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Pt/WQO3/ZrO,-Catalyzed Selective Hydrogenolysis of Glycerol to
Produce 1,3-Propanediol
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(“School of Chemistry and Chemical Engineering, Yangzhou University, Yangzhou 225002)

Abstract Glycerol is an abundantly generated biomass and conversion of this compound into useful chemicals is of signifi-
cant industrial value. Hydrogenolysis of glycerol produces a series of C-3 alcohols, such as 1-propanol, 2-propanol, 1,2-pro-
panediol and 1,3-propanediol (1,3-PDO). Among these compounds, 1,3-PDO is an important organic intermediate to synthe-
size poly-trimethylene-terephthalate. Therefore, synthesis of 1,3-PDO through the selective hydrogenolysis of glycerol is a
promising subject. Recently, during our investigations on the Pt/WO;/ZrO,-catalyzed glycerol hydrolysis, it was found that the
acidity of the catalyst could be controlled by tungsten oxide content and the glycerol conversion was largely improved with
high 1,3-PDO selectivity. The technology largely improved the synthetic efficiency and is of potential industrial application
value.

Keywords glycerol; hydrogenolysis; catalysis; biomass; 1,3-propanediol
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ALO;. ZrO,. AIMCM-41. SiO,-ALO;). A[E 5t 4 )& i
APty Pd Ru. InfEA H S fESR & 1,3-8 8. H
H PYWO,/ZrO, fEAFIVERE SRR, FH RIS [F (1325
JIE 7 5ok A T b M RE AT S . AT 2 wit%
Pt/WO,/ZrO, AL, 7E 170 ‘C. &< JE7] 8 MPa. 1,3-
2K PR IR R (DMID) N ¥ 75 R OS24, A5 20 H
AR N 78.4%. 1,3-TH EEMIIEBENER 28 %t
ZE WL (Table 1, Entry 1). # %, Ding ZPIHf 5 T
PY/WO,/ZrO, A H it U I B P I RS, R B
R 3500 (1 a0 ZBE AR ) 2248 1,370 — BE Ak 814 B
SET AR AR seAh, —IiEF, 0 DMI-K. 2
fE—7K A DMI-Z B2, w2 FEIEH, 15 1,3-0 1
(RS2 R T AT R —Fh B — 3 R OB, FHorr, BA
DMI- /KA R AR 4. 75 170 C A R KD
5MPa I, &3t 12 h M, HlEEN 31.6%, 1,3-N
TR N 34.9% (Table 1, Entry 2). Chen Z5B<M 14K
$1= S NI IS AR = A - a A A B B 7 A
PYWO3/ZrO, AL PERE RIS . B 5 fFHHTERL 3 wit%
Pt/WO,/ZrO, AL, 1E 130 ‘C. &K1 4 MPa ()
SN ZEAT T EAT KRR i PR s SRR e e, b v
2N 70.2%, 1,3-TH —FEE ik F: 45.6% (Table 1, Entry
3). FHXT PUWOS/ZrO, MEAFIRIBE 7t F 2R E R
AR R LSRR L. 2014 4E, Zhu ZE000F
T Si0, B2 1 PYWO,/ZrO, AL FE AL H- ik B
A% 1,3-T5 1, RIUINA SiO, Ji&, Pt f43BU FfgE
IR T # AT 5. 24 Pt SRR 5 wit%lT, 1,3-
P R B 52.0%, {H H B AL AT IR EL
ik, 1A 54.3% (Table 1, Entry 4). AFHB S TH T
S FH 1S5 (34 AR O FE AR T LB AR B 7T, SR,
BAVERT NI 72840 b, 4 PYWOL/ZrO, AL i
I Re B, MR RHE S Pt (15 BB DL AL TR
P, KRS H I RO 78 175 C, &AUEN
/02 2.5 MPalsf, 192 HHFALZ499.0 %, {HaE 1,3-
P I RE PR, N 20.4% (Table 1, Entry 5).

MEARIE ) TAEF, AR, WOs 1ENIRIER L
Y, (A H I S A AR 2 — 2 s N ——H i K
L. WO 755 H it SR I A0 77 B M SR 5 B Uk
Z. P, AT T AE WO, T8t H i b S i
SN AR =0 AR RS, RILAE 175 C A& SR T12.5
MPa. WO; & 6.0 wt%lf, Him¥ bR m, N
87.3%, 1M 1,3- —BERIE M AT IE F) 32.7% (Table 1,
Entry 6). A SCHIRIEX —# 5 TAE.

1 ZR51He
FATE S8 T N RIXT P/WO5/ZrO, 184657

754 http://sioc-journal.cn/

F 1 CH PYWO,/ZrO, AL H i #2721 b
Table 1 Comparison of the known Pt/WO3/ZrO,-catalyzed
glycerolselective hydrogenolysis

Entry Catalyst PYMPa  C’% S%/% Ref.
1 PYWOL/Z1O, 8 8.8 28  [3a]
2 PYWO,/ZrO, 5 31.6 349 [3b]
3 PYWOS/ZIO, 4 702 456  [3c]
4  P/WO,/Zr0,/Si0O, 5 543 520 [3d]
5 Pt-Re/WO5/ZrO, 2.5 99.0 204 [3e]
6 Pt/WO;/ZrO, 2.5 87.3 32.7 This work

© 2017 Chinese Chemical Society & SIOC, CAS

“H, pressure; ” glycerol conversion; ¢ 1,3-PDO selectivity.

G WO, FEN 15 wivo) AL H AR TERE 2.
SE0 R FH ] e AR AL s B2 B AL B T K
AEW BT, 21 Hy TR S, 10 wi%ikEH
KAV I T4 DAL S EH 2.4 mL/Mh FT NN,
[FEE BA 97 mL/min (R FEIEA Hy. W1 2 Fow, RMVE
BAER 13- R, 12-8 fE. IEREE. SEEE.
M. POMAEEAD/D B [ P2 (Table 2, Entries 1~9). #24],
SRR S, T SE A AL H i (Entries 1~3), {Hitk
W) B IR 1,3-7 —F%(1,3-PDO), 1M /& 1E 14 i
(1-PO). B & 4 F B (] B R, A0 TR0 VE 1 32 20 PR AR,
M FECH VLR . IR 14 h LEET
FaE, WTLUEAL 47% 7545 (P H . (HEE, 1,3-T8 =R
WP E BT, GAR 30%/E 44, T AE P9 EE i R T
GEIF ) 70% T B3 50% /45 (Entries 4~9).

BE )5, AR T ANE WO5 & & 1) PYWO5/ZrO, i
AL B H I s N (Table 3). Uk 77 A i st
FIEE TN 20 h B, #FFER, WO, &1L
0 T By, T FHAS WO, [ PYZrO, fiE4b 77, H
HALRARMK, 1 9.1%, SEEF=#h I8 1,3-8 B4
(Entry 1). 00 1.7 wt% WOs, I VRE & H i
R, ARG 1,3-T8 B4R B(Entry 2). {8 L5
WO, & ISR 3.4 wi%hl, =Y HaaA 1,3-8 kA
B, kPR 25.5% (Entry 3). WO, & & B inay it
— Rt E RS 13- EEE BV (Entries 4~5).
B2, M WO, 2 SEURAAITEE TR, AP EH
WAL, H R 1,3-79 ik #PE RFFFS 2 (Entries
6~7). i/ PYWO; AT, H i ¥ 1b 2 100k P& K 2
8.3%, FHH ZrO, [FIFE & EALT 144 75 4143 (Entry 8)°.

[RIE, H EZRATH, WO, &84 6.0 wt%lhf, i1k
PR tE, AL EL 87.3%H I, FEH 1,3-79
BRI EE(32.7%). ST CAEA L (Table 1, Entries
1~4), HiMfEA RS2 7 BE MRS, Wi
FHOC T =RE. I H, A EAHE M E SR SRR,
NI BERAIG 17 5 B A58 1 2% R 75 SR LA REFE. 5 3RATTZE T
TAEM ELE(Table 1, Entry 5), fHE®M WO, &1

Chin. J. Org. Chem. 2017, 37, 753~758



Chinese Journal of Organic Chemistry

K2 P AIX PYWOS/ZrOy(WOs & 54 15 wi%) i A 7RI A HH & 5
Table 2 Influence of reaction time to Pt/WO5/ZrO, (contain 15 wt% of WO,)-catalyzed glycerol hydrogenolysis
OH H, (2.5 MP HO._~_OH,_HO OH_
Ho_A_oH Pt/wé:/zfo2 13 ;5 °C 1,3-PDO 1ﬁo\o /1\pc/, )\ )J\ )J\/OH /\COOH
’ 2-PO AT ATol
Entry Jh Glyerol Product selectivity”/% 1,3-PDO
conversion/% 1,3-PDO 1,2-PDO 1-PO 2-PO AT ATol PA Yield/%
1 6 100 8.9 2.5 74.3 7.2 4.2 1.9 1.0 8.9
2 8 100 9.0 2.9 73.5 6.7 5.8 1.5 0.6 9.0
3 10 100 17.9 5.1 63.4 5.8 6.1 1.0 0.7 17.9
4 12 61.1 27.4 6.8 53.8 5.2 5.5 0.8 0.5 16.7
5 14 47.2 29.9 7.1 51.1 4.8 5.8 0.6 0.7 14.1
6 16 47.0 30.8 7.4 50.0 5.1 5.6 0.4 0.7 14.5
7 18 47.9 30.1 7.1 50.5 4.8 6.1 0.6 0.8 14.4
8 20 49.2 31.2 8.0 50.4 44 5.0 0.3 0.7 154
9 22 48.3 31.1 8.0 50.6 4.8 4.7 0.2 0.6 15.0

“Reaction conditions: 175 C, 2.5 MPa, 2 g of catalyst was used; the aqueous glycerol (10 wt%) was fed at the speed of 2.4 mL/h; hydrogen flow rate was 97

mL/min. © Abbreviations: 1,3-PDO=

propionate acid.

1,3-propanediol, 1,2-PDO=

1,2-propanediol, 1-PO= 1-propanol, 2-PO =2-propanol, AT =acetone, ATol=acetol, PA=

K3 K WOs 5 &) PYWOy/ZrO, AL H il 2 it 7¢
Table 3 Investigations on the glycerol hydrogenolysis catalyzed by Pt/WO5/ZrO, catalysts with different WO; content
OH
Ho_L_on Pt/VI\-I|(2) 3(/22?0":"’:‘7)5 - 1,3-PDO + 1,2-PDO + 1-PO + 2-PO + AT + ATol + PA
20 h
Glyerol Product Selectivity’/% 1,3-PDO
Entry — WO/Wt% version/%  13-PDO 12-PDO 1-PO 2-PO AT  ATol PA  Yield%
1 0 (Pt/ZrO,) 9.1 0 75.7 4.7 0 0 1.0 0 0
2 1.7 11.7 0 79.5 52 0 0 1.3 0 0
3 34 223 25.5 46.2 17.8 6.4 0 0.5 0.3 5.7
4 4.7 61.6 33.6 14.2 43.0 6.0 2.5 0.2 0.5 20.7
5 6.0 87.3 327 10.1 50.1 5.7 1.4 0.1 0.2 28.5
6 10.0 62.2 31.7 7.2 49.1 6.3 5.0 0.2 0.5 19.7
7 15 49.2 31.2 8.0 50.4 4.4 5.0 0.3 0.7 15.4
8 Pt/WO; 8.3 35.0 8.7 40.3 5.0 7.9 2.9 0.2 2.9

“Reaction conditions: 175 C, 2.5 MPa, 2 g of catalyst was used, the aqueous glycerol (10 wt%) was fed at the speed of 2.4 mL/h; hydrogen flow rate was 97
mL/min. ® Abbreviations: 1,3-PDO=1,3-propanediol, 1,2-PDO=1,2-propanediol, 1-PO=1-propanol, 2-PO=2-propanol, AT =acetone, ATol=acetol, PA=

propionate acid.

AL, FTTELTRAIMNRMAIEL T, BERE
P PR, JE HH i R ] 1%%&@7@?.
BT RTA IR 45 5L, FRATIR H 7RI RE R S ML ALEE.
B, EHMEAT, S0k, Hh—Ea ke T
S RO, B AR TR B, T R TR 1 P A ER A B
(B DPL fERRE T, HulEik g A T ROK . S
WKL B AN, P RAARE. Hodr, dra) gk ik,
AIAERR B-FR RIS R A, o — P&k, AT
1,3-8 = J%(1,3-PDO), 11 EAFN1F N ER(PA) (Scheme 1).
HIH R v R MK, T AR RSP I R D4 (acetol), #E
—B A4S 1,2-8 —E¥(1,2-PDO) (Scheme 1). 1,3-75
ZREE B WK INA, 3 IE A EE(Scheme 1). 1 1,2-P4 —
P AN R B R BE K IR, AT 439 45 1F P4 I s T 1
(Scheme 1). Z5AHLHEE, % 3 M4 REY, WO, & &)1

1,3-
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Figure 1 Generation of H WO; by hydrogen spillover
I, AR TR AR YE, AT S A AT o e e g
(IR BB, A2 1,3-0 RO e WO, A
R INE] 6 wt%, MEATIRRVES BB R EE. Bk,
JASE 13- REEFE R R E, (Hi T WO, & &
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- -H,O + -H H
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Scheme 1

SECTHHUZIOT B, SRS PE T R,
T H A A2,

2 Zhig

K08 T WO, & B:XF PYWO5/ZrO, HEALFIE H i Ina
S RERI . BEALR I, ININE R WO,, HTig
AL ER Y, AR 1,3-8 SEERA R, e
WEALZE. BATRI, 4 WO; B &N 6.0 wt%h SR i
2, HimEb R AT E B 87.3%, it Al ASRIE i AR,
1M 1,3-T8 ZEEE R TR KR 30% LA F, MK Keis T
2 H T RIS 1 7 7.

3 XIS
UEE 55
AR A PR E Sy A BT AR A
GC-5890 YA AH R, ik 2 4F . FID Kol 2%,
PEG-20M BAEFHEIE 0.5 um, W4 0.32 mm, HK
30 m); M 4R N 99.99% K & /SAE NER S, i N
99.96% M SNENIRR, ZSMENBIIRA, B =Rk
(R 23 524 304 30 A1 350 mL/min; i %FH £ Bt
R THE: Wi 50 CAR%F 2 min, LA 10 ‘C/min FIFHiE
HE R 200 CLR¥F 10 min, HEFEZRIEAE N 290 C, Al
BHEREN 290 °C, HEIE 50 °C; KA N2000 i T4k
SUSE €T
Zr(NO3)4*SH,O(E 25 B b iR BR A ], 4017

3.1
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acetone 2-PO

S NLALER

Mechanisms

atl), BRREE HiuoN 1004 W exH,O([E 24 45 Bk 24 3R 5
BRAT, #ral), BER HyC,0,422H,0([H 25 % [ 1k 2438
FIA AR, /iral), SEIREN HPtCly(E 2 H 1k
SRR AF, oAral), N =FF C3HgOs(1H 244 H1ik
FRAAER AT, F3Hral).

32 FWHE

3.2.1 m-ZrO, %%

AR SEEG R Ze(NOs), AR, ZK NUTTE I % 5
Bt m-ZrO,. Hil# I FRUT: K 25 g Zr(NO;),*5H,0 T
250 mL LB T /KF, EREMARZK, A7 pH {E 9~
10, K845 0.5 h 5 =iRFRAL 4 h, TIEPEIRZEIER pH
M 7, & 110 CTE 5 h. BFE GRS E T& P
B, BL 3 C/min [IEZTHE R 500 °C, fHIR 2 h, A
BRER, 598 m-Zr0,.

3.2.2  PYWO,/ZrO, AL 7] &9 H] &

b = B A IR B HyoN 0Oy WoexH,0 5 R
H,C,042H,0 #F &N 1 1 1 BT —EEXE T /K.
W W RN 0.08 mol/L.

FREUF ) ZrO, By AR — 2 R R B R e
TR, 95 COKBHIHEZT, 110 CHEA T S h B
B s B Ty d, BL3 C/min FEETE S
500 C, fHi{E 2 h, AE=IR, 15 WO0y/Zr0, Fih. [
WO; Er 238N, WO5/ZrO, ¥y AKFE it € I £ 1) 35 1
S SLIINAS

FARS V8 WA B L HLPtCl ¥7(0.13 mol/L), FREL
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THEN WOS/ZrO, FE RN, 95 CRIBH it #1251,
110 CHES TS h FERFTEBE TE XL 450 C
fEle 2 h, AL KESTMELIEF ] PYWO,/ZrO, F
. Pt R LA m(Pt)/[m(WOs)+m(Zr0,)] X 100%t,
THEN 2 wt%; WO; M7 HELL m(WOs)/m(ZrO,) X
100 %11, M 0~15 wt%481k.
3.2.3  Hidde R RO PERE IR

T [ 38 PR AR A A0 S 87 25 B v 28 S A e 551 Tyt
ARG, FEAFE T8 A FE R R (5 45
cm, #ME 22 mm, W1E 11 mm)H. EALFIZ H, FULJR
Ja, VAT RN TR R SRR, B 10 wdelRk B H K
TR PR 42 DA 2 i 2.4 mL/h 3TN N, A
JEE Hy SRR BNHESN 77, [ S TF 46 17 e B A4
TN NG, B 2 h R = B RS
FHESE DT, RBIZEME: T 2 g, & 250 CF H,
WIR 3 h )5, RMEERETN 175 C, p(Hy)=2.5 MPa,
H, i 97 mL/min, HH/KEBIRE 10 wt%, JiidE 2.4
mL/h.

B kL (Supporting Information) PY/WO,/ZrO, it
FIH MU NP2 P GC (i B AT B B X ekt
a] DA A 2 AT B (http://sioc-journal.cn/)_E T 2.
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