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(CO,-TPD) SH AR XL 945 A TRHEAT T HAE
1 SRy

1.1 RFFANEE

PR S5 A W VS AR SRS 20 Ak T AT BR S W) (42 99. 9% ) ; TC/K Bk R £ ( Na, CO5 ) , 43 A1 46, 1
R MR AR R A A s =K S IR A ( Cu(NO, ), -6H,0) I 3 F 1822 se kA AL R A BR 23 W)
GIHTEE K G REER B B ) AR U B Ak T A FRA R, B4l s H, (99.999% ) 1 5 B SR BRA F 5 Ar
(99.999% ) Wy [ E V£ ARA BR S /5 B2, [z g, 1 [ [ 2y 48 Ak 27500 A BR 2 A5 -5 9 g
(CsHg0,) Ab2ial, W B g phr T AR R A R 1, 4- 8 ZBE(CH,,0,) b2zl il 5 iR
T AR A BRA w5 2-H EE U AR IR (CH, 0) b4, W B BB T AR IR A Rl 51,4-—
HASH(CHO,) Ab2eal, il B EigBTH T AR A BR A Rl . GVL.(1,4-PDO 2-MTHF 1 1,4- "4~
W A _EgBThL T AR A FRA ] o it — P T Al AL T R B

AN il S N 48 (VG e R RRAN A% A BRA ] ) 5 AUY120 B AL K°F ( H 4 SHIMADZU /4 7] )
OTF-1200X-SHVE L (VL FHRHR B 2k & A FRA R ) 5 CII-931 RIS & #E 19 HEas (VL95 4ds Kb H
FHEAXEST ) s TCL-16C AU & L0 ( L =B A AR ) 5 v AAE RS X TR A (1 ioRs 2% 52
R RA T ) ; GC-14C TS A 4% (GC, H A SHIMADZU /A ] ) ; Thermo iCAP 6300 7 4 8§ (& &
SPGIEAL(ICP, 26 EFERCHIRBHA R 7)) s Micromeritics: Autochem T1 2920 #Y 422 W fh 43 ( 56 [5 22
AR 2w ) ;D8 Brucker GADDS #Y X 5 &My R AT 5 A (XRD, f# %] Bruker AXS /A H]) ; JEM-2010 #4355
SPHL T B (TEM, HASHL FAk 2kt |
1.2 EEFHE

A TR T BRI R CuZn/ AL O AL o Zn A5 805 (m(Zn):m(ALO,) ) & 5E K
15:100, Cu (51 25 n(Cu)/n(Zn) #£ 0.3 ~ 1. 5 MBI N A2 fb. 15, WA FRIEL 10. 6 g JC/K Na,CO,Jf
7T 100 mL £ B FoK MR B, BEil 1 mol/L (1) Na, CO, ¥ , 45— 2 F 1 y-AL O, 73 HAE
H, B 5 Y Cu(NO,) -3H,0 #l Zn(NO, ) -6H,0 T 8 mL X7k, 78 70 CRIEH , BT A
G3 TR y-Al, 05 1) Na, CO, B H IFRI BB 3 ho FTR3RAE 80 C R T %, 7628 AU 450 T
583 ho FETE PRI R 2 1, B AR AR S H, 763 B I8 JR EE (200 ~ 440 C) TR 2 h, M4 R
Cu/ALO; HEALFI A 25 [E E m (Cu) :m (Al 0,) =10: 100, ¥ — & & 1) y-Al, O5 BT 75 & 7Y
Cu(NO,) -3H,00A 4 mL Z&§F7/K, IFAE 70 TR, BT A ST HUA y-Al, 05 1) Na, CO W H,
B R FERE R 3 ho K4 PTAIR A JKIRAE 80 CF T4 12h AR5 7628 AU T 450 CHBke3 he B4R
Zn/ AL O, AL B 4 B8 m(Zn) :m(ALO;) =15:100, Fif il #5132 5 Cu/AL O AL —2L, BR T
i HTAE AR Cu(NO, ) -3H, 084 i, Zn(NO, ) -6H,0,
1.3 KRR

GVL AT AL RN AE 50 mL ANEEAN 15 He S, 48 64T, SR G T3 e , 4+ %8 4600 1/ min,, [
NI FRRAE AT AE R R A 2 mmol GVL 100 mg fE4LFF1 10 mL 1,4- S HE R, £ Z
I, B P s H, B4 5 9K, W B SOy 48 rh 1 28 A<, B 385 8 R B A H, 28 4 MPa, 76 200 1/ min [
HCRPFE T A RV IR S 200 C Rt pis R 52 5 2 600 v/ min , FF G105 SNV (] o 24 SO0 5 A%
Jai A B N RN B A VKKV TR B =R SRS O TR A I R I B0 A3 B A A Ak
WA R VAR A T 438 o OVIR A P A 335 (Shimadzu , 14C) #4750 Hr FE 1, 20 B 4514« FEK
FAE NN, BAIEHE (Restek Stabilwax 30 m x0.53 mm x 1 pum) FIE KGR IES (FID) , FHiLR
(C) (1) 35

ny, —n,

C =

x 100% (1)

K, CRIRWFAL R (%), ng IR U6 (99 5 1 B (mmol ) , ny Sy AR 56 A6 1) IR 9 14 1) Jo 1)

2 (mmol ) ,
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PEEEE(S) # B (2) TR -
S = Z—Z x 100% (2)

b, S Ry 4 (% ), ny D9 A2 R — P B B W B 19 4 (mmol ) , g O © 5% AL I IR W1 90 5 119

fit (mmol) ,
2 4iR5ihe

2.1 fEfeiEee

ASSCR AL 25 1 LA EAT AR n( Cu) /n(Zn) FAERIHEALTR , 525 58 I B2 ) (AL PE fE
B2 . KFFHlE Y Cuy ,Zn/AlL O, (n(Cu)/n(Zn) =0.3) Cu,,Zn/Al, O, (n(Cu)/n(Zn) =0.7) F1
Cu, 5Zn/AL O, (n(Cu)/n(Zn) =1.5)fE4LF],ICP G5 R4k 1 R, 45 R 3K, CuZn/ Al O, i1k 7] Hr 52
Br 7 2 S PTG B 25 9], 7E 200 °CFl 4 MPa H, (1 2 N 4 1F R, 6t A4 E GVL IR v 1
PEACTE VERIBEREVESEA T 16 LU A8 o S8 45 SRAIE 52« 78 S A& F T AR U 227790 1,4-PDO
2-MTHF , AA B H & YA L (B 1) o 82 25 TR Cu/Zn FCBIFEAS [A) 346 B i BE R SOy 2 h 1Y)
AL RS . TEXAJE Cuy 3Zn/AL O 4L I (Entries 1 -4) , i i B2 200 CHY, GVL %4k

®1 ICP UEHETE ALO, HiFR) Cufl Zn MM RESH
Table 1 Mass fraction of Cu and Zn species loaded on the Al,O,-supported catalysts measured by ICP

Loading
Entry Catalyst” b b
w(Cu)/ %" w(7Zn) /%" n(Cu)/n(7Zn)
1 CU()_3ZH/A1203 4.5 13.5 0.3
2 Cugy 7Zn/Al, O, 8.5 13.1 0.7
Cu,; 5Zn/Al, 04 16.7 10.3 1.6
a.m(Zn):m(Al,0;) =15:100; b. the mass percent measured by ICP.
O e ™Y
GVL 1,4-PDO 2-MTHF

K1 GVL fnZii 1,4-PDO F1 2-MTHF {52 i 42
Fig.1 The reaction path of GVL hydrogenation to 1,4-PDO and 2-MTHF

®2 CuZn/ALO,fELF E GVL BLHER
Table 2 Results of transformation of GVL over CuZn/Al, O, catalysts

Entry Catalyst Reduction temperature/°C Conversion/% Selectivity/ %
1,4-PDO 2-MTHF
1 Cug 3Zn/Al, O5 200 68 71 29
2 Cuy 3Zn/Al, O5 280 74 62 38
3 Cug 3Zn/Al, O5 360 72 87 13
4 Cuy 3Zn/Al, O4 440 62 98 2
5 Cugy ;Zn/Al, O5 200 89 82 18
6 Cuy ;Zn/Al, O4 280 90 72 28
7 Cuy ;Zn/Al, O5 360 89 89 11
8 Cuy ;Zn/Al, O4 440 83 91 9
9 Cu, 5Zn/Al, 04 200 92 61 39
10 Cu, 5Zn/Al,O4 280 92 62 38
11 Cu, 5Zn/Al,O4 360 89 87 13
12 Cu, 5Zn/Al, 04 440 88 87 13

Reaction conditions: 0.1 g catalyst, 10.0 mL 1 ,4-dioxane, 2.0 mmol GVL, 200 C, 4 MPa H,, 2 h.
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A 68% ,1,4-PDO LM R T1% o ik Il B 45 22 360 °C |, AL R i die &5 22 72% , 1 1,4-PDO i
B R EREE 8% . J— S IRE IR E 440 CHE, R H LRI R 63% ,{H 1,4-PDO ik Fi gk
— AR % 98% o X T Cu,,Zn/ AL O AL (Entries 5 - 8) , ik il B ok 200 C 1, #4630 89% |
1,4-PDOEFNEH 82% . 43R JF IR FE 7 5 360 °C,#54L% 2 90% ,1,4-PDO heFPEHt e & 89% ., ik—
AR R DRI 2 440 °C AL IR 2 83% , 1fif 1,4-PDO 3884 R 91% o XF T Cu, sZn/Al, 0,44k
I (Entries 9 —12) , 43R 5L}y 200 CHE, 546508 92% ,1,4-PDO SN 61% 42 = 0 R =
360°C , LR Ky 89% ,1,4-PDO BeFE1E A 87% o it — 441 5 i BRI B & 440 °C, b R Ky 88% ,
1,4-PDOEEEME R 87% o L5G LA LSRR, RATRIAE— R Cu, Zn/ AL O fEALFI 34 S5 T
R TR0 P I 0 P R e B AT S 35 0 S ), T L o 3 D3 1% T, A7) 1) 0 M S T v U R ALK
{ERBEE n(Cu)/n(Zn) LB FIBGIN , 156 PR RR ALK 1 30 2 REOR B RS 5 i AL XS ™= 1,4-PDO () 5% B
R JFRBE T, S B R I AR S TR B 1,4-PDO B PR, kB TR B A AR TR R
WA T n(Cu)/n(Zn) WAl 38 A AR JEIREE (360 °C ) RT LASRASEE & =P i3
2.2 fBIULFIRME

FH H,-TPR X AN AL 7 b 4 0D (438 SR R4 T 20 A o 1812 S8R T 4885 1) Cu/ AL O5 \Zn/ Al O,
FIARTE Cu/Zn HAY CuZn/ AL Oy AL AR R PE . XF T Cu/AL O5 fEAEF, 78 165 °C kbR 5| & 25 ()
H, IHFEIE , T4 m] IH PR R T CuO Y38 5L, X T Zn/ AL O, fi#AKF] , 76 510 C SR 5814 H, THFEIE , I\ N
J& Zn0 (RSB 2A) o TiAE Cu Zn PIFPLL A2 AL R, i F Cu WP 5 Zn YRl 2Z 8] Y4
HAEH, il CuO AR JFUR BE B 5 208 C 2247, AHR b, ZnO ()38 SR L % 3 460 C2e Ay, HAE 275 ~
640 C 35 [l P 2 B — 58 1 H RGN . AN, IR IR ER Y Cu B (Cu, sZn/AL0,) JUI7E 165 C A4
Nos B —A Hy Wl BN , 106 2R 1 CuO IR (B 2B) o 15 WL, 24 Cu/Zn HBIE 246, Cu Zn 1)
P RIVE FHACEA 8,172 Cu sk 20 &7 4k 20 Cu IEEIFP . 255 Z A0 10 SE S0 50 1 45 &5 H,-TPR 125
IR R IR R IR R AR T Zn0 (IR, BEIMAA A F 1,4-PDO BEFEPEMEE R . BLA, 120 5
JEREEE Zn0 3R 5K, Zn0, (0sx <2) 788 IR IR T Zn0, (0<x <2) BB E B 3 Cu b 3R, ¥
B CuZn 434277 L B, HEDAE Cu, 5 Zn/AL O EALFI IR IR T CuZn 454, FF HAR 55 1 J5 R 1 6 18 fe
L2 CuZn &4 TE .

TCD signal/a.u.
TCD signal/a.u.

CwALO,

— ]

100 200 300 400 500 600 700 800 900 100 200 300 400 500 600 700 800 900
Temperature/’C Temperature/°’C

B2 Cu/Al,0, .Zn/Al,0,F Cu,Zn/Al, O 44k H,-TPR ik
Fig.2 H,-TPR profiles of Cu/Al,O,, Zn/Al, O, and Cu,Zn/Al, O, catalysts

B 3A 25 T AR Cu/AL O, il Cu, Zn/ AL O, AL XRD [, % Cu/AL O, H1 Cu, ;Zn/AlL0,
HEAEF, 7E 35. 4°F0 38. 6° 1] LIMEEL 2B I (1) CuO BTG . X F Cuy 3Zn/ Al O Fl Cu, ,Zn/Al, O, ffi
AT 00 TG B 8 A3 e, JEHE: Cuy ,Zn/ AL O (AR, H Cu kit 5 Cu/AL O, LRI LT 48R, B Zn
YIRS A AT Cu PR 438 3B J&7E 200 C R ik i) Cu/ Al O, 4L FITE 200 F1440 C i )5
B Cuy 3 Zn/ AL O AL XRD & PR AS[R] 38 B BE 14 Cuy 5 Zn/ Al O, fEAL 55 22 BUAHIE () XRD 45
Ho HHTE 32.2°.36.9° 45, 8°H1 66. 7° 1 FEIE A y-Al, O, B AT 5T o SR, FF AR WL Cu Py fh K
Zn RN AT SR UG, DA RH 38 R B A3 HICRE AR R 2 1R H B BN R R . I HL B AE 440 C i
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IR TR T A R A W AR R o XS T Cu/ AL O3 LTI, B y-AL O 24 17 5 e
S, AT UL E W2 Y CuO IOFTETIE , I —R 73 CuO RYGE

Intensity/a.u.

A

Cu, sZ0/ALO,

Cuy ,Z0/ALO,

Cug,Z0/ALO,

CwZn/ALO,

aCu0 © 7-ALO; B

o ©

Cuy3Z0/AlL0;-440

aCuo ° 7-ALO;

o

o : o
S o
Y
o é Cuy 3Z0/Al,0,-200
E LS
o ]
N Cw/ALO;-200
60 70 80 10 20 30 40

10 20

40

20/(%)

60 70

80

K3 (A) RLJH) Cu/AL O Hl Cu, Zn/AL O LT, (B) ik it Cu/AL Oy F1 Cu, 5 Zn/ AL O, AL 1) XRD [4]
Fig.3 XRD patterns of (A) unreduced Cu/Al,0; and Cu,Zn/Al,0; catalysts) and (B) reduced Cu/Al,0; and

Cu, ;Zn/Al, 05 catalysts

200 C RS HY Cu/AL Oy (B[ 4A) 200 C R Ji (1A 4B) 1440 C RS (1 4C) #Y Cug 3Zn/ AL, 04
HEALTRI ) TEM 540181 4.3 R il OSB3 R E R AR R 30t y-AL O INEE F R AL . 7]
I, A W R TR IR AR, & R 7 1 2T I 2 BT AR R 3 T, OF EURL T RLAR B0y, RGNV T

10 nm, 3% 5 XRD [l4558—3%

20 nm’ 00
-

Kl 4

B A CU/Alz 03 ( A) F Cu0'3Zn/A12 03 (B F C) %ﬂs?ﬂ]ﬂ’ﬂ TEM [

Fig.4 TEM images of reduced Cu/Al,0;(A) and Cu, ;Zn/Al,0;(B and C) catalysts
XF 200 C FidJE Y Cu/AlL O, Cu, 3 Zn/Al, O, F1440 C 5 Cu, Zn/ AL O, 44k 5347 CO,-TPD

TCD signal/a.u.

CuyZ0/ALO,-200

CWALO,-200

100 200 300
Temperature/°’C

K5 Cu/AL Oy il Cuy 3 Zn/Al, O5 fiEALFRIY) CO,-TPD fif £k

400 500 600 700 800

Fig.5 CO,-TPD profiles of Cu/Al,O; and Cu, ;Zn/Al, O, catalysts
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o, AR S PR o 3T Cu/AL O AL, 75 200 ~ 500 CZEA4A — 5L CO, LRI, U= s T35
BRI P B 1T 5K Zn BRANE] Cu/AL Oy AL, 78 Cug 3 Zn/AL O3 AR5 (200 C ik Ji) vl LIS 2]
T 550 C e A H BRUHT A I BRI , 26 UL £ 56 A 07 P 2 B, HEAR TRV BRI ES9 58 o T e — 204 g i Dl P 2
440 °C, i Bt — A5 ) @t (600 °C) B8l , 2 WY B ik v (0 A9 A 7, Bt — AP g i . BEF L 5k
g, R ZnO TR A A T3 Bk AL 19 A2 0o 7E 440 C Rk JE T Cu, 3 Zn/AL Oy fiEALFH, i T
FCRA SR sE 4] 1 y-AL Oy BIBRYE, T 1,4-PDO HIBEK , A% mide P61

3 45 i

ARSI F T — F 5 CuZn/ AL Oy AL, - F T GVL MU B3R 05/ 1,4-PDO 84 . HF5T
KIAE Cu, Zn/Aly Oy i A0 77 o 38 2 381 19 30 ot itk B2 AT DA 428 o) 4 A 500 3% 1% ™ 9 8 % k. X5
Cuy 3 Zn/ AL O3 HEAEFH , ik J5UELE D 200 “C i, 524N 68% ,1,4-PDO BeF1ENy T1% . $1& i Jatil 2
T 440 °C AN 62% i 1,4-PDO PP 55 % 98% . 454 H,-TPR (Y45 L & IR i i i L A i
T Zn0O WIE ), I CuZn S8R, AN, ZnO 38 J5URR B2 R AN [] 52 Wi AR 0] A B, S s B2 o BIVEE g
300 D3t BE S A5 ZnO B 58338 i, A G BBE 107, ATTAT AT 1,4-PDO BEFRPERIHE 5

2 % X #
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Catalytic Conversion of y-Valerolactone to
1,4-Pentanediol on CuZn/Al, O, Catalyst

LIU Qiang”®, ZHAO Zhenbo"* , ZHANG Chao’, ZHAO Fengyu'*
(“School of Chemisiry and Life Science ,Changchun University of Technology ,Changchun 130012, China ;
*State Key Laboratory of Electroanalytical Chemistry ,Changchun Institute of
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Abstract Biomass conversion is one of the most effective ways for alleviating the energy and environmental
crisis. A series of CuZn/Al,O; catalysts was prepared by co-precipitation method and the structure and
properties of the catalysts obtained were characterized by several techniques such as inductively coupled
plasma (ICP), X-ray diffraction (XRD), transmission electron microscopy ( TEM), and CO,-temperature
programmed desorption (TPD). We focused our attention on the effects of reduction temperature on the
catalytic performances of CuZn/Al,O; catalysts in yy-valerolactone hydrogenation. It is found that reduction of
temperature significantly influences the activity and selectivity of CuZn/Al,O, catalysts, that is, the larger
reduction temperature benefits for the formation of 1,4-pentanediol, and a high selectivity of 98% is achieved
over the catalyst at 440 °C, while it is only 71% on the catalyst reduced at 200 “C. Based on the structure
analysis of the catalyst, it is concluded that the high reduction temperature can promote the reduction of ZnO
and generate new surface active sites and vary the surface basic-acid properties, thus result in the improvement
of 1,4-pentanediol selectivity.

Keywords Cu-based catalysts ; valerolactone ; pentanediol ;reduction temperature ;basic sites ; selectivity
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