Description-METHOD OF PRODUCING PROPYLENE GLYCOL
Technical Field [0001] The present invention relates to a method of
producing propylene glycol using glycerol as a raw material. Background
Art [0002] In recent years, fuels for use in a diesel engine called biodiesel,
which are produced from plant apgd@ianimal fat and oil as raw materials,
have been developed as part of countermeasures for suppressing global
warming. In the process of producing the biodiesel, glycerol is produced
as a side proETHOINGRRRODOSGDIDPROBYIINE sHeoC @i the oil as a
raw material, and the effective use of the glycerol has been intensively
studied. [0003] On the other hand, propylene glycol, which is a compound
Techimaahiictidr hydroxy group at the | -position of the glycerol is converted to
[000 WWHQ?&SQQ%%SH%W '%?A},’ Ugpg Mﬁ*ﬂ&if&?ﬁ%&kﬁ’&?%gﬁ%ﬁém using
cosmetics, foods and the like as a moisturizer, a lubricant, an emulsifier,
slyceipl apg-fasenirgtiiduid, a solvent or the like, since this compound is less
BacKErdenipQ%ganisms as well as tasteless and odorless. In general, propylene
lycol is produced %é oxidizing propylene derived from petroleum called a

[000¢d s L Herrnigisridl 68 R apddisetbsadiwe st ah Bir tiger hoy dhar s arpgnced
from[PRAdReganding thessffetiverusenai-ghiesioled e thad opcPnvesting

lycerol to propylene glycol using a copper catalyst is known. Specifically,
coun SRR ABCE W SVRAPR s BOIBNEGFLS DRORSHSIE Jlycaese!
giycandiemgyéﬁnedgalyeelcbwabwrig 4h ergmwgmreaﬁmhlmmgen fiethig as a
raw BE?&%%@Q&%%%‘%%E %95‘5%'%{Q%&Q%B?ﬁ%s’ﬂg&%ﬂ%n%@ g (gee, for
example, Patent Document 1). The above disclosure merely discloses

[00028ht8lyshs wheoskandomipritis elscopperith Binctovpped Hinehidifadirdooangroup
at th&1 FdiGstilsRUaD a7 e LoRditions IRGRIAIUGING,LhE CalalySkatennBL fields

disclosed. In addition, due to the low catalytic activity, the yield of i
of Phgray Rtk Aty ot RSP Ub GRTELm ke At tiMe Srer caly et pyelsifier,
an afffigreipaliarpanetimesreferenit) ascspace ipaupirelddsinsuticianhisms as
0005] Further, a method is disclosed in which glycerol,is converted 1o
well 5GBTS ) AAH05 oS e o RIS A, RS Se e
proppkesetwce af oataystcoontaiiidg toppervanditziid (seeydprewdempleide, and
then Eaérearg}%%eusr%%@t 2)._H0\_Never, dgtails _of the catalyst are not described.
oreover, a method is disclosed in which glycerol is converted to
[000hkoBysanding ook BgcaNowdg fiedy epyel onmshadhet sonkontjeadereipl theropylene

elycAIGSRRGE QiR Catalystivvhichcatalyst iz ARtaingdiy Alewing KRR
nitrate and zinc nitrate to react with urea, drying the reactant at 110C for 3

slycHigLISCUNGTHRE H CARARIERS #lEcohand sl ramperal vesdiosoerthe sl fropl o react

with (8eRe feh axainplesdaioPataniiidocumenhd kippéeskioshment dxibk$see, for
P telgt No. 5214219 Eatent Document 2: DE Patent Application
exm}?%d-é%@h@ﬁﬂ%&ﬁé No. 4302464 Non-Patent Document 1: Catalysis
Letidrs advple dikdlopuis2n@0F7dBidclesusalyhitheHmentioncvizans fopper to zinc
j r 00061 I i legt.of resent | jon, to
o B e W ettt e
not dinglesdal, theadibtivoddaeticlindpe kg ditatytictactivinyekhel ameighepretdyed! per
unit PERRYIERR alyeahRes it olme:and iyt iine Al fe CRtaRLIet Ay s
. Technical Solution [0007] The present inventors have made extensive
“spagg sy LR PSHERE ACt that the peak of copper and the peak of zinc
[000SKigREheWNBBday Giffaciion Massurerpentofa eatalyst SeplaninNg iRty
0 o.xid% arg&at_l ast one of co§§.er and gopper oxide, which is used for the
Allovps e Sy BPhIo FEhE B OTtesh B DEeVSP e s P AT g ne copper
and Aeparateid fronmpbciPathe DAsmaae)lt, Hepresetitiiiverftdischalefatentt
hat.the above problem can be solved by using a catalyst containing zinc

{
described. . ) o
stoxide and at least one of copper and copper oxide from which a specific

X-réjodiffractionapetisshsdb sigiaingd chrdrebylendingette thie pompletariyeb!
the present invention. [0008] Specifically, the first embodiment of the
present invention is directed to a method of producing propylene glycol,

the method comprising: obtaining propylene glycol by performing
catalytic hydrogenation of glycerol in the presence of a catalyst, the

catalyst comprising a first component containing at least one of copper
and connar nvide and a2 cecond componeant containina 7ine ovide and



It is also preferable that the catalyst further contains a third component

other than copper, copper oxide or zinc oxide, more preferably containing

the third component in an amount of 25% by weight or less, and even

more preferably containing at least one selected from silica, iron oxide and
by alldaghesivmRxideasdhe dhirchcapRanante presthis alsopiairabladhnatdes: is

catalyst be subjected to a calcination treatment at g calcination
Obtawﬁaﬁgﬁé{a%%mﬂmt%%@o% PR ARE o B Do st
110°0 60056 A HQhhicaalBonpretesable-ihak the-aatalysicioyeroge natian olee, for

glycerol t[?)e carried out at a reaction pressure of from 2 to 30 MPa and a
cxal%écﬁc? ' earﬁﬁbba‘}%%?tf}gm 150 to 250C, more preferably at a reaction

preBsigre Dbfkonar2 10136 MRanahib s5rédztivpn temperature of from 180 to

22%%&“@8&%;0@%?3;'Biée[?at,ﬁ%’lﬂ _Omn%l;Th&%ﬁﬁ?@”ér{?{;%ﬂ%%ﬁ‘o%%‘opﬁ% £
method o producing propylene Bli)ycof rom glycerol as a raw material, the
methouRuttieogradnigh €atalysic hetivity ndldhigltyi€llaf propylene
glycol per unit volume and unit time of the catalyst-filled layer (hereinafter
~ sometimes referred to as "space time yield"). As a result, the present
Disclpgaptdrhednvsibidice propylene glycol at a high conversion and a high

MeaSEBERMINInasHwela%A high space time yield, thereby producing
ylene glycol efficiently in industrial production. In addition, the size of

ro |
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high MRIPIGSEREIMventon, "érb%i‘ﬁe% bed indetall, or f0eMENAdiot 14 cr
ﬁro ucnqg 1Eﬁopyl% € glgj/co of e presenglnvenﬁon included’a stlep orc"

obtaining propylene glycol by performing catalytic hydrogenation of
TechlVEEEQ] IR fhe presence of a catalyst, the catalyst including a first
component containing at least one of copper and copper oxide and a

p
[000&kchirdreensi et es heainingdgipeiaisioe sadirsHaceatag st BRdprydhagthe peak
of coiRvaed @k H8AC19.:430GidR ShewrT as&NGE afhyeiosan-shpumReianathtalyst

width of from 0.4 to 1.1 of a peak having a peak top at a position at whic
contaivipg 2GR ARG @059\ RE 23 LRV FAPREFP Ao Pt A5 Han Y
prodinyiusingptipkRrassly tatiaiingisoudes(OOd3mhreichataly sipasaed frdheeach other.
As LSS INvention contain e fish component confaining, st least one of e o

copper srd copper oxide and the seconchomp nent containing zinc
catalpstidentaimdhgftercheinlg seduckdsari80C:tpR30E irotipeprededoarofhich a
specE%df@&?’%ﬁmwalas&%llfrmdigqo@ﬁgw tﬁ%}o 1@3}91 11.0%@(‘}3 e%}{'E‘Eltﬁe

peak top at a position at which a diffraction"angle 7(200.2) is 43.1in an
presexipgyiffPiction pattern obtained by using CuKa as a radiation source.

[00oFhisRtabshisHelaes v asRnisRastiscatal ysicitdhes foHawingo a method of
description. [0014] GeneraIEIE/, when a catalyst including a first component
j¢

ProdugingRraRy e BriBorebsAEer IR EB%per oxide and a second

companeni pospiakiiagizint pxideltsirésiucastyndhe Pogsanie off Rdxegen, the

cogp?r ox{dle iLs reduced to copper. Thus, the specific catalyst may contain
preéseqn Ol a catalys . .

either one oycbpper or copper oxide, or may contain copper and copper

oxitle: ag@iya@mﬁhmi@ﬁfhe@pmtwmwwig atdt@enﬁi@‘éﬁgplbmiwq espper
oxiddI9 B3 GRNBIRSANG Q11ESANCL A IG3RI.0RG;Of copper and copper oxide,

and after being reduced under the above-described conditions, shows a

halfhwiertsishgifier frome 0eduerd & bIE GeaRINaVilythepeedetop dthadrogition
show@ﬁ%vzm&ﬁ'f@vgim BFHoMmanals i?PQf%)#éaé%évs&% Sy AL aCHoR RAHEHCH o
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btained by using CuKa as a radiation source. [0015] The weight ratio of
diffrapidogtaegist e of topliel “dndedpperditide i thtoinesited ((eralGukighs 2
radiaBbRQBREL and copper oxide)/(weight of zinc oxide)) in the specific catalyst

is preferably from 30/70 to 70/30, more preferably from 40/60 to 70/30,
[0003h " BearfHioHSFeRALIEFE abmeNidBe/20thn Highs BrrRKRV Ba Kighd
compssHMEEieR! of ShyearaloROleldRstpar o e pResifia calasiNRRY) ItBEH a range

contain at least one kind of a third component, in addition to copper,

copper oxide and zinc oxide, as Iongzas the effect of the present invention

IS not impaired. The third component is not particularly limited as long

as it is not copper, copper oxide or zinc oxide, and it may be a metal oxide

or a metal itself. Examples of the metals that may be included in the third
combponent incliide metale of Crorin ha ci1ich aec manneciim haritim and



reduction of the catalyst is carried out at a temperature in a range of from
180C to 230C. In the present invention, if the specific catalyst does not
include the third component, reduction of the catalyst is preferably carried
out at a temperature in a range of from 185C to 210C, and more

of ik HIEIRIAPY 2bAGCMRSIAINIE IR ATANAS Affiony B3RCiRRQ0% Fyrther, i

the specific catalyst includes a third component, reduction of the catalyst
is piafetiplpretsibly Bt drestehpieiathee soniiany b ronpoootabo b,
coppeRddparecRiglerahic akritemperatieai e gt fHemhidd 06niR&RG an
The reduction may be carried out over 2 hours. [0022] Step (’i) will be
amouAlificaNy dBSHBAEE eSS A1 SYEP T SPELHEA SIS eI B Y Bsclected
fromcalialystasoaisanmialenagacchaigaiiinng @logs-teastismiube capable of
measuring an inside temperature (a temperature of the inside of the
o e R B RS P ot R e St e
calcihgightehtheacataly stday@iGiCagiassCdactionltibepanichan fdutaides hours to 6
hourl€Mperature (a temperature of the outside of the reaction tube, measured
QUrs. . .
y a thermocouple located on the outer wall of a glass reaction tube in the
[00Tpdidde dfthechaight diatlibecatalytt laydrgcThtogladgifeactidn tabedsout at a
reactfg‘?ﬁ%%ﬂﬂ%ebf fElgIed M%S%Qd%%@c hat 1%?%5%%‘94?% gf %&t’#@%sﬁg YYEY ore

om 0.4 to 2.0 cm. In this way, the catalystis reduced by allowing the
prefesairheate: cervéot hypdroger! BparlirsiieMEmpetatirebfifiompt80Ccto 00T 180
to 2ogHce the reduction reaction is an exothermic reaction, both the inside and
outside temperatures are elevated. The temperature is controlled so that
the higher one of the inside and outside temperatures does not exceed
Effecta0GHUBINGHYErogen in an amount with which the reduction can
complete within two hours by diluting the same with a nitrogen gas makes

[00T ] e d8fePis B ARMERIRS (A pETH T8 Mae ffurredicing b Shyam depm
glycd@ORpeZNGAXice - cantaiting Latalysh) 4higcomaract UpaEhaRHOBIRR yield of

{ here. [0023] In th ti ion, ifi talyst
Prop B et LA IS TR oD S SRISTEHL G AL R
sometanabysibyedontactipgahensapiadd hy disogenwat, dre ipsidettavpeiratupe pfoduce
propﬁe@n@ gfpgoi:gpérﬁ)il S’OWQQ%%HEE a%g?es%g&sbﬁg% %%519&%%%%%Q§éd§me yield,

empérature or the outside temperattire does not exceed ore _
therepraferdislingoesnisne gheed Fhoenthne svestrivdresqsusterablyltiadditior the size
of faEXEREdaf MninimiMNSRI RE SRSGHIE GRIMSIHPAHARS thEntithe reduced.

component, it is preferable to reduce the catalyst by contacting the same

to hydrogen at an inside temperature of 200C and control the temperature

Best suce thatttheyhighasaneafdheoinside temperature or the outside
00 o B e A R G elerrby dape, not exceed

ep of measuring the half wi ofa peak having a peak
top ldearpdsition aoviinicty ardifflactighy argleti2 @Oe2risid:udiitnam: Xidaya step of

bt A R R IR R T psence
of a qebiFintjsepstep sngrdnandirit 2ynjooRs] (RRramariners segmlecter and

copp&FRYadifffagtiohmeasHEsMant & fRPPEI R OMAeROMBINIAG fAlaINAL
A sample for X-ray diffraction measurement is prepared by sealing the
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redussispdRifcloxitie ety eatnfsotiasenshpad brlEsadh stdem ftde
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pigment, which is a nitrocellulose resin generally used for finishing of
an Xtk 6o b peigahebbriwe by proguerk sorsHaradioliondgrass: pattern of the
[001 ProgCL 43R He388R-1R e@éﬁﬁ%@&%&ﬂzﬁr&'ﬁ&r ﬁ?&%ﬁ{ i&a@k%@tﬁaining at
LACQUER (trade name), manufactured by Washin Palnt.C_po., Ltd. [0026]
least (RN tRBNE AL SARISH FEITSIFRIRITE ORI TEAt A RE BB AiBf K iflse2nd
after 1R$HY, AR GRtalYIsiocused dncam ARQHLRE D388 0:d HowPE Gifiealbv:

0.35 g to 0.4 g of the catalyst are weighed and transferred to an agate
ra“-glﬁ%ﬁ%?‘iﬂ‘%tﬂigégfgﬁ BEAK Hde 2 Rit'td B &' P ot et isfer At e pag!e
the catalyst. Then, 3.5 ml to 4 ml of the lacquer thinner is added and the
mixture is stirred in order to evaporate the solvent. Although it depends on
the atmospheric temperature, a viscous liquid suspension is obtained after

20 minutes to 40 minutes. This suspension is applied on a glass cell for
Y_rav diffractinn and Aried at room tempbpearatiire ovverniaht to form a thin



[0032] In the production of the specific catalyst, the coprecipitation
process is a process in which, for example, a coprecipitant containing
copper and zinc is produced by dropping, in water, an agueous solution or
a dispersion containing a nitrate of copper, a nitrate of zinc, and optionally
co:d Biype ol dnrd meldl. alicawenloialslicanuthe s, e10¢ samedims,
with'an 8 aqueous solution including a base such as %odxlum carbonate,
sourgind tHamadtying endlicalcivmg thersepiecipitant” in thidglocewsdeatityists

[00 l@?@ﬁ@%lﬁ%ﬁ&{ @&gﬁ%m&%ﬁ% IneyRy %ﬁ%}%@g@({@x@&{ﬁé'%i%ﬁ one of

catalysts containing copper oxide/zinc oxide/third component in which the
COPRHiAIEBIRPBIEHES prestrpad erfeienESMEHN SR OPSds sediend fofhe
pres@AHPIS dshanging fhekadio ofdne amouatsof thesawHnaiesials sughama
nitrate of copper and a nitrate of zinc. The coprecipitant obtained in
CONTHE LR RRSHARBRPIIOBRIE Uikt ST AR SARYE AN TEBNSERS TS at an
arbitheingtisedlibethe ¢itair4@acH ol kpediytadyidiaarsies turioadsi0Ctah’0ince
oxiaﬁ%rnﬁ fo, g hours, Ihe calcination tem e%arﬁ%f%%é% ﬁqoc oL ANSt DL 2pove.-
prefera ﬁy rom Zf(fé)}fg 50T T8Pthe Calcifation of thesca 5Fystuﬁls§’5 i the *©
descphedentdgantionhd0033jaTtheidthpregnativmplotess. isod ppedebs ifig a peak top
. obtaini mixiure, and dryin ining the same in rdance with
S e S Ay R
obtaihe! iy pregn Gtidle proceskataludereemethod in which a mixture containing
er ineG, a mixtu ntainir erand athird, metal, ora .
0 B LA RS TIE e PP e
((totgdopriatipibeion pracbsepnersusprichsdin ofater oxif)likeharracificcatlyst is
prefSOHAIRR,A"33,5HSPEDRIENLEABIRNNGLA MEIRLGBH CORBHbIES b remaining

component is added thereto, and then the solvent such as water is
prefoghiy fearAidtie A0 thdredyashichira egatishipropper Asdssala third
[001B1etalrin@biaingeti Q03 Fhenkneadiog Rresess isa8 RHRAesS of Obfaining a

mixture, and drying and calcining the same in accordance with th
com o AT PR AL BV Sands THBSAAth 1R the
presdnéadingpprscessmpalugle a method of mixing respective components that
constituie the ific catalyst being.in.a state of a solid. or suspended in a
o R R o R L SRR Sl
oxiderfixaine CoAtamifd copper amdia thildk wretabety! dselixtuFxopplainifigeinetals
that ARG 2 thirgwetalmvhich cam e RtRINgLYAR SPRISE] ﬁat&g.ehpi%gﬁe%{um,

_the like and is in a state of a solid or suspended in a solvent, with a metal _
bariugp AR o maifhe S Ay oG ihsilksgreempehentup [Va
such Tbeisaniemawdnateials e s titabde svrkeachi Bt big GORISE BH AR NFRCESSGroup

can be used.also in the impregnati roc and the kneading process, -
VI R B QA oty AT B 20 6P e
like, kneéaditads pfdGesy ¥ ldriedamd ocbitingdidhershinel frocessicagrikehput least one

h recipitation precess . can be applied., [0035] The hod of .
lec R B R e D s pamen
prefoselticei iatytimited ceipd fitcoamageumtroliédebiroforesample]icorfrotlitly the

Vie“?gjﬁ{r@tggpg@rmggfggtgﬁggrcgggl.calcination time of the catalyst obtained by
he coprecipitation process or the like. When the calcination temperature

is IdREdh itk eRIRAMATLI NS FOERBIRY SNy O M PVHETE Yidtyeragnore kinds
thereONBr@RSMBENR thesgalcination temperature is high or the calcination time

s 9. long, a small half width tends to be obtained. The preferable =
1001 L S REEHBAN ERBCARINARTSN HFE al Hep R A" b
weigboonpesitiod ofdhkecdtaiyst D0theymethbdholgrepanngdhé eatahsil Huidor

example, in the case that the lyst is obtained.by,a coprecipitation ,
con G G S A R O B st
catalgtiebyadehstitioimginvetisfpietersidly ifr6m 2& iisddo S hdipe andiththe weight
ratio GRHDAIRASSAPS TS IS MU REIRIAPL RN A0AGL0RPRE A Mfponent

calcination time is more preferably from 2.5 hours to 4 hours. Among

the obtained catalysts containing ziné oxide and at least one of copper

and copper oxide, the catalyst having a half width of from 0.4 to 1.1 as

measured by the above-described process is used as the specific catalyst

for reaction for producing propylene glycol by performing catalytic
hvdronenation of alvveearnl TONRAT Nlevt the oten nf nhtainina nronviene



glycerol as a raw material, or other processes as appropriate, prior to
carrying out the catalytic hydrogenation of glycerol. EXAMPLES [0043]
Hereinbelow, the present invention will be described in more detail with
reference to the Examples, but the present invention is not limited thereto.

((totﬁerérgﬁtmea%w&memtar @acgrmegr%rgkm%@&mamwﬂgramc

oxide and at least one 0 per and copper oxide, RINT-150

COMPRISALH a&ﬂrré%rﬁtﬁragkao@ ASorHEnand atoRrebtRRET ¢R %8 (REE740,
frormed;@rpttwdhamaaﬁgtaerngemdafvaakﬁwuﬂ@yd%ibﬂ 2000 series
001 e e B A R o B e

anufa aku orpora was u
specgtya;emibfmﬂh:e yleédtmécbb@py&lemlerglmspmer@xeajafeﬂm;cgzm analysis (for
0 Y h C-14 nufactured b
e O B o oo
95 nifedtmoiogids trteterrt@suwmfnﬂwmﬂph@pepa@aumneeﬂampleaﬂﬁ@at&tyémwal
paramg’tge%t%%p of copper oxide/zinc oxide (50/50 (% by weight)) catalyst
and measurement of half width - (a) Preparation of catalyst A-1 (copper

[001 BikidézinecdiickatBOTE0 (Sl sieigiel) hows.GEppesingtradedsihyidrdid( 20 30°C
in thgér%ggi@ért?f H%ﬁﬁ%ﬁéﬁ%@&%dc@tﬁré%ﬂc?&? (W?)F%ﬁgjﬁ% RAJN isHHSH MRS

o]
tain 300 ml of an aqueous solution (hereinafter abbreviated as

from-Bduie dus el nidh IBYnBreari IR 2hhytiisussotighmchren e 4R8eA 3+0.2°)
is 433 dizselvedy mdisiiled waleliRiaRial) é‘s?Q%’E‘u‘kfo?Qs QIR SQHAN

(hereinafter abbreviated as "aqueous solution C"). Then, the aqueous

Genggalltioh® ariaagiyeous Boidiisd @Wf@r@mtwwmﬁbpmmw P50

olycdP1Qhdistilledayatenyiie, vigaraushe SHINgLNE SRBE @b Rt b Ayl ARk,
and the obtained precipitates were collected by filtration and washed with

the hatfovm#brfafgt.fr@alw&egr%&rlﬂﬁr@a IPREr Bty ggIthefeRs e d Ahe halE width
as miariSnb@UEscant aa&atwdoartqaﬂﬁmmerawteaﬁmgﬁ@rdac@d}pwg;trpaene glycol.
ro lemental an srs values of the obtained so w oun hat
1002 S o e s (b RO B TOHIED bhaan agle
(28+ahbyevidted 1&8111(‘&@43{31‘1 Mﬁ)mﬁ(}ﬁﬁﬁﬂr(bb)ﬁedw tiaief catkiltyat Athdiation
sourer he&e%tany'%teéﬂ]fr C}]Vt 1490%5\9 W 2 W?igalt]ne a \d charged im:o aquartz

asstu aving an inner dnd an outer diameter of 20
mntr)lamdercaf mtimg@agagigtsea@ntathergermpetraﬁﬂerad/aslete\/ratedfw@lper and

B L L T

coppatil/anih) was allowed to flow for 0.5 hours. Thereafter a gas mixture of

niTagengas (e i ARNAYIIRIE PgRI SRR AR BUines Rliowed

to flow for 1.5 hours, 1% whereby a copper/zinc oxide catalyst (hereinafter

whickigfRireforans Q&éat%ﬂg/s& @aii Was shtanddrolmmgakuTdyuesanripgan
X-ral$IFRIEPIRSTAUES RS ML BIOIARE ARGhe SURIARIIEIRE LS.

- was from 188 tq 195C. The catalyst B-1 was recovered in a nitrogen box.

[00HeP ey BYEp AR R BS %a?ﬁﬁr%%atwﬁéytaﬁr?ae#@mfm &5BEABRTEANd shayys a

half RiBilrogeR baea;&@gegr@tﬁeth@ Gatabstlt Rbavemwas weigbed and placed
in ate m rtar 0l cetane were added to wet the catalyst, and
the?}r{]\~I TP f’) A{O m'&%@&*ﬁf ngé na?’r‘t?e manufactured by Washin

[002 Baifiy 8ep, dﬁthdwexgad@téﬂstherﬁmzﬁﬁtenebmm@ameammmémf@@pper and
mlnut en |on was aobtained. This suspension was

o Y R R ot e IRE SR e o covper

(heregnadtenigtfeirethe mtr’e@ertlb()x [0047] (d) X-ray diffraction measurement
The,0018IRe, SAPARIE IR K@y HIaction, Maasy geﬁéﬁ%tﬂfn bR R Rction
was taken out from the nitrogen atmosphere, an ray diffractio

of 2 ¢pishistremeintwase orirlfcted dhieast ThepéafepctiRadRIPRVIGINIGE wabHydrogen.

The REFMARMERRYIE IR B MAdh.0f RiPaaK DAY NG & BEN 1R Ahdhe
dlffractlon an%e 20=43.1 was 1.06. [0048] - Reproducibility of half width -

COPPH NS deiseRisHbal 4 dytbepnasl Bia BarprsaeBuis RS
samples obtained by using the catal;?st A-1. Thereafter, the X-ray
diffraction of the four samples was measured, and the half width of a peak
having a peak top at a diffraction angle 20=43.1 was measured. The half
widths of the samples were 1.03, 1.05, 1.08, and 1.06, respectively.

Erom the raciiltiec ac AdAeceribed abhnve it wace foirind that the cirihetantiallyvy



Catalysts A-2 to A-22, A-24, and A-25 were obtained in the same manner
as the catalyst A-1, except that the ratio of copper oxide and zinc oxide,
the calcination temperature, and the calcination time were changed to the
values as shown in Table 1 below. [0051] Further, catalysts B-2 to 25

redul¥RYERIRPRAEG BY; CaIrfind QiR & sIe ARG AT @SIPRL AT Eied Quib e
the preparation of catalyst A-1 with respect to the catalysts A-2 to 25. and

In thy prgseBifrRetionT mthsrsaiBREHRIEC OReLReb ichils FRathied eraprifidth
redu@fch Rede RAVIDG & g%&@@ 3LRiResHan Awhicha diffraction anelen2&isc o

43.1 in the X-ray diffraction pattern obtained by using CuKcc as a _
210°fadrdiBwSourée ab!EiA BIP MERBIEE 4% 2 RIEvidthom HPablets, A Ghe Bamher. if
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Table | Catalyst name Copper oxide/zinc oxide (weight ratio) Calcination
out a3 heRRsH e MR &/tines) Witk Nbtend sty Hee 25 fgmporture
in a rhl&: IRVERLieM f@ £0/56-400C/3 hr 0.76 The invention A-3 50/50 400C/3

hr 0.72 The invention i
The reduction may be carried out over 2 hours.

(00221 Step (i) will be specifically described.

In step (1), specifically, 0.75 g to 1.0 g of a catalyst as a sample are charged in a glass
reaction tube capable of measuring an inside temperature (a temperature of the inside of the
catalyst layer, measured by a thermocouple located in the middle of the height of the catalyst
layer in a glass reaction tube) and an outside temperature (a temperature of the outside of the
reaction tube, measured by a thermocouple located on the outer wall of a glass reaction tube
in the middle of the height of the catalyst layer). The glass reaction tube is appropriately
selected and used such that the height of the catalyst layer is from 0.4 to 2.0 cm.  In this way,
the catalyst is reduced by allowing the same to contact hydrogen at an inside temperature of
from 180°C to 200°C. Since the reduction reaction is an exothermic reaction, both the inside
and outside temperatures are elevated. The temperature is controlled so that the higher one
of the inside and outside temperatures does not exceed 230°C.  Using hydrogen in an amount
with which the reduction can complete within two hours by diluting the same with a nitrogen
gas makes it easier to control the temperature.  The reduced catalyst thus obtained
{copper/zinc oxide-containing catalyst) is recovered under a nitrogen atmosphere.

[0023] In the present invention, when the specific catalyst does not include the third
component, it is preferable to reduce the catalyst by contacting the same to hydrogen at an
inside temperature of 180°C and control the temperature such that the higher one of the inside
temperature or the outside temperature does not exceed 230°C, more preferably does not
exceed 210°C, and even more preferably does not exceed 200°C.,

When the specific catalyst includes the third component, it is preferable to reduce the
catalyst by contacting the same to hydrogen at an inside temperature of 200°C and control the
temperature such that the higher one of the inside temperature or the outside temperature does
not exceed 230°C, more preferably does not exceed 210°C.

[0024] (ii) Step of measuring the half width of a peak having a peak top at a position at

which a diffraction angle (20+0.2°) is 43.1° in an X-ray diffraction pattern by measuring an
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A-4 50/50 400C/3 hr 0.62 The invention A-5 50/50 400C/4 hr 0.56 The
invention A-6 50/50 500C/3 hr 0.45 The invention A-7 60/40 400C/3 hr
1.05 The invention A-8 60/40 400C/3.5 hr 0.72 The invention A-9 60/40
500C/3 hr '

X-ray diffraction of the catalyst in which the copper oxide has been reduced to copper

Step (ii) includes the following substeps (ii-1) and (1i-2).

[0025] (ii-1) preparing a sample for X-ray diffraction measurement of a copper/zinc oxide-
containing catalyst

A sample for X-ray diffraction measurement is prepared by sealing the copper/zinc
oxide-containing catalyst that has been reduced in step (i) in a resin.  The resin used in this
step is a clear lacquer that does not contain a pigment, which is a nitrocellufose resin
generally used for finishing of interior wood portions or wood products so that a woodgrain
pattern of the product can be seen. One example of such a clear lacquer is CLEAR
LACQUER (trade name), manufactured by Washin Paint Co., Ltd,

[0026] When the reduced copper/zinc oxide-containing catalyst is sealed in the resin, the
catalyst is used in an amount of 0.35 gto 0.4 g.  Specifically, 0.35 g to 0.4 g of the catalyst
are weighed and transferred to an agate mortar in a nitrogen box, and 0.2 ml to 0.4 mi of
acetone are added to wet the catalyst.  Then, 3.5 ml to 4 ml of the lacquer thinner is added
and the mixture is stirred in order to evaporate the solvent.  Although it depends on the
atmospheric temperature, a viscous liquid suspension is obtained after 20 minutes to 40
minutes.  This suspension is applied on a glass cell for X-ray diffraction, and dried at room
temperature overnight to form a thin film. These operations are carried out under a nitrogen
atmosphere.

[0027] (ii-2) measuring the X-Ray diffraction and the half width of the copper/zinc oxide-
containing catalyst

Next, the X-ray diffraction of the copper/zinc oxide-containing catalyst obtained is
measured. The X-ray diffraction of the sample for X-ray measurement prepared in a
nitrogen atmosphere is measured under an air atmosphere using Cu and Kall as radiation
sources, and the measurement is carried out within 8 hours after placing the sample for X-ray
measurement in air.

As a resuit of performing the X-ray diffraction measurement of the copper/zinc
oxide-containing catalyst, peaks having a peak top at a position at which a diffraction angle
(20+0.2°) is 31.5°, 34.0°, 36.0°, 43.1°, 56.4°, 62.7° or 67.7° ar¢ obtained. In the present
invention, a peak having a peak top at 43.1° is used.

[0028] The half width as mentioned herein refers to a width of a peak at a position
corresponding to 1/2 of the height of the peak obtained by X-ray diffraction measurement.
In the present invention, the half width of a peak having a peak top at 43.1° (hereinafter
sometimes simply referred to as “half width”) is measured. The half width can be typically

calculated by using a commercially available software after measuring the X-ray diffraction.
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0.47 The invention A-10 40/60 400C/3 hr 1.08 The invention A-11 40/60

400C/3.5 hr 0.78 The invention A-12 40/60 500C/3 hr 0.44 The invention
A-13 70/30 400C/3 hr 0.55 The invention A-14 30/70 400C/3 hr 0.92 The
invention A-15

Exemplary softwares include “RINT 2000 series application software, Analysis of Crystallite
Size and Lattice Strain”, manufactured by Rigaku Corporation.

[0029] Among various kinds of catalysts containing zinc oxide and at least one of copper and
copper oxide, copper/zine oxide-containing catalysts obtained by the above-described method,
which show a half width of from 0.4 to 1.1 of a peak having a peak top at a position at which

a diffraction angle (20£0.2°) is 43.1°, exhibit a high degree of activity as a catalyst in
producing propylene glycol by performing catalytic hydrogenation of glycerol. The reason
for this is presumed to be, for example, that if the half width is less than 0.4, the contact
efficiency of the glycerol with the catalyst is poor, whereas if the half width is greater than 1.1,
reduction in the activity is caused due to destabilization of the catalyst.

[0030] When a catalyst having a half width of less than 0.4 or a catalyst having a half width
of greater than 1.1 is used, the conversion of glycerol is lowered. Accordingly, a high
conversion of glycerol can be achieved when a copper/zinc oxide-containing catalyst having a
half width of from 0.4 to 1.1 is used for producing propylene glycol by performing catalytic
hydrogenation of glycerol.  As a result, propylene glycol can be obtained at high yield. The
half width is preferably from 0.5 to 1.1.

[0031] Next, the method of producing the specific catalyst will be described.

The specific catalyst can be produced by a known process called a coprecipitation
process, an impregnation process, or a kneading process, in which at least one metal
compound including copper and at least one :ﬁetal compound including zinc, and optionally at
least one metal compound including a metal in the third component, are used as the raw
materials. Among these, a coprecipitation process is preferable in view of favorable
dispersibility of copper.

Examples of the metal compound containing copper include a nitrate, a sulfate, a
carbonate, an acetate, a chloride, an oxide, a hydroxide, and the like, of copper. Examples of
the metal compound including zinc include a nitrate, a sulfate, a carbonate, an acetate, a
chloride, an oxide, a hydroxide, and the like, of zinc. In addition, examples of the metal
compound including a metal contained in the third compeonent (hereinafter sometimes referred
to as a “third metal™) include a nitrate, a sulfate, a carbonate, an acetate, a chloride, an oxide,
a hydroxide, and the like, of a third metal, as well as silica, colloidal silica, sodium silicate,
and the like.

[0032] In the production of the specific catalyst, the coprecipitation process is a process in
which, for example, a coprecipitant containing copper and zinc is produced by dropping, in
water, an aqueous solution or a dispersion containing a nitrate of copper, a nitrate of zinc, and

optionally a nitrate of third metal, silica, colloidal silica or the like, at the same time with an
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30/70 500C/3 hr 0.66 The invention A-16 30/70 550C/3 hr 0.51 The
invention A-17 50/50 300C/3 hr 1.51 Comparative A-18 50/50 600C/3 hr
0.32 Comparative A-19 60/40 300C/3 hr 1.65 Comparative A-20 60/40
550C/3 hr 0.37

aqueous solution including a base such as sodium carbonate, and then drying and calcining
the coprecipitant. In this process, catalysts containing copper oxide/zinc oxide in various
copper/zinc ratios or catalysts containing copper oxide/zinc oxide/third component in which
the third component is present at different contents can be produced by, for example,
changing the ratio of the amounts of the raw materials such as a nitrate of copper and a nitrate
of zinc.

The coprecipitant obtained in this coprecipitation process is dried and subsequently
calcined before being used in the main reaction. The drying is carried out at 100 to 120°C

for 3 to 10 hours. The calcination temperature is 300°C or higher, but preferably from 400

to 500°C for the calcination of the catalyst used in the present reaction.

[0033] The impregnation process is a process of obtaining a mixture, and drying and
calcining the same in accordance with the following steps. Examples of the method of
obtaining the mixture in the impregnation process include a method in which a mixture
containing copper and zinc, a mixture containing copper and a third metal, or a mixture
containing zinc and a third metal, which can be obtained by the coprecipitation process, is
suspended in water or the like, an aqueous solution or a suspension containing a metal that
constitutes the remaining component is added thereto, and then the solvent such as water is
removed therefrom, whereby a mixture containing copper, zinc and a third metal is obtained.
[0034] The kneading process is a process of obtaining a mixture, and drying and calcining
the same in accordance with the following steps. Examples of the method of obtaining the
mixture in the kneading process include a method of mixing respective components that
constitute the specific catalyst being in a state of a solid or suspended in a solvent, and a
method of mixing a mixture containing copper and zinc, a mixture containing copper and a
third metal, or 2 mixture containing zinc and a third metal, which can be obtained by the
coprecipitation process or the like and is in a state of a solid or suspended in a solvent, with a
metal compound containing a metal that constitutes the remaining component.

The same raw materials as that described in the coprecipitation process can be used
also in the impregnation process and the kneading process. In addition, when the mixture
obtained by the impregnation process or the kneading process is dried and calcined, the same
process carried out in the coprecipitation process can be applied.

[0035] The method of preparing the specific catalyst having a half width of from 0.4 to 1.1 is
not particularly limited, and it can be controlled by, for example, controlling the calcination
temperature or the calcination time of the catalyst obtained by the coprecipitation process or
the like. When the calcination temperature is low or the calcination time is short, a large half
width is obtained, whereas when the calcination temperature is high or the calcination time is

9



Comparative A-21 40/60 300C/3 hr 1.34 Comparative A-22 40/60 550C/3
hr 0.36 Comparative A-23 70/30 300C/3 hr 1.12 Comparative A-24 70/30
500C/3 hr 0.34 Comparative A-25 30/70 300C/3 hr 1.95 Comparative
[0053] - Reduction conditions for catalyst A-1 and half width -

long, a small half width tends to be obtained. The preferable calcination temperature and
calcination time vary depending on the composition of the catalyst or the method of preparing
the catalyst, but for example, in the case that the catalyst is obtained by a coprecipitation
process, the calcination temperature is preferably from 406°C to 500°C and the calcination
time is preferably from 2.5 hours to 6 hours, and the calcination temperature is more
preferably from 400°C to 500°C and the calcination time is more preferably from 2.5 howrs to
4 hours.

Among the obtained catalysts containing zinc oxide and at least one of copper and
copper oxide, the catalyst having a half width of from 0.4 to 1.1 as measured by the above-
described process is used as the specific catalyst for reaction for producing propylene glycol
by performing catalytic hydrogenation of glycerol.

[0036] Next, the step of obtaining propylene glycol by performing catalytic hydrogenation of
glycerol in the presence of the specific catalyst will be described.

The specific catalyst may be used as it is for the reaction for producing propylene
glycol by performing catalytic hydrogenation of glycerol, or may be activated by reducing the
same with hydrogen before being used for the reaction.  This reduction is typically carried
out by bringing the catalyst into contact with a hydrogen gas at 180 to 230°C. The catalyst
used in the present invention may be in the form of a powder, or may be a product shaped by
a known method such as compression, tableting, extrusion, granulation, atomization, grinding,
or a method of forming into spheres in oil (see, for example, Catalyst Lecture 5, Catalyst
Design, Chapter 4, page 116, edited by the Catalysis Society of Japan, Kodansha, 1985).

The amount of the catalyst to be used is not particularly limited by the type of the
reaction, but is preferably from 0.1 to 20% by weight, and more preferably from 1 to 10% by
weight, with respect to 100% weight of glycerol.

[0037] Inthe method of producing propylene glycol of the present invention, propylene
glycol is obtained by performing catalytic hydrogenation of glycerol, and the glycerol may be
used either as it is or as a solution of water or an organic solvent. The amount of water or
the organic solvent to be used is not particularly limited, but it is typically from 10 to 90% by
weight with respect to 100% weight of glycerol.  From the viewpoint of volume efficiency
or reaction rate, the above amount is preferably from 20 to 70% by weight.

{0038} The reactor used for the production method of the present invention is not particularly
limited, and examples thereof include a batch reactor such as an autoclave, and a continuous
reactor such as a fixed-bed catalytic reactor, a fluidized-bed catalytic reactor or a moving-bed
catalytic reactor. In view of industrial advantages, a continuous reactor is preferably used.

In the present invention, the method of charging the catalyst into the reactor is not

10



A reduced catalyst was prepared by reducing the catalyst A in the same
manner as the catalyst B-1, except that the reduction conditions for the
catalyst A-1 were changed to the 15 temperature conditions as shown in
Table 2 below. The half width of the reduced catalyst was measured. The
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propylene glycol are shown in Table 3. ) o
the reaction can be carried out in the presence of an inert gas such as nitrogen or the like in

the reaction system.

[0041] The reaction time in the batch system or the contact time of glycerol with the catalyst
in the continuous reaction is not particularly limited, but the reaction time in the batch
reaction 18 usually from 1 to 12 hours, and preferably from 2 to 10 hours. Further, the
contact time of glycerol with the catalyst in the continuous reaction is usually from 0.01 {0 10
hours, preferably from 0.05 to 5 hours, and more preferably from 0.05 to 2 hours. By setting
the contact time not to be less than the lower [imit as described above, the reaction rate of
glycerol can be increased and the process of separation/recovery of the reaction product can
be more efficient. In addition, by setting the contact time not to be more than the upper limit
as described above, the production efficiency of propylene glycol can be increased.

[0042] Since the specific catalyst is used in the method of producing propylene glycol of the
present invention, a high vield can be achieved, and propylene glycol can be produced
efficiently in industrial production. Further, the facilities can be minimized and the
purification load after the reaction can be reduced. Moreover, if the reaction (catalytic
hydrogenation} is carried out in a liquid phase, propylene glycol can be produced from
glyeerol at high yield without vaporizing the glycerol.  However, the catalytic hydrogenation
of glycerol can be carried out by catalytic hydrogenation in which glycerol is vaporized. In

addition, it is also possible to carry out a process of removing poison in catalysis from
1]



[0057] Table 3 Catalyst name Half width Conversion of glycerol (%) Yield
of propylene glycol (%) Example 1 A-1 1.06 86.4 80.4 Example 2 A-2 0.76
91.6 86.6 Example 3 A-3 0.72 91.4 85.8 Example 4 A-4

glycerol as a raw material, or other processes as appropriate, prior to carrying out the catalytic

hydrogenation of glycerol.

EXAMPLES

[0043] Hereinbelow, the present invention will be described in more detail with reference to
the Examples, but the present invention is not limited thereto.  For the measurement of X-ray
diffraction of the catalyst containing zinc oxide and at least one of copper and copper oxide,
RINT-1500 (manufactured by Rigaku Corporation, radiation sources: Cu, Koul} was used, and
for the measurement of half width, “RINT 2000 series application software, Analysis of
Crystallite Size and Lattice Strain™ (manufactured by Rigaku Corporation) was used. The
conversion of glycerol and the yield of propylene glycol were calculated by gas
chromatography (gas chromatography device: GC-14A, manufactured by Shimadzu
Corporation, column: HP-INNOWAX manufactured by Agilent Technologies, detector: FID).
[0044} <Preparation example of catalyst 1>

- Preparation of copper oxide/zinc oxide (50/50 (% by weight)) catalyst and
measurement of half width -

(a) Preparation of catalyst A-1 (copper oxide/zinc oxide (50/50 (% by weight)))

Copper nitrate trihydrate (22.8 g) and zinc nitrate hexahydrate (27.5 g) were
dissolved in distilled water to obtain 300 ml of an aqueous solution (hereinafter abbreviated as
“aqueous solution B”). Meanwhile, anhydrous sodium carbonate (25.7 g) was dissolved in
distilled water to obtain 450 ml of an aqueous solution (hereinafter abbreviated as “agueous
solution C”).  Then, the aqueous solution B and the aqueous solution C were respectively
dropped into 150 ml of distilled water while vigorously stirring the same at a rate of 3 ml/min,
and the obtained precipitates were collected by filtration and washed with 400 ml of distilled
water four times. The obtained solid was dried at 110°C for 3 hours and calcined at a
temperature of 400°C for 2.5 hours in air.  From the elemental analysis values of the
obtained solid, it was found that the solid was copper oxide/zinc oxide (50/50 (% by weight))
(hereinafter abbreviated as “catalyst A-17).
[0045] (b) Reduction of catalyst A-1

The catalyst A-1 above (0.75 g) was weighed and charged into a quartz glass tube
having an inner diameter of 14 mm and an outer diameter of 20 mm. Under a nitrogen gas
stream, the temperature was elevated such that the inside temperature was 185°C and the
outside temperature was 188°C. A gas mixture of nitrogen gas (15 ml/min) and hydrogen
gas (4.5 ml/min) was allowed to flow for 0.5 hours. Thereafter, a gas mixture of nitrogen

gas (15 ml/min) and hydrogen gas (9 ml/min) was further allowed to flow for 1.5 hours,
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0.62 91.2 86.1 Example 5 A-5 0.56 90.3 84.9 Example 6 A-6 0.45 84.1
80.1 Example? A-7 1.05 81.3 75.7 Example 8 A-8 0.72 87.2 82.8 Example
9A-90.4781.376

whereby a copper/zine oxide catalyst (hereinafter simply referred to as catalyst B-1) was
obtained. During the reduction, the inside temperature was from 185 to 195°C and the
outside temperature was from 188 to 195°C.  The catalyst B-1 was recovered in a nitrogen
box.

[0046] (c) Preparation of sample for X-ray diffraction measurement

In a nitrogen box, 0.35 g of the catalyst B-1 above was weighed and placed in an
agate mortar. 0.5 ml of acetone were added to wet the catalyst, and then 3.0 ml of CLEAR
LACQUER (trade name, manufactured by Washin Paint Co., Ltd.) were added thereto.

After stirring the mixture for 30 minutes, a viscous suspension was obtained. This
suspension was applied on a glass cell for X-ray diffraction measurement, and dried overnight
in the nitrogen box.

[0047] (d) X-ray diffraction measurement

The obtained sample for X-ray diffraction measurement of the catalyst B-1 was taken
out from the nitrogen atmosphere, and X-ray diffraction measurement was conducted in ait,
Thereafter, the half width of each peak was measured. The half width of a peak having a
peak top at a diffraction angle 20=43.1° was 1.06.

[0048] - Reproducibility of half width -

The procedures described as (b) to (d) above were carried out for four samples
obtained by using the catalyst A-1.  Thereafter, the X-ray diffraction of the four samples was
measured, and the half width of a peak having a peak top at a diffraction angle 20==43.1° was
measured. The half widths of the samples were 1.03, 1.05, 1.08, and 1.06, respectively.

From the results as described above, it was found that the substantially same half
width of a peak having a peak top at a position at which a diffraction angle 26=43.1 was
observed when X-ray diffraction measurement was carried out for a copper/zinc oxide
catalyst obtained by reducing a copper oxide/zinc oxide-containing catalyst.

[0049] <Preparation example of catalyst 2 >

(a) Preparation of catalyst A-23 (copper oxide/zinc oxide {(70/30 (% by weight})

Copper nitrate trihydrate (31.9 g) and zinc nitrate hexahydrate (16.5 g) were
dissolved in distilled water to obtain 300 ml of an aqueous solution (hereinafter abbreviated as
“aqueous solution B*”).  Meanwhile, anhydrous sodium carbonate (25.8 g) was dissolved in
distilled water to obtain 300 ml of an aqueous solution (hereinafter abbreviated as “aqueous
solution C*").  Then, the aqueous solution B" and the aqueous solution C” were respectively
dropped into 150 ml of distilled water while vigorously stirring the same at a rate of 3 ml/min,
and the obtained precipitates were collected by filtration and washed with 300 mf of distilled

water four times. The obtained solid was dried at 110°C for 3 hours and calcined at a
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Example 10 A-10 1.08 81.8 77.5 Example 11 A-110.78 86.8 81.6 Example
12 A-12 0.44 80.2 74.6 Example 13 A-13 0.55 84.3 80.7 Example 14 A-14
0.92 76.3 72.7 Example 15 A-15 0.66

temperature of 300°C for 3 hours in air, whereby a catalyst A-23 of copper oxide/zinc oxide
(70/30 (% by weight)) was obtained.
[0050] <Preparation example of catalyst 3>

(a) Preparation of catalysts A-2 to A-22, A-24 and A-25

Catalysts A-2 to A-22, A-24, and A-25 were obtained in the same manner as the
catalyst A-1, except that the ratio of copper oxide and zine oxide, the calcination temperature,
and the calcination time were changed to the values as shown in Table 1 below.
[0051] Further, catalysts B-2 to 25 were prepared by carrying out the same operation as that
carried out in the preparation of catalyst A-1 with respect to the catalysts A-2 to 25, and X-ray
diffraction measurement was conducted.  The results (the half width of a peak having a peak
top at a position at which a diffraction angle 28 is 43.1° in the X-ray diffraction pattern
obtained by using CuKo as a radiation source is simply denoted as “half width” in Table 1,

and the same also applies to Tables 2 to 5 described later) are shown in Table 1.
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74.2 71.6 Example 16 A-16 0.51 65.3 60.7 Comparative Example 1 A-17
1.51 64.1 59 Comparative Example 2 A-18 0.32 64.8 60.3 Comparative
Example 3 A-19 1.65 58.3 54.2 Comparative Example 4 A-20 0.37

[0052] Table |

Catalyst Copper oxide/zinc Ca!cir'}eftion
e oxide (weight ratio) conditfons. Half width Note
{(temperature/time)

A-1 50/50 400°C/2.5 hr 1.06 The invention
A-2 50/50 400°C/3 hr 0.76 The invention
A-3 50/50 400°C/3 hr 0.72 The invention
A-4 50/50 400°C/3 hr 0.62 The invention
A-5 50/50 400°C/4 hr 0.56 The invention
A-6 50/50 500°C/3 hr 0.45 The invention
A-T7 60/40 400°C/3 hr 1.05 The invention
A-8 60/40 400°C/3.5 br 0.72 The invention
A-9 60/40 500°C/3 hr 0.47 The invention
A-10 40/60 400°C/3 hr 1.08 The invention
A-11 40/60 400°C/3.5 hr 0.78 The invention
A-12 40/60 500°C/3 hr 0.44 The invention
A-13 70/30 400°C/3 hr 0.55 The invention
A-14 30/70 400°C/3 hr 0.92 The invention
A-15 30/70 500°C/3 hr 0.66 The invention
A-16 30/70 550°C/3 hr 0.51 The invention
A-17 50/50 300°C/3 hr 1.51 Comparative
A-18 56/50 600°C/3 hr 0.32 Comparative
A-19 60/40 360°C/3 hr 1.65 C01npératiw'e
A-20 60/40 556°C/3 hr 0.37 Comparative
A-21 40/60 300°C/3 hr 1.34 Comparative
A-22 40/60 550°C/3 hr 0.36 Comparative
A-23 76/30 300°C/3 hr 1.12 Comparative
A-24 70/30 500°C/3 hr 0.34 Comparative
A-25 30/70 300°C/3 hr 1.95 Comparative

[0053] - Reduction conditions for catalyst A-1 and half width -
A reduced catalyst was prepared by reducing the cataiyst A in the same manner as the

catalyst B-1, except that the reduction conditions for the catalyst A-1 were changed to the
15




72.3 67.2 Comparative Example 5 A-21 1.34 70.6 66.4 Comparative
Example 6 A-22 0.36 71.8 66.1 Comparative Example 7 A-23 1.12 53.6
49.1 Comparative Example 8 A-24 0.34 72.8 66.6 Comparative Example 9

temperature conditions as shown in Table 2 below. The half width of the reduced catalyst

was measured. The results are shown in Table 2.

[0054] Table 2

Reduction conditions
Catalyst name Inside temperature Outside temperature Half width
°C) *C)
160 to 170 160 t0 175 1.40
Al 215 t0 225 22010230 0.83

[0055] Example |

24 g of glycerol, 6 g of distilled water, and 1.2 g of catalyst A-1 were weighed and
charged in a 100-m! autoclave made of SUS316 equipped with an electromagnetic rotation-
induced stirring device.

The inside of the autoclave was substituted with nitrogen (10 MPa X5 times), and
then substitued with hydrogen (10 MPa X 5 times), and finally filled with hydrogen until the
inside pressure was 10 MPa at room temperature, and the autoclave was sealed. While the
reaction solution containing the catalyst in the autoclave was stirred at a stirring rate of 450
rpm, the autoclave was heated to 200°C to cause catalytic hydrogenation reaction. 12 hours
gater, the heating was stopped and the autoclave was naturally cooled. When the inside
temperature of the autoclave was decreased to 30°C or lower, the inside was substituted with
nitrogen and the autoclave was opened. The catalyst was removed from the content by
filteration, and the obtained reaction solution was analyzed by means of gas chromatography.
The conversion of glycerol was 86.4% and the yield of propylene glycol was 80.4%.

[0056] Examples 2 to 16 and Comparative Examples 1 to 9

Propylene glycol was obtained by performing catalytic reduction of glycerol
(catalytic hydrogenation reaction) by the same method as in Example 1, except that catalysts
A-2 to 25 were used instead of catalyst A-1 in Example 1. The conversion of glycerol and

the yield of propylene glycol are shown in Table 3.
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A-251.95 49.8 46.6 [0058] From Tables 1 and 3, it was found that the
copper oxide/zinc oxide-containing catalyst having a half width of from 0.4
to 1.1 exhibited a high conversion of glycerol. It was also found that the
catalyst in which the ratio of copper oxide/zinc oxide was from 40/60
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having an inner diameter of 14 mm and an outer diameter of 20 mm.
While allowing a nitrogen gas to fIOV\Wthe temperature was elevated so
that the inside temperature was 210C and the outside temperature was
215C. A gas mixture of nitrogen gas (15 ml/min) and hydrogen gas (4.5

ml/min) was allowed to flow for 0.5 hours. Thereafter, a gas mixture of
nitrnaen aac (15 ml/min) and hyvvdroaen adaac (O ml/min) wace fiirther allowed



Catalysts A-27 to A-30 shown in Table 4 were obtained in the same
manner as the preparation of the catalyst A-26, except that the ratio of
copper oxide, zinc oxide, and colloidal silica, the calcination temperature,
and the calcination time were changed to the values as shown in Table 4

was 6I0Wund thdt lRRAPIRIRGH CAtAY $i8 AR ofshé-30idrv Faustian iratmenb/co

_was carried out in the same manner as the catalyst A-26, and the half
(weighiipfiar LN Crishialonabdifediorhe dughe SAOHERMIhelasiela.
[00509068inmkable74 Catalyst name Catalyst composition (weight ratio)

Cal iﬁagié)_?) ((:f{_)ndit{'on f(fterQ C%ra}ltzléer?e/.tcigwe eR;‘fg-:?Ctie g@g%d{% n (giar)%s},de ction

tomibLRH T RAEY PY IS AT5 ST A 650 oAb b A
tube 210 to 226CH R R19F 9 Tive wasidntionh Ac471Gud/Z NI SIORY50/410¢iG) bed in
TablcS 9,0a%{i?%%rogen was allowed to flow at a rate of 20 ml/min at from 170°C to 180°C for
2 hours. Thereafter, a portion filled with the catalyst was heated to 195°C.  To this catalyst-
filled portion, a 80% by weight aqueous glycerol solution and hydrogen were supplied at 3
g/hr and 50 ml/hr (hydrogen/glycerol supply molar ratio=5.2/1), respectively, and this was
allowed to initiate reaction. During the reaction, the pressure inside the reaction tube was
kept at 3 MPa. Five hours later, a solution flowing out of the reaction tube was collected
over 1 hour, and the collected solution was analyzed. The conversion of glycerol was 76.7%,
the yield of propylene glycol was 71.3%, and the yield of propylene glycol per volume of the
catalyst-filled portion per hour was 0.36 kg/L/hr.
{06060] Example 18

Catalytic hydrogenation of glycerol was carried out in the same ménner as in
Example 17, except that the catalyst A-2 was used instead of the catalyst A-1.  As a result,
the conversion of glycerol was 78.2%, the yield of propylene glycol was 72.8%, and the yield
of propylene glycol per volume of the catalyst-filled portion per hour was 0.37 kg/L/hr.
[0061] Comparative Example 10

Catalytic hydrogenation of glycerol was carried out in the same manner as in
Example 17, except that the catalyst A-18 was used instead of the catalyst A-1.  As a result,
the conversion of glycerol was 56.4%, the yield of propylene glycol was 52.4%, and the yield
of propylene glycol per volume of the catalyst-filled portion per hour was 0.26 kg/L/hr.
[0062] Comparative Example 11.

Catalytic hydrogenation of glycerol was carried out in the same manner as in
Example 17, except that the catalyst A-17 was used instead of the catalyst A-1.  As a result,
the conversion of glycerol was 46.8%, the vield of propylene glycol was 43.4%, and the yield
of propylene giycol per volume of the catalyst-filled portion per hour was 0.21 kg/L/hr.
[0063] <Preparation example of catalyst 4>

(a) Preparation of catalyst A-26 (copper oxide/zinc oxide/silica (50/40/10 (% by
weight)))

Copper nitrate trihydrate (38.0 g), zinc nitrate hexahydrate (36.6 g), and 12.5 g of
colloidal silica (manufactured by Nissan Chemical Industries, L.td., SNOWTEX O, silica

concentration: 20% by weight) were added to distilled water and stirred, thereby preparing

18



210 to 220C/2 hr 0.73 The . invention A-28 Cu0/Zn0/Si02 (50/35/15)
400C/3 hr 210 to 220C/2 hr 0.88 The .. invention A-29 CuO/Zn0O/Si02
(60/30/10) 400C/3 hr 210 to 220C/2 hr 0.86 The invention A-30
Cu0/Zn0O/Si02 (40/50/10) 400C/3 hr 210 to 220C/2 hr 1.04

500 ml of a dispersion (hereinafter abbreviated as “dispersion D”).  Meanwhile, an aqueous
solution of anhydrous sodium carbonate (32.7 g) was dissolved in distilled water, thereby
preparing 500 ml of an aqueous solution (hereinafter abbreviated as “aqueous solution E”).
Then, the dispersion D and the aqueous solution E were dropped at the same time into 300 ml
of distilled water at a rate of 3 ml/min while vigorously stirring, thereby causing a reaction.
The obtained precipitate was collected by filtration and washed with distilled water. The
obtained solid was dried at 110°C for 3 hours and calcined at a temperature of 400°C for 3
hours in air.  From the elemental analysis values of the obtained solid, it was found that the
solid was copper oxide/zinc oxide/silica=50/40/10 (% by weight) (hereinafter abbreviated as
“catalyst A-26").
[0064] (b) Reduction of catalyst A-26

The catalyst A-26 above (0.75 g) was weighed and charged in a quartz glass tube
having an inner diameter of 14 mm and an outer diameter of 20 mm. While allowing a
nitrogen gas to flow, the temperature was elevated so that the inside temperature was 210°C
and the outside temperature was 215°C. A gas mixture of nitrogen gas (15 ml/min) and
hydrogen gas (4.5 mli/min) was allowed to flow for 0.5 hours. Thereafter, a gas mixture of
nitrogen gas (15 ml/min) and hydrogen gas (9 ml/min) was further allowed to flow for 1.5
hours, thereby obtaining a copper/zinc oxide/silica catalyst (hereinafter simply referred to as
catalyst B-26). During performing the reduction, the inside temperature was from 210 to
220°C and the outside temperature was from 215 to 225°C.  The catalyst B-26 was
recovered in a nitrogen box.
[6065] (c) Preparation of sample for X-ray diffraction measurement

In a nitrogen box, 0.35 g of the catalyst B-26 above was weighed and placed in an
agate mortar. 0.5 ml of acetone were added to wet the catalyst, and then 3.0 ml of CLEAR
LACQUER (trade name, manufactured by Washin Paint Co., Ltd.) was further added thereto.
After stirring the mixture for 30 minutes, a viscous suspension was obtained. The
suspension was applied on a glass cell for X-ray diffraction measurement, and dried overnight
in the nitrogen box.
[0066] (d) X-Ray diffraction measurement

The obtained sample for X-ray diffraction measurement of the catalyst B-26 was
taken out from the nitrogen atmosphere, and X-ray diffraction measurement was conducted in
air. Thereafter, the half width of each peak was measured. The half width of a peak having
a peak top at a diffraction angle 20=43.1 was 0.95.
[0067} <Preparation example of catalyst 5>

(a) Preparation of catalysts A-27 to A-30
19



The .. invention A-31 CuO/ZnO/Fe203 (45/45/10) 400C/3 hr 210 to

220C/2 hr 0.76 The .. invention A-32 CuO/Zn0O/Mg0 (45/45/10) 400C/3 hr

210 to 220C/2 hr 1.06 The invention A-33 CuO/Zn0O/Si02 (45/45/10)

400C/3 hr 210 to 220C/2 hr 0.83 The invention
Catalysts A-27 to A-30 shown in Table 4 were obtained in the same manner as the

preparation of the catalyst A-26, except that the ratio of copper oxide, zinc oxide, and

colloidal silica, the calcination temperature, and the calcination time were changed to the

values as shown in Table 4 below.

For the obtained catalysts A-27 to A-30, a reduction treatment was carried out in the

same manner as the catalyst A-26, and the half width of each catalyst was measured. The

results are shown in Table 4.

[0068] Table 4

Catalyst Calcination Reduction
Catalyst ] ) Half
composition condition condition (inside ) Note
name width
(weight ratio) | (temperature/time) | temperature/time)
Cu(/Zn0/Si0, The
A-26 400°C/3 hr 210t0220°C/2hr | 095 | )
(50/40/10) invention
CuG/Zn0/8Si0; The
A-27 500°C/3 hr 210t0 220°C/2hr | 0.73 ]
(50/40/10) invention
Cu0/Zn0/Si0; The
A-28 400°C/3 hr 210 to 220°C/2 hr | 0.88
(50/35/15) invention
Cu/Zn0/8i10; The
A-29 400°C/3 hr 210t0 220°C/2hr | 0.86
(60/30/10) invention
Cu0/Zn0/8i0; _ The
A-30 400°C/3 hr 210t0220°C/2hr | 1.04 | '
(40/50/10) invention
Cu/Zn0/Fe,0s The
A-31 400°C/3 hr 210 to 220°C/2 hr | 0.76
(45/45/10) invention
Cu/Zn0O/MgO The
A-32 400°C/3 hr 210 to 220°C/2 hr | 1.06
(45/45/10) invention
Cu0O/Zn0/Si0; The
A-33 400°C/3 hr 21010 220°C/2hr . 083 | )
(45/45/10) invention

[0069] <Preparative Example 6 of Catalyst>

(a) Preparation of catalyst A-31 (copper oxide/zinc oxide/iron oxide (45/45/10 (% by

weight)))

Copper nitrate trihydrate (13.7 g), zinc nitrate hexahydrate (16.5 g), and ferric nitrate

nonahydrate (5.1 g) were dissolved in distilled water to obtain 300 ml of an aqueous solution

(hereinafter abbreviated as “aqueous solution F>).

Meanwhile, anhydrous sodium carbonate

{25.8 g) was dissolved in distilled water to obtain 300 ml of an aqueous solution (hereinafter

20




[0069] <Preparative Example 6 of Catalyst> (a) Preparation of
catalyst A-31 (copper oxide/zinc oxide/iron oxide (45/45/10 (% by
weight))) Copper nitrate trihydrate (13.7 g), zinc nitrate hexahydrate
(16.5 g), and ferric nitrate nonahydrate (5.1 g) were dissolved in distilled
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e R S e A R A S e et
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As aadhiediRuLiot e, Gatalyss A-26, and X-ray diffraction measurement was
carried out. As a result, the half width was 0.76. [0070] <Preparative

(007 sThpRAEt RatrpEtPsof caltsbiaparation of catalyst A-32 (copper
OXigle/ Pt exide/FagnBSIUNOXiES (4DM IR H¥RWRIGHIIN UM oxide (45/45/10
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(% byaig E}éﬁéhereinafter abbreviated as "catalyst A-32") was prepared from
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out foyi fhenatglysstie khe half width was 1.06. [0071] <Preparation example of

catabtal3rB-32 {ak Prepacatiamohecatalistd oI (SORRY OXERfaiRtng the same
___oxide/silica (45/45/10 (% by weight))) pper nitrate trinydrate (15.2
procig 5t b A HO YR AR 2% WS ARt R T hat e
carrigbtain 380 mtoflaradgufoustsolatiorifhereinafter abbreviated as

Y ous selution IT,). Meanwhile, anhydrous sodium carbonate (17.1 g)
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weighBlytion H and the aqueous solution J were dropped into 150 ml of

distilled water while vigorously stirring at a rate of 3 ml/min, respectively.
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abbreviated as "catalyst A-33" The catalyst A-33 was pulverized,
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performing the same procedure as that carried out for the catalyst A-26,
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made_ of Hastelloy C276 having a reaction tube with an inner diameter of 9
mm was filled with the catalyst A-26%5.0 g (5.9 m1)) shown in Table 4,
and hydrogen was allowed to flow at a rate of 20 ml/min at an inside
temperature of from 210C to 225C for 2 hours. Thereafter, the

catalyst-filled portion was heated to 195C. To this catalyst-filled portion, an
QNo/A hy weainht acdrieniice alvvearol enliition and hvdrooen were cirinnliad at 2



glycol per volume of the catalyst-filled portion per hour was 0.45 kg/L/hr.
Example 28 [0075] A fixed-bed continuous reaction device made of
Hastelloy C276 having a reaction tube with an inner diameter of 9 mm
was filled with the catalyst A-26 (5.0 g (5.9 ml)) shown in Table 4, and

mm, E%?naoiqj%i éy‘\f[ %%%léoﬁ%gst%tpﬂigﬂl d g{grﬁ‘%of&] l’:(rﬂmu%tﬁ Jﬁm W@ﬁuﬁ% Qfemental

for 2 hours. Thereatfter, the catalyst-filled portion was
analysisateld¢o ABHE oaitleid whith st b prbtivihapeBd sas y ape Ry R EtR(RBUS

oxid JYGELQk Saltigneang a¥%9r%§@ae@5§f§&%ﬁ&olﬁe% glheand RO\ mkhy

(hydrogen/glycerol Supp olar ratio=5.2/1), respectively, and this was
alloWeFHitiae Teuetsny Warthguhie ved o aecRend 8 lorbaduridtr gl vsed
for cheactionydeewarmkept at 5 MPa. Five hours later, a solution flowing out of
the reaction tube was coIIecl%ed over lglgour aér}g the collected solution
fige

was BRI TS BEROEISATS T ABYSM oS B2 a%s SR Fetl gpme procedure
as thiprepyleneug fxe ohavasa8/1500,caatkthebjdele] o propyldffeagiyecohparvaheme As
o&tﬂle a&a‘lxﬁifilled PQ tion per hour was 0.41 kg/L/hr. [0076] Table 5

ams‘é:citaﬁ/sfl name Half width Reaction temperature (C) Conversion of glycerol

[007ZA) Bt Bf Bropylene glycol (%) Example 19 A-26 0.95 195 97.4 93.2
EXW@&&A\&%&&%%S reaction device made of Hastelloy C276 having a reaction

tube with an inner diameter of 9 mm was filled with the catalyst A-26 (5.0 g (5.9 ml)) shown
in Table 4, aﬁd hydrogen was allowed to flow at a rate of 20 ml/min at an inside temperature
of from 210°C to 225°C for 2 hours. Thereafter, the catalyst-filled portion was heated to
195°C. To this catalyst-filled portion, an 80% by weight aqueous glycerol solution and
hydrogen were supplied at 3 g/hr and 50 ml/hr (hydrogen/glyéerol supply molar ratio=5.2/1),
respectively, and this was allowed to initiate reaction. During the reaction, the inside
pressure of the reaction tube was kept at 3 MPa.  Five hours later, a solution flowing out of
the reaction tube was collected over 1 hour, and the collected solution was analyzed. The
conversion of glycerol was 97.4%, the vield of propylene glycol was 93.2%, and the yield of
propylene glycol per volume of the catalyst-filled portion per hour was 0.47 kg/L/hr.
[0073} Examples 20 to 26

Glycerol was subjected to catalytic hydrogenation with hydrogen in the same manner
as in Example 19, except that catalysts A-27 to A-33 shown in Table 4 were used instead of
the catalyst A-26 in Example 19.  The results are shown in Table 5.
[0074] Example 27

A fixed-bed continuous reaction device made of Hastelloy C276 having a reaction
tube with an inner diameter of 9 mm was filled with the catalyst A-26 (5.0 g (5.9 ml)) shown
in Table 4, and hydrogen was allowed to flow at a rate of 20 mil/min at an inside temperature
of from 210°C t0 225°C for 2 hours. Thereafter, the catalyst-filled portion was heated to
220°C. To this catalyst-filled portion, an 80% by weight aqueous glycerol solution and
hydrogen were supplied at 3 g/hr and 50 ml/hr (hydrogen/glycerol feeding molar ratio=5.2/1),
respectively, thereby initiating the reaction.  During the reaction, the inside pressure of the
reaction tube was kept at 3 MPa.  Five hours later, a solution flowing out of the reaction tube
was collected over I hour, and the collected solution was analyzed. The conversion of

glycerol was 99.8%, the yield of propylene glycol was 90.6%, and the yield of propylene
22



195 92.1 88.1 Example 21 A-28 0.88 195 83.9 82.1 Example 22 A-29 0.86
195 85.9 79.1 Example 23 A-30 1.04 195 99.3 95.0 Example 24 A-31 0.76
195 91.9 88.6 Example 25

glycol per volume of the catalyst-filled portion per hour was 0.45 kg/L/hr.

Example 28
[0075] A fixed-bed continuous reaction device made of Hastelloy C276 having a reaction
tube with an inner diameter of 9 mm was filled with the catalyst A-26 (5.0 g (5.9 ml}) shown
in Table 4, and hydrogen was allowed to flow atra rate of 20 ml/min at a temperature of from
210°C to 225°C for 2 hours, Thereafter, the catalyst-filled portion was heated to 180°C.
To this catalyst-filled portion, an 80% by weight aqueous glycerol solution and hydrogen
were supplied at 3 g/hr and 50 ml/hr (hydrogen/glycerol supply molar ratio=5.2/1),
respectively, and this was allowed to initiate reaction. During the reaction, the inside
pressure of the reaction tube was keptat 5 MPa.  Five hours later, a solution flowing out of
the reaction tube was collected over | hour, and the collected solution was analyzed. The
conversion of glycerol was 83.6%, the yield of propylene glycol was 81.5%, and the yield of
propylene glyco! per volume of the catalyst-filled portion per hour was 0.41 kg/L/hr.
[0076] Table 5

Catalyst Reaction Conversion of Yield of

Half width temperature glycerol propylene

i CC) %) elycol (%)
Example 19 A-26 0.95 195 97.4 93.2
Example 20 A-27 0.73 195 92.1 88.1
Example 21 A-28 0.88 195 83.9 82.1
Example 22 A-29 0.86 195 85.9 79.1
Example 23 A-30 1.04 195 G893 95.0
Example 24 A-31 0.76 195 91.9 88.6
Example 25 A-32 1.06 195 86.0 82.5
Example 26 A-33 0.83 195 99.5 95.2
Example 27 A-26 0.95 220 99.8 90.6
Example 28 A-26 0.95 180 83.6 8L.S

[0077] From the results above, it was found that the conversion of glycerol and the yield of
propylene glycol of a copper oxide/zinc oxide catalyst-containing showing a half width of

from 0.4 to 1.1 of a peak having a peak top at a diffraction angle 26=43.1° are high, and as a
result, the yield of propylene glycol per unit volume and unit time of the catalyst-filled layer

{space time yield) is high.
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A-32 1.06 195 86.0 82.5 Example 26 A-33 0.83 195 99.5 95.2 Example 27
A-26 0.95 220 99.8 90.6 Example 28 A-26 0.95 180 83.6 81.5 [0077]
From the results above, it was found that the conversion of glycerol and
the yield of propylene glycol of a copper oxide/zinc oxide
catalyst-containing showing a halfwidiy@f from 0.4 to 1.1 of a peak
having a peak top at a diffraction angle 20=43.1 are high, and as a result,
the yield of propylene glycol per unit volume and unit time of the

catalystfillethbayarsraca simeyirld) ds highn GhAMEdmprinigthod of
PrO B e B St Sertetng comlB e Milirogenation of glycerol in the
presence of a catalyst,
the catalyst comprising a first component containing at {east one of copper and copper
oxide and a second component containing zinc oxide, and
the catalyst, after being reduced at 180°C to 230°C in the presence of hydrogen,
showing a half width of from 0.4 to 1.1 of a peak having a peak top at a position at which a

diffraction angle (20£0.2°) is 43.1° in an X-ray diffraction pattern obtained using CuKo as a

radiation source.

2. The method of producing propylene glycol according to claim 1, wherein a
weight ratto of the first component to the second component ((total weight of copper and

copper oxide)/(weight of zinc oxide)) in the catalyst is in a range of from 30/70 to 70/30.

3. The method of producing propylene glycol according to claim 1 or 2, wherein a
weight ratio of the first component to the second component ({total weight of copper and

copper oxide)/(weight of zinc oxide)) in the catalyst is in a range of from 40/60 to 60/40.

4. The method of producing propylene glycol according to any one of claims 1 to 3,
the catalyst further comprising a third component other than copper, copper oxide and zinc

oxide.

5. The method of producing propylene glycol according to claim 4, wherein a

content of the third component in the catalyst is 25% by weight or less.

6. The method of producing propylene glycol according to claim 4 or 5, wherein the

third component is at least one selected from silica, iron oxide or magnesium oxide.

7. The method of producing propylene glycol according to any one of claims 1 to 6,
wherein the catalyst has been subjected to a calcination treatment at a calcination temperature

of from 400°C to 500°C for a calcination time of from 2.5 hours to 6 hours.

8. The method of producing propylene glycol according to any one of claims [ to 7,
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obtaining propylene glycol by performing catalytic hydrogenation of
glycerol in the presence of a catalyst, the catalyst comprising a first
component containing at least one of copper and copper oxide and a
second component containing zinc oxide, and the catalyst, after being

wher8flueechat 30640 3aGoindhe e s eRGa Ak e e e SIRWINGsauhalT from 2

width of from 0.4 to 1.1 of a peak having a peak top at a position at which
to 30MFrendid Frasiipe o eue 23 Fon daderaydifiraction pattern obtained

using CuKa as a radiation source. 2. The method of producing
propylene glycol accordjng to claim 1, wherein a weight ratio of the first
Conio Br Y SoRH PO BN TBLE: Bops arbhEghpare

catalpnide)Mweighioof oigdyoxidie)) dariled catalystis-iva pangedffiam 306/t Pa
70/30. 3. The method qf progdycing propylene glycol according to

and %fﬁﬁ‘%?‘i“&? PP %’ng(ﬁ%“\?vnéi&q tr%éjgb o“[’]the first component to the second
component ((total weight of copper and copper oxide)/(weight of zinc
oxide)) in the catalyst is in a range of from 40/60 to 60/40. 4. The
method of producing propylene glycol according to any one of claims 1 to
3, the catalyst further comprising a third component other than copper,
copper oxide and zinc oxide. 5. The method of producing propylene
glycol according to claim 4, wherein a content of the third component in
the catalyst is 25% by weight or less. 6. The method of producing
propylene glycol according to claim 4 or 5, wherein the third component is
at least one selected from silica, iron oxide or magnesium oxide. 7.
The method of producing propylene glycol according to any one of claims
Ito 6, wherein the catalyst has been subjected to a calcination treatment at
a calcination temperature of from 400C to 500C for a calcination time of
from 2.5 hours to 6 hours. wherein the catalytic hydrogenation of glycerol
is carried out at a reaction pressure of from 2 to 30 MPa and a reaction
temperature of from 150 to 250C. 9. The method of producing
propylene glycol according to claim 8, wherein the catalytic hydrogenation
of glycerol is carried out at a reaction pressure of from 2 to 30 MPa and a
reaction temperature of from 180 to 220C.
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