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Abstract

The government has a policy to promote the production of biodiesel from natural
products in order to reduce the import of petroleum. Which has an unstable price rise and a
huge amount of foreign currency loss currently; there are 12 biodiesel plants in the country,
excluding small factories, with biodiesel production capacity of approximately 132 million tons
/ year. The major problems in biodiesel production are the occurrence of glycerin which is a
large number of byproduct. Although glycerin will have benefits for various industries such as
medical industry, etc., but the amount produced is greater than the market needs In 2016,
Thailand was able to deliver glycerin in the amount of 11.88 million tons / year, but it is
expected that more biodiesel production will be promoted in the near future. Therefore, the
problem is how to changed glycerin into other forms that has high value product. One
approach is to change glycerin to be propanediol. At present, the price of pure glycerin is
about 28,000 Baht / ton, but the propanediol price is as high as 69,000 baht / ton which is
more than twice of the glycerin price. Thus, it is interesting to produce propanediol from
glycerin, but changing glycerin into propanediol requires a suitable catalyst and has a relatively
inexpensive price and low by-products. At present, the catalyst still gives high by-products.
Therefore, it is necessary to develop catalysts that have yield higher. And the catalyst will be
suitable for actual use in the industry. In the present work, a new catalyst Pt / WO,/ boehmite
is synthesized by wet impregnation method; glycerin is transformed into propanediol through
the hydrolysis reaction. It is found that the catalyst does not undergo a high-temperature
reduction process before do experiment giving higher conversion and selectivity of 1,3-

propanediol more than catalysts that have been reduced before catalyst was used.
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P, —— C0 overhydrogenolysis
OH oH CHiOH e « CL over-hydrogenolysis
ethylens ghyol ethanol rnethanol rethane

SUN 4 ununmansnsiiaranaselaluniseanlnsinulagaainnszuiunsialasdlulada

Y

Yeandwwesudninanuiselalasladauinfuly®

[V 7]
1 v

UfAsenenitugiu aznud lugpavnssudilngazldfiswjiseiiswugunan viadl
wsgaudslunishenansndniueieananndssuiisen dnnsdsanunsainmisaufizenTisnug
ndvaldalavatuasaauninuseansainvesiis)isenazanas Weansanduseufizendiswug
-'-NI a a & o 3 1 [y A ] A o v a g
dlunszuiunislolasdluladatiu asnwuindesrusznou 2 dwunan o As [1] duiviwmihiidunse

= d‘ o I a 14 a a = o Y o | aaa 1 &z s
wsaivaLieldluindavylansendalulassaiisveanfwesudainlddusuiise ludwiilusenlud
N v v Ao wa & -~ | a o v o aaa a o Adu o
vadlanevsoTansessuntaudfdunsavieiva uag [2] daunvimthnlulfisersendindu-Sandu
(Oxidation-reduction reaction) ae3finalalasiaulunszuiunislelasilulada Inedasaufisenlu
druiliinldulanensu@du (Transition metals) LU nosuas (Copper)? dniia (Nickel)® wagla
veayl (Cobalt)**™ 2" iludu wseldilulavizlinszna (Noble metals) 1 83 (Gold) Wu (Silver)®

a, 29

193917 (Platinum)®™ 2 waggiilen (Ruthenium)® 1Jusiu

Tul 1989 uay 1991 Montassier wagamy® léAnwUfATelelnsiluladavesndigetuiile
Wasulmdulnsimuladalngldiisaujiseiisiugdueynagiifonnszaovuiiu. RO e
AMzreIMIVAaRsilife aumgll 110-260 ssrwalivauazaNuFuvesinelelasiou 3-6 wnny
Prara  fRaeldanwinalnnisiaufiseuaznuin  nalnnsieujisendunuuilalasdudu-dle
st lelastiuu (nalndl 2 luuwunndt 3) neludulelasfiuduroniweiuiufiseuintud



fvedanzuavilansilsdunsilundwesanlen (Glyceraldehyde) ndsantulutudlawmstuinaisis
funs 2 vlinfe 2-lansendeslasau (2-Hydroxyacrolein) wazlngiadlas (Pyruvaldehyde) Ingansdls
funsiia 2 viaRaufisendulalasiudusielaeviufiseduinglelasauldasudndunidu 1,2-In

Va v v v

sulada Tnenu 1,3 lnswuladaduasndniusisiuiesdniies uenanildidudmumeinniny

Y
=

Juwavesfiseriinalaensmesnsinisiinufiservesnawesy taeiujisersinnzanuduua
a1 nalnvesuiseluduilawnsdueandwetailerdaduasiiiunsanAntuléd dumalvdniinis
AnUFRegetu Tnsnaaneidetiaonadestunanisingves Lahr Tull 2003 uay 2005 uazka
mMsfnwves Maris'™ ** Tud 2007 Faldiuseufisondueyniavessiiliesilunszuaunislalasd
lula@aveandweTuiduimieniu

uenangfionudr  vewnadulanednuilswiaifusravsnmgalunmaduinssufizen
dwsunszuunslelnsilulada tnglul 2005 Dasari uazane®  lAnwnsasundweTulidu
1,2 msusladalneldneuiuasiasluvi (Copper chromite) fidnpszsildnnnisnsanaeneusau (Co-
precipitation) {ugiatsaujizen Tnennzveinsnaaeiiidie QNN 200 DIFNVALTYEALALAIUA
vosiwlelasian 1.4 wnnediaena  RResenuludiunalamafauisendn  euniaves
Tangnesuadunuesiashwivhminiidususauaselutusendndu-induvesielelasiau
Tuvnriilasdlousenledviniiduiusawjizomiansalududamlansendannlassaiiaves
nawesu lnenanisvaansfinnenmeasssananlimnsideniinves 1. 2-Insmulesalaiiunin
§ovay 90 uaziisovavnala (Yield) Ussunaionay 73

seulud 2012 Kim uazame® laAnwnisiiudinisideniauasfosaznaldues 1,2-nsiny
lpgannnszuaumsiieniu leglddussufisondu unaabou, s-moues (I) senlys/meueoslas
L9 (Pdo5-CUO/CUCr,00) susaUisendenaniiounmavedlanzunaiaiisunseaeimeglulasasi
wuvaliua (Spinel structure) vespeuiaslasluyi §idonuinnisnszaneiifveseynaunaiaiio
dwalituiinilunsiuiisemedavenounaiutuivilidunsiielelasaululiiseniolss
fu Fufuuffsendennsadeldfutlunmsimuiuresielalianaud  Tnemsldfisufase
fanandsnalilaansuans e 1,Z-stmuimé’aﬁﬁ%aaazwalé’gaﬁﬂ%faaas 93 wazilANIsLaanLin
Iéifoudosar 100 usnninmsduasieidusaUfisePsiuslaeBanaenousmannsavinléiy
enludvadlavgysznandu o fe 1wy Sedeenles (Zn0),% uuniiBeueenled (Mg0),*” woslaside
sanlen (2r0,)*® wazevgiiiloneanlen (ALOs)’ WJusiu

sunAvesngulanednsegaanansaduildduiussujisedisiuglunseuiunslalasd
Tuladavoandwoiulfiduty  Mellidesnnaulavedinsenafautfsulumassfiseludueond
wiu-dnduvesfnglalanailunszuiunslalasdlulada  Tuiadl 20102012 Shinmi®  uay

® A gsgaunisialsien-sisusanlen/@an1  (Rh-ReO,/Si0,)  wazdsuiuusiiey

Tomishige™
6 aa . < Y | aaa o [ a a a =

9anlwa/Fan1 (I-ReO,/SI0,) Wuiuseuisendwmiunssuiunslalasilulagavesniiweiulagniig

Y04N15NARINLYTAR gaumall 120 asrieaduataraufuvesiglelasiau 8 wnnzlian1a nanis

neaesnneuddersdesudululuvhueadeddiu nanfenszuiunisiinanillgnisideninves



13- Insmulpdadundnduivan  lesdinalnnisifaufisendusuulasandweiulalasiluladea
(nalndl 3 Tuguit 3) Fanalaluduusndundiweiuasgnaeduuuiiuiniiiunsavosndanesvosdiden
panlun (ReO, clusters) Watduansitnindanenlen (Alkoxide) 2 vinde 2,3-lalansondlnsnsen
a6 (2,3-dihydroxyproproxide) wa 1,3-lalenson@lolalnsnsonlun (1,3-dihydroxyisoproproxide)
filassaduiiuandusuil 5 maddsulassaaaeivesdanonlsdisaosiniludulnanulada
T Aeshunnsuveslslasduneyneuvesmsuausumis 2 19 2,3-lalensenglnsnsenlyssiny
AmgysudtundulassadnasuneuUasuiy 1,3—IW3qu1mé’a1u%uqmﬁwa WIBLAANIUNTVY
vaslglassuunznonvesmsuouiumlad 3 voe 1,3 lnlansondlolelnsnsanlasiiiunensuddy
fidulassaadamdennouddoudy 12 Insmuledaluduaeiie wrlilesanlngUndudn
Tnssadrsvesansiiidunnimdsussiinuaiosvosnmensuddunnnnilasadwosasiduia
iae ﬁuﬁaLﬁ“flummaﬁmsmamﬁmsﬁwé’ﬂﬂu 1,3-Insinuladalaeliainisideninunnnin 1,2-Insiwu
lpdads 3 wi uaﬂmﬂﬁﬂalﬂﬂmﬁmﬁﬁ%mLL‘U‘ULﬁmﬁ’ué’qgﬂwﬂuﬂizmuﬂﬁﬁiﬁ’fﬁaLéaﬂﬁﬁ%mﬁ‘]u
Isnen-Silleueanlan/msusu (Rh-ReO/C)* Bnse

2, 3-dihydroxypropoxide 1, 2-dihy droxyisopropoxide
HO
HO ) e TN

Hg/'--\‘qé Cfl HRE ngl—e"‘\-{] Q KJHE
- Re— H- Re—

H.__x . tel
Ir Ir Ir Ir Ir Ir

(a) From glycerol to form 1, 3-propanediaol (b} From glycerol to form 1, 2-propanedial

JUN 5 ununmilaseainsdnaeswesanneniwdtudislalasaiansinuiisevuaseadu

Y

UUNUETRIUs U AT ™

Tavedinszgasiwanunaiti (PY ldgldegraumivansluuffselelasiudu villavewna
aiudagmihunldluujisenlelasiluledavesndiweiudnie laglul 2012 Tao uagamg™ lavinnis
dunsefiilsaU)isenTisnug Pt uufisaesy WO, Ademld (commercial WO5) wag 238950 WOs
fldnnnsdunseiies Tner1unsyuauns evaporation-induced self-assembly vaansUszney
viaazimunaslsd (WCly) Tnefsesiu WO, fiduasesilsdsnsurnadlly (mesoporous) 1uin 7 11
Tuwns Msdaesgiunadtuuuiisesiurhlngisidudy (impragnation) Tneldfanssadiu HPtCl uas
1 (calcination) flgaumadl 673 ssmiaaia rouflazvinnsisndulneldmelelasiauiingumgil 573
osrmiaada  Welldunaftuifiaveondndurindugud  Indusisjitedisiug 2 uuude
Pt/commercial WO5 waw Pt/mesoporous WO, dagniluldlunszuiunislalasiluladavesnilae
Ju figaumgdl 453 asriaaia anudufinalelnsiaudl 5.5 wnzhana uazszoznatlunsnaaes 12
Hlus wandasindniliannuffsedde 1,3 Insleda Seldnmsdeniniisesas 29.9 easa
duferas 4.5 Wasudumsnaniasi Weld Pt/commercial WO; uiissuffzen finnsmaassls



o

WuLiALI Mnld Pt/mesoporous WO Wuiuseufjisen azvildainisideninves 1,3 Insinu
loda gevwludosas 39.3 Weansasiuiosas 18 Wasudundnsiom

snn1sdanwanudululdvesnisideniin 1,3-Insinulada wuinalanisiinujisen
annaniinldlaeduufasendlenstuluduneuusmiinduansisduniailuuanlosoy
(cabocation intermediate) TngiiioufAzoniilawnsdu tAntuiivyuoaneseauguni (primary
alcohol) vesndiweiu arsifsdunsiliazifuasifsdunsaslunanlosoutgugdl (primary
carbocation intermediate) Fsfimmnafiostiosninansisiunimsluuanloouniivgd (secondary
carbocation intermediate) TiinanUAzeAlawnstuiivyuoansgeayfugil (secondary alcohol)
voendiweiu asdsdunsiaessinnevdsdngnizuiunisilusl sy Tneansdstunsansly
wanloseugugiiudsunasluifuesdda (acetol) druansisduniaslunanlossuyiogd
Wasulhu 3-lansendlnsniuia (3-hydroxypropanal) waginefigandsannisiinujfzenlslng
utuavidsuluidu 1.2-Insmuleda way 13- Insmulada audisu (g‘dﬁ 6) ArimNNI9LAR
asfsduniansluuanlessuniogiarunsaiinlaiiy uasdnsfinauadosaindussufasen
savansadsulufundasusildisnnuiiselealasiutu awvildmmadeniaes 1,3-Tn
sinulada ﬁﬁhﬁqﬁu TainnsfnwantiuasuiifivesansusazeiauudaissufAzemu pt @
wihidususewfazenlelasladavesfimlelnsiau Waneu (HY) uwaglslasd (H) 1nufisenlalnsla
Faaza1uwn (spill-over) lUdsiasousu WOs Feflanuomdunsn (Bronsted acid sites) Antirlunis

L4

asniusziundwesududugasuduvenszuiumslalasdlulada wenanil W Tu Wos fign3nad

'
a

geviminnlvanuats snva sisdunsasluianlesou (secondary carbocation intermediate)
AATUINNTEUIUNNSALEIATIUTUB NANY?

_H* H,

®
HO N > HTY —— » WY 5 HOY
OH OH 0

OH

+

H
A less stable thermodynamically stable

H,0 kinetically unfavourable

_H* H,
HO/\@/\OH oy HO/\/\OH 5 ON\OH oy HO/\/\OH

more stable thermodynamically unstable
kinetically favourable

JUN 6 wnunmnalnnsiinufisenlelasiluladavesniwesu lnefaiselfizenisnug

n3zNa PYWO,’

Tudiinun a.A. 2013 Kaneda wagang® lavinis@nudunsendausaufizenddisiug Pt/WOs
Tagld Boehmite (ALOOH) isnusasesiu lnsnsnszateives vsaglnu Uu Boehmite anunsnsi
Ialnerunszuunmsuandsulossy (on exchange) Tagldansazane weulufeumsiazin
LazE? 1,073 s3AiAaia n1snszaneiives Pt uuisesiulalneiSiuty auzgmaasdlsvinig
3m3’13ﬁ§hL'ﬁ'quﬁﬁ%aﬁﬁﬁﬂ’uﬁ:ﬁuﬁ@ﬁ LATNUIIAENEI91NNTIET Boehmite LAsuaniwnaneidu
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a

Y-AlLOs nMsnageuUsEanBammsissfisenlelnsiluladavesndiveTufiguvnd 453 asrnina
38 mnudufinglslasiouil 5.5 wngliaaa wavszeznailunimmeaes 12 Halus ldudasusindnidu
1,3 Inanulada Aifenisdeniingeiisonay 66 Mevdinnasisiuisuaiasuduasninius
Faftaldin dusesufiseTIswusuinil PYWOyAIOOH finslidesasnaandnuasansideniiniigs
fgeluussndnss §isoiisiussegaidoatu anfuldimaiin Ao, Muylensendadiuiusnn
wheTuuanfaiusyiundweiuldity Vilishsmaifaufisewazmsadeniamntumulufe
fupounafnufiselalnsiluladavesiusiiiswusngy PWOL/ALO, Idgnuandlusuil 7

Hz
HO
1 o
m -0 Ao, OH
HO _H..-___.-"\-\._\_H‘.-__GH H.W,G..W..G..W.--‘ mﬂ- HO‘\.\ ..‘_L_H. _OH
H;_G\) Hz0
HO HU\
OH Ny
Hz N HO.._.~._.OH HO._.~._.OH H, HCB S
” O 4 H ! O
nl-0 . - ; “ui-0
ﬂ i -0 AD, B o o
~w P w O “w P w S w

HO
"
H,
0\ Hz 0

RE
W W W

U7 7 LLmumwLLamwumaumim@ﬂgmamaqﬂaL%aiuimﬁmmﬂgﬂim’nﬁwuﬁ Pt/WO,/ALO,

Y

msfnwnszunllelasiluladaifiowdsundwesuliulnamuladauenainazgnaresily
sULUUYIUYAAMSIT M sRaldnanndsuud Salnansfnuineamilusuuuuvesdnsing
me lnglul 1987 Che wavauz® lananidnsnisduasizilnsmuladainufisenssninandiwe
Su felalasiauuasineesusuneusentyn tnglddssufiseeniugiluivasinunaniulany
nswdTuny Vil fanngildlunsdannyirogumgil 200 esmwaldea wazarmiu 31.7 wany
U1anna G?fqﬁa:i'lL*ﬁlummﬁuﬁqqmﬂﬁ’m%”wﬁﬁ%msuﬁmf
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sionilud 2000 Drent uwazaniz® Ifandvisdmsnslisusajizoneniugdnainniaiy
UfRzeufeniu Tnefaussufizendinanilesdussneuiiddey 3 dawde 1] Taveny Vil léuA dnifa
WALy vieunafivy [2] unaweslesuaudainldidunsafifien pka sndn 3 [3] a5 1,2-bis(1,4-
cyclooctylenephosphino)-ethane 38 1,2-bis(1,5-cyclooctylenephosphino)ethane nsldszuud
dawalvianunsayiuizenlsianesuusalesasie gamgll 50-250 ssmwaldea LayALiy 0.5-10
wnnzdraag

11t 2010 Franke wavanuz™ lanansunsnislideanlenvedanenaude reuiles () sanlyn
(CuO) uazdadoanler (znO) Tudnsidu 1:2 Tnethwiin WuiiswiAseniewdsundiwesulmiy
1,2 Insmuladadegamndl 200 ssmwadsanararmiu 3-5 wnnguiama lnsluldasfaud
nAwetuiifianuuiqrtesas 99.5 Tnenutn wuiiaswansusidldde 1,2 nsmuleda fovas
97.7 Toevhuin Tluefiaulnanea (Monoethylene glycol) $awas 2.2 Taaimin was Tnswiuea
Uszanafosay 0.1 Tnethwiin

anantul 2014 Dalai wazanue® leandvzunsnisiasundwesulidulnsmuladalaenisly
o Aaaa aa o saa I3 Y] a A ~ o = a
FseUizenddsnugnisnesrussnaunan 4 sllafe newns lasdley dinzd waziwesiadey lae
a A dy v S v O a a Ly H o oA | |
nawesuldluansaidutiuinnuuiansiovar 50 leeuminvieunnd lnenan1sneaeinuii
fusfisendinandmalirinisideninvednsmuladagannnindesay 90 usegnalsiniu
avsUnsatuillilassyadaluiansdendaniiiasinarnduves 1,2 nsmulada 1,3 Tnsinu
Toda isaunasinves 1,2-nswmuleda way 1,3-Insiulada

MnaideidlugiuuuumarAnmuardnstnatinandisiu sswuididenuideiils
Iaemsdeniiadu 1,2 nsmuladags ie lildansidendndu 1,3 Insnuladags vielildsey
Ansdeniianeniussrindlnanuladarsaosin LLGiﬁ’Wi’]ﬂﬁﬁ]’ﬁmﬂuud;ﬂaﬁ’]LﬂﬂJ“UENﬁ’]iLﬂﬁﬁgu
nsfnwnszuulalasiluladaiiendsundweulildasudndundy 1,3 Insmuladasziiany
ihaulannnd aideyaind 2016 wui aaansdn 1,3 Inaiiladalutlagiiuegiussana 1
naudiusod®  Meyadmaasegiangnit sudsanuaulslunsfnuinmsade 1,3 Insmlada
Tuths 5 Ui iliragginnmsmeaesiindseasdiiazesnuuy Anwinazdansiesisise
UfiseTisiudiiondn 1,3 Inamulada shunsvuiunslelasilulada fedlsnannsudaluade
founti
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BNIINADIUATHANIINARD

lavin1sdansnenianseesuiinan WO,/boehmite HIUNTEUIUNTT wet impregnation
38112149 Boehmite Wag ammonium meta tungstate (AMT) ﬁy’ﬁi’a@iaa%’uﬁwmﬂ WO,/boehmite
ansadsusuluidutansesiudman WO/4-ALO; ldlnerunszuIuns calcination flgamail
Usganas 800-900 asewaidea 1dunan 3 dalus mawTenduseu{izen Pt vutansesiuaninsovi
18laeldansaediu HPCl H1un5EUILATS wet impregnation ﬂ'ﬁiﬁ%ﬂfﬁﬂﬁlé’ﬁuéwﬁﬁ%m
Pt/WO,/boehmite Wwag Pt/WO,/y-AlLOs Fearsnaansrdaiisnwusiduresudsdiniessou lng
eaziBoanansiigui 8

JUT 9 Msinseudsafisenvila PYWO,/Y-ALOs RIUNTEUIUNNT wet impregnation

* WO,/ Y—AL203

WO,/boehmite

Reduced Pt*/WO./Y-ALOs

Reduced Pt*/WO,/Y-Al,Os (used)

Pt/WO,/boehmite

2q

*signifies Y-Al,Os, ¢ signifies boehmite and + signifies Pt

U 8 Powder X-ray diffraction spectra UanddnuazianIziveeTansasuLaziLsaufiten
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wadandnfililunisiigaliendnuaivesiansesiunazinsefiien Ao powder xray diffraction
technique ?z'fw‘hLmﬂwaaé’zymwmmmm%mwwz%ﬁmaﬁamm%’uLLazﬁaLiqﬂﬁﬁ%m%ﬁmﬁuﬂ 19 ag
uandluzuil 9 msAnvivinamesmisnsEeives  active  site  vudussufAzewie
PL/WO,/boehmite, PYWO./y-ALO; ey reduced PH/WO/y-ALO; The3ean1uds  wet
impregnation Imaﬁ’aashﬂugﬂﬁ 3 1. U FIATIERiSIU 387 206Pt/WO,/y-ALOs Fedupseilag
19 29%wt ¥83 Pt uag 8%wt Uas W watla SEM, SEM-EDX (Energy Dispersive X-Ray Analyzer) (U
7l 10)

'
a

SU# 10 uamanwwaaiasauisen PwWo,/boehmite fildann SEM ($18), msnszanesiues Pt

(na19) wag W (v27) 7ilda1n SEM-EDX

Tngnuidusesufisendianulundngaasinisnszaedives active site Ao Pt uae
tungsten oxide Uuﬁ’ruaqi'a@iaﬂ%’ulé’aﬁ%aua Fadunadiiléannszuiuns wet impregnation lag
U3nas Pt uaz W Sale azogffl 1-1.2 %wt v8a Pt waz 10-11%wt ves W lasaiildlndidssiunai
Ignwaila ICP usnaniildnanudiediu naneidelinmageuauilunsn  (Lewis
acidicity and Brgnsted acidity) ¥a3i1984639UfA381 Pt/WO,/boehmite tag Pt/WO,/y-ALOs 1ng
19wesla In situ DRIFTS of absorbed NHs s?iqmamsmaaﬂé’mmé’qgﬂﬁ 11 LAEIATIEVANANIT

79aIlARINITI9N 1
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JUN 11 FTIR anasuuansenisgaduvesuanluilovuiuinvesiiseaufisen

2%Pt/WO,/boehmite sz 2%Pt/WO,/Y-Al,O3

15139 1 wansrnanudunsndada (Lewis acidity) nsauseuawnn (Bransted acidity) A18nsnd
mwmﬁummzijmmmauammmzmmﬁa%maxmmmLﬁuﬂsmﬁgwm%ﬁaLi'aﬂgjﬁ%m
29Pt/WOx/boehmite Wwag 29%PY/WOx/Y-Al203 Fsuusnaldain FTIR aina3uaesnisgasy
wouluily

A998 9 R unuIeArauiunsnaida (Lewis acidity) nTAUsaUaLAA (Bronsted
acidity) TuiasaUizen 2%6Pt/WO,/y-AlLO; 8an31 2%Pt/WO,/boehmite og9dALaL AMLTUNTA
vosissUisendsmateniaisefiserlutunouusn (dehydration) Tnsasa dsagnanadsluiade
dlU wiogalsiaudnsdiuveinsauseuanaransnadaluiissufisen 20Pt/WO,/boehmite
29n97 29%PYWO,/y-ALOs feaaiyin Usingnisaidiinanann lassadranaaiifisnsiu tnod
boehmite fignsniaiail y-AlOOH) fidruvszneuidulalasiauiiuandlusllessuvesnsals

'
VQQJ\'LUO

AR lMiAsIU5e1 PWO,/boehmite, Pt/WO,/y-ALOs kae reduced Pt*/WO,/y-
ALOs NagauMstssUAsetunIwGs 1,3 nswmuleda a1nndiwesu 10 Tadlua lagldansasu 1.5
n¥u warfialalasiauiiainudu 1-10 uns 9 140 ssAgawdea Luan 12 $2lus lavansazany

nanATAzHIUNIINAgoulaeAlla gas chromatography LeunIAssazNIsIUABULUAILAZAY
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A a [ ! v a a gj
AMTLEBNLNAINNICIENING 1,3- LAy 1,2—IW3LW‘L!1®86 I@Hi’]ﬂazl@ﬁﬂLL@%EULLUUﬂ’]i@@@Q‘QﬂV}ﬂa@Q

(reactor) \usfauandlugud 12

U7 12 wansgunsaluaznishnsisganisnnasiienaaaunisssuisetunisngs 1,3-In

% =

swulada 9nna-lwesy

Tudumeuusn augdiduldvinnsveassiiomaranusuiglalasiuimungauiaadinsy

n3uEn 1,3-Inswulada anndwesu (10 Jadlua) 19 206Pt/WO,/boehmite (1.5 n$u) 1HudaLgs

a

UAAse1 Tugaeaudu 1-10 uns gaungill 140 ssenwadod 1Wuan 12 Halus Aresasnisudeu

Y

watarAmnisideniiadimesemanuiuiiglalasou Wuludmansgun 13

35
2

V'S [ |
* .

30
25

20 & Glycerol conversion
15 | 1,3-PD

10 1,2-PD

Conversion & Selectivity (%)

H, Pressure (MPa)

JUN 13 uanmavesrunuinglalasiau (1-10 v19) Aersegaznsildsuniadiag AMsidoniin

[

U209 1,2 4az 1,3-Insnulada 9anufisennisideundweiu Ingld 29Pt/WO,/boehmite
Dussaujizen



16

MnmsnaaemuiAfesaznsiasuulaniiuiuiierudufielslasaudiviuan 1 und
W 5 114 uidlorusuglelasioufinduain 5 u1s auil 10 U Adesaznsidsundasiien
anas nmanaaesiasuléd Arfesagnaisunlamoniweiuiiinniigauinty 34.7% wield
29Pt/WO,/boehmite \luiatsalfizen finnwsufnelelasiou 5 U5 gumgll 140 ssrnwaidoa
Hunan 12 9l wazarnnisveasaiiemauduiusvesanusuislelasaudiinadeainisiden
Aagumgues 1,2 way 1,3 lnswmulasaluaie 1-10 visnui Ansideniinues 1,2-lnsinuladaluy
seninemnuiuiglelasiausening 2-10 ung demeiilugag 5-7% wazAinisideninues 1,3-1In
siladatidfiutuiiennusuielslnsiuiuiu Tneddnisideninves 1,3Insmulada 7 4 %,
13 %, 18 %, 24 % waz 29 % finusuiivlelasiau 1, 3, 5, 8 waz 10 U1S WinAinsanUsuna
WARSUT (yield) vo9 1,3 InsmulndaiiAntu Usinafglelasnuillflufaseuazaudumunis
iAsugenans sgnuinanusuialalasiaud 5 uns Wuiimnzanfignlunismaasdlurae 1-10
1§ Faulunsvinidesddinalalnsauiinnusu 5 ung

nnsAnwA1AadunsavuiuAive i 1 RATE 29%PYWO,boehmite uae

29%Pt/WO,/y-ALOs Falvianasiuiiasninauuandananiivazlasiasaesianseesu §ideds

aulavinsAinwiUSeuiisuaiuainnsalunisissufisenvesansiassvin lngldanizuiisen

% { U ¥ %

(reaction conditions) AINNAIITAULAHNARILLAAIIUAITIN 2

A15199 2 ANSpgarNsUasuLUadLaE AINSIEDNANTLNZYRY 1,2 way 1,3-lnswmulada 270

ﬂg‘jﬁ%snmim?iﬂuﬂﬁma‘%u Tngld 296Pt/WO,/boehmite wag 29%Pt/WO,/y-AlL,0s 1Uussaujizen

Selectivity (%)
Catalyst Pressure (bar) Converswroi l [.2-
glycerol (%) 1,3-propanediol -
propanediol
2%Pt/WO,/AIOOH 5 328 18.2 5.6
2%Pt/WO, /y-Al, O, 5 36.6 21.6 2.1

aaa d' 2/ N4

N15MAa0INUIN UJATE17E 29%PH/WO/y-ALOs LudaLssUATeTi ArSeeaznas
Wasuulasiarainisideninsime 1,3Insmulada iudednsidiusening 13- s 1,2-Insinu
lndafigeninaissufiselaeld 20P/WO,/boehmite Fetfugideasatiunisnuinisinauuay
mmmmiaiuﬂ'mi'mg'jﬁ'%mﬁm 2%Pt/WO,/y-AlLOs lngazidun

usnandadeiildnandeineiuudn U Pt fnalagaswionnuannsalunsissufasen
yesfsaFAzen Wesn Pt iduunanssufite hydrogenaton fiddnylunszuaunsadn 1,3-In
snulada anndlweiu FideTsaulafzAnuiiainm Pt iflnadeufizen Tngldndoudassufazen

3 yflndaiiusunns %wt Pt fishaiu Toun 2%, 5% uaz 8%Pt/WO,/y-Al,Os
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nsAnwAINIsRaduigafusuteuenlenuuiuivesiuTefisenaunsausuenian

N13N3%18AI09 Pt Uuﬁuﬁwaaﬁuﬁmﬁﬁ%aﬂﬁ 1AgINNITNAFBINUIN 1D %Pt UumLTIURTe

ISP & a o

umawu N19N3e mamuuwuma anay ﬂ@ﬂﬂaaﬂﬂ‘tlﬂ'i']ﬂgﬂ?im‘VIE‘NLﬂmiﬂ‘iﬂﬂﬂ?im%‘ﬁmﬁ%iﬂ

UfATewiadisiugau e uenniinsmeaeumAAMIdunsauuiuRtvesi sy lunse
VUNURIveIRLs U fAseniinduiloUsinaves Pt iiuay mnsifiansanainnudunsainain y-

ALO; M3 Pt Fs8anizagiu v-ALO; msazdwmaliarudunsnanas e %Pt iRy vivdl

Y

W7 vﬁﬁuu‘@%’]u%’]ﬂ’]ﬂ’muLUUﬂiﬂLﬂWﬂ’]ﬂﬂ’]iﬁ yaUAIUDY HCl "UQLUUN@W@@SI@QWH%U@@H wet

Y

impregnation IngagiiU3asnntudledinisld HPtcls Tuvniigaty

P31 3 M15sERsEN TR 1IN MTeIRLTUgAselunsaaduieasusuieuenlyd lievinen

AINIEBMTY Pt VuiulIfssUfAzen Armnudunsavesiaseuisen suidsinsosaznns
WaguwUaduaz Ansideniindimizues 1,2 waz 1,3-nswmuleda annujisennisiasuniigesu
Tneld 29, 5% uaz 8%Pt/WO,/y-ALOs 1Uussaufizen

co Total . Selectivity (%)*
o Conversion
absorbed Pt dispersion Acidity
Catalyst of glycerol
(umol CO/g (%) (mmol o
%
cat) NH_/g cat.) 0 1,3-PDO 1,2-PDO
Z%Pt/WOX/'Y—ALZO3 50.4 25.2 1.58 34.7 213 2.7
5%Pt/WOX/'Y—ALZO3 103.8 20.75 2.01 44.1 32.5 1.2
8%P’[/WOX/}/—ALZO3 147.2 18.39 2.58 60.16 16.9 1.16

*ailaAuIMaImAlla gas chromatography

N1sAnw eI ANFLTUSYOIUSUIM Pt vaeissuisenwtin P/WO,/y-ALOs forTae
azxmsUfsuuwlasazAmsidioniindiingves 1,2 uag 1,3-Insnulada wudnlleduuna Pt geu
Y d' =1 ¥ a' dn( (v c{' 1 [ U & a o
A1FegarnsiUdsuiUasdiludlduivgludananslunisnan 3 egrslsiony Andeniindnizves
1,3-Insinulada aeduegralitvdAgllaiiudunnain 2% Wy 5% wazanainiiasailousuna Pt
Fady 8% A deniAnsmzves 1,2-Insinulnsa anasninAsusiotfiuysunn Pt vieilas sUlen
SloUTun Pt gsluauisUiinaiungaudmis Usina 1,3 nsmuleda fildasiiigetu udidle
dinUSinad Pt annndanngauaiulsina 1,3 nsmulada ndvanasluvasfiandosaznis

d' QI dn( Y @ 1 d'd a 1 1 d' 1 aaa

WA ULUAINLTY WEAILLTNIN TuszuunTUSUN Pt 41NNINAIIANNS @Y JBUULIIUN N8N

wWasundweiuluiluansulindu Jso199xdiusunumisusu 1-2 sznen danwauziduiig (over-
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hydrogenation) @slun1sinnisnaaesdeliiinisasiainiievsdsdansousuiuarsuug 11

Ya o o o X A A a a v = o 8 v
AauziIdedinnuaulalunisnsaind WenraunsossyrlauazUSunananasslidus Jaagiili
Whlanalnnisiieufasentaluddusialy

a v

Q”J%lé’wmaaumsw‘fgﬁ (reusability) ¥9963139UJAT87 29%Pt/WO,/y-ALO; kasfnyn
mmmm3a1umil,i'w§ﬁ%wuaq reduced 2%Pt*/WO,/y-Al,O3 Viﬁsiaﬁﬁaaazﬂmﬂ?iaul,maqLLaz
AmsdoniAndumzues 1,2 uay 1,3 Insmulada lngldnnzuftenfuldnadandunisd 4
%"’aLLamIﬁLﬁu’jmammmsalumniaﬂﬁﬁ%msuaq 29%Pt/WO, y—Alegi‘Uﬂ%’j\‘I‘ﬁﬁ@ﬂ 38 “used
2%Pt/WO,/y-Al,03” aﬂaﬂf\]’lﬂﬂ’]iﬁﬂﬂﬁﬁ%mﬂ%ﬂLLiﬂUi%ﬂJ’lm 12% vesAnFosaymaiUAsuLlas way
19% Y99ANISEBNANTNNIZDY 1,3 In-5inulada waviniiansanauainnsalunisssugisen
909 reduced 29%PH/WO,/y-ALO; wuifinsTiaSesaznsiUasunlasweniimesuiiiioufs gle

U 29%Pt/WO,/y-ALO; uildllvnandaeiiidu 1,2 uar 1,3 Insmulada

Selectivity (%)
Conversion of

Catalyst Pressure (bar) glycerol (%) 1,3-propanediol 12
propanediol
2%4PUWO,Jy-ALO, 5 366 216 20
Used 2%PYWO,Jy-Al,O; 5 322 17.5 .4
Reduced 2%Pt*/WOx/y-Al203 5 28.1 - -

A1519 4 LANIANSPATNTIUABULUAAE ANNTISEDMNNAIINIZYBY 1,2 e 1,3-Inswmulnda 210

Ug’jﬁ%mmnﬂﬁlauﬂﬁmﬁu Tagld 296Pt/WO,/v-AlLOs, used 2%Pt/WO,/y-AlLOs hay reduced
296Pt*/WO,/y-ALOs 1TusLTsUfATeN

MNWIUNANISISIUHATEVBY 2%PH/WO,/v-ALOs ﬁ’miimmimﬁ’uﬁuﬂ NUINAIUEINNTE
TunsisauiGenves 2%6PY/WO,/4-ALOs MFesazmsiUauulasiigauviiaissU jAzendnuasy
ey ustldnsideniinsunizues 1,3 sie 12-Insumulasaduiiuwela LLﬁzﬁﬁﬂﬁ@lﬂﬂﬁﬁfuﬁa
296Pt/WO,/3-AlLOs5 Tuszuuiiannsaissusenmaiudsundiwesudy 1,3 Insmuladalslutas
anusufnglalasiauiisnls Tagluummumussanssunuihnmsuiisend dhadldfelelasaui
Arufugeda 50-100 11§ FevhlddununsHanLaraSuATefieanAntulunssuiunesn
aaulude uasuenanianmmumuissansadinamluudludisiuaswuimardouiigs
Uffsewinazrunszuaunsidnduseflalasiau viorunssuaunsisndulussina jisen
(in situ reduction) \lewaneynalavgunluiifidiavesndiatudugud wazsinaglilunings
Uffsedmnusulelasiougs Wesnnlumawdsudissuizonlifimsriunssuiunsdandu uas
Tfalalnsiaurnudusi fide3dlmwadafnuiilessyuazdusudiavesndinduyes Pt uaz W
UwisUFA3en Weusznoumsdnuinalnmsisaujisensiolu Tneldinada XPs fauduinng
W Ingaedesing
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ayUnan1IAaRLazdalauaLUY

f /\\ e WAy,
\_/////_\‘\\
e / /\\ AT
P < \\.
h SN
3 \
£ / < .
" /NN
: /‘\\/ﬁ\
S 1

Binding Energy (eV)

717 14 uansAiaveERNBIATU WE'AR(7/2) Y89 a) 2%Pt/WO,/AOOH fresh catalyst, b)

29%Pt/WO,/AlOOH used, c) 2%Pt/WO,/AlOOH reduced, d) 2%Pt/WOx/Y-Al,Os fresh, e)
29%Pt/WO,/Y-Al,O3 used, f) 2%Pt/WO,/Y-Al,O5 reduced.

mMsfnwALaveendAduves Pt uaz W lngldinada XPS duandlusuil 14 wuindnavesn
Fatuves 4f(7/2) sadiiaves W UUAISIUNTET 2%Pt/WO,/y-ALOs uae used 2%Pt/WO,/y-Al,O5
fAwvindu +6 wandiiuinnsaemdidnaseuannszuIunis spill-over vasinalelasiausening
Pt war W anvaglilliiAnduluszuuisesufisend iledlsuidssiunisdnunlas Wang uazeme
(Chemsuschem, 2016) Fswuaniavoandindu +5 vuitufavessusiisefifosusznauieatiu
TuvasieatuAaveendinduves Pt VUALIIURATEN 2%P/WO/y-ALOs way used 2%Pt/WO,/y-
ALO; nmsfnwlaemaila XPS u liausaszymiuiueuld esndyaravesesdita af

¥94 Pt dn1sdfowriuiu 3p ves Al FalluSunaumnnndt vilvldanunsawdsea Pt 1o etinenued3de

Tauufgruaestonil
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1) ﬂ"]Lamaaﬂ%m%’uuuéfuiwﬁﬁ%m 2%Pt/WO,/y-AlL,Os Way used 2%Pt/WO,/y-AlL,O5 81aax Ly
Wity 0 uagmaiAnUfRzee ez lildinunsyuuns spill-over vaslelasaudainiAniuayniaun
Tulangdadanaveondindudugud uaziileiouiuauannsolunisisaufisorves reduced
296Pt*/WO,/y-ALOs Fail Pt ﬁﬁﬁ%aﬁuaaﬂ%msﬁ"mﬂu@ué WwamiLi'qUﬁﬁ%mﬁmmﬁ’ulaimLﬁ]uﬁﬁ‘ﬁ'

WANANY TPEYRAVDINAR NN LALAINUAINULA S AULT S

2) M0 Pt UBd 2%PYWO,/y-ALOs Wae used 2%PY/WO,/y-ALOs gn3atdluseniteljizen
hydrogenolysis Ausulalasiaus synaunlulane Pt IiaTuesazdvuafidnniteuniauy

reduced 29%Pt*/WO,/y-AlL,O; Fedanaliauanunsatunsseufizensineiu

= a Y Y vy v s 1Al Y aaa = M Y a
PNMsAnwINnatduliaiiesiauiiriifetunalnuisen deravzlildiinly
a da o & = Jo v = = %
sUsuunninMsNenublluummumnssanssy MillmsAnwlfiesnisnfnulagazideaiey
wAlindug WeBudunisfunuasinuiung saufnsfnuliauasUsunamnanasslaviinguqly
UfAseieiouleamanuduiusuadnusauenanienmeeddissujiseuazanuanunsasiu i

nalanistssufizen
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Effect of Calcination Temperature and Support Type of
Pt/WOx/boehmite Catalyst on 1,3-propanediol Production
from Hydrogenolysis of Glycerol
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Abstract. Hydrogenolysis of glycerol to 1,3-PDO was tested over different catalysts. To enhance
1,3-PDO selectivity, our work raised the calcination temperature from 800 °C to 900 °C that
promoted Bronsted acidity, glycerol conversion and 1,3-PDO selectivity under the mild reaction
condition (140 °C, 0.5 MPa). Glycerol conversion gradually raised from 32.8% to 36.6% and
1,3-PDO selectivity mildly increased from 18.2% to 21.2%. The loading of SiO, into Pt/ WOx/y-
Al,O3 had extremely favorable effects on 1,3-PDO selectivity because the amount of Bronsted
acid sites increased significantly as confirmed by NH3-IR.

1. Introduction

Nowadays, the industrial manufacturing has a policy to promote the production of biodiesel from natural
products in order to reduce the import of petroleum, in which the price is unpredictable and the loss of
currency could be huge. The renewable biodiesel is an alternative energy, where its impact and
significance have drawn tremendous interest both industrially and acedemically. Biodiesel can be made
from various renewable sources such as plant oil, animal fat, waste cooking oil, etc.

Normally, biodiesel is acquired from the tranesterification method of triglyceride (fat and oil) in
which 90% of methyl ester (biodiesel) and 10% of glycerol are created. Likewise, glycerol can be
produced from saponification process and hydrolysis reaction. It is in concern that huge amounts of
glycerol are synthesized in biodiesel reaction. The tranesterification process generated biodiesel and
glycerol at a volumetric ratio of 10:1, so for every 1 m3 of biodiesel, 0.1 of crude glycerol is obtained
[1].

Glycerol is a valuable byproduct because it can be used in several applications for the industry. In
the past, glycerol has more than two thousand different applications, especially in pharmaceuticals,
personal care, foods and cosmetics. Glycerol is a nontoxic, editable, biodegradable feedstock. So, it will
support significant environmental benefits to the new principles products. Glycerol is mainly used in the
process of drugs, medicine and pharmaceuticals for the purpose of dissolving drug, giving the pills
humidity and enhancement the viscosity of liquid drugs [2]. Glycerine or glycerol is an outstanding
solvent of iodine, bromine, phenol, tannins, alkaloids, and mercury chloride [3]. Accordingly, all
applications are not enough to manage amounts of surplus glycerol in global. Thus, the new valuable
product is desired to get rid of an excess glycerol.



Essentially, new applications or new value-added products from glycerol must have been created by
various pathways of chemical reaction. In the past, there were so many conversion processes of glycerol
that have been reported including oxidation, dehydration, esterification, acetylation, reforming,
hydrogenolysis, etherification, ammoxidation, acetalization and emzymatic reactions [4].

The entire products from alteration of glycerol, 1,3-propanediol and 1,2-propanediol are main
products of hydrogenolysis reaction from glycerol because these two chemicals are essential substances
in the process of synthesizing products or goods in the market. 1,2- propanediol is harmless chemical
that can be synthesized and used as antifreeze deicing agents, pharmaceuticals, food, cosmetics, liquid
detergents, flavorings and personal care products [5], since 1,3-propanediol can be used for various
applications, especially as an intermediate to produce polymethylene terephthalate (PTT), polyether and
polyurethane [6]. From the molecular structure, glycerol has one more —OH group than propanediol, so
the hydrogenolysis reaction of glycerol to propanediol contains of the removal of one H,O and the
addition of one H2 molecule. The mechanism of hydrogenolysis reaction of glycerol can be divided into
3 types: dehydration-hydrogenation, dehydrogenation-dehydration-hydrogenation and direct glycerol
hydrogenolysis [7]. Exactly, the mechanism should be specific, however it depends on the properties of
catalyst used in reaction, such as the different acid-base catalysts, which can lead to different reaction
mechanisms including the stability of intermediate in the reaction [8].

According to the literature, the hydrogenolysis catalysts have been applied in the hydrogenolysis
reaction. It is found that there are two main functions to the selected catalyst for the hydrogenolysis
reaction. First, the acidity or basicity of catalyst used to eliminate an OH-group. Mostly, metal oxides
or acidic or basic support are used to provide acid-base function. The other one is the oxidation -
reduction of hydrogen in the hydrogenolysis reaction. By the way, a lot of metals are also used as
catalyst. It can be divided into 2 groups: transition metals (Cu, Ni, Co, etc.) [9-11] or noble metal (Pt,
Ir, Ru, etc.) [12, 13]. Noble metals have remarkable properties in the oxidation-reduction reaction of
hydrogen in the hydrogenolysis process. Kurosaka et al. reported that hydrogenolysis of glycerol
reaction over Pt/WO3/ZrO, catalyst in DMI gave 28% selectivity to 1,3-propanediol at 86% conversion
[14]. Zhu et al. using Pt-H4SiW12040/SiO; catalyst in aqueous phase at 200 °C, 6 MPa, showed 31.4%
yield of 1,3- propanediol and 64.5% glycerol conversion [15]. Tao et al. carried out mesoporous WO3
supported Pt catalyst afforded 18.0% conversion of glycerol and 39.2% selectivity for 1,3-propanediol
[15]. In 2010-2012, Shinmi and Tomishige reported the use of Rh-ReOx/SiO; and Ir-ReO,/SiO; as
catalysts for hydrogenolysis reaction of glycerol in water. The condition of reaction is 120 °C and 8
MPa. The result showed high yield of 1,3- propanediol. The mechanism of reaction is direct glycerol
hydrogenolysis (route 3, scheme 1). Glycerol is adsorbed on surface of ReOx cluster at the terminal or
middle position to generate 2,3-dihydroxypropoxide and 1,3-dihydroxypropoxide, respectively. Next,
hydrogen activated on Ir metal attacks on 2-position of 2,3-dihydroxypropoxide to form 3-
hydroxypropoxide. The hydrolysis of 3-hydroxypropoxide produces 1,3-propanediol. If hydrogen
attacks on 3-position of 1,3-dihydroxypropoxide, the product will be 1,2- propanediol [16-18]. Quin et
al. reported Pt/WOs/ZrO; catalyst at 130 °C and 4 MPa and showed a high yield of 1,3- propanediol
(32%) [19]. Gong et al. obtained 15.3% glycerol conversion and 50.5% 1,3-propanediol selectivity over
Pt/WO3/Ti0,/Si0; catalyst. [20]. In 2014, Kaneda et al. reported using Pt/'WO3/**‘AIOOH’’ catalyst to
obtain the highest 66% 1,3-propanediol because of the abundant of Al-OH groups in boehmite support
[21].

From previous work, the hydrogenolysis reaction of glycerol was carried out at high pressure and
temperature. So, our study was performed in mild condition and varied different supports by adding
Si0; and different calcination temperatures of “AIOOH” (800 °C and 900 °C).



Sheme 1. The pathways of glycerol to propaindiol by hydrogenolpysis [22].

2. Experimental

2.1. Chemicals

1,3-propanediol (1,3-PDO), 1,2-propanediol (1,2-PDO) were purchased from Wako Pure Chemicals Co.
Chloroplatinic acid (H2PtCl6), glycerol, ammonium (Meta) tungstate were purchased from Sigma-
Aldrich, colloidal silica and boehmite (AIOOH) were obtained from the Taimei Chemicals Co. colloidal
silica.

2.2. Catalyst preparation

Catalysts were prepared by wet-impregnation method. First, AMT 1.165 g was added to a 150 mL flask
dissolved in 100 mL distilled water until AMT was completely dissolved and 10 g of boehmite was
added to the solution and stirred at room temperature for 16 h. The catalyst product was separated by
filtration and dried at 383 °C for 12 h. The solid catalyst was crushed into fine powder, following by
calcination at 800 °C and 900 °C under a static air atmosphere for 3 h to get WOx/AIOOH (White
Powder).

2%Pt/WO,/AIOOH was obtained from H>PtCls 0.216 mmol (0.103 g ) dissolved in 50 mL
distilled water in 100 mL flask and 2 g of boehmite-supported WOy (WOx/AIOOH) was added to this
solution, following by stirring at room temperature for 16 h, and then evaporation to dryness at 110 °C.
The catalyst having pale yellow solid was crushed into fine powder and calcined at 300 °C under a static
air atmosphere for 3 h. to obtain 2%Pt/WO/AlIOOH.

Physical mixing between SiO; calcined at 550 °C (1 g) and “AlOOH” calcined at 900 °C (1g) to
obtain SiO,-y-Al,O; support. Then, AMT (1.165g) solution was impregnated on SiO,-y-Al,O3 and dried
at 110 °C for 12 h, following by calcination at 500 °C for 8 h. After that WO/SiO,-y-Al,O3 was
impregnated with H,PtCls 0.216 mmol (0.103 g) to obtain 2%Pt/WO,/Si0,-y-Al,Os catalyst.



2.3. Catalytic reaction procedure

The hydrogenolysis reaction was performed in a 100 mL stainless steel autoclave equipped with Teflon
vessel. Typically, 10 mmol of glycerol was added to 30 mL distilled water and 1.5 g of catalyst was
placed in vessel. The reactor was stirred at 800 rpm, purged three times with H, at 0.5 MPa, and then
heated to 140 °C, pressurized to 0.5 MPa for 12 h. After that the reactor was cooled in an ice-water bath
and the hydrogen gas was carefully released. The liquid product was analyzed by GC equipped with a
flame ionization detector (FID) and a DB-WAX capillary column (30m x 0.32mm x 0.25um).Product
analysis

The glycerol conversion and selectivity of product were calculated from the following equation:

C fon (%) Moles of introduced substrate - Moles of remained substrate 100 |
= X
onversion 17 Moles of introduced substrate (D

Selectivity (%) Moles of one product X 100 5
crectvly 17 Moles of all product @)

2.4. Catalyst characterization

The X-ray diffraction (XRD) patterns were analyzed by X- ray diffractometer) Bruker D8 Advance)
using Cu Ka irradiation at range between 10 ° and 90 © with a step  of 0.05s-1.The lattice parameter
and d-spacing were calculated based on Bragg’s law. Crystallite size was calculated by Scherrer
equation.

Scanning electron microscope (SEM), the elemental distribution on a surface of the catalysts was
investigated with SEM-EDX using Link Isis series 300 program SEM (JEOL model JSM-5800LV).

IR spectra of ammonia adsorption were recorded with Bruker Vertex-70 FT-IR spectrometer
equipped with a Harrick Praying Mantis attachment for diffuse reflectance spectroscopy. About 20-25
mg of sample was placed in a Harrick cell. The sample was heated to 500 °C at a heating rate of 10
°C/min under N, gas. Holding the temperature for 1 h under H»/N, gas. Then, the sample was heated to
550 °C at a heating rate of 10 °C/min under N, gas. The sample was cooled to 40 °C. After that the
sample was saturated with 15% NHi/He for 30 min. The physisorbed ammonia was desorbed in a
nitrogen gas flow about 1 h. The spectra were collected using a MCT detector.

3. Results and discussion

3.1. Catalyst characterization

As seen in Figure 1, the X-ray diffraction (XRD) patterns did not show any peaks of WOy species
suggesting that tungsten was well dispersed over surface supports. The diffraction peaks of crystalline
y-alumina at 20 = 37.5°, 45.4, 66.9° [24] were observed. Pt/WOx/AIOOH catalyst was not reduced in
H,, so the peaks at 20 values of 46.6°, 54.5° and 80.3° were corresponding to PtO; [25].

Figure 2. Shows the SEM image of Pt/WOx/AIOOH, catalyst that was highly crystalline. Pt and
tungsten oxides have good dispersion on surface of support.

IR spectra of ammonia adsorption obtained after NH; adsorption are shown in Table 1. According to
the literature [23], Bronsted and Lewis acid sites are simply identified and notable by examination of
the 11001800 cm™ range. The band at 1454 cm™' is characteristic of symmetric deformation mode of
the protonated NH; (NH*") coordinated to Bronsted acid. The band at 1260 cm™' is corresponding to
the symmetric deformation mode of ammonia coordinated to Lewis acid sites. The total acidity is as
follows; Pt/WOy/y-Al,03 > Pt/WOy/Si0,-y-Al,03 > Pt/WO,/AIOOH.

As shown in table 1, the addition of SiO, improved Bronsted acidity and the increase in calcination
temperature from 800 °C — 900 °C enhanced Bronsted acidity as shown in figure 3.



Figure 1. XRD patterns of a) fresh Pt/WOx/AIOOH,
b) PtYWO,/AIOOH used, ¢) WOx/AIOOH, and d) WO/y-Al,O3

53400 15,0kV 6 4mm %350 S

Figure 2. SEM image of a.) Fresh Pt/WO,/AIOOH catalyst,b.) Pt distribution, and c.) W distribution,
obtained from SEM-EDX.

Table 1. The amounts of Bronsted and Lewis acid sites over the catalysts determined from the in situ

DRIFTS of adsorbed NHs.
Catalyst Lewis acid Bronsted acid B/L Total acidity (a.u.)
(aun.) (au.) acidity
2%Pt/WO/AIOOH 53 11.9 2.3 17.2
2%Pt/WO/y-AlLO3 5.5 11.2 3.1 22.7
2%Pt/WO/SiOx-y- 1.6 19.0 12.1 20.6

ALO3




Figure 3. FTIR of adsorbed NH3 on fresh 2%Pt/WO,/AIOOH (calcined at 800 °C), fresh
2%Pt/WOy/y-Al,O3 (calcined at 900 °C) and 2%Pt/WO/Si0,-Al,0; catalysts.

3.2. Influence of H; pressure

Figure 4. [llustrates the effect of H, pressure on hydrogenolysis of glycerol over Pt/WO4/AIOOH catalyst
at 140 °C and 0.5 MPa, which is mildly condition. Glycerol conversion enhanced with increasing of H,
pressure in range from 0.1-0.5 MPa, associated with the increase of 1,3-PDO selectivity. There is no
significant change of 1,2-PDO. The optimal glycerol conversion and selectivity of 1,3-PDO were 32.8%
and 18.2% , respectively. In summary, the increase of 1,3-PDO may be due to enhanced hydrogenation
rate and raise in the stimulate hydrogen species formed on Pt/WOx/AIOOH catalyst.[15, 22]
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Figure 4. Influence of initial hydrogen pressure on the hydrogenolysis of glycerol over the
Pt/WO,/AIOOH catalyst.



3.3. Influence of support to catalytic activity

Figure 5. shows the experimental result of hydrogenolysis of glycerol over different catalysts. It was
found that Pt/WO,/Si0,-y-AL,O3 catalyst gave a remarkable 1,3-PDO selectivity (31.2% at 140° C, 0.5
MPa). Acordding to result of NH3-IR, Pt/WO,/SiO,-y-Al,O3 exhibited the highest Bronsted acid site
leading to improved 1,3-PDO selectivity and silica has a strong affinity for glycerol, which was found
in the etherification and esterification of glycerol reaction.[15, 20, 26, 27]. The different calcination
temperatures affected to increased glycerol conversion and 1,3-PDO selectivity because total acidity
and Bronsted acid site increased after calcined at 900 °C (34.6% glycerol conversion, 21.6% 1,3-
selectivity). Bronsted acid site plays key role in dehydration of glycerol transfer to 3-HPA as an
intermediate chemical in reaction. The hydrogenation of the intermediate on metal sites produces 1,3-
PDO.[28]

Figure 5. Glycerol conversion and product selectivity obtained from hydrogenolysis of glecerol over
diferrent catalysts.

4. Conclusions

Our study has shown that the mild condition to carry out hydrogenolysis of glycerol reaction was
selective to form 1,3-PDO depending on Bronsted acid site leading to high 1,3-PDO selectivity. The
Si0, addition as support notably increased Bronsted acidity and H, pressure also influenced on the
formation of 1,3-PDO.
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