Abstract

Project Code : RSA5980074

Project Title : Development of highly active and stable tungstated zirconia catalysts
admixed with a CuO-ZnO-ZrO, catalyst for direct synthesis of dimethyl
ether (DME) from CO, hydrogenation

Investigator : Assoc. Prof. Dr. Thongthai Witoon
E-mail Address : fengttwi@ku.ac.th

Project Period : 3 years

1. Abstract

In this work, tungstate (W) loaded on ZrO, and Al,O; were prepared and used in a
combination with a Cu/ZnO/ZrO, catalyst for the direct synthesis of dimethyl ether (DME) from CO,
hydrogenation. The effect of calcination temperature of ZrO, support on the physicochemical
properties of WO,/ZrO, catalysts was investigated. The calcination temperature was found to play
a crucial role on the physicochemical properties of the WO,/ZrO, catalysts as well as their catalytic
performance. Increasing calcination temperature from 600 to 800 °Cled to a gradual increase of
W surface density (2.82-4.82 W nm'z) which was accompanied by an increase of both quantity and

strength of acid sites. The WO,/ZrO, catalyst calcined at 900 °C showed W surface density of

9.63 W nm’ which was higher than theoretical monolayer surface coverage of W (~8 W nmhz),
indicating the saturation coverage of WO, species coexisted with a small portion of nanocrystalline

WO,. At calcination temperature of 1000 0C, the monoclinic ZrO,, bulk WO particles and ZrW,Ogq

phase were formed because of a drastic reduction in BET surface area (~5 ng_1). The CuO-ZnO-
ZrO, catalyst admixed with WO,/ZrO, catalyst calcined at 900 °C exhibited the highest space-time
yield of DME of 271.2 gpue kgcat'1 h' during a 48-hour test at 260 °C, 30 bars and a space velocity

of 4333.33 mL gy h -



In addition to the calcination temperature, we also studied the effect of pore sizes (6.6, 33
and 51 nm) of AlLO; support and W loading contents (5, 10, 15 and 20 wt%) on the
physicochemical properties of WO,/Al,O; catalysts as well as their catalytic performance.
Characterization results from XRD, XPS and UV-vis revealed that the structure of WO, species on
the surface of Al,O; was mainly related to W surface density, i.e. W loading content, which can be
classified into three regions: a mixture of monotungstate species and polytungstate species at W

surface density < 5.1 W nm-2 , @ monolayer coverage of WO, species over the surface of Al,O; at

W surface density ~5.1 W nm_2 and a co-existence of polytungstate species and WO3
nanoparticles at W surface density > 5.1 W nm-z. The space—time yield (STY) of DME exhibited a

volcanic trend as a function of W surface density with the maximum values at nearly monolayer

coverage (~4.7 W nm_2 ) for large pores (33 and 51 nm), and above monolayer coverage (8.0 W
nm_2 ) for small pore (6.6 nm). The hybrid catalyst with optimum Cu-ZnO-ZrO, and WO,/Al,O4
weight ratio of 1:5 achieved the highest STY of DME of 165.6 gpue kgcat-1 h'1. The long-term
stability test showed a gradual decrease in activity of the hybrid catalyst which was attributed to a
combination of coke deposition, sintering of Cu-based catalyst and WO,/Al,O5 catalyst and strongly
adsorbed water molecules. It was also found that the WO,/ZrO, catalysts were more active and

stable than the WO,/A,IO; catalysts.

Twnwddelh s fisonrissausasivuwsesladiouazazgiihgniaiouussdio iy
(o ' aaa € a 6 6 = ° ot g a A
asslnisenetilai-Gedesnlod-traslaiflsdgmiunssiinnztlawiadinaslasasean
Ujfsnlalasiiutusasianisvenlasanlod navasgungiilunisuaaloidisesiviaslaiiade
ANBIENIIMEMNLEENIIATVIALTIU AT WO,/Zr0, ONATIIFAL wudwqm%nﬂﬁuﬂa%ﬁﬁwa
aguINdaguanNI Mo INLazN L dvasasslfisen Wozro, asaaaundsz&ntainluns
Uit maingunniilunisueslaain 600 1w 800 asriaafos shldgnaiuzasniy
WHLUUAIRIAUUUABED 90 2.82 1ln 4.82 azpauridaaudaa s awluaas Gafansoununs
a & a & A A, aa A A = &
WnduvaslTanauazanuudiusssasiunisshndenudunie Weaikngmngdlunisuaaloidu
900 a9 TALEHE USHN AR ILUBNIRIORUBARAILRNLTY 9.63 azAauTIsLAUAaA1T1IW L
Wwas MidwnnidamnlnaguidesnisawisiTuasaungeg tisanitiansauaived
o 6 & A o 1 Aaana A [ ¢ a & T v a A
risianean loduuiuiiausad jisouasimluissmauaanladiiodunanagdis  Namngdlu
miuaaleit 1000 aseaidavhlfiiawalaluadfinaslails aymanssauaanlodumalng
U8z W& ZrW,0, HhasanmIaasstaswuiidiaaeslafioadsann (5 MT9WATRENIY) @133

U581 Cu0-Zn0-Zr0, WRUNU WO/ZrO, Nuaalwidi 900 asraaifus Wana lauaslaluiia



Binafgaganindu 271.2 niulawdiadimesaedlansuduss fismdetalue dmsuszuznalums
v §ATenivin 48 Falag gaunndlun1avid Jisen 260 asenioaiBus aua 30 U3 uazdaIINg
Inavasfayiniy 4333.33 fadfasdensudialfAsodatalus

wanInHazasgrndlumiuaa loddasesivimeslafioud mu%”af:ﬂ'ﬁﬂmwamawm@g
Wik (6.6, 33 uaz 51 wilwwuad) vassrvesILazgdun uazdSinmriamau (5, 10, 15 uaz 20
wesigudlaginnein) GAFNUANIIMENINLEZNIIATVIRTIUJATET  WOJALO;  TIwdy
UszEninmwlumaissd fisemwanisdieszdamuimaiia XRD, XPS uaz UV-Vis wuiilassaseues
ﬁdamuaaﬂvl,én@iruuﬁ?uﬁwaaazgﬁmﬁmmﬁuw”uﬁﬁ'u ANMIRINUUWTIIARLUARAY  D9813150
swnnlaidn 3 veva Idun 1) Tassaonsusznirsluluriomen fulwariisan fianunwiwin
FIRLABUUARATINTN 5.1 azaourismandom e lmuas 2) msﬂﬂﬂguﬁ'ﬁ’maaﬁ'aammﬁm
UL TN UMW I RARUUARRI T2 T 5.1 D2ANTIRLARAEATIWILAAT Uas 3) M3
agnusaslninisanuazaymariisiauaan loduuwalng Aua lavaslawfiadinaiuaay
LL%’)If(&JJ)uL“U’IVLW%uﬁ'Uﬂ%&J’]mﬂ’J’m%u’iLLﬂuﬁ'\‘]m@luuuﬁVuﬁ’JLLazﬁﬂ'WNﬁﬂﬁ%@lﬂﬁﬁﬂﬂﬁiﬂﬂﬂ@&lﬁﬁ’)
POINITAWNITWLEDY (4.7 D2AONTIIABADANTIIWILLAAT) ﬁﬁﬁ%’ﬂ@"”;ddﬂﬁﬁ%ﬂwﬁﬁgw;u 33
uaz 51 wiluiuas LLa:ﬁ@hmﬂq@mﬁamsﬂﬂm;w‘ﬁ'ﬁwaaﬁ’aammﬁmﬁzul,ﬁm (8.0 DzAANTIIALA
daaawluiuas) f,%m%'uéﬁL%ﬂﬂg’jﬁ%mﬁﬁgwgumu’mLﬁnwi’lﬁu 6.6 wiluwes aUn3en
CuO-Zn0-ZrO, WFUNLU WO,/ALO; ASATEIMINMGN 1605 W@hwa"L@Tmae"L@Luﬁaé‘mafgoqmmﬁ'u
165.6 niulawfisdmasdaflansudaisljisundatalus wammesauiadosmwluniaselfAsen
wumssasszasanaiashuasdisl jisowandiaiunsldanmaufaldn mamaauninvadlans
ﬂaﬂLﬂaﬂLﬂzﬂﬂigwﬁJﬁ’]aﬂ’wLLﬁdLLNU%@T’JLiGﬂﬁﬁ%U’] WO,/ALO;  WAzEIWUIIAL39UJATEN
WO,/ZrO, catalysts ﬁmwmmmlumsn’aﬂﬁﬁ%mmsﬁaﬁﬂaaﬂLﬁaNﬁmmuaal,l,azﬁl,aﬁmmw

ANIaIIU AT WO,/A,I0;



	Final Report-RSA59800074-1-cover.pdf
	Final Report-RSA59800074-1.pdf
	2017-1.pdf
	CO2 hydrogenation to methanol over CuO–ZnO–ZrO2–SiO2 catalysts: Effects of SiO2 contents
	1 Introduction
	2 Experimental
	2.1 Catalyst preparation
	2.2 Catalyst characterization
	2.3 Catalytic activity test

	3 Results and discussion
	3.1 Catalyst characterization
	3.2 Catalytic activity results

	4 Conclusions
	Acknowledgements
	References


	2017-2.pdf
	Structure–activity relationships of Fe-Co/K-Al2O3 catalysts calcined at different temperatures for CO2 hydrogenation to light olefins
	Introduction
	Experimental
	Catalyst preparation
	Catalyst characterization
	Catalytic activity test

	Results and discussion
	Catalyst characterization
	Catalytic activity results

	Conclusions
	Acknowledgements
	References


	2018-1.pdf
	Enhanced activity, selectivity and stability of a CuO-ZnO-ZrO2 catalyst by adding graphene oxide for CO2 hydrogenation to methanol
	Introduction
	Experimental
	Preparation of graphene oxide via a modified Hummer’s method
	Catalyst preparation
	Catalyst characterization
	Catalyst activity test

	Results and discussion
	Catalyst characterization
	Catalytic activity tests
	Structure-activity relationships
	Catalyst stability test

	Conclusions
	Acknowledgments
	Supplementary data
	References


	2018-2.pdf
	Direct synthesis of dimethyl ether from CO2 hydrogenation over novel hybrid catalysts containing a Cu?ZnO?ZrO2 catalyst admixed with WOx/Al2O3 catalysts: Effects of pore size of Al2O3 support and W loading content
	Introduction
	Experimental
	Preparation of CuO?ZnO?ZrO2 catalyst
	Preparation of WOx/Al2O3 catalysts
	Catalyst characterization
	Catalytic activity test

	Results and discussion
	Catalyst characterization
	Catalytic activity test
	Structure-activity relationships
	Effect of weight ratios of CuO?ZnO?ZrO2 and 15-AM catalysts
	Long-term stability tests

	Conclusions
	Acknowledgments
	References


	2018-3.pdf
	Direct synthesis of dimethyl ether from CO2 and H2 over novel bifunctional catalysts containing CuO-ZnO-ZrO2 catalyst admixed with WOx/ZrO2 catalysts
	Introduction
	Experimental
	Preparation of CuO-ZnO-ZrO2 catalyst
	Preparation of WOx/ZrO2 catalysts
	Catalysts characterization
	Catalytic activity test

	Results and discussion
	Catalyst characterization
	Catalytic activity tests
	Long-term stability test

	Conclusions
	Acknowledgments
	Supplementary data
	References


	2019-1.pdf
	Development of SO42−–ZrO2 acid catalysts admixed with a CuO-ZnO-ZrO2 catalyst for CO2 hydrogenation to dimethyl ether
	Introduction
	Experimental
	Preparation of high surface area mesoporous ZrO2
	Preparation of sulfated zirconia catalysts
	Preparation of a CuO-ZnO-ZrO2 catalyst
	Catalyst characterization
	Catalytic activity test

	Results and discussion
	Catalysts characterization
	Catalytic activity results

	Conclusions
	Acknowledgments
	References





