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Synthesis and Catalysis of Pt/W—s—SBA-15 Catalysts with Short Channel for
Glycerol Hydrogenolysis to 1,3—Propanediol
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(“ Shanghai Key Laboratory of Molecular Catalysis and Innovative Materials, Department of Chemistry, Fudan University,
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Abstract The mesoporous SBA-15 molecular sieves doped in situ by W with channels parallel to the short axis
(W—s-SBA-15) were synthesized by using decane as cosolvent and trimethylbenzene (TMB) as pore-expanding agent, which
were used as the supports for the preparation of the Pt/W—s-SBA-15 catalysts. The effect of the loadings of Pt and W on the
catalytic performance in glycerol hydrogenolysis to 1,3-propanediol (1,3-PDO) was investigated. The morphology, chemical
states of Pt and W, and acidity of the catalysts were systematically characterized by using Brunauer-Emmett-Teller (BET),
scanning electron microscopy (SEM), transmission electron microscopy (TEM), CO pulsed adsorption, X-ray photoelectron
spectroscopy (XPS), Raman, ultraviolet-visible diffuse reflectance spectra (UV-Vis DRS), Fourier transform infrared spec-
troscopy (FT-IR) and FT-IR of adsorbed pyridine analysis (Py-IR). The BET and TEM results revealed that there are two
kinds of pores in the structure: the mesoporous channels parallel to the short axis and honeycomb-like macropores. The Pt
dispersion and active surface area calculated from CO chemical adsorption, firstly increased and then decreased with the
increase in the Pt and W loadings. The highly dispersed tungsten species were assigned to the single-site WO, on the basis of
the characterization results of Raman, UV-Vis DRS, and FT-IR. The XPS results indicated that the amount of the Pt—-O-Si/W
linkages and the Pt5+/(Pt0+Pt5+) ratio are the highest on the 4Pt/W—s-SBA-15(1/480) catalyst which promote the dispersion
of the Pt particles on the catalyst surface. With the increase in the loadings of Pt and W, the conversion of glycerol and the
conversion of glycerol to liquid products (CTL) increased monotonically, while the selectivity to 1,3-PDO experienced a
volcanic-type evolution. At the reaction temperature of 433 K, H, pressure of 4.0 MPa, and reaction time of 24 h, the highest
yield of 1,3-PDO of 49.0% was resulted on the 4Pt/W—s-SBA-15(1/480) catalyst. It is identified that the conversion of glyc-
erol on the Pt/W—s-SBA-15 catalysts is proportional to the active surface area of Pt on the catalyst, while the small Pt particle
size and the strong synergy between Pt and the highly dispersed WO, species are advantageous to the formation of 1,3-PDO.
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A= B e R PR R R T BT K AR AE H A
FEVIR AR, RO H I LA R = BOIE A 2 i B
FBEMATEMAE". B H o 7 R S B A
RV 53] 1,3-18 —F%(1,3-PDO), ‘&AM B I
PUAEFFERSTR, T HE A R 2K R 1,3-14
Be(PTT) S Z Ak, a1 778 )iz e
AELER 25 (R AE B AKORE, H Jel 9 b 2 i A W e 5 B B oy
RS AL AED), R H AL S @) 1,3-PDO % 1,2-PDO
MERE i, GERBEME AR, HATret g R, A
) PW AT B A 5 e () H ik e A S AR v PR AT
1,3-PDO SR R, 5 0 Bk 2 Ak 70 1 1
BRI AL IE A S PR E SR M)
WEFE, PAEBEGART P—W AL TR A2 77 v () se B B
%[14].

Shi 215121 SAPO-34 7> T Ak, #l% 7 AR W
ik &1 P—WO,/SAPO-34 fi#{L5]. £ Pt—20%WO,/
SAPO-34 {4 F, HilLEA 48.0%, 12 1,3-PDO
LR 18.8%. rFLor T KB R T AVE R 1%
PRI 5 B, KRIFLAEA R T 0 TR s s L4t e,
& P=W LA T H A 1,3-PDO 1) R a7 8.
Gu Z"H & 17 /7L ALO; 712K ¥ P—HSiW/mALO; i {k
#, 5 Pt i EMER P-HSiW/-ALO; fEALFTIM L,
Bronsted FZ A1 Pt 70 5U% KiESE S, 1,3-PDO 4% )5
H 12.1%4% m & 20.1%. Chary AT LA FL
SBA-15 4T Nk, T Pt HEEN 05~3.0
wt% ] Pt~-WOs/SBA-15 4L 7, H 1 2Pt-10WO,/
SBA-15 f#ALFI_E ¥ H il (b F0 1,3-PDO &1 IA
86% M1 42%. FERITI AR, IRATHEE T W/Si i)
= X EAL W B 24 FL W-SBA-15 4> F i 1 3 Pt
AL FIH A RE R0 ROERE W S & T
(W/Si<1/80), 4 Hef) Pt. WO, #fh 2 A1 i o [F1 76
RPN 1,3-PDO i £ A HE. Feng 2282 1 Pt 13,
X Pt-WO3/ALOs—Si0, A5 H it ZUE PE R 1) 52 .
Pt FUEEN 2.0 W%, RILH & &1 1,3-PDO 5%
I 25152 (STY). 4kaRi s Pt fdE T2 Pt HUE BF
K. BREWCD, HMEMEER 1,3-PDO &£ TR,

R 1 mPYW-s-SBA-15(n) AL 7 (1) 3 A AL 5

Zhang WA T WO, FUER R T4 AR T Pt
TEARF, fE/NIRE 433 Ko 1 MPa Hy JE /1, Hiim
WA FE AL (CTL) M 1,3-PDO #8815 B N 49.5%F0
28.1%.

TEARTAES, TAEHAFL SBA-15 73 T lIA
J I FE O TE 28 e A SRy S 700122, R A R S i A A
F R Wk, AT FLIEPAT T 5 30 07 [\ A fL
W-s-SBA-15(n)7> 1, i n 2 W/Si i IHEL. 3¢
BRZEH Pt Fl W I A 32 5 2 R P—W AL FRI 72 H il
SR ON HR EEAE AR S RATTAE R A 2 R AR
FIL R 3 BP0 DORBHE AR E K Pt Hi4& T
—Z4] Pt. W R EE BN mPYW-s-SBA-15(n)
ALK, Horbm 2 PLIER H A E. RAZFTFR
YA EE 1) . A SRS R P AT T 3RALE,
L2 7 Pt. W SEEX H b S 1,3-PDO PEie
GRS, BT T Pt HORIAR . VETEALS Pt W Z R
[EE AR M 5 mPYW—s-SBA-15(n)fiE4L 71 H AL &
fRMERE Z AR AR,

2 HR5IR

2.1 BRI R SR

15T mPYW—s-SBA-15(n) AL AL,
PERR. AL P sERR 1 3 SRR gk E BT, U
BN BHE TR Pt AU EAE A L W—s-SBA-15 73
b HTFEREFLIE W—s-SBA-15 &Rt AN 7 3L
FUIEZ e, /DB oA 58 4 /K AR (AR R R M i 2 VA A A 1E 2%
Fed, FrLlEd A B ARSI NT W Sebr & i 5 e
EAHL IS A e . BEE Pt W g &St igm,
mPt/W—s-SBA-15(n) AL H ISR PyW P (1) & L
FERLRFFAE 5.0 245

Bl 1 A mPtYW—s-SBA-15(n) #4451 1) R BRI i Bt
SRR LR AR AT XRD . MK 1A AT, &1
338 HA AL TV RS- B AR 2k, HLHE H %Y
AOH3 BRI R SR, U B AR A B AL E
F324: SBA-15 SR A FLAI NN Sk 71 35 = i 2%
(TMB)JE R /D BEDR L. B 1B AT I, & Ak
PN FLILR A S). N 1 AT, B Pt W s

Table 1 The physicochemical properties of the mPt/W—s-SBA-15(n) catalysts

W/Si

Pt/W*

Catalyst Pt'/wt% (molar ratio) (molar ratio) Sper’/(mPeg 1) dpord’/nmM Voord /(cmsg ")
1Pt/W-s-SBA-15(1/1920) 0.89 1/1898 52 581 10.2 13
2Pt/W-s-SBA-15(1/960) 1.67 1/941 49 603 10.9 1.6
3Pt/W—s-SBA-15(1/640) 278 1/614 52 605 10.8 15
4Pt/W—s-SBA-15(1/480) 3.64 1/438 49 566 10.8 1.6
5Pt/W—s-SBA-15(1/384) 4.84 1/344 5.1 588 10.2 1.5

“Determined by ICP-AES; * Determined by N, physisorption.
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E, FIHAE( Do) KT 10 nm. 7EE 1C H, 7E 20=
220 LI B8 I To e T SiO, HIEFHEAT ISR, 75 20=
39.7°. 46.2°F1 67.5° L T 37 H O B HER (fee) &2 @ Pt
BI(111) (200)F1(220)FFAEATH I (JCPDS 04-0802), H.
B Pt f kR NG en. 7E K R BE W R A
WO; [FJRFAERT 5 0, Ui AR & &1 W s B 4 BAE
mPt/W—s-SBA-15(n) AL 7.
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43 i 26 F1(C) XRD 1

Figure 1 (A) The N, adsorption-desorption isotherms, (B) pore size
distributions, and (C) XRD patterns of the mPt/W—s-SBA-15(n) catalysts
with the W/Si molar ratios of (a) 1/1920, (b) 1/960, (c) 1/640, (d) 1/480
and (e) 1/384

2 N 4PY/W—s-SBA-15(1/480) 4L 7] SEM #1
TEM [ Fr. MEIHa] L, (A5 E A W R 0 A 7
H, KL 250 nm. KHHKZ) 400 nm [ = 4ES T
FLFLIE. B TijALIE SBA-15 2 JA) Hi4 &R K FLiEE,
SR FR I B 2 B30 Pt gL AR AL T 4
Eirp el

3 A mPt/W—s-SBA-15(n){EALF ) TEM B A K&
Z i 205 1) PORLAS 20 4. BT /E W—s-SBA-15(n)
Bk EEAWEBGOKRLF, WMAE mPUYW-s-SBA-15(n)
A E S BIRL T RFJE N Pt 1PYW—s-SBA-15
(1/1920) 4L 77 B 1) Pt GKbL 7 B o R, FIkife
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B2 4PY/W-s-SBA-15(1/480)f# 4k 71¥i(a, b) SEM Fl(c, d) TEM & A
Figure 2 (a, b) SEM and (c, d) TEM images of the 4Pt/W—s-SBA-15
(1/480) catalyst

4 1.3 nm. B Pt GUEEIE N, PSP BRI R F 5.7
nm, JF FL7E Pt U8 &N 5.0 % HIMEAL 7 B #52 Ptahk
2.2 FEMLAS PtFIW BIMR

o CO Wk o b 2 W B W ow 15 2 W
mPt/W—s-SBA-15(n) AL Pt G PELL R THFA(Sp) 57
HUE (Dp) S PRI RAR g TR 2 . B P #E35 n,
AL Spe A Dp B 561 K, RIFW N, 1
3Pt/W—s-SBA-15(1/640) i 1k 7] | Sp(127 m’egp ") fll
Dp(51.5%)ix 25 K. BT 513 211 Pt SFIRiAR e B
1Pt/W-s-SBA-15(1/1920) ] 2.8 nm & /NN 3PY/W-s-
SBA-15(1/640) () 2.2 nm, a3 ME] 3.1 nm. X F
1Pt/W-s-SBA-15(1/1920)f#4L 51, B CO WLt &A3 1 Pt
SPEIRAA KT TEM MR HIRAE. X —Z Al HE T Pt
R EAR. RN, AAME D Pridt N T SBA-15 fLEE
EIE A FLFLIE AL AR, BT T CO MR
MR, A AR Pt FRRA MR, mxt T HAih
mPt/W—s-SBA-15(n)fiE4L 7], B CO WL P15 2 Pt 3
Kifz/N T TEM BEIRAR. X AT BEE RO AL R
BRI Pt YRR F AAE, IEA7EE— LRy TEM MZ2H|
MK RSER P R0, {HIXER4r Pt kLAl LA CO
W e A ) 1.

& 4 S mPt/W—s-SBA-15(n)fEALFIK) Pt 4F 1. [ W
FEREMAL, XPS REEANE W 155, B 4 2045,
A LA 3] Pt 4, 45 & BEAE 71.1 F1 73.0 eV P4, 73
BT PORT PO i BN PeRh, JRE T
FJEA Pt KK 5 EATE S I EIERUY PO-Si/W
WStk 3 AL, BEE Pt TuERERN, R PeY
(Pt+ Pt )L 221 K, RIFH/N MY, Hh
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K2 mPYW—s-SBA-15(m)HEMFIMI M 3 1 LR TR AR A AR
Table 2 The Pt dispersion, active surface area, particle size, and acidity of the mPt/W—s-SBA-15(n) catalysts

a aff2en -1 dp/nm b -1 b -1
Catalyst D% Spe'/(m™egp ) nr”/(umolege, ) np’/(umolege, )
CO TEM

1Pt/W—s-SBA-15(1/1920) 40.2 99 2.8 1.3 — —
2Pt/W—s-SBA-15(1/960) 494 122 2.3 2.6 —
3Pt/W—s-SBA-15(1/640) 51.5 127 2.2 5.1 287 37
4Pt/W-s-SBA-15(1/480) 47.2 117 3.1 5.6 367 77
SPt/W-s-SBA-15(1/384) 35.9 89 3.1 5.7 415 68

“Dispersion and active surface area of Pt determined by CO pulsed chemisorption; * Acidity determined by Py-IR.
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Figure 3 TEM images and PSD histograms with Gaussian analysis fittings of the mPt/W—s-SBA-15(n) catalysts with the W/Si molar ratios of (a) 1/1920,

(b) 1/960, (c) 1/640, (d) 1/480 and (e) 1/384

Intensity/a.u.

Binding energy/eV

B4 W/Si¥F K& @) 1/1920, (b) 1/960, (c) 1/640, (d) 1/480 Fll(e)
1/384 (] mPt/W—s-SBA-15(n) LT ) Pt 4f 1%
Figure 4 The Pt 4f spectra of the mPt/W—s-SBA-15(n) catalysts with

the W/Si molar ratios of (a) 1/1920, (b) 1/960, (c) 1/640, (d) 1/480 and (¢)
1/384
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£ 3  mPYW-s-SBA-15(m)fEALFTII Pt 4f 54L& 45 R
Table 3 Pt 4f XPS fitting results of the mPt/W—s-SBA-15(n) catalysts

_— Pt 4f;, BE/eV PO+ PUS 1

P Pt Pt'5+) atomic

ratio/%
1Pt/W-s-SBA-15(1/1920)  71.3 73.2 0.21 0.21
2Pt/W—s-SBA-15(1/960) 71.1 72.4 0.27 0.28
3Pt/W—s-SBA-15(1/640) 71.1 73.0 0.24 0.38
4Pt/W—s-SBA-15(1/480) 71.1 73.0 0.17 0.48
5Pt/W—s-SBA-15(1/384) 71.1 72.9 0.13 0.56

2Pt/W—s-SBA-15(1/960)F1 3Pt/W—s-SBA-15(1/640) {1t
FIAE B PO /(PO PO B, X 5 AT CO LA I
HA dp BN 5 BUNE PRI R Pt 5k
[EAAAESE Z [ A, TR T 58 2 1) Pt-O-Si/W .

5 A mPt/W—s-SBA-15(n)f# L5/ Raman.
UV-Vis DRS Al FT-IR #%. 76K 5 A H, VSRR A
WO, 7E 807 714 #1271 cm ' f] Raman $FAEIE*30 {5
B S B W 1E mPYW—s-SBA-15(n)fE{k71H =
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mPYW—s-SBA-15(n) AL ok HILEZES WO, HIRHIE
e, TRULH Wi B A BT AR 78 215 nm 1)
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Figure 5 (A) Raman, (B) UV-Vis DRS and (C) FT-IR spectra of the
mPt/W—s-SBA-15(n) catalysts with the W/Si molar ratios of (a) 1/1920,
(b) 1/960, (c) 1/640, (d) 1/480 and (e) 1/384

2.3 BRMR
6A FI1 B 73 51N mPt/W—s-SBA-15(n) AL FI7E 298
K 1 423 K [ Py-IR . 7E 6A 1, BB WE
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Figure 6 Py-IR spectra of the mPt/W—s-SBA-15(n) catalysts with the
W/Si molar ratios of (a) 1/1920, (b) 1/960, (c) 1/640, (d) 1/480 and (e)
1/384 at desorption temperatures of (A) 298 K and (B) 423 K
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F 45T mPYW—s-SBA-15(n)HEALFIZEH i1k
A 1,3-PDO R MG R, R,
1Pt/W—s-SBA-15(1/1920) 1 14 71) 1) H i & 7 1 1R 11K,
HH S A CTL N 4.0%F0 2.7%, EZF=Y)K
YN 1,2-PDO. 1,3-PDO F1IEAEE(1-PrOH), HFRr4
1,3-PDO HIESFMEA 34.2%, 15N 0.9%. R
A Pt. W SEE RSN, H RS AR A CTL £F
g b A, H B F N SPUYW-s-SBA-15(1/384) >
4Pt/W—s-SBA-15(1/480) > 3Pt/W-s-SBA-15(1/640) >
2PtW-s-SBA-15(1/960) > 1Pt/W-s-SBA-15(1/1920).
1,3-PDO JEFE M 2 5 b T 5 T B kol B AR e 3
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(1/384)>1Pt/W—s-SBA-15(1/1920), 7£ 3Pt/W—s-SBA-15
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mPtY/W—s-SBA-15(m) 4 771 19 H- vl b 1 S0 A 1 e g e 1+
I3, 44 CTL Ml 1,3-PDO ik #VERE Pt. W fisi &
IAE AL, AIRT 4PY/W—s-SBA-15(1/480) i 1k 7 5 A #| T
4B 1,3-PDO, HAFHIE 49.0%, N CERELF K. 5%
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(NHy)10Ho(W,07)s FESUR AL 15 2% 1] % A0 7 s, (H
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Figure 7 The effects of the W precursor and loading sequence on the
catalytic performance of the 4Pt/W—s-SBA-15(1/480) catalyst in glycerol
hydrogenolysis
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Figure 8 The effect of the TMB/P123 mass ratio on the catalytic per-
formance of the 4Pt/W—s-SBA-15(1/480) catalyst in glycerol hydrogen-
olysis

Table 4 The catalytic results of the mPt/W—s-SBA-15(n) catalysts in glycerol hydrogenolysis®

. Selectivity/% .
Catalyst Conversion/% CTL/% Yield, 5.ppo/%
1,3-PDO 1,2-PDO 1-PrOH Others
1Pt/W—s-SBA-15(1/1920) 4.0 2.7 342 37.8 21.7 6.3 0.9
2Pt/W-s-SBA-15(1/960) 23.2 19.3 66.2 16.5 14.1 3.2 12.8
3Pt/W-s-SBA-15(1/640) 47.9 46.7 71.7 7.5 17.2 3.6 33.5
4Pt/W-s-SBA-15(1/480) 72.5 69.3 70.7 2.0 23.5 3.8 49.0
5Pt/W—s-SBA-15(1/384) 76.8 72.8 65.1 2.3 28.7 3.9 474
4Pt/W-SBA-15(1/480) 66.2 63.6 70.1 2.9 22.9 4.0 44.6

“Reaction conditions: 0.40 g of catalyst, 4.0 g of 30 wt% glycerol aqueous solution, temperature of 433 K, H, pressure of 4.0 MPa, stirring rate of 800 r/min, and

reaction time of 24 h.
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Figure 9 Correlation between the conversion of glycerol and the active
surface area of the mPt/W—s-SBA-15(n) catalysts

FESCHRT, B R — M\ A H g B S A il
1,3-PDO Mg 0y, 1 L FRS 1,2-PDO [12E s VI AH
SIS R, Py-IR 45 REZWILE mPY/W—s-SBA-15(n)
A LR B WO R AFAE LR & £ 5. FEZHT
FIRFFE R, FRATTEE X T W/Si #1JR A= LR T 1/80 Y
PYW-SBA-15 4L, 75/ B Pk b= A &R 1

1060  http://sioc-journal.cn

© 2019 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

AT LR B WO, b, R ALL[(-0-),W(=0),]E X fF
TER) L IR ) W=0 %75 H-W-OH, JEfi”4 B 1%,
e HEH ok &M L o 1,3-PDO™. | T
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