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Abstract Driven by advances in the biodiesel industry, converting glycerol, the major byproduct, into valuable chemicals
such as 1,3-propanediol (1,3-PDO) via selective hydrogenolysis has emerged as an important research topic. However, there
is a dearth in the study of the effect of the bi-phase support on the catalytic performance of the Pt-WOx-based catalyst in
glycerol hydrogenolysis. In this contribution, we synthesized bi-phase TiOz (bp-TiO2) materials with varying rutile to anatase
phase ratios using a coordination-mediated self-assembly method by adjusting the amount of HCl added. These materials
were then used as supports for Pt-WOx catalysts to investigate the effect of crystal phase composition of the support on glyc-
erol hydrogenolysis to 1,3-PDO. The Pt-WO./bp-TiO> catalysts were systematically characterized by techniques including
X-ray diffraction (XRD), Raman spectrometry, N2 physisorption, CO pulsed adsorption, transmission electron microscopy
(TEM), pyridine adsorption-Fourier transform infrared spectrometry (Py-IR), temperature-programmed desorption of NH3
(NH3-TPD), and H2 chemisorption, focusing on the phase composition, distribution and dispersion of the Pt and WOx species,
acidic property, and ability of hydrogen spillover. The XRD results revealed that with the increase in the HCI dosage, the
content of the rutile phase in the support increased first, and then decreased, reaching a maximum of 29%. The TEM and
X-ray photoelectron spectroscopy (XPS) results disclosed that the Pt particles and WOx species were inclined to distribute on
the rutile phase. The H> chemisorption results demonstrated that the introduction of the rutile phase greatly enhanced the
hydrogen spillover ability of the catalysts. In glycerol hydrogenolysis, it is identified that the glycerol conversion generally
improved with the increase in the content of the rutile phase in the support, while the selectivity to 1,3-PDO remained virtu-
ally constant at around 60%. Over the Pt-WO./bp-TiO2(4) catalyst with the highest rutile content of 29%, the yield of
1,3-PDO reached the highest value of 30.3%. This catalyst also displayed good stability. It is plausible that the preferential
distribution of the Pt and WOx species on the rutile surface is conducive to the formation of more Pt-WOx interfaces, which
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greatly enhances hydrogen spillover and thus boosts the yield of 1,3-PDO. This work elucidates the important role of the
phase composition of bi-phase TiO2 support on the catalytic performance of the Pt-WOx-based catalyst in glycerol selective
hydrogenolysis, which opens up new avenue for the design of high-performance glycerol hydrogenolysis catalysts by means

of engineering the phase composition of the support.

Keywords bi-phase TiOz; crystal phase composition; glycerol hydrogenolysis; 1,3-propanediol; hydrogen spillover

1 5|8

W A BRAe IR 75 SR P3G AR R = R 3G 5, LB
AL i AR 2 3 e A S A 4 35 k) B 2R A S A
R I A BRI YR 2 — U (AR5
T AR = I AR 2 AR K BN R PR i, TR 2
2025 SFEH AR 400 IR, R, BRREA TS
TN H I R A D v BRI it A A T A T S
Sl kB AR H R A 13-
(1,3-PDO), RIFEAEL4E. SR WARIFRG A 74T L)
iz N T A2 B D ERS), fE H AL S A S 1,3-PDO
MR TR, H AR 52 2 R B 4@ g i ot
F1 Breonsted B8 H O [ XUH REMEALT. — RN N & 8 G 1
WO IR AR B A T, TR MR R B S A H A T
A WY R AE R H I B AR 1,3-PDOIST,
H A P G854 10 0 ) BE A Ak 77 2 ZALHE Tr-ReO, 1
Pt-WO, & &, Hor 5 2 B A A SR A e
KA =6 1,3-PDO 153043312 7 55181,

S P-WO, AL RIERERI R R A, B Pt
A WO TG IS I AIRES . BARIIMERR, DL 2%
&S, R TEIR B 5 TH A BONRAN AL, FE BX T
HGE AL RE T GE AR e MR T B S,
(R A A B A M B S A P TS O A PR FRATT R
RAFER T ZrOr BRI AL (R AR} m-ZrOy; 1977 1-Zr0Oy)
XH M AR TERE R E), R Pt-WO/m-ZrO, fEALF
FRH LSRR 1,3-PDO 15535 A 2] Pt-WO./t-ZrO,
AR —F. RIEZERKY, 210, Bk S5 Pt. WO,
VIRh I AR SR SR, 2 JEERATXO TiO, #ik i (&
LA T p-TiOy; BUERE T a-TiOn) MIVE FHBEAT T 5% EL AT
FEUOL I Pt-WOL/r-TiO, A 77 ) H b A 1 A0
1,3-PDO HIIEFME BEMR T P-WOJ/a-TiO, HEALF).
Xia A 52T TiO, 34 7L 5 0 4b 77 S R
MR R, KU &4 8 TO, it 2k 1 f# 1k 57
(Pt/SW/R-TiO,) F1 1% M BE AR T Bo Bk B TiO, f gk I ik
F(PY/SW/A-TiO,), {HFTE ) 1,3-PDO &M & T /5,
T E 1 1,3-PDO 18R . SRR B ek, AR I
FR FHEZAH TiO; (bp-TiOEN P-WO, AL BAUAFE H
TR BRSO I A iRE. 7R S i N, WK
o I B, Zhou ZEM2R IR A EAH TiO, 7E N #Ek
) Ru AR 105 BTSSR IG B, 78
GRS F, Feng SFPURILLAE A TiO, AEA
(1) Rh fEALF] 1 1) 2 B A5 26 w5y T SRR i At 471 25 284
F 4 )@ Rh AL,

Acta Chim. Sinica 2025, 83, 332—340

© 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

TEARTAER, BATSE Z /T SCwk TAEM, SR AR
P | A2k, iR HCL AR, 58T —&
H AL AT IR R bp-TiO2(m)# R}, Horb n AREE bp-TiO,
BRI AR AN IR BB 1 R (g), AR EUA
il T Pt-WO/bp-TiO2(n) AT, 45E RGMPNER
RAESHEACTEREVEANY, FRATI B T 2k Al TSR
YA T AU, PAK P-WO, FHE R 5 H ik ek
SR E 1,3-PDO SRR MR, IR B A 7
BT ) S

2 #R5WE
2.1 EUFIRIEER
2.1.1 A KA R A4 A

Kl 1 4 Pt-WO./bp-TiOa(n) R G AL T 1 X S 2647 5
(XRD)i. Pt-WO./bp-TiOx()EALFTITE 20 v 25.3°, 37.8°
FT 48.0°4 4B T 41 5kH %Y TiIOL,(JCPDS 21-1272)HI4FAE
FTaE, AR MEATIRR T BT AH AT S 1641, IBTE 20
N 27.4°, 36.1°F1 54.3° 4B T &4 A% TiO(JCPDS
21-1276) FIRFAEAT S . X 3R B S fE S A ) 2 i A2 v )
WERBR &N 1.0 g, BUR TR AR BLER A, T 249K
SRR NE 2.0 g X LA B, FFIEHINEA A, 72

Intensity
(

A A a8
‘ JCPDS 21-1276

‘ JCPDS 21-127
S I TR
10 20 30 40 50 60 70 80
201(°)

B 1 (a) Pt-WO/bp-TiOy(1), (b) Pt-WO,/bp-TiO5(2), (c) Pt-WO,/
bp-Ti0,(3), (d) Pt-WO/bp-TiO(4) i (e) Pt-WO,/bp-TiO,(5) 1L 7 1)
XRD i

Figure 1 The XRD patterns of the (a) Pt-WO./bp-TiOx(1), (b)
Pt-WO,/bp-TiO(2), (¢) Pt-WO,/bp-TiO(3), (d) Pt-WO,/bp-TiOx(4), and
(e) Pt-WO,/bp-TiO,(5) catalysts
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Table 1 The phase composition and the Pt dispersion properties of the Pt-WO,/bp-TiO(n) catalysts

Catalyst WaY% W% Dv1% Spl/(mPegp, ") dp’/nm
PLWO./bp-TiOx(1) 100 0 25 62 45
Pt-WO,/bp-TiOx(2) 93 7 5 12 23.0
Pt-WO,/bp-TiOx(3) 81 19 14 34 8.1
PL-WO./bp-TiOx(4) 71 29 21 51 55
PL-WO,/bp-TiOx(5) 75 25 26 64 43

“Calculated from XRD results. wg represents the mass fraction of rutile, and wx represents the mass fraction of anatase. * Determined by CO pulsed adsorption.

2 Pt-WO/bp-TiO(n) AT HIFE AWk M 57
Table 2 The basic physicochemical properties of the Pt-WO,/bp-TiO,(n) catalysts

Catalyst w(Pt)*/% w(W)*/% Sper’/(m?eg ™) Voo /(cm®sg ™) dpore’/mm
Pt-WO,/bp-TiOx(1) 18 6.7 190 033 6.9
Pt-WO,/bp-TiO,(2) 1.9 6.8 149 0.45 12.2
Pt-WO./bp-TiOx(3) 1.9 7.0 141 032 9.4
Pt-WO,/bp-TiOx(4) 2.0 6.9 161 0.32 7.9
PL-WO,/bp-TiOA(5) 1.9 6.9 160 0.38 9.5

@ Obtained by ICP-OES. ¢ Determined by N, physisorption.

334 http://sioc-journal.cn © 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

Acta Chim. Sinica 2025, 83, 332—340



~170.324 nm
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Figure 2 The HRTEM images, HAADF-STEM images, and Pt particle size distribution histograms of the (a) Pt-WO./bp-TiOy(1), (b)
Pt-WO,/bp-Ti0,(2), (¢) Pt-WO,/bp-Ti0,(3), (d) Pt-WO,/bp-Ti0x(4), and () Pt-WO,/bp-TiO,(5) catalysts

B3 (a) Pt-WO,/bp-TiOy(1), (b) Pt-WO,/bp-TiOx(2), (c) Pt-WO,/bp-TiOy(3), (d) Pt-WO,/bp-TiO(4)F(e) Pt-WO,/bp-TiO(5)HEAL 7K STEM & - F1
EDS Ji# 431 &

Figure 3 The STEM images and EDS mapping images of the (a) Pt-WO.,/bp-TiOy(1), (b) Pt-WO./bp-TiO,(2), (c) Pt-WO./bp-TiO,(3), (d)
Pt-WO,/bp-TiO,(4), and (e) Pt-WO,/bp-TiO,(5) catalysts
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Figure 4 The Raman spectra of the (a) Pt-WO,/bp-TiOy(1), (b)
Pt-WO,/bp-TiO»(2), (c) Pt-WO,/bp-TiO,(3), (d) Pt-WO,/bp-TiOx(4), and
(e) Pt-WO.,/bp-Ti0,(5) catalysts
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Figure 5 (A) The Pt 4f and (B) W 4f spectra of the (a)
Pt-WO,/bp-TiOy(1), (b) Pt-WO,/bp-TiO4(2), (c) Pt-WO./bp-TiO4(3), (d)
Pt-WO.,/bp-Ti0,(4), and (e) Pt-WO,/bp-TiO,(5) catalysts
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Table 3 The XPS fitting results of the Pt-WO,/bp-TiO,(n) catalysts

4f;, BE/eV . -
Catalyst e oo p— p— PE/(P"+Pt*) WHH(WE+ W) (PYTi)"/% (W/Ti)"/%

Pt-WO,/bp-TiO,(1) 72.6 71.0 35.6 35.1 0.30 0.26 2.9 13.6
Pt-WO,/bp-TiO,(2) 72.8 71.1 35.6 35.0 0.23 0.18 2.9 13.7
Pt-WO,/bp-TiO,(3) 72.6 71.0 35.6 349 0.34 0.17 2.8 13.8
Pt-WO./bp-TiO(4) 72.8 71.2 35.6 349 0.36 0.22 3.1 14.4
Pt-WO.,/bp-TiO,(5) 72.6 71.2 35.6 35.1 0.26 0.24 2.8 14.0

4 Surface atomic ratio.
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Figure 6 (A) The catalytic performance of the Pt-WO,/bp-TiO,(n) catalysts in glycerol hydrogenolysis. (B) The stability test results of glycerol hydro-

genolysis on the Pt-WO,/bp-TiO,(4) catalyst
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Figure 7 The plot of the conversion of glycerol against (A) the content of the rutile phase and (B) the average particle size of Pt of the

Pt-WO.,/bp-Ti0,(n) catalysts
R4 Pt-WO/bp-TiOy(1)5 Pt-WO./bp-TiOL(4) IS L BE S %S L

Table 4 The comparison of hydrogen spillover ability of the Pt-WO,/bp-TiO»(1) and Pt-WO,/bp-TiO,(4) catalysts

+ dp/nm Dp/%
C 1 1 t ajo Pt2+/(Pt0+Pt2 )h H/Pté’
aalys wi'/% TEM® co’ co’ Ho*
Pt-WO,/bp-TiOx(1) 0 030 1.38 45 25 2 0.86
Pt-WO,/bp-TiOx(4) 29 036 1.70 55 21 51 2.03

“Calculated from XRD results. wg represents the mass fraction of rutile. ? Calculated from XPS results. ¢ Calculated from HAADF-STEM images. ¢ Determined by

CO chemisorption. ¢ Calculated from H, chemisorption.
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