t coppereThHE Riventois believe fraf Siliea his interab&MailiTofper to increase
the activity of copper. The interactions among copper, zinc oxide, and silica seem to be related to the
15 distarfcebitherse?froni sachy othiek S Thiss: theTHvVRhtcTs spaeulatel that fiie éatalBisprepared by the
above methods (1) to (4) differ from each other in terms of the distances among zinc oxide, silica and
at least onmezofcdopperantd copperoxide rtherdbitleatirg toheeliffarafit preférréd 20 proportion of the
respective components in these catalysts. [0083]  As a general guide, preferred proportion of the
three componentstn the: catblyst Présectincthe ppesent invehtionrddardless of eoprodess for producing
the catalyst is 33 described below. [0084]  The catalyst A used in the present invention preferably
has a silicaecontent of 0c19% te 25%hy weightzmoee 5prefeiaiyp 0:2% tte R0% by ereightyand
particularly preferably 0.5% to 20% by weight with respect to 100% by weight of the catalyst A. The
use of the catalysthavingatsilica:denterft within dlie Abege range pérmitsoprodueing propylene glycol in
extremely high yield. 10[0085]  The weight ratio of at least one of copper and copper oxide to silica
- (at least one et coppersand: copper oxidesiticd)econtained intheccatalyst Aruseddptlee present

- invention is preferably in the range of 0.5:1 to 700:1, more 15preferably 1.0:1 to 500:1, and still more
preferablyxk.24:t9i350:h.) Thesuse of.the catalysehavdng aywweigpteatioof it teast ieae of copper and
copper oxide to silica within the above range permits producing propylene glycol in extremely high
yield. method (3) is preferably in the range of 5:1 to 700:1, more

preferably 5:1 to 500:1, and particularly preferably 8:1 to
100:1. The vield of propylene glycol when produced using the
catalyst significantly varies depending on whether the welght
ratio i1s within the above range or not. The use of the

15 catalyst having a weight ratic within the above range permits
producing propylense glycol in extremely high yield as
compared with the case of using a catalyst having a weight
ratio outside the above range. Here, when the silica-
coﬁtaining substance or silica-containing catalyst contains

20 at least one of copper and copper oxide, the weight of the at
least one of copper and copper oxlide means the sum cf the
welghts of copper and copper oxide in the catalyst Z and the
weights of copper and copper oxide in the silica-containing

substance or silica-containing catalyst.



20[0086]  Further, 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) contained in the catalyst A used in the present invention is
not particularly limited, but it is 34 usually in the rapge of 6:1 to 5:90, preferably 5:1 to 10:90, and
more preferably 4:1 to 6:35. [0087] [Reaction]  In the production process of the present invention,
glycerol is subjected to catalytic hydrogenation in the presence of the catalyst A containing zinc oxide,
silica and at least one of copper and copper oxide. The use of the catalyst A containing the three
componert§ Hefmits producing 10 propylene glycol from glycerol without voporization of glycerol. In
particular, the present inventors found that the use of the catalyst containing the three components in a
specific proporfidrepeighitied praducing propylerfeagiycolfrors glyeerslswtmadigreyiefot Furthermore,
the inventors found 15 that, as described above, the preferred proportion of the three components in
the catalystidl¢aiied depending @n theprocesstfor produingpthieccatalyst A0088] For a batch
reactor, the amount of the catalyst A used 20 is usually 0.1% to 20% by weight and preferably 1% to
10% by weighewithrespect t& 100%nby: weight of ghycerct2[0089Fn theguredeactidmyprocess of the
present invention, glycerol is subjected to catalytic hydrogenation to yield 35 propylene glycol. Here,
glycérol maytbeduset) albre v in theerfoimuofaniagusoustsoiuticmar d solution ofahlorganic solvent.
The amount of water or the organic solvent used is not particularly limited, but it is usually in the range
of 5 10%:t0<90% hyweightand preférably, 20%=t6<409% by viieightwith tesjdect 1@ 180% by weight of
glycerol from the viewpoint of volumetric efficiency and the rate of reaction. [0090] Examples of a
reactor ipwhithrthie Jprodudtioncprecess ot 1 the: present ventien isfearded up ticlude autoclaves,
fixed-bed catalytic reactors, fluidized-bed catalytic reactors and moving-bed catalytic reactors.

6:35. The use 0f the catalyst having a weight ratio within

the above range allows a catalytic reaction to proceed with a
10  high vyield. 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 oxlde means the sum of the weights of copper and
copper oxide in the catalyst 2 and the weights of copper and
15 copper oxide in the silica-containing substance or silica=-
containing catalyst. Further, when the silica-containing
substance or silica-containing catalyst contains zinc oxide,
the welight of zinc oxide means the sum of the weight of zinc
oxide in the catalyst Z and the weight of zinc cxide in the
20 silica-containing substance or silica-containing catalyst.
[0047]
The catalyst preparsed by the method {3} 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



[0091] In the present invention, a method for charging the 15 catalyst A into a reactor is not particularly
limited. For example, in the case of using the catalyst prepared by the method (3), the catalyst 2
containing zinc oxide and at least one of copper and copper oxide is mixed with the silica-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 catalyst containing silica and at least
one of copper and copper oxide, both of the catalysts may be alternately charged into a fixed-bed
reactor iff 386f Atadferthat 6fé chtahy@t and the 36 other catalyst form layer(s). [0092] In the
case where the catalyst A used in the present invention is used for a reaction, it may be used as it is. 5
Alternativél{ 45dfore 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 redketien isstypically: peFormed 8y bringigihe ctdystineedentactstwith hydrogen gas
at 100C to 400C. [0093] In the case of using the catalyst prepared by the method (3), only the
catalyst 2 edntaining Zirfcsexide apdat desst one ¢f coppenand espperskide & subsjécted to reduction
15 operation, and then the catalyst that has been subjected to reduction operation may be mixed with
the Silicareantaimingrsarsiance-onsilicd-cenmining catahyst LAlternatively, & tatadyst obtained by mixing
the catalyst 2 and the silica-containing substance or silica-containing catalyst may be 20 subjected to
reductiomeperations Furtlrermore . edeh of thelzatdlystcand thencatalysticontaining-skica amd at least
one of copper and copper oxide may be subjected to reduction operation, and then the resulting two
catalystsithat halie:heenr sdbjetteditourduction pperatidn mayabea mixed:uf7 JO0]<Henreaction can
be usually performed at a reaction temperature of 100C to 350C and preferably 150C to 300C in a
~liquid phase:-tnder edniinlous or batchwisel eenditiens:c5{0095] Under the continuous or batchwise

* conditions, the

[0G49]

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

[0050]
The fourth component may be appropriately contained in

15 the catalyst 2 and/or the silica-containing substance or
silica-containing catalyst. That is, the fourth component
may be contained in one cr both ¢f the catalyst 2 and the
silica-containing substance or silica-containing catalyst.
[0051]

20 <Catalyst prepared by method (4)>

In the method (4) described above, a catalyst 3
containing zinc oxide and at least one 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-ceontaining



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 10 glycol can be efficiently
obtained. [0096] The reaction time is usually 1 to 20 hours. [0097] In the production process of the
present invention, 15 propylene glycol can be produced from glycerol without vaporization of glycerol
as described above. Of 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
20 appropriatetzadded beftre the step of subjeeting @lyocerslite tatalytic. hyidrogetiatiore je098]  As
described above, in the present invention, catalytic hydrogenation of glycerol is performed in the
presencecoftie c38 ¢atalyst A donitaining 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 components in a
specific pr6p6&ibn (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
high yield. Furtférmarepas deseribedralkzoverand as will be apparent fiom-examples desesibed below,
the specific proportion is 10significantly important. The use of the catalyst that satisfies the specific

progortion-pefmitsrptodtcing prapydene glycelipexiremely bighodeldasicemparediwith that of the
case of using a catalyst that does not satisfy the specific proportion. 15[0099]  Specifically, the use

of the catalyst A eentaining thectheee-aamposentindhe specifig proportien peamite the production of
propylene glycol at a conversion of glycerol of usually 72% or more and preferably 80% or more and in

a 20 yieldiok usuallyd7 Q% @rdnare anc-prsferably /5% armaore; EXAMRLES [0100]  The present
invention will be described in further detail below by examples, but the present invention is not 39
[0053]
Examples of the 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 meolding auxiliary
and water are kneaded. The resulting kneaded article is
15 extruded, dried and calcined.
[0055]
(Silica-containing inorganic binder)
Examples of the silica-containing inorganic binder
include silica itself; and
20 combinations of silica and inorganic binders such as
clay minerals containing as a main component smectite-based
swellable clay, e.g., alumina, alumina-silica, activated
white earth, bhentonite and montmorillonite.

[0056]



limited thereto. The conversion of glycerol and the yield of propylene glycol were calculated by gas
chromatography (with a gas chromatograph, GC-14A from Shimadzu Corporation; column:
HP-INNOWAX from Agilent; detector: FID). [0101} fExample 1]  First, 24 g of glycerol, 6 g of distilled
water, 1.0 g 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., Ltd. were weighed and charged into a 100-ml
autoclave compoEHFeESU S B1% dduippetP With 2 SlécfdmabRétEndtctiorifstator stirrer. 15[0102]
After substituting inside of the autoclave with nitrogen (10 MPa x 5 times), substitution was carried out
with hydrogeh{2e MPa %S imes). Fidalf the-adtoelave was fillsebwithFyrsgetado as to have an
internal pressure of 10 20 MPa at room temperature, and was then hermetically sealed. The autoclave
was heafedlupto 260C t6\pervih cafalyiciHydrégenationireacen whilé stirrihigsthereadtion solution
containing the catalyst in the autoclave at a stirring rate of 450 rpm. The heating was stopped after 12
hours. Thé 4Gaatoelavelvas left iccwataral caoiing: The-inside the hltdciave was substituted with
nitrogen after the temperature inside the autoclave reached 30C or lower, and then the autoclave was
opehed. Thefconténty werediltratedtogemoye 5y the eatblyst cAmalysis of thesresiltig reaction
solution by gas chromatography showed that the conversion of glycerol was 91.1% and the yield of
propylenéwghycbl wiaki86: 0% 40103 fExamples:? thigmand Comparative Examges 1 and 2] 10In each
of Examples 2 to 9 and Comparative Examples 1 and 2, the reaction was performed in the same
manner asmmmkEXanplerkdexeepiithat e ameunts=df FlOGiand £35S used. wersmehangemukas shown in
Table 1. Table 1 shows the results together with that of Example 1. 15[0104] [Table 1] 41 Silica
colloidal silica {manufactured by Grace Davison) can also be

used.
190 [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 range of 0.1%
by weight teo 25% by weight. The yield of propylene glycol

15 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 compared with the case of

20 using a catalyst having a silica content outside the above
range.

[0058]
The catalyst has sufficient strength even if extrusion

molding is performed with silica alone used as the silica-
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-'Coﬁtaining inorganic binder. To further reinforce the
gstrength of the catalyst, another incrganic binder may be
used in combination. The used amcunt of the silica-
containing inorganic binder is usually 3% by weight to 40% by

5 weight, preferably 3% by weight to 35% by weight, and more
preferably 3% by weight to 30% by weight with respect to the
weight of the catalyst 3 or the catalyst 4..

[0059]
(Molding auxiliary)

10 Examples of the molding auxiliary include substances
called thickeners, dispersants, surfactants, deflocculants,
numectants or crganic binders. Each of these molding
auxiliaries often has some characteristics but is called on
the basig of one characteristic for convenience. These may

15 be used alone or in combination. The functions of the
mclding 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.

20 (0000}

Examples of the molding auxiliary include organic
compounds, synthetic resins, gum, and natural polymers. For
example, at least one selected freom methyl cellulose,

carboxymethyl cellulose, hydroxyethyl cellulose, polyethylene
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glycol, polyethylene oxide, polyacrylamide, polypropylene
glycol alginate, polyvinvlpyrrolidone, polyurethane, =xzanthan
gum, copolymers thereof, and derivatives therecf, may be
preferably used. Finally, the molding aid dces not remain in
the catalyst A because it is bufned and/or vaporized in a
calcination step subseguent to an extrusion step.

[0061]

The total amount of the molding zuxiliary used is
usually 2% by welght to 15% by weight and preferably 2% by
weight tce 10% by weight with respect to the weight of the
catalyst 3 or 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 to the total components (including water) used for
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
water content exceeding the above range may lead to a
resulting catalyst having poor crushing strength, sc that the
catalyst cannot be used as an industrial catalyst.

[0063]

(Organic polymer particles)
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In the extrusion moldiﬁg, to smoothly perform molding
operations, organic polymer particles may be added in
addition to the silica-containing incrganic binder and water.
Examples ¢f the organic polymer particles include silicone

5 rubber, silicone resins, polystyrene, cross-~linked
polystyrene, pcolystyrene-based resins, styrene-divinylbenzene
copolymer, styrene-acrylic acid cepolvmer, styrene-acrylic
acid ester copolymer, styrene-acrylcnitrile copolymer,
styrene-methacrylic acid copolymer, styrene-methacrylic acid

10 ester copolymer, stivrene-methacrylonitrile copolymer,
polyvinyltoluene, polyethylene, polvolefin resins, acrylic
resin, cross-linked acrylic resin, ethylene-acrylic acid
copolymer, ethylene-acryvlic acid ester copolymer, ethylene-
acrylonitrile copolymer, ethylene-methacrylic acid copolymer,

15 ethylene-methacrylic acid ester copolymer, ethylense-
methacrylonitrile copolymer, polymethyl methacrylate,
polyethyl methacrylate, polyglycidyl methacrylate, cross-
linked polymethyl methacrylate, polyacrolein,
polyglutaraldehyde, polyacrylamide, cross=-linked alcohelic

20  resins, phenolic 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 crganic polymer particles used
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is usually 15% by weight or léss and preferably 10% by weight
or less with respect to the weight of the catalyst 3 or the
catalyst 4. The corganic polymer particles are burned and/or
vaporized 1n the calcination step subsequent to the extrusion
5 step. Thus, finally, they do not remain in the catalyst A.
[0065]
(Extrusion Molding)
In the extrusion molding, the catalyst A is preferably
produced by kneading 100 parts by weight of powders of the
10 catalyst 3 or the catalyst 4, 3 parts by weight to 40 parts
by weight of the silica-containing inorganic 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
opticnally 15 parts by weight or less of the organic polymer
15 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'indrganic binder, the molding auxiliary,
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 a
temperature.equal to or higher than room temperature,

producing an appropriate clay-like kneaded article. The



42 [0105] Table 1 shows that in the case where the catalyst (catalyst prepared by the method (3))
used in the present 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
catalyst 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 g) and zinc nitrate hexahydrate (51.2 g)
were dissolved #tldistited-water o prépare 400 mbofign aguesis solation (hereinafter, the 15 aqueous
solution is abbreviated as an "aqueous solution A"). Meanwhile, anhydrous sodium carbonate (34.1 g)
was dissolvedin distilled water to prepare 400 ml of an aqueous solution (hereinafter, the aqueous
solution is abbreviated as an "aqueous solution B"). 20[0107] Next, each of the aqueous solution A
and the aqueoustsalutiam B Viias sinaultaneodsiyadiedsdropwidede IbOymhaf distilled water under
vigorous stirring to perform a reaction. The resulting precipitate was filtered off and subjected to 43
sludging péthfdistilted. watery The resulting solid: was«driedtatd10€ fon Bzhdurs ahdither calcined at
400C for 3 hours in air. [0108] 5Elementary analysis value of the resulting solid showed that the solid
wasa catalygst{eatatyst 1a) hayvinthamaitdo ohceppers oxiderzing oxisesof 30:10 fwaightratio). [0109]
[Preparation Examples Ib to f] 10Catalysts Ib to If shown in Table 2 were prepared in the same manner
as in Prepartion:Exampledasexcept thatghe amounts ok eopet mitrate tribydrate;and zing nitrate

hexahydrate used were changed. [0110] 15[Table 2]
for 1 to 100 hours.
[0068]
After the drying step, the moided article is calcined at
10  400°C to 600°C for usually 1 to 6 hours in air or in the
presence of or under a stream of an cxygen-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
15 molded article.
(00891
Particles of the catalyst A obtained by extrusicn
molding may have a spherical shape, a crushed shape, a flat
shape, an elliptic shape or the like. The molded catalyst
20 preferably has a diameter of 0.5 to 3 mm.
[c0701
(Catalyst A prepared by extrusion molding (Method {4)))

The catalyst prepared by the method (4) preferabkly has a

silica content of 0.1% to 25% by weight, more preferably 0.1%
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to 20% by weight, and particularly preferably 0.4% to 20% by
welght with respect to 100% by weight of the catalyst. The
yvield of propyvlene glvyvcol 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 glycel in extremely high vield compared
with the case of using a catalyst having a silica content
outside the above range.

[0071]

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 adjusting the content
proportion of respective components in the catalyst 3 cor the
catalyst 4 used in preparing the catalyst and adjusting the
amount of silica in the silica-containing inorganic binder
subiected to extrusion molding together with the catalyst 3
or the catalyst 4.

[0072]

The weight ratio of at least one of copper and copper
oxride to silica {(at least cone of copper and copper
oxide:silica) contained in the catalyst prepared by the
method {4} is preferably in the rangé of 1.2:1 to TOO:E,Imore

preferably 1.3:1 to 300:1, and particularly preferably 2:1 to



[0111] [Examples 10 to 17 and Comparative Examples 3 to 8] 5In 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 usedxgere changed as shown in Table 3. Table 3 shows
the results. [0112] 10[Table 3] 45 Silica content (Wt%) g'Z 9.3 9.3 g'Z 9.3 CZ90 Copper

250:1. The vyield of propylene glycol when produced using the
catalyst significantly varilies depending on whether the weight
ratic is within the above range or not. The use of the
catalyst 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
ratic cutside the above range.
[(0073]
The weight ratio of at least one of copper and copper
10  oxide to zinc oxide (at least one of copper and copper
oxide:zinc oxide) contained in the catalyst prepared by the
method (4} is not particularly limited, but it is usually in
the range of €:1 to 5:90, preferakly 5:1 to 10:9C, and more
preferably 4:1 to 6:35. The use of the catalyst having a
15 weight ratio within the above range allows a catalytic
reaction to proceed with a high yield.
[0074]
The catalyst prepared by the method (4) may contain a
fourth component other than zinc oxide, silica and at least
20 one of copper and copper oxide to the extent that the present
reaction is not inhibited.
[0C75]
Examples of the component include alkali metals such as

sodium, potassium and cesium; alkaline-earth metals such as
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magnesium and barium; transition metals such as zirconium,
manganese, iron, nickel, cobalt, chromium, rhodium, ruthenium,
palladium and platinum; the periocdic table group 13 elements
such as aluminum; and oxides theresof.

5 [0076]

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

[0077]

16 The fourth compenent may be apprepriately contained in
the catalyst 3 or the catalyst 4 and/or silica. That is, the
fourth compeonent may be contalned in one-or both of the
catalet 3 or the catalyst 4 and silica.

[0078]

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

[0079]

20 In the catalyst prepared by the methed (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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[0080O]

In each of the methods (2) and (3), mixing is simply
performed. In the resulting catalyst, thus, zinc oxide,
silica and at least one of copper and copper oxide are
located at long distances from each other as compared with
those of the catalyst prepared by the method (1). Note that
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
least one of copper and copper oxide 1is prepared by a known
method (e.g., the coprecipitaticn 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 sillca-containing
substance or silica-containing catalyst contains at least one
of copper and copper cxide 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

among zinc oxide, silica and at least one of copper and
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copper oxide are shorter than the distances among the three
components in the catalyst prepared by each of the methods
(2} and (3) and longer than the distances among the three
compeonents in the catalyst prepared by the method (1).

5 F0082)

The present invention provides a process for producing
propylene glycol by catalytic hydrogenation of glycerol.
Regarding the catalyst used in this reaction, copper serves
as an active site (copper oxide in the catalyst is reduced

10  into copper during the reacticn). 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

15 distances thereof 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 oxlide, silica and at least one of copper and
copper oxide, thereby leading to the different preferred

20 propoertion of the respective components in these cataiysts.
[0083]

As a general gulde, 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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described belcow.
[0084]

The catalyst A used in the present inventiocon preferably
has a silica content of 0.1% to 25% by weight, more
preferably 0.2% to 20% by weight, and particularly preferably
0.5% to 20% by weight with respect to 100% by weight of the
catalyst A. The use of the catalyst having a silica content
within the above range permits producing propylene glycel in
extremely high yield.

(0085}

The weight ratio of at least one of copper and copper
oxicde to silica (at least one of copper and copper
oxide:silica} contained in the catalyst A used in the present
invention 1is 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
350:1. The use of the catalyst having a weight ratio of at
least one ¢f copper and ccpper oxide to silica within the
above range permits producing propylene glycol in extremely
high vield.

(00861

Further, the weight ratio of at least one of copper and
cepper oxilide to zinc oxide (at least one of copper and copper
oxide:zinc oxidé) contained in the catalyst A used in the

present invention is not particularly limited, but it is
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usually in the range of ©:1 to 5:90, preferably 5:1 to 10:80,
and more preferably 4:1 to 6:35.

f0087]

[Reaction]

5 In the production process of the present invention,
glycerol 1s subjected to catalytic hydrogenation in the
presence of the catalyst A 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

10 propylene gilycol from giycerol without vopcrization of
glycerocl. In particular, the present inventors found that
Lhe use of the catalyst containing the Three components in a
specific proportion permitted producing propylene glyccl from
glycerol with a high yield. Furthermore, the inventors found
15 that, as d@scribed above, the preferred proportion of the
three components in the catalyst A varied depending on the
process for producing the catalyst A.
[0088]
.For & batch reactor, the amount of the catalyst A used
20  is usually 0.1% to 20% by weicht and preferably 1% to 10% by
weight with respect to 100% by weight of glycerol.
[0089]
In tThe production process 0f tThe present Iinvention,

glycerol is subjected to catalytic hydrogenation to yield
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[0113] From Table 3, comparisons between the examples and the comparative examples that use
the same types of copper oxide/zinc oxide catalysis (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 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 weight,
propyleng 10Rglycalvaslalsie to bélprorluced fomy glycerd! irextiemalyetighyields as cohmpared with
the case of using the copper oxide/zinc oxide catalysts (Comparative Examples). [0114] [Example 18]
15The rebetion asayierforedin the Sameomanneras inExamplecd, exceptrthrt 0007 g of silica
(CARIACT Q6 from Fuji Silysia Chemical Ltd.) was used instead of E355 in Example 3. The
conversien of7glyterolThas 89:d%; tanuftheaield orpropygene ghicdobwas D6:19%. 26[01 15k[Examples
19 to 28] In each of Examples 19 to 28, the reaction was performed in the same manner as in
Exampleri8; exseptithal theltypé andtamountaf catalyst and thelamaunttaf CARKGET Q6 used were
5 10% to 920% by weight and preferably 20% to 70% by weight with
respect to 100% by weight of glycerol from the viewpoint of
volumetric efficlency and the rate of reaction.
00907
Examples of a reactor in which the production process of
10 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 methoed for charging the
15 catalyst A into a reactor i1s not particularly limited. For
example, in the case of using the catalyst prepared by the
method (3), the catalyst 2 containing zinc oxide and at least
one of copper and copper oxide is mixed with the silica-
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 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



47 changed as shown in Table 4. Table 4 shows the results together with that of Example 18. [0116]
[Table 4] 49 [0117] Table 4 shows that, as compared with Examples 20 and 21 in which the silica
content of each of the catalysts (catalysts preparegl;by the method (2)) used in the present invention
was outside the range of 0.1% to 4.5% by weight, propylene glycol 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] <Preparat on of Catalyst with
Copper GxideZineOxitigSilida £r50:4Q:¢0 (%60 by Weight) (Hereinafter, abbreviated as "catalyst 2a")>
Copper nitrate trihydrate (38.0 g), zinc nitrate hexahydrate (36.6 g) and 12.5 g of colloidal silica
(SnowtexI@ o Nissan Chemical Industries, Ltd.; silica concentration: 20% by weight; water: 80% by
weight) were dissolved in distilled water to prepare 500 ml of an aqueous solution (hereinafter,
abbreviated as an "ageeausssolutier E"). Mearwihiley an d@guesas sotutionofanbydrous sodium
carbonate (32.7 g) was dissolved in distilled water to prepare 500 ml of an aqueous solution
(hereinafteryabhreviatéd: as sad'afueous selutian &1). 5@ [Add9] be Nexddeach ofithesaqueous
solution E and the aqueous solution F was simultaneously added dropwise to 300 ml of distilled water

undér vigoraus stirting4o perfosiareastiondd Thedesulting peecipitate was, filtered off and subjected
to sludging with distilled water. The resulting solid was dried at 110C for 3 hours and then calcined at

400C for Sheurgdn ait. [420b20Elementaranalysis yalwe:efithe resultingiselidshowed that the solid
was a catalyst (catalyst 2a) having a ratio of copper oxide:zinc oxide:silica of 50:40:10 (% by weight).
[0121] 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
10 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
oné of copper and copper oxide is subjected to reducticn
15 operation, 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 cbtained by mixing the catalyst 2 and the silica-
containing substance or silica-containing catalyst may be
20  subjected to reduction operation. Furthermore, each of the
catalyst 2 and the catalyst containing silica and at least
one of copper and copper oxide may be subjected to reduction

cperation, and then the resulting two catalysts that have

been subjected to reduction operation may be mixed.



[Preparation Examples 2b to 2p] 15The 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 trinydrate, zinc nitrate hexahydrate-and colloidal silica used were changed. 20[0122]
[Table 5] 51 Silica content (wt%) 01. LOt-9'0 1,0 91.i0Z 02 01. 01. 01-0 OI. Copper
oxide/zinc oxide

[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 liguid phase under continuous or batchwise conditions.
5 [0095]

Under the continucus or batchwise conditions, the

reaction is typically perfqrmed at a hydrcgen pressure of 1

To 30 MPa and preferabkly 2 te 20 MPa. The rate of reaction

ig sufficiently high in this pressure range, thus propylene

10 glycol can be efficiently obtained.

[009¢]
The reaction time is usually 1 to 20 hours.
[0097]
In the production process of the present invention,

15 propylene glycol can be produced from glycerol without
vaporization of glycercl as described above. 0f course,
glycerol may be vapcrized and subjected to catalytic
hydrogenation in gasecus phase. Furthermore, a step of
removing catalyst poisons from raw material glycerol may be

20 appropriately added before the step of subiecting glycerol to
catalytic hydrogenation.

[ocoog]
As described above, in the present invention, catalytic

hydrogenation of glycerol is perfocrmed in the presence of the
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catalyst A containing zinc oxide, silica and at least cone of
copper and copper oxide to give propylene glycol. In
particular, the use of the catalyst A containing the three
compoeonents in a specific proportion (preferred preportion of
the three components varies depending on the process for
prodﬁcing the catalyst as described above) permits
efficiently producing prepylene glycol with a high vield.
Furthermore, as described above and as will be apparent from
examples described below, the specific proportion is
significantly important. The use of the catalyst that
satisfies the specific 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
proporticn.

[CC99]

Specifically, the use of the catalyst A containing the
three component in the specific proportion permits the
production cf propylene glycol at a conversion of glycerol
of usually 72% or mere and preferably 80% or more and in a
vield 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

Og
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limited thereto. The conversion of glycerol and the yield of
propylene glycol were calculated by gas chromatography (with
a gas chromatograph, GC-14A from Shimadzu Corporation;
column: HFE-INNCWAX from Agilent: detector: FID) .

5 (01013
{Example 1]

First, 24 g of glycerol, & g of distilled water, 1.0 g
of F10G (50% by weilght of éopper oxide and 50% by weight of
zinc oxide) from Nikki Chemical Co., Ltd. and 0.20 g of E355

10 (67% by weight of copper oxide, 27% by weight of silica and
6% by weight of a binder) from Nikki Chemical Co., Ltd. were
welighed and charged intc a 100-ml autoclave composed of 3US
316 equipped with an electromagnetic inducticn rotator
stirrer.

15 [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 autoclave was
filled with hydreogen so as to have an internal pressure of 10
20 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



Catalyst 2c Catalyst 2d Catalyst 2e | Catalyst 2f Catalyst 2g Catalyst 2h Catalyst 2i Catalyst 2]
Catalyst 2k Catalyst 2m Catalyst 2n Catalyst 2p | Preparation example 2a Preparation example 2b
Preparation example 2c Preparation example 2d4 Preparation example 2e Preparation example 2f
Preparation example Preparation example 2h Preparation example 2i Preparation example 2j
Preparation example 2k Preparation example 2m Preparation example 2n

autoclave was left to natural coeling. The inside the

autoclave was substituted with nitrogen after the temperature

inside the autoclave reached 30°C or lower, and then the

autoclave was opened. The contents were filtrated to remove
5 the catalyst. Analysis cof the resulting reaction solutiocon by

gas chromatography showed that the conversion of glycerol was

91.1% and the yield of propylene gliyccl was 86.0%.

(0103]

[Examples 2 to 9 and Comparative Examples 1 and 2]

16 In each of Examples 2 to 9 and Ccmparative Examples 1
and 2, the reacticon was performed in the same manner as in
Example 1, except that the amounts cof F10G and E353 used were
changed as shown in Table 1. Table 1 shows the results
together with that of Example 1.

15 [0104]

[Table 1]



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 Silica content

(Wt%) cOrg.o VO 91. 0z7.0C01.

N. 01. 04

Preparation example 2p 52 [0123] [Examples 29 to 42]
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[01065]

Table 1 shows that in the case where the catalyst
{catalyst prepared by the method (3)) used in the present
reaction had a silica content of 0.1% to 10% by weight,
propylene glycel was able to be produced from glycerocl in
extremely high yield as compared with the case where the
catalyst had a silica content of 13.5% by weight (Example 7).
[0106]

[Preparation Example la]
<Preparation of Catalyst with Copper Oxide:Zinc Oxide = 30:70
(Weight Ratic) (Hereinafter, abbreviated as "Catalyst la")>

Copper nitrate trihydrate (18.2 g} and zinc nitrate
hexahydrate (51.2 g} were dissolved in distilled wate: Lo
prepare 400 ml of an aqueous solution (hereinafter, the
aqueous solution is abbreviated as an "aguecus solution A").
Meanwhile, anhydrous sodium carbonate (34.1 g) was dissolved
in distilled water to prepare 400 ml of an aguecus solution
(hereinafter, the agueous solution is abbreviated as an
"agqueous solution B").

{0107]

Next, =sach of the agueous solution A and the agueocus
solution B was simultaneously added dropwise to 150 ml of
distilled water under vigorcus stirring to perform a reaction.

The resulting precipitate was filtered off and subjected to
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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.

[0108]

Elementary analysis value of the resulting sclid showed
that the solid was a catalyst (catalyst la} having a ratio of
copper oxide:zinc oxide of 30:70 (weight ratio).

[0109]
[Breparation Examples 1lb to f]

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

(01103

[Table 2]



of Glycerol (/o) v.L6 L9'66 Z.96 91.6 18 6.C8 971 1.'63 Z.66 986 8'9Z 696 8'68 E86 Catalyst
Catalyst 2a Catalyst 2b 03 isiciewa Catalyst 2d 93 isketea Catalyst 2f 63 IsAle4e0 gz iskewo

Catalyst 2i 44
Table 2
Catalyst Copper oxide:zinc oxide
name weight ratio

Preparation example 1a Catalyst 1a 3070
Preparation example 1b Catalyst 1b 15:85
Preparation example 1c - .Catalys’z 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
(01117

[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 ag in
Example 1, except that the Type and amount of catalyst used
were changed as shown in Table 3. Table 3 shows the results.
[0112]

10 [Table 3]
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5.6 g of colloidal silica (Snowtex S from Nissan Chemical Industries, Ltd.; silica concentration: 20% 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 from 10 Snowtex S) were added to410 g of the catalyst having a ratio of copper
oxide:zinc oxide of 50:50 prepared in Preparation Example Id and well mixed. The resulting mixture
was extruded through a nozzle with a diameter of 3 mm, dried at 110C for 3 hours, and calcined at
400C for 3 hours in air. 15[0126] Elementary analysis value of the resulting solid showed that the
solid wag %lc]a;?dlyst (catalyst 3a) having a ratio of copper oxide:zinc oxide:silica of 45:45:10 (% by
weight). To eliminate the difference between the resulting cata%%;[ and 20 1the Ca?%St used in each of
Examples up td #2%h fmsofine eolikit effitichcyEBMAEGt &fea) Wity &etoPard hydrogen, the
catalyst 3a was pulverized and then used in a test of Example 43. [0127] 55 [Preparation Examples
3b to 3uPIPrPrepaiativh Exepes BbtioBu, EBPpétExidaTmctoideE sifica €atalysts (catalysts 3b to 3u)
shown in Table 7 below were prepared in the same manner as in Preparation 5 Example 3a, except
that the typesief eataly st i d-with toidital Silick, xahtHaregimEgaddistdd watkst, the amounts of
colloidal silica used and the amounts of distilled water used were changed as shown in Table 7 below.
Thebe catalystsrwirevalss pulelized andethen eedinraspective a0Examiples44 t0761. [0128] [Table
7] 56 - C---4- 030 .-63-5'50-04 91. '
Example 4, and between Example 12 and Comparative Example 5)
show that, in the cases where the catalysts (catalysts
prepared by the method (3)) used in the present invention
each had & silica content of 0.1% to 10% by welght, propylene
10  glycoel 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]
15 The reaction was performed in the same manner as in
Example 3, except that 0.007 g of silica (CAR1IACT Q6 from
Fuji Silysia Chemical Ltd.) was used instead of E3538 in
Example 3. The conversion of glycerol was 99.1%, and the
vield of propylene glycol was 96.1%.
20 [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 CARiIACT Q6 used were
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changed as shown in Table 4. Table 4 shows the results
together with that of Example 18.
[01l6]

[Table 4]
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[0217]

Table 4 shows that, aé 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
cutside the range of 0.1% to 4.5% by weight, propvlene glycol was
able to be produced from glycerol in extremely high yvields 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

2a")>

Copper nitrate trihydrate (38.0 g), zinc nitrate
hexahydrate (36.6 g) and 12.5 g of colloidal silica (Snowtex O
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 agueocus solution {hereinafter,
abbreviated as an "agueous solution E"). Meanwhile, an aqueous
solution of anhydrcus sodium carbonate (32.7 g) was dissolved in
distiiled water to prepare 500 ml of an aqueous soluticn

(hereinafter, abbreviated as an "agueous solution F").



9Z;92C;91C L 3535301 47.5:47.5:5 cvev:Tet, 4:96196t7 10:9'64:9'617 4.0:09:09 | ovi.z:ce |
54:36:10 04:594.31 13.5:76.5:10 1 49.5:40.5:10 46:44:10 9; Z1C17 03:66:14 47:43:10 Raw
material for catalyst Amount of distilled water useg699 61, ¢ 69 0 60 60 j 6¢cre

[0119]

Next, each of the aguecus solution E and the agueous
solution F was simultaneously added dropwise to 300 ml of
distilled water under vigorous stirring to perform a reaction.

5 The resulting precipitate was filtered off and subjected 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}

1C Elementary analysis value of the resulting solid showed
that the sclid was a catalyst (catalyst 2a) having a ratio of
copper oxide:zinc oxide:silica of 50:40:10 (% by weight).
101213
[Preparation Examples Zb to 2p]

15 The following copper oxide:zinc oxide:silica catalysts
(catalysts Zb to 2p} were prepared in the same manner as in
Preparation Example 2a, except that the amocunts of copper
nitrate trihydraﬁe, zinc nitrate hexahydrate and colloidal
silica used were changed.

20 [(0122]

[Table 5]
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[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

used as a catalyst for use in the reaction in an amount of
1.200 ¢g. Table ©& shows the results.

[0124]

[Table 6]
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Preparation example 3] Preparation example 3k rPreparation example 3m Preparation example 3n
Preparation example Preparation example 3q Preparation example 3r Preparation example 3s

Preparatiog %xample at Preparation example 3u
10125]

[Preparation Example 3a]
<Preparation of catalyst with Copper Oxide:Zinc Oxide:Silica
= 45:45:10 (% by welght) (Hereinafter, abbreviated as

5 "catalyst 3a")>

5.9 g of colloidal siiica (Snowtex S5 from Nissan
Chemical Industries, Ltd.; silica concentration: 20% 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 from

10 Snowtex S8) were added to 10 g of the catalyst having a ratio
of copper oxide:zinc oxide of 50:50 prepared in Preparation
Examgle 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.

15 [Clz6]

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 welght). To
eliminate the difference between the resulting catalyst and

20  the catalyst used in each cof Examples up to 42 in terms of
the contact efficiency {contact area) with glycercl and
hydrogen, the catalyst 3a was pulvérized and then used in a
test of Example 43.

[0127]



57 [0129] [Examples 43 to 61]  The reaction was performed 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. [0130] [Table 8] 58 Silica content (wt%) 01- 910Z 93 OE 1.001 P.O VO O0OL
0 Ole OL.

10

[Preparation Examples 3k 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
Example 3a, except that the types of catalysts mixed with
colloidal silica, xanthan gum, and distilled water, the
amounts of colloidal 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 ©l.

[0128]

[Table 7]
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[0129]

[Examples 43 to 61]

The reaction was performed in the same manner as in

Example 1, except that each of the catalysts 2a to 3u was

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

shows the results.
[0130]

{Table 8]
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CLATMS

1. A process for producing propylene glycol comprising a
step of subjecting glycerol to catalytic hydrogenation in the
presence of a catalyst A containing zinc oxide, silica, and
at least one bf copper and copper cxide.

2. The process for producing propylene glycol according to
Claim 1, 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.V

3. The process for producing propylene glycol according to
Claim 1 or 2, wherein the weilght ratio ¢f the at leasi 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
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 ratic 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 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

welght with respect to 100% by weight of the catalyst A.
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6. The process for producing propylene glycol according to
Claim 5, wherein the weight ratio ¢f 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
5 0.5:1 to 700:1.
7. 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 tc zinc oxide (at least one cof copper
and copper oxide:zinc oxide) in the catalyst A is in the
10 range of 6:1 fto 5:90.
8. 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
15 gilica,
and wherein the catalyst A has a éilica content cf 0.1%
to 4.5% by weight with respect to 100% by weight of the
catalyst A,
9. The process for producing propylene'giycol according to
20 Claim 8, wherein the weight ratic of the at least one of
copper and copper oxide to silica (at least one of copper and
copper oxlde:silica) in the catalyst A is in the range of
1.5:1 to 700:1,

10. The process for producing propylene glycol acceording to



09 eldwexD | Example 61 59 CLAIMS 1. A process for producing propylene glycol comprising a step
of subjecting glycerol to catalytic hydrogenation in the presence of a catalyst A containing zinc oxide,
silica, and 5 at least one of copper and copper oxigle. 2. The process for producing propylene glycol
according to Claim 1, 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. 103. The process for producing propylene glycol according to
Claim 1 or 2, wherein the weight ratio of the at least one of copper and copper oxide to silica (at least
one of céppetand coppér oXidesHica) iithe'@italyst Ads rtthefrahfe or b.5: 46 70071C 154, The
process for producing propylene glycol according to any one of Claims 1 to 3, wherein the weight ratio
of the at f&a8P8He B opPERaTd eFder dxideztofin€ vxidle (dtlfeabtané obeepper artbPEspper
oxide:zinc oxide) in the catalyst A is in the range of 6:1 to 5:90. 205. The process for producing
propylenaiglycobReestdingitosClaim ., whidein the chtadyst#tisiprepafedisy aeopretipitation method
or an impregnation method, and the catalyst A has a silica content of 0.1% to 25% by weight with
respect tod:009 by weighttaf the 2atalyst 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 silica
(at 1éast onglof cdpper mndwopper oxidesilibad imtheccatalyseAds nlheaange of 50514 ta F00:1. 7.
The process for producing propylene glycol according to Claim 5 or 6, wherein the weight ratio of the
at least ahk=ofrcopperward €dppehexide te znetoxide @tteast anedflepppérand copper oxide:zinc
oxide) in the catalyst A is in the 10range of 6:1 to 5:90. 8. The process for producing propylene glycol
according to Claimtdrwhekeein the catalyist 4 i8 prepareddy mixing:t becatalystheondidining zinc oxide
and at least one of copper and copper oxide, and 15silica,

copper and copper oxide, and

a silica-centaining substance or a silica-~containing
10 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
15 Claim 11, 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 5:1
to 700:1.
13. The process for producing propylene glycol accerding to
20  Claim 11 or 1Z, wherein the welight ratio of thes 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.

14. The process for producing propylene glycol according to



and wherein the catalyst A has a silica content of 0.1% to 4.5% by weight with respect to 100% by
weight of the catalyst A. 9. The process for producing propylene glycol according to 20 Claim 8,
wherein the weight ratio of the at least one of coppger 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 to 700:1. 10. The process for
producing propylene glycol according to 61 Claim 8 or 9, 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{¢ithé rai§e bF 671 075903581 YiHe Proces® foristeatciy prabylerd 8lycol according to
Claim 1, wherein the catalyst A is prepared by mixing  a catalyst containing zinc oxide and at least
one of cappet-and cobper oxide, and a silica-containing substance or a silica-containing
10catalyst,  and wherein the catalyst A has a silica content of 0.1% to 10% by weight with respect to
100% by weight of tHeadatalyseAnt2 iTHe pracess forproduéing prépyleaé glyeokacdording to 15
Claim 11, wherein the weight ratio of the at least one of copper and copper oxide to silica (at least one
of copperangepppadoxidesiicapinithe catalyst A inlthe fange ok 51097 00 .1 Théeprocess for
producing propylene glycol according to 20 Claim 11 or 12, wherein the weight ratio of the at least one
of céppet ahd cappendxidé td zinttoxide: (at feastmmerofaopperapne copperexidezihc oxide) in the
catalyst A is in the range of 6:1 to 5:90. 14. The process for producing propylene glycol according to
62 Claim 1, wherein the-eatalyst Adis prepared hysextrusioirmielding of a catalyst containing zinc oxide
and at least one of copper and copper oxide, or a catalyst containing zinc oxide,

and wherein The catalyst A has a silica content of 0.1%

to 25% by weight with respect tce 100% by weight of the
catalyst A.

10 15. The prccess for producing propylene glycol according to
Claim 14, 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
1.2:1 to 700:1.

15 16. The process for producing propylene glycel according to
Claim 14 or 15, wherein the welight ratio ¢f the at least one
of copper and copper oxide to zinc oxide (at least one of
copper and copper coxide:zinc coxide) in the catalyst A is in

the range of 6:1 to 5:90.



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. 1015. The process for producing propylene glycol according to Claim 14, 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 1.2:1 to 700:1. 1516. The process for producing
propylene glycol according to Claim 14 or 15, 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. 63 PROCESS FOR PRODUCING PROPYLENE GLYCOL ABSTRACT

It is an object of the present invention to provide a process for producing propylene glycol from

glycerol as a raw materialﬁy&géh%&cg%%gﬁs@&gmir@L%I%%rol. The process for
. ) L~

producing propylene glycol of the present invention comprises a step of subjecting glycerol to catalytic
hydrogenation in the presence of a catalyst A containing zinc oxide, silica, and at least one of copper

and copper oxide. ABSTRACT

It is an okject of the present invention to provide a
process for producing propylene glycol from glycerol as a
raw material without the necessity for a step of gasifying
glycerol. The process for producing propylene glycol of
the present invention comprises a step of subjecting
glycercl to catalytic hydrogenation in the presence of a
catalyst A containing zinc oxide, silica, and at least one

of copper and copper oxide,



