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Catalytic conversion of glycerol to lactic acid over CeO, modified Cu/AC catalysts
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Abstract: CeO, modified Cu/AC catalysts are prepared by the incipient-wetness impregnation method, and
characterized by N, physical adsorption, X-ray powder diffraction and H, temperature programmed reduction. The
characterization results indicate that Cu nanoparticles are the main active species of the Cu-based catalysts, and there
exists strong interaction between CeO, and Cu nanoparticles. In the nitrogen atmosphere, the Cu-based catalysts are
evaluated for the catalytic conversion of glycerol to lactic acid in an aqueous media with KOH as the additive. Reaction
results show the modification with CeO, can significantly improve the catalytic performance of Cu/AC.Effects of reaction
temperature and reaction time on the catalytic performance of Cu-CeO,/AC are studied. The conversion of glycerol
achieves 100% and the selectivity of lactic acid reaches 85. 7% when the reaction has been conducted at 220°C over Cu-
Ce0,/AC-0. 3 catalyst for 4 h.

Key words : catalytic dehydrogenation; Cu-based catalysts; CeO, ; glycerol; lactic acid

LIRS — b o 22 1Y g BB ik =7 i, iz
LT R dl | B2 24 A K i 25 U A, FLIR AL vl
FHAE R 5 O FLIR, kT A= 7 2R W) AT I i 0
RHY BT, Tl b R OB R 5Ok, SRR
RN TR . SR, R REEAFAEAEIH 2B dal
AR I A R A 7 AR o SRR O R R Rk
R H Tk A LR

N =B il g LR S R R BRI Y, R
S ] o PR ek S BT g L R =
BT RN = AL i RN 2 S 2 B T
ZIOTEN T = BB U Al LR A L

PR B — B A 68 5 1 1% AN 75 B2 T AR AL 77 s
WEF R H,, Rk, B 58 9 = B A i AR &
AL FLIR B AR L,

FETCHMIN O, 0 Wi = B Ak FLIR 1Y
WK R FEF R 3 2 ma Kk IGE Btk
AMEALTE . BBE /K #4928 2L NaOH B8 KOH 255 i
PR, Bl S B e e R EAT R AR A
LA I R N Fel T A5 4 IR O 45 A I N AL
B& B4 S YRG5 VAR R 5 5, ASBEfE
I, AL W TE AR BN, Z AR
SR FLRR I Z 2] I AL, Ak

Y #s B H#A.2019-11-27; & B H #1:2020-07-06

BEETE . P E BB T A A I 5 S0 % AU 40 H (Y807kd1001) ;) 44 Bl 24 Be & B4 1009 4: 391 H (2018GDASCX-0802)
VEEG A IR (1985-) 5B 4 TN, WF5E 07 19 S 41 AL T, xiaojie0127 @ 163. com; $14H (1976 -) , 2z, i+ WF5E 51, WF 55 7 1) g ks 40 Ak

T, I R A, gracehz@ 126.com



2020 9 B

TR R 250 5t A TR AR AL RTRT Cu B Ak 51
PR, B4 @ AL T TP o A et
Pe o R PA AR S 4 JE it A B LA A A B
Fott— 20 i 1 32 BAR KRR, 17 Cu AR SR 4R
HAAASAE T A i 5 5 IEAh, Cu 38 HLAT B0 1 i &
Witk P, BF5E Cu SEAEALAR 179 = B i i fb e
P FLIRE B3, BA B2 R L,

R, 76 P — B A b 1 2L 1R s 1 v 4t P 1
Cu SAEAL R F A B4 8 Cu S0 R ARG &
Cu FEMAEFI RS, EFXF R4 Cu SEARALT A A
R A TR Cu, 0" F Cu Gk,
DABCHRAREF S| A AR BET™ K
AR AR SR AR SR Cu B Cu0, W
G 0@ Cu BE A AL R b iE M4l 4 S CuPd™™ AN
Culu, "PYGPRRL T £5 b TN R 1R 7L
M SR Cu B A8 A 550 1 F 5 32 0 4 rh e B A 4y
I WA Cu FEMEAHI IR . Cudu, B4 9H
KRLFTE TN =B AT A LI S s v A A Y
HEALVERE  (BARAT I St md oy, BT, 3G
FEAE Bt A IR AE A S 2 30 Cu BRI AE Y =
HEAL AL T FLRR B T AR RE O S, (A1t A7)
AT R =R Cu B4 SC BN = BER ik 1k
i EN

EH L CeO, B Cu/AC fEALT, B 5T T HAE
N = BRI AL S A TR FLRR By b i p Ak e R . %
ZET CeO, ML Sl 2 S B[] 5 X% Cu
AL B 52

1 SCIEES

1.1 iKF

TEPER AC,200 B, 8 2 FE Zx sl KA A PR A
FJA P IR AR N = 1, 2T R
KOEE EPRE FR . W R, s, ) ik
SR A SRR TR, Ay BT gl LIERT R T A
AR A A BR 2 W A2 7 5 HOmmR , o 2, 16 A %
() AR Tl A SR AT BN W A 77 S5 FH /K R A
il LB Ik,
1.2 EUeFHE

RS ARUR BUAH £ Cu JEEALT], DL Cu-
Ce0,/AC J i, AR B ] 25 b B AN T . PR — 2 i
R PR ) RS R % T R B ok rh e R R S T
T 2 g WEPER , SRIG AT 30 min; i E 24 h 5, K
FEMFE 110°C FHE 12 h, e rWFEs i (80 H) , il
A A i T A R s ) S I £ T Cu B R

FKIBINTF : CeO, 1EIMBY Cu/AC LR =BSRALHISLERBVIA ST - 127 -

k1 20% FIEA ANF] Ce/ Cu BER HLAY 20% Cu-CeO,/
AC-n, 5 WiE N 20% Cu-Ce0,/AC-0.1,20% Cu-
Ce0,/AC-0.2.20% Cu-Ce0,/AC-0.3 F120% Cu-
Ce0,/AC-0.4, 20% Cu/AC Fl CeO,/AC K iR
Jr g U ACKE B 1) 4 JR T R4, A SRR
fERT, B AL FAE 109 H/N, IRAS AT
350°C A 3 h RIS fb 7],

1.3 fEHFIRE

Brunauer—Emmett—Teller H 2 AR H N, P21
W2 ook 7 5 ) B 3 A AR 2 /A2 77 1) QUADRASORB
SI A4 [ 2 b AR 5 FL B RS 40 A b 317
5 I PR AR o 198 1 <RS2 200°C 2K 1T BET
AT AR R,

X BB AR AT (XRD) 78 H A 322 20w A 7
1Y) D8 Rigaku 9000 %Y X S A AR AT S I |, St
RN Cu K, FHHER A 10°/min, HF AL 20
10~85°,

AR H, B2 5 FHRIE R (H,-TPR) 78 £ &
EES A28 S 7] 46 P2 (14 ChemStar %4> [ 34k 27 1% Ff
B EIE . B 10°/min B THESE R N IR TH 2
700°C., {5 FH #R S ARSI g A I H, TR
1.4 BURNSFEHHHT

PR SR T A H, U0 B 2 R SR LA e 1
100 mL fm RO 2 AT, BLR Y R o B AT
T 100 mL S RN ZETIA 40 g 10% N = BEKE
W .2. 68 ¢ KOH 1 0. 4 ¢ iGfLIMALR], SR 547 B
MEIFH N, BHENSSBR, G N, £
1 MPa, 50 g A4 2 48 2 i B2 46 SO, [
SRR TF IR R A R B R 2 00 AR RN

128 ELHAR A R A 7= 1) GC 7890A Y AH 4
WA AT 7= 53 Hr, R A FID A0 2%, (i 41
DB-1701 EEHE, [FIEAIFH3EE Waters Alliance
ISR €2695 AU SS0RRE Cs AUR i A T 43
Bt , 18 2998 PDA K4 , B354 0 95 & Hichrom
IS EVAEFE Y Prevail C18, 3t shAH MR LY 10% H %
KW (pH=2) . FFRBR IR I W AR R S PR LSS
TR

2 GRS

2.1 fELFIRE
2.1.1 BET %&/4&

AC .20% Cu/AC F120% Cu-CeO,/AC-0.3 [y
N, W% B — B FF 2R 2R s 1 s, IR L el LR
L BEfh AC 20% Cu/AC F120% Cu-Ce0,/AC—0. 3



- 128 - A AL T

(4N, 52 B — ot B 4 I e 3 Oy TV Y O J5 3R Oy
H4 A1, ZORERIARE G B LA fLa 280 2
FPsE AL AC, Cu/AC Fl Cu-Ce0,/AC-0.3
FEA B BET [b 3% AL 43 5l o 1413 988 m®/g Fil
691 m>/g, MTEWEEMR AC B4k [ 714k Cu FI CeO,
J& , R IR I REAI 3302 R A B 2 9 Kok 5
W T LE

15 fi#E /(cm3 - g1 STP)

00 02 04 06 08 10
X ESI(p/p,)

1—AC;2—Cu/AC;3—Cu-Ce0,/AC-0.3
K1 AC.Cu/AC F1 Cu—Ce0,/AC—0.3 tY
N, B P it 4 8 &

2.1.2 XRD %4

AC .Cu/AC il Cu-Ce0,/AC—-0.3 ¥ i 1Y XRD
HEERANE 2 s, K2 bl RIE B, AC 7E 20~
30°YEFENA 1 ASFEAT g, 3R] AC S JoE B i M
B, Cu/AC TE 36.5° &b 1 §F W 1H )& F Cu, 0,
Cu/AC Hl Cu-Ce0,/AC-0. 3 EALFI B XRD &,
TE 43.2.50. 4° F1 74. 1° 4 394 7 5 1%, 19 @ T Cu
( PDF#04-0836) , 735l X 1 T Cu A (111) ,(200) Fil
(220) fi T 27 A ERE] CeO, HUAT TG, I
CeO, HRTHBORES KT EIEAH, Z5REW Cu/AC
WAL IR FEAE Cu, 0, Cu FEAEALF A4 By Ah 15
5 Cu GKALT

(111)
(200) (220)

ki s
\_\k*_-l

10 20 30 40 50 60 70 80
20/(%)

BRBF/a.u.

1—AC;2—Cu/AC;3—Cu=Ce0,/AC-0. 3
K2 AC.Cuw/AC F1 Cu—Ce0,/AC-0.3 # XRD A

2.1.3 H,-TPR &A4E

Cu/AC Fll Cu-Ce0,/AC-0.3 #J H,-TPR FAF
gEIRE 3 frox, AWK 3 Al LLFE H, Cu/AC 1)
H,—TPR i & I 5 ¥ Fp 19 18 J7 0 3 F 140°C I
186°C Ak, B A KUK CuO AR JFIE | J5 5 R /R

F405F0H

5F CuO B JEIE ) Cu-Ce0,/AC-0.3 ) H, -
TPR e B8 Fh i S 2 24007 T 153°C &b, 45
M AE 350°C F i 5 Cu FAr Ak 7] 7T 52 B A 4 o
MR, RS XRD FAF 45 R 0] A1, Cu/AC i 1k 5
R E B R Cu G Cu, O, T8 46 5
Cu-Ce0,/AC-0.3 L4 Fl 32y Cu 9KKL T
454 H,-TPR RAELE R AT, CeO, AI{EHE Cu PFh
HIRJE, JEAEH] Cu—Ce0,/AC-0.3 1 Cu PP L 5
s 1y g %t 6 W] Cu 1 CeO, =2 18]G %5 5 1) A1 11
YER,

H, H#Ed /a.u.

100 200 300 400 500 600 700
REE/C
1—Cuw/AC;2—Cu-Ce0,/AC-0. 3
K3 Cu/AC F2 Cu-Ce0,/AC-0.3 ty
H,-TPR & %

2.2 BRI
2.2.1 REMEAH L& =B SLBR

1E N, G, LA KOH Bt as sl , A [F Ak
F N =B R R A B Al LR B Ny 5 R k1

B .
R1 SMELH ERZBHELELHIIRBRIERY
o) W) Eefp s/ PR %
% R 1,2-PG HAh®
1 — 130 12.1 0 87.9
2 20% Cu/AC 40.9  68.5 42 273

3 20% Cu—Ce0,/AC-0.1 51.0 70.2 3.5 26.3
4 20% Cu-Ce0,/AC-0.2  53.8 70.0 4.3 25.7
5 20% Cu-Ce0,/AC-0.3  63.7 69.9 4.9 25.2
6 20% Cu-Ce0,/AC-0.4 54.1 66. 8 3.4 29.8
7 Ce0,/AC 13.2 19.6 0 80. 4

T DR A 10% 9 = FEK (40 g) ,KOH (2. 68 g) , fifk
(0.4 g),2000C,1 h,1 MPa N,( =) ; @A A H IR Z B FH
MRS,

R 1 Al LU ROV 22 W R 2L,
YA 1,2-TN I R SRR, A
INAMEAEFI BT, P9 = BERE AL R 13. 0%, FLIR HE#
PEAA 12. 1%, L 20% Cu/AC F AL, 7 =
AL RN LR B 15 0 2 5, 43 5l 40. 9% Fil



2020 F£9 B

68.5%, [EE Cu il 20%, i CeO, i Cu
S, W& T — RNV EA A Ce/Cu FEIR LY
Cu-CeO0,/AC—n HELTH], BEH Ce/Cu FEIRKLLAYHY
I, 8 =BG AR R G NS T R FLIRR 1) £
ALFN, 2 Ce/Cu BERELR 0.3 B, TN = FE4: 1k
FIRFN KA (63. 7%) , FLIREFEME R 69.9% , LA
CeO,/AC AT, TN = BEFEAL RN 13. 2%, 5L
WEERFEW] , CeO, A& B IF AN = BEM 1L,
Cu 7E79 =i A A LR B v Hh ke 5 s 2 VE
L CeO, &M Cu B A A0 550 AT b 25 412 i#F P9 =l e 1k
FHE R AR AL SRAE 25 2 0T AT, Cu—-Ce0,/
AC=0. 3 fALFIH Cu F1 CeO, 22 04 5 H5 () HH B
YEFE ., T4 @ AN Ak ) 22 B s A B4 P A a2 4 T
AL T 1 43 O P R 4 B ARk 20 4
R, Cu—Ce0,/AC-0. 3 HEALF YU S 1k 1k Bk
JRTF CeO, Xt Cu GUKFLF 19 /3 ORI EVEH
2.2.2 B iREN Cu-Ce0,/AC-0. 3 1EALF] 4
PEAR ) R A

KRR X Cu—Ce0,/AC—0. 3 Ak 7 4 Ak 1
RERUSZ AN 4 fi7s . M 4 tha] LUE Y 7E 180~
240°C N TRLEE T FBL PN , TR = B AL SR Bt o T o
V1R T i T 32 ST R I, LR 32 36 2 ) i o 2 v 108 8 14
FHESCB W NS T B 24 RN IR EE S 220°C 1,
FUIR I IEPEPE IR B I KA o 3k i 19 SO0 e BE 2 i fal
ARG & A T B RRSE BE M I RRAIC . I,
Cu—Ce0,/AC HEALF 1 P9 = i b 5% £ 1l 2L R s 1y

(R B AEIR B 220°C
100 100
90 / 190

80

s 70F ./‘2\\‘ 180

= 60f . 1o &
g sor / —Zg §
# 401 s &

180 200 220 240
REE/C

1R o — LR TEPEYE
B4 R RGBT Cu-Ce0,/AC-0. 3 1 1k 7
A B 8 Bl
2.2.3 R AT * Cu-Ce0,/AC—-0. 3 4L 7] 1E 4L
e R RO RAC)

Ph Cu-Ce0,/AC-0.3 FHELF, £ 220C T F
7 J N I [ Cu—Ce0,/AC-0. 3 Ak 7 4 kP
RERSZNR , 4 2R AN 5 s, NI S i LI
SRR AL AR A S, A T B S TR S T, B
PEARIKF] 100% 5 FLINR 1L £ B A I ] 79 22 K 8 38

FKIBINTF : CeO, 1EIMBY Cu/AC LR =BSRALHISLERBVIA ST -+ 129 -

W g NSRS AT R, 7E 220°C NN 4 b B FLIR
PR B K AE (85. 7%) , WL B N =BG fb
100% , AREEIE 1< Sz I 1] 7L R 20 96 1 0 s A5
B, A, Cu=CeO,/AC HEALT 1N = B AL e 1L

il L s I 1 e A S WL B )24 4 b,

100F 90
90t lss

g ol 8

s -l

& i
sof * 175
I ) 6

3 4
fif 8] /h
10— LRI
B5 Cu-Ce0,/AC-0.3 E7 F7H = 8
18 1k 3 b Bl i ] 4
2.2.4 BACH W HEERAE R
FE IV T R 220°C AR B[] R 4 b A e
RN AT, %587 Cu-Ce0,/AC-0. 3 #EALFITEHN
SR AR LR SO R E PRI O, 25 2R
= 2 fimn,
#2 {#LF Cu—Ce0,/AC-0.3 ER=F
BUBUREHHBERERER"

¥ W Bk ARiEEHE/%
1 1 100.0 83.9
2 2 90.3 72.5
3 3 67.7 77.1

T QN A 109% 8 = BEKEH (40 g) ,KOH (2. 68 g) ,20%
Cu—Ce0,/AC-0.3(0.4 g) ,220°C ,4 h,1 MPa N,(Z) .

H % 2 Pl LUE W AR 3 vk, T8 =
WAL R0 51K 100% 90, 3% M1 67. 7% . TEAEALF]
B S g v N = B AR AEE ISR 3 Ik
I NI, B Cu—Ce0,/AC AL A FE 2 HEA
JEARYF MR SCHR A A0 25 SR AT FE v R KA S
i, Cu FEAEAEFI Y Cu QKR T 5 & A R 4E , T
PR TE PR L, Cu 9K R R
£E & Cu—CeO,/AC Ak 70 £ 0iF P11 FH 52 30 o 36
R,

3 #ie

Ph Cu—-CeO,/AC AL KOH Sy B P4 75 i
L 7E N, ST ST N =B SRR A Lk
HIFLER . LA CeO, B Cu/AC, AT S Cu JEA



- 130 -

I PERE . RIS RS PRI T CeO, AT Cu
Z B A SR AR AR FHXS Cu G4 KRLF 9 43 PRI RS E A

.

LI Cu-Ce0,/AC-0.3 A f#EALH], 7F 220C T X

N4 h, N =B ALl 100%, FLIR ¥ £ 1% ik
85.7%, Cu-CeO,/AC HEALTIFENEER M 3 K,
W =B 2 T R, AL R RS M A fr i — 2B
P AZAEIE AT R TR A A A i LR S
AR RS

(1]

(2]

(3]

[5

[

(6]

[7

[

(8]

[9

[

[10]

[12]

[13]

[14]

S 3k

Wee Y J,Kim J N,Ryu H W.Biotechnological production of lactic
acid and its recent applications [ J]. Food Technol Biotechnol,
2006,44(2) :163-172.

John R P, Nampoothiri K M, Pandey A.Fermentative production of
lactic acid from biomass; An overview on process developments and
future perspectives[ J]. Appl Microbiol Biotechnol,2007,74(3):
524-534.

Long Y D, Fang Z.Hydrothermal conversion of glycerol to chemicals
and hydrogen : Review and perspective[ J].Biofuels Bioprod Bioref,
2012,6(6) :686-702.

Gholami Z, Abdullah A Z, Lee K T. Dealing with the surplus of
glycerol production from biodiesel industry through catalytic upgra-
ding to polyglycerols and other value-added products [ J].Renew
Sust Energ Rev,2014,39.327-341.

Sharninghausen L S, Campos J,Manas M G , et al.Efficient selective
and atom economic catalytic conversion of glycerol to lactic acid
[J].Nat Commun,2014,5:1-9.

Li Y,Nielsen M, Li B, et al.Ruthenium-catalyzed hydrogen genera-
tion from glycerol and selective synthesis of lactic acid[ J].Green
Chem,2015,17(1) :193-198.

Sharninghausen L. S, Mercado B Q, Crabtree R H, et al. Selective
conversion of glycerol to lactic acid with iron pincer precatalysts
[J].Chem Commun,2015,51(90) :16201-16204.

Auneau F,Arani L S,Besson M, et al.Heterogeneous transformation
of glycerol to lactic acid[ J].Top Catal,2012,55(7) :474-479.
Siddiki S M A H,Touchy A S,Kon K, et al.Oxidant-free dehydro-
genation of glycerol to lactic acid by heterogeneous platinum
catalysts[ J].Chem Cat Chem,2017,9(14) :2816-2821.

Marques F L, Oliveira A C,Mendes Filho J, et al.Synthesis of lactic
acid from glycerol using a Pd/C catalyst[ J].Fuel Process Technol ,
2015,138:228-235.

Roy D, Subramaniam B, Chaudhari R V. Cu-based catalysts show
low temperature activity for glycerol conversion to lactic acid[J].
ACS Catal ,2011,1(5) .548-551.

Yin H X,Yin H B, Wang A L, et al.Catalytic conversion of glycerol
to lactic acid over metallic copper nanoparticles and reaction
kinetics[ J].J Nanosci Nanotechno,2017,17(2) ;1255-1266.

Van Haasterecht T, Van Deelen T W,De Jong K P, et al.Transfor-
mations of polyols to organic acids and hydrogen in aqueous
alkaline media[ J].Catal Sci Technol,2014,4(8) :2353-2366.
Yang G Y,Ke Y H,Ren H F,et al.The conversion of glycerol to
lactic acid catalyzed by ZrO,-supported CuO catalysts [ J ]. Chem

LA AL T

[15

s

[16]

[17

[

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26

—

[27]

[28]

[29]

F405F0H

Eng J,2016,283:759-767.

Moreira A B F,Bruno A M,Souza M M V M, et al.Continuous pro-
duction of lactic acid from glycerol in alkaline medium using sup-
ported copper catalysts[ J ].Fuel Process Technol,2016,144 170~
180.

Yin H X, Zhang C H, Yin H B, et al. Hydrothermal conversion of
glycerol to lactic acid catalyzed by Cu/hydroxyapatite, Cu/MgO,
and Cu/ZrO, and reaction kinetics[ J].Chem Eng J, 2016, 288
332-343.

Palacio R, Torres S,Royer S, et al.CuO/Ce0, catalysts for glycerol
selective conversion to lactic acid[ J].Dalton Trans,2018,47(13) :
4572-4582.

Jin X, Dang L. N, Lohrman J, et al. Lattice-matched bimetallic
CuPd-graphene nanocatalysts for facile conversion of biomass-
derived polyols to chemicals[ J].ACS Nano,2013,7(2) : 1309-
1316.

Shen L Q, Zhou X, Wang A L, et al. Hydrothermal conversion of
high-concentrated glycerol to lactic acid catalyzed by bimetallic
CuAu,(x=0.01-0.04) nanoparticles and their reaction kinetics
[J].RSC Adv,2017,7(49) :30725-30739.

Palacio R, Lopez D, Herndndez D. Bimetallic AuCu nanoparticles
supported on CeO, as selective catalysts for glycerol conversion to
lactic acid in aqueous basic medium[ J].J Nanopart Res,2019,21
(7):148.

TR, W IE 15 2R [, 55 . Fe, O,/ AC HHEALF 1%t FH B2 45 19
AR AL AL IR [ 1] AL T/ ,2019,38(4) : 1768-1774.
Wang X Q, Liang C D, Dai S. Facile synthesis of ordered
mesoporous carbons with high thermal stability by self-assembly of
resorcinol-formaldehyde and block copolymers under highly acidic
conditions[ J ] . Langmuir,2008,24( 14) :7500-7505.

Zhang G Q,Li Z,Zheng H Y , et al.Influence of the surface oxygen-
ated groups of activated carbon on preparation of a nano Cu/AC
catalyst and heterogeneous catalysis in the oxidative carbonylation
of methanol[ J].Appl Catal B;Environ,2015,179:95-105.

Zhang G Q,Yan J F,Wang J J,et al.Effect of carbon support on the
catalytic performance of Cu-based nanoparticles for oxidative car-
bonylation of methanol[ J].Appl Surf Sci,2018,455.696-704.
Lam F L'Y ,Hu X J.A new system design for the preparation of cop-
per/activated carbon catalyst by metal-organic chemical vapor dep-
osition method[ J].Chem Eng Sci,2003,58(3) :687-695.
FEIRIR, TR, 40, % T CWPO AL B IR TR Y Cu/AC i1k
FIR & S PEREL )] FMR TR, 2017, 11( 10) :5440-5445.
Wang X,Fu T J,Zheng H Y, et al.The influence of the pore struc-
ture in ordered mesoporous carbon over the formation of Cu species
and their catalytic activity towards the methanol oxidative carbony-
lation[ J].Journal of Materials Science,2016,51(11) ;5514-5528.
Zander S,Kunkes E L, Schuster M E, et al.The role of the oxide
component in the development of copper composite catalysts for
methanol synthesis[ J].Angew Chem Int Ed,2013,52(25) ;6536-
6540.

Lee J,Burt S P, Carrero C A et al.Stabilizing cobalt catalysts for a-
queous-phase reactions by strong metal-support interaction [ J].]

Catal ,2015,330:19-27.1



