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Scheme 1 General reaction pathway for polyols hydrogenolysis to lower polyols.
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i 4 mol/L NaOH #EATUTIE, UIiEZR pH> 11 J5 /i
MR AR (25% , 75 5L T, a5
) AP EITIE R, [ RV BCBECHT i, T 80 C
ZAb4 h, uE . PRk RS F 120 CHET A,
PL3 °C /min BFEFHEE 450 CIEMETE 3 h 545k
BESY, 7E20% H,/N, JRES % 1.5 C /min 5T+
L% 300 CHIHIRIA R 3 h A5G AT IM fifk
H: BT IR (Alfa, Sy ~ 430 m*/g) 43K
T EWSE Cu(NO, ), KW TSR TR 5, 3=
BER, ETLMNTTZET, Fe T, BEmie
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B A (Alfa, ~ 430 m*/g) FIK, PREF Cu® FIIR
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IE, FHERE N 20 eV. K PANalytical Maglx PW
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G, LA 5% Hy/Ar R 5 SON B JRAE 40 mL/
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1.3 L FIERETEMN

AR P A SN AE 100 mL 35 e 2 v 48 kAT
SRV AR5 800 r/min. 7 [N 48 HPAR YR I A K A
. 7K. Ca(OH), BiFIAIZE 300 CikJFTE LA A
. BHEFEAMREAERENNER, K58
AP T A, THE B AR RN IR 5 IF 4R T
F. RN 25 SR HIR TR, AR SR =1, W
R 208 R AT 40 8, I LB K2 p
VeAALT, WSO RN PR A AL R T S K
A ER S 100 mL.

WA= 50 A BUE 25 RN RO St AR
PIEw(1,3- T 2 1,2,4-T =B, ARGFmEfAz b
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Fig. 1 XRD patterns of the Cu-SiO, catalysts prepared by different methods after calcinations at 450 C (A) ; after reduction
at 300 °C (B) and after hydrogenolysis reaction (C)
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PRI ER T Cu® (AT SR, [R] e 3 AN ] 2 B A
%] T 5 CaCO, (JCPDS 47-1743) Fil CaC,0, - H,0
(JCPDS 20-0231 ) AHXF R A AT e (&) 1-C) , X 4>
Wb 2 e SRk A e A IR I L T 3
UAGERE F ) UHDP 467, e Cu® T S R A
B — 048, RO BT, vl ReI R Ak
TESEBRNE | SRR Rk 450 T R T B, A
TN CaCO, 1 CaC,0, + H,O XHiALFI R 1)
BTG Cu® fiTfIE. CaCO, Fl CaC,0, + H,0
RS IAE 22 3 IR B J5 A T s o, W] RE & 3X A~
FTEPERME AT R b s 5, SR B e R i s 2%
PFN BYASIBT AL P BB AT SR A i,

@3t Scherrer 28 XA AEPIRZE T CuO F1 Cu® 1Y
prchL RO EAT THR, SR8 T3 1. I kele IM A
it W CuO [ -2 ffoRs RO de R (24 Tnm ), HUCK

%1 REHEHE Cu-Si0, BURERFRE T
ML R~
Table 1 The crystalline size of the Cu-SiO, catalysts prepared by

different methods at different state

Crystallite size/nm

Catalyst
Oxide Reduced Used
™M 24.1 42.8 62.2
PG <3 4.6 4.9
AEDP <3 4.2 4.4
HTDP 7.2 9.5 10.4
UHDP 11.2 17.6 20.1(16.3)"°

a. The result shown in the parenthesis is Cu” crystallite size

after recycling three times.

UHDP 1 HTDP, 43504 11.2 §1 7.2 nm. PG #i
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AEDP 555ttt il 7t B0+ 8 AL RO AT S e A
R E) CuO 7705, 150 B I 5 A i v 4 40 DA e
FEST B AH/INERL (< 3 nm) fRAE. G238 J7 FH R,
Jei, IM B Cu® B SRR T BB R 5 42,8 I
62.2 nm, UHDP 1 Cu’ iy S ki i B K K E 17.6
A120.1 nm, HTDP fEfLF1A Cu” Sk R ST 3 i A
K, SRR ZE 9.5 f110.4 nm, fif PG F1 AEDP [
Cu” SR RST LA A5, ERFAE 4.5 nm 245
n EA5 R UL IM AT UHDP i % (9 A6 50 By
UL 225, FEIE IR A BN R o B AR E PR A
Z5. WiE AEDP LA PG kil #8519 Cu-SiO, f# fL 7
SYCE T, A SR N A AR Y S AR E A (B
13RS, X T UHDP fiE{L 57 28 3 WA 5 fi
Jai, Cu” @R RSE (16,3 nm) 58 247 A IR A i
AR, PTRBIRIAn ERT R, AR AEE A fE b &
AT AL

22 2 AR il 25 Cu-SiO, AL Y2t

R HG LR AR FLAR . 40 BUE L R Cu 1AL
Cu UKL R, SR ] AEDP 3 ] 28 O A & 19 b 3R 1T
TR e, 15469.2 m*/g, Hk K HTDP #£ 5 (304. 5
m’/g) , IM 1 PG &b (¥ b 3% i FRTE 230 ~260 m®/
g Z[a], UHDP ¥ 5 i) e R AR &AL, RA 147.2
m*/g. AEDP A% 5 ) 5 b 3% AL AT e IH R 2 1 K
REAEAE R TURERR AR 254 . R4S UHDP Al IM
FE A AR R () Si0, BER A R AE AR, HJERT &
R AR BT &, TReE A Sio, BE
Ky AAE UHDP i) £ 3o F v oW 254 e A= T A2 k.
N, O 1 A AN AFAS [ 5 125 1) 28 PR A 700 ) 23 T80
AEDP > PG > HTDP > UHDP > IM Jli 55 )\ 36. 2%
BRI 4.0% , ZAEHEES XRD RAEA—2 fi#
RN R8T Cu J5F TR 43 150 3R 3 AR [ 1) B0
4, M AEDP /1 230. 1 m*/g &K% M i 25.4 m’/
g SHUEM, th N0 Fii A LR Cu” 5
B AEDP /)M (2.8 nm) , IM £ K (25 nm).

R 2 AEAEH & Cu-SiO, TR ALEHMRA

Table 2 The texture properties of the Cu-SiO, catalysts prepared by different methods

Cu0O Sperh Average pore diameter” Dispersion ° Secad e

Catalyst )
Content"/ % /( m? - g_] ) /nm /% /( m> - g_] Cu) /nm
M 30.1 232.3 20.1 4.0 25.4 25.0
PG 30.7 260.5 10.5 20.6 130.9 4.8
AEDP 29.6 469.2 4.7 36.2 230.1 2.8
HTDP 30.4 304.5 10.9 16.7 106. 1 6.0
UHDP 31.2 147.2 19.4 7.8 49.6 12.8

a. Measure by XRF; b. BET method; c. Calculated from dissociative N, O adsorption; d. Copper surface area measured by dis-

sociative N, O adsorption; e. Mean copper particle size calculated from dissociative N,O adsorption.

B2 g [m J5 1 4% Cu-Sio, Mk FR1R5 H ke i
(1) N, W iR H R AFLAR A A 26, DAL 2A [ i,
ANTR) 7 i il 2 AL TR Pt di ) N, W R B il 2 AR Al
TUPAC Zp2R35 B0 VAL, Hirp AEDP A5 2 80 H2
T RITHIA, X ELA SRR IR A FLFL A i i 7Y
RHAE 5 HoAth 4 FhO7 A2 AR AR LG H4 BUARAEIR
AFLFLTEZEAE. TR 5 32 25 fHE Ak R e i i R L
RHOFE S AAE 4.7 ~20. 1 nm A FLYEHE ([ 2B,
2), Hp AEDP £ 5 LR 5> AR e 5 (4.7 nm)
ifii IM i1 UHDP £ 540 i 55 ( ~20 nm).

XPS EF AR R A B, Al
XEANRITT il 4 19 Cu-SiO, fEART YRS BEAF i 2E 1T
T XPS EAL(E 3), A Cu 2p;, 4G HEMH.
R S8 MR TR T AT 2281 T3 3. B ] L 4%
FEAR SEMHR I Cu 2ps, YEHL T IR H BLAE 933.5
eV LALL, fER4E & A 942 ~ 944 eV iR B 1 +2
Al 4y o A T 7 P AR I TR M, A ot R T A A9 Pk S
W +2 . BRI, ST, AR XPS U4
A A REZE R, AEDP F1 HTDP A% b 1 BE T
FIEAAL, Cu 2py, 456G REARTE 936.0 eV Zify, i
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Fig. 2 N, adsorption-desorption isotherms ( A) and pore size distribution curves calculated by BJH equation in

desorption branch (B) of the calcined Cu-SiO, samples prepared different methods
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Fig. 3 XP spectra of the calcined Cu-SiO, samples

prepared by different methods

FEXTRRE 883 ; PG 1 UHDP #£ 5 ) Cu 2ps, ey
BERRAIS, 43520 934.3 F1933.9 eV, WL 58 H X
ﬁ\"ﬁiﬁfi, IM £  #9 Cu 2ps, W% PLAE 933.5 eV
RS & g, 5 aEEUACE TR TAE ) 09 DR R
MY Cu2p,, 2454 fEil % 75 934.9 eV DL |,
I, AEDP 3L H1 HTDP ¥4l £ 1 Cu-SiO, £ i H &
SEA RV AR S b AR O T RE R, AR 2
W T (2% 3) UL B 3% 1 3222 Ry UL Ak FR B — AP Cu
YiFh. PG 1 UHDP £ 5 19 Cu 2p,, 455 REEL 2
CuO 435l 45 G R 7 0.9 F10.5 eV, A4
FIETEHIWIER T CuO Fb, FF 5 R R B —
SR A SR AR S TUREBR SR , TR
HETHTCETE 51, ARBEAE XRD AL Hr Rz 2.
IM FEfh ) Cu 2p FIEL5 A RES 4l Cu0(933.4 eV)
Tor 4, BAWIZRE SR F 2R CuO. K5
dn R 1E Cu PRI 8 3% 3.

&3 REIFFEHI& Cu-Sio, #HHEIRE MY XPS T4 R
Table 3 XPS analysis of Cu/SiO, samples prepared by different methods

Position of FWHM Cu/Si at
Sample Assignment
Cu 2p,,/(eV) of Cu 2p;, Bulk XPS

™M 933.5 2.9 0.325 0.072 CuO

PG 934.3 3.8 0.334 0.437 CuO, Cu,Si,05(0H),
UHDP 933.9 3.4 0.342 0.163 CuO, Cu,Si,05(0H),
AEDP 936.0 2.9 0.317 1.212 Cu, Si, 0,(OH),
HTDP 935.8 2.9 0.330 0.848 Cu,Si,05(0OH),
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AN D5 2l 25 1) Cu-Si0, # & XPS i A4 AH
Cu/Si FEANIRI(F23), SLm 1 FE 5 o 4 9 oA [A] A
OYECRIL. BRER A Cu/Si KRBT, {H3
17 Cu/Si ELAIAHZEIRAC. IM FE S 3TH Cu/Si i
fiK, A 0.072, e MR T /N4 5 6%, 3l
CuO R AERE S P AR 5. [RIAE UHDP 5 1) 3%
i Cu/Si te AN B ARA R 7 ey 172, iAE i p
CuO f50fr A L4 ™ 5. A#H <, HTDP F1 AEDP #¥
i P ZRTAT Cu/Sic B3 S48 B AT TR AR IR 7 He 40 51 v
th 2.6 F1 3.8 5, U B BRI vk A A A v
IR ER T E 7. PC ARSI Cu/Si 51k
FHIR T LUAHEZ IR, D6 S A ) A — S A i
ST

R T BRI R B S5 ATy, AN ) D i
Jril £ Cu-SiO, B5HeFe it 4T T H,-TPR £AE. W
B4R, il 28 07 AN ) AR 38 B AT o 22 5%
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8 242
g
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g
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Bl 4 A7k Cu-SiO, fEALTIRLBEtE i H,-TPR [4]
Fig.4 H,-TPR profiles of calcined Cu-SiO, samples

prepared by different methods

EEHTE, IM JEALFILE 249 F1338 °C H 30> B S5 1
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Table 4 Catalytic performance of Cu-SiO, catalysts prepared by different methods in xylitol hydrogenolysis®

Selectivity/ % b
Catal Conversion TOF
atalyst i i
y /% Ethylene  Propylene Glycerol Lactic Glycolic Threito] Arabitol Dehydrated b
glycol glycol acid acid pentitols
PG 24.7 11.8 10.9 3.6 17.0 6.1 0.8 8.1 2.0 19.4
UHDP 28.9 19.4 19.5 4.4 15.4 7.4 0.7 10.6 1.1 60. 1
UHDP ° 23.7 18.6 19.1 5.2 17.1 7.9 0.9 9.4 1.4 -
HTDP 26.6 15.4 14.2 4.5 19.4 7.3 0.7 8.9 2.2 25.8
AEDP 9.1 9.0 7.5 1.4 30.2 8.7 1.0 5.4 2.3 4.1
™ 10.8 12.6 10.0 3.6 28.6 8.4 0.9 6.1 3.4 43.8

a. Reaction conditions: 40 g 10% xylitol aqueous solution, 0.2 g reduced catalyst, 0.3 g Ca(OH),, 473 K,4 MPa H,, 2 h;

b. The selectivities to light products such as monohydric alcohols and some unidentified products were not shown;

c. After recycling three times.

% 5.4% ~10.6% ) FBK OB (GEREME 1. 1% ~
3.4%).
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Fig. 5 Turnover frequencies (TOFs) and glycols selectivities

in xylitol hydrogenolysis on Cu particle sizes
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Effect of Preparation Methods on the Structure and Catalytic
Performance of Cu-SiO, Catalysts in the Selective
Hydrogenolysis of Biomass-derived Xylitol

HUANG Zhi-wei', LIU Hai-long'”, JIA Yu-qing”, XIA Chun-gu', CHEN Jing'* , LIU Hai-chao>*
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Chinese Academy of Sciences, Lanzhou 730000, China;

2. Beijing National Laboratory for Molecular Sciences, College of Chemistry and Molecular Engineering ,
Peking University , Betjing 100871, China;

3. University of Chinese Academy of Sciences, Beijing 100039, China)

Abstract; The selective hydrogenolysis of biomass-derived polyols to value-added etheylene glycol and propylene
glycol has important scientific significance and application prospects. Five different methods including conventional
impregnation (IM) , precipitation-gel (PG) , urea hydrolysis deposition-precipitation (UHDP ) , ammonia-evapora-
tion deposition-precipitation ( AEDP) and heterogeneous deposition-precipitation ( HTDP) have been applied to
prepare Cu-Si0, catalysts. The catalysts were characterized by XRD | XPS | H,-TPR | BET and N,O chemisorption.
The catalytic performances of the catalysts were investigated in the selective hydrogenolysis of biomass-derived xyli-
tol to ethylene glycol and propylene glycol in the presence of Ca( OH),. The results showed that the surface and
bulk composition of the Cu-SiO, catalysts differ greatly by preparation methods; CuO was the predominant Cu spe-
cies on the surface of calcined IM sample, mainly copper phyllosilicate was present on the surface of calcined
AEDP and HTDP samples, while both CuO and copper phyllosilicate were present on the surface of calcined PG
and UHDP samples. Differently, for bulk samples, mainly CuO with large aggregates was present in the calcined
IM and UHDP samples, CuO with high dispersion was the main species in the calcined PG and HTDP sample,
while copper phyllosilicate with amorphous structure was mainly present in calcined AEDP. Due to the influence of
the phase composition, the dispersion of the catalysts decreased by AEDP>PG>HTDP>UHDP>IM, while the Cu’
particle sizes after reduction in H, increased on the opposite trend. The catalytic activity and selectivity to the target
glycols of the Cu-SiO, catalysts differ obviously by preparation methods, which increased with the trend AEDP <
PG<HTDP and showed a maximum on UHDP then declined on IM. Such behavior of the catalysts is most likely
due to the structure-sensitive nature of the reaction, with the UHDP catalyst having Cu particles of around 12 nm
demonstrated the highest turnover frequency and glycol selectivity.

Key words: high-molecular-weight polyols; selective hydrogenolysis; ethylene glycol; propylene glycol; nano-Cu

catalyst



