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Analysis of non-silica catalytic system for selective hydrogenation of
dimethyl oxalate
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Abstract; Hydrogenation of dimethyl oxalate (DMO) to ethylene glycol (EG) is a key step for syngas to EG
process. The selective hydrogenation of DMO to methyl glycolate (MG ) or ethanol is briefly introduced. The latest
progresses in the non-silica catalytic system for the hydrogenation of DMO to MG, EG and ethanol are reviewed. The
influence of the types of non-silica carriers, promoters and preparation methods are highlighted. The existing problems in
the present research are pointed out. The development trends of non-silica catalytic system for the hydrogenation of DMO
in the future are prospected as well.

Key words: dimethyl oxalate; selective hydrogenation; methyl glycolate; ethylene glycol; ethanol; non-silica

catalytic system

MRS A A HIR R £ AT R E
PEANTA AR B, 2R EEALHE CO il . CO %
PR 7 R — Y P ( DMO) i1 iR — F i o ==l
CWE(EG)3 A B Y RORR iR
LR & R BOR B2 ) S B 2D 9K
T VAP A AR ZEL BRI B 26 1, e R — P IR ok 1
IR L BERR H TG (MG) I ZRE™ ., L WER H ik
Je A (] LA EIR I , 344 H W iR Y I Bl 5 2 IR T
Fiit, AT RA G Bl— R 50 e BRI EL A 9077 i, L ARk it
i) SR U ) H R ST I S £ T R P T
A WA — T T RE U, b 0 ok
120, 0] B3 VR ARRRE R PR S 6, i 7
S A ] DURRAEOR A R AR 5 Qe e, %
R b R R e [ T, S B ] R K i HA T
B,

DMO eSS Z&AF B T A, A R
PERZ BRI A BOR B R 2 — , R I AR R JE il

BFE IR R A AT, 22 W A5 s 1 [l py S
TP I M B A TR R T S0 R
TR A AR 72 R — F R N U BLAR R P A
TEREIE S T3 W 4 30 B o o 14 [ R 36 D075
BT ARARREMR 2 R — W Rk £ i S A AR,
R S AR Ak AR 2 R M B 26 P i S A A5 PR AT S 41

ARSCHZRIR T I AFRAR A R IR — R e %
PN £ BER F R L £ L ORI AR AR
FEIHTE I , T 0 M AR R R R B 28 R B 5] LA
Lol 46 07 1 R 45, TR R RE Al EART T AR RE R AR
DMO 32 % 1 i 2 4 A 750 0F 5 77 7 19 [ A 4 Ji
Jitil

1 DMO m&# MG JEsEE#EUE RS

FAT L | MG A7 (8 207 2 W S HOK i
5 ZTTEATAE MG CRAR, BRI 75 ™ FE 25 M

7 HHE:2016 - 02 -03
E& B 0 5 T S S50 S T RO B (J16 - 17 -905)

EFERT L7 (1982 - ) 55 1L S AR, EZ I THORWIF S TT 4, 3l TR RN, 0371 - 69337317, mushifang@ 126. com,



2016 F 10 A BUES SR _PERFENSIFEREMER DN 35

oL KM 7=, MG 12k DMO i & 1 9 465
— ), R — g k2 DMO &l EG (&l
FEYITRAN T, R DMO & il MG JEfk ik
FWFFEEL D

JZ [ 1K2# Duan 25" 8l 46 T 544 K% (CNT) 1
I Ag AL, 5 HAE DMO hn & il MG i
MTERE, 45 R R W], 4 Ag 72k & o BT & 43 4K 10%
ff, DMO #6403 F1 MG BE M AE 99% L) I, T
Hofb R AR A AR . S BR2E Cui 25 SR
G152 Tt I T T A B R SR AR R, 5 Cu/
Si0, fLFI I T4 i 2 —-BE A ZBEAS ], Cu/AC
TEAL IR B T 5 1) SR P e B, 500°C s b2
(1) Cu/ AC AL FIFE SN IR EE 220°C B, DMO #4638
41% , CBERR H FRE R ME R T 99%

Hh [ 2 B L P AL A B 5T BT Chen 4510 5%
PR THil A 5 7 25 45 Ni, P/TiO, fEALHI, K0
gEILERN | N 210°C B, DMO #54k% 93. 0% ,
MG BE£EME 88.0% . BLAM, ZMEfL IR TS
RS E T, IRNEIREE 230°C, i ) 3. 0 MPa, i i
253 0. 1 h ™ W 4 F F i gifaE a7 3 600 hy
FEL R 2 B L PG A5 A 2 BF S I Kong 2511 5 8¢ 50 9k
XS Raney Cu fEAL 4544 B SR HERE HISE IR, K&
PRI U R E SR 40°C R ) A5 1) 8 Ak A0 7 s B L
210°C /KRR 253 2.0 h™', JE /7 2.5 MPa F,MG
BERFENE 95. 0% | [RIHi8 T AL RN G IR R . 36
125 W T AERER R AL ) DMO Jin&( il MG 2558,
1A LA IZ R BTG PEAL 5 LL Cu NiLAg

L ARRERMAW R R TR AR, Ay

(L% 33 )

[20] Tang B, Bi W, Zhang H, et al. Deep Eutectic solvent-based HS-
SME coupled with GC for the analysis of bioactive terpenoids in
chamaecyparis obtusa leaves [ J]. Chromatographia. 2014 ,77 (3/
4):373 -377.

[21] Zhang H, Tang B, Row K H. A green deep eutectic solvent-based
ultrasound-assisted method to extract astaxanthin from shrimp by-
products[ J]. Analytical Letters, 2014 ,47(5) ;742 —749.

[22] Tang B,Zhang H, Row K H. Application of deep eutectic solvents
in the extraction and separation of target compounds from various
samples[ J]. Journal of Separation Science,2015,38 (6) :1053 -
1064.

[23] Ho K C,Shahbaz K,Rashmi W. Removal of glycerol from palm oil-
based biodiesel using new ionic liquids analogues[ J]. Journal of
Engineering Science & Technology,2015:98 - 111.

[24] Jeong K M,Lee M S,Nam M W, et al. Tailoring and recycling of

deep eutectic solvents as sustainable and efficient extraction media

CNT HEALTH Y S 25 SR T HAt R R
R 1 ERERELF DMO MEH MG &R

S DMO MG
FEAL . AR ) .
g/ AL/ % PR/ %
Ag/CNT 220 80 >99 >99.9
Cu/AC! 220 120 47 >99
Ni, P/Ti0, 0] 210 300 93 88
Raney Cu!!'!! 210 70 95.0

2 DMO m&4%| EG EREEELE RS

DMO S il EG bk 2 LIkt Cu/Sio, K
AU RE S AL R R BT Y B FI 4% Cu -
Zn-Al .Cu/TiO, ,Cu/ZrO, ALK R ETF . & H K2
AR MR ZE 7R 1 5 TR T R AR, Wen 260
FIUURRITE 6 4 T AR FL B9 Cu ~Zn - Al 44k
F LRI = AR L 1 4 SR A 300 £ 3 1 d
T, 1% 2 A ) 3 28 I 200 h A Ak BE AN AR
Wen 251771 ka5 DU BB I A7 A, R 28
TR A Cu JEMALR AL B T AT
Cu/Si0, JZ Wi PERE , 76 [/ S5 7 L R T LSE B2
e Y 20 T g ol R R, B I
210°C i} AR R REFRE 75% |, S5 107 T 240°C i
2 TP E T 90% , 120 h A JE 35T P9 Ak AL
R RAFIORE EME . Cui %171 L 700, kil
3o PR R TR B , 76 AR ) 25 3 S B 2 — e Y
B 2, TR S R LA B, 7E BRI N 2 A

Xt & R R BESCA AT I 80% B R S AR A F

[J]. Journal of Chromatography A,2015,1424.10 —17.

[25] Jeong K M,Zhao J,Jin Y et al. Highly efficient extraction of antho-
cyanins from grape skin using deep eutectic solvents as green and
tunable media [ J ]. Archives of Pharmacal Research, 2015, 38
(12) :2143 -2152.

[26] Abdul Hadi N M,Ng M H,Choo Y M, et al. Performance of choline-
based deep eutectic solvents in the extraction of tocols from crude
palm oil[ J]. Journal of the American Oil Chemists’ Society,2015,
92(11/12) :1709 - 1716.

[27] Das A K,Sharma M, Mondal D, et al. Deep eutectic solvents as effi-
cient solvent system for the extraction of k-carrageenan from Kap-
paphycus alvarezii [ J ]. Carbohydrate Polymers, 2016, 136930 -
93s.

[28] Li J,Han Z,Zou Y ,et al. Efficient extraction of major catechins in
Camellia sinensis leaves using green choline chloride-based deep
eutectic solvents [ J ]. RSC Advances, 2015,5 (114 ) ;93937 -
93944. A



- 36 - LA AL T

FXtZ U EE A R AT Gk 90% , Wang 21T LR L
TiO, P25 R #hfk , BF9E TiO, HAENT Cu/TiO, 25 # i
SN PERE I S, 45 R R W, AL FHIRT 5 &4 f
TiO, ST =2 ] 1) 17 P el 49 b A o & B g v & 4 T
BRI 00 R R R B AL
FNLE R R N PERE B, 25 S 2B ,20% Cu/TiO,
TE 550°C K5 be fa B e dE I i MERE , N iR 220°C
it DMO %42 100% , Z, — ek £ 99% , 7E 96 h
PR R PR AL 0 S R R A R R E . B AT A
FET —Fh R R — F R S 0 SUAE i 2 B Y I A
O AR B FLTR A 5 % AR R LARRHER
LA AR AR B A B, S R e — B TR
TR R LA B A Bl 70 4 i 1 28081 — AR A Bk 3 iR
o 3E A O T A e R R R R A TR
Aof s L, SR R R — W R Ak R AT A I 00 1B
PEF SIS =Y £ — WL £ B2 F B8 9 43 A, DT
IRBXE T H bR 7= 9 00 AT 5 E B A . FE IR A 3
(0.2 h™") 5 F F Xt & BERR 7 S R T 3k 70% ,
ST (1.0 h™h) 2 % 2 BElieR T 1% 99%

Zhang %57 LIELIR Cu~Zn -Al K ¥ 41 AR 1A
B EAERALR, 7E 220°C T EG Y KT ik 94. 7% |
DMO #5842k, Frfs i fb b Cu w5 B2 401K,
BRI L 2R R L A R i AL O, AT Cu
est . B B BE 1L vh A5 i b 2 W 58 BT Kong
25 PUSR R R R S VI ) 45 CoCu/ZnO A4k 7 3
L FH T REFR R I SO H L 78 RN R B 220°C, (R FR
WET 2 3 2.0 h™', FE Sy 3 MPa N, DMO % fb %
100% ,EG 454k 93% . Jbitfb Tk%: Hu 42 %
P AITURE B 28 Cus Al =ZrO, A6 345 0
TR IS 2 BN, & BRI LG 1
IT AR e AR, BN T 4R R SRAEZE R
T, B FRIE A ZeO, A 2548 H T R Y T 1A
AP R T &R R T 2 1S
R A, AL/ (Cu +Zr + AD) BEZR EE R 0. 1 B AL )
1E 2.5 MPa,220°C , S BE L 120, 254 0.8 h ™' [y
N AT DMO 746 3% 100% ,EG %851 97. 1%
AR FZHRE R Cu*/Cu’ 3G EPOUL, VEE AN
5 53 TSR SO R R I B R 57 IR IR A A AR i
TR .

52 HK 2 Zhang 261 DU £F 2 S 3 A, 1 2%
0.5% Au F10.1% Pd J5{EE R W R ImE 2 —
st S5y R 2 B P S B vy M R, SO TR BE 270°C, [
RiHE 3 2.5 MPa, i} %55 5.3 h™', DMO #%{k 5%
99% ,EG BN 93% ,(H 2 S 07 it B BH S 0 =5 o

36 BH 10 57

3 DMO mE# ZEEdErE B EXE RS

FHRE: Yue 2554 45 BT A% IR TURERR B0 40
KAG ARG AL, LA 3 5 H R ALY Cu
WG, B Cot /G el A i BB R E , gL
HA B0 1) DMO it sttt , ZIIeR T35 91%

Hh [ ) 2 B 1 PG M R AL 2R F ST BT Zha 255 %
S B 3 T I S ] A 790 A8 A A 218 R 5 o S5t
VB R, 4 R R B, DA B Y A R e
Cu/Si0, ki & —FEie Bk s , IV I 240°C
i, Cu/AL O, AL & — 1 F ki 5% 53.5% ; LA
1,4 8 0 s 50 I, Sh i 270°C 1), Cu/
AL O, AL ZBEEPRYE 95. 5% o Zhu 257 jE—2
Xf Cu/AL O, LRI T BT, F Cu Kok i T
AfL AL O, B AR I, Pl ML 4 e 2 1) L, 45 3L
P AL i M, 15Cu85 AL 84k 3 78 Sz o T B
270°C, )R K 3 4 MPa, (RBUR 253 0.2 h ™', &
fi Lt 200 19 S A5 1F FRRE IS 1T 200 h, ZFEIBCRAR
FTE 94.9% , [WIHESE T Cu 44K T RSFROUR,
YEHIN N EZ R T 28 - M 5w 1E AL, %
i Cu” ~Cu” M 25 V#5511 . Zhu 257 8 pE—
HXF Cu/Zr0,/ AL O AR il 45 S AR b AT L4k,
KB T50°C B Be AL R FE S NI 270°C , Js 1 R
714 MPa (RT3 8 0.2 h ™' &UBR e 150 /)2
NS R RAEIZAT 200 h, 2B R B A 97. 4% A
HV O TG AL S 28 Cu”, LU LR
KPP A Ze0, b R AT 22 0 R M 07 B R4 F A
R,
32 45 T HAEREIAR R AL DMO & il 2 B
S50 R 2 Hhn] LU 9% N T R IR R X 4
o, — A AE 270°C LI R L 5 53 DMO i
JEE & A AL R 7, E— 2 i Cu 2145 1) 1A
BRI KA TR E AR T SR,

%2 IERHERMELT DMO MSH ZELER

pin O MO W
REE/C AL/ % AR %
Cu@ CuPSNT?] 280 200 >99.9 >91.7
Cu/AlL, 0, %) 270 150 100 95.5
NPCu/Al, 0, 12 270 200 100 94.9
Cu/Zr0,/Al, 0,17 270 150 100 97.4
4 #iE

DMO RPN 500 MG \EG H £ P S A



2016 FE 10 B

PP R BBTTE , A D AR il BE PR A H b A9 — > i 5l
SR, T Bk R I MRE T A B AR 2 —
SAARERE DMO 8 #4205 bz 19 AT S 2 558 0 IR
ALAEREIR R A OTSEMINIGE A2 . 7R fiESE DMO &
PRI A ML R BTS2 T7 T8, DMO i EG fiEfb A
A ST LER A, DMO IS il MG 8 L AL A
AWM IEZE LT HEAMTRE M. 5 A LR
TRZAMIEL, AERER R DMO sk #Ehn & B A 771
J RSk B i vy 25— R 47 [ L, it B A Sk F 5 0 T
IR T A

S 30k

(1] BHLT7, v i, RRAL B, 45, TR — WS ) 2 — e ] i A
A AE IR AT [T ] TolkfE 4k ,2015,23(2) :98 —102.

(2] B, RORT, E 1, S5 TR I 220 B0 i i A 70 SC SR AR 5 1
WL 1]. AL Tk ,2013,32(4) :721 - 731.

[3] Yin Anyuan,Wen Chao, Guo Xiaoyang, et al. Influence of Ni spe-
cies on the structural evolution of Cu/Si0, catalyst for the chemose-
lective hydrogenation of dimethyl oxalate[ J]. J Catal,2011,280
(1).:77 -88.

[4] WpAE, B0, B, % A URE " HEY Z IR TR JCK Z s

BIWFFEHERET]. AL T2 40 ,2016,67 (1) :240 -247.

PR, BB AR, 45 R T R SRR I A Y

WEgEHERELT]. Ailifb 12,2014 ,43(9) ;985 —994.

Wen Chao, Cui Yuanyuan, Dai Weilin, et al. Solvent feed-stock

(5

[

I6

[

effect ; The insights into the deactivation mechanism of Cu/SiO, cat-
alysts for hydrogenation of dimethyl oxalate to ethylene glycol[ J].
Chem Commun,2013,49(45) :5195 -5197.

(7] BRI, Fid, TR, 45 RO IR 0 = 2 R T T A 1L
FIRIBFFEHE R T]. L1k ,2014,30(11) ;2349 - 2356.

[8] Duan Xinping,Zhou Junfu, Li Siyuan et al. High activity and selec-

[

tivity of carbon nanotube supported Ag catalysts for hydrogenation
of dimethyl oxalate [ C]//EuropaCat X Congress: Catalysis-Across
the Disciplines GlasgowScotland ,2011.

[9] Cui Yuanyuan,Wang Bin, Wen Chao, et al. Investigation of activa-
ted-carbon-supported copper catalysts with unique catalytic per-
formance in the hydrogenation of dimethyl oxalate to methyl glyco-
late[ J]. Chem Cat Chem,DOI;10. 1002/ ccte. 201501055.

[10] Chen Hongmei,Tan Jingjing,Zhu Yulei,et al. An effective and sta-
ble Ni, P/TiO, catalyst for the hydrogenation of dimethyl oxalate to
methyl glycolate[ J]. Catal Commun,2016,73 .46 —49.

[11] Kong Xiangpeng, Ma Cailian, Zhang Juan, et al. Effect of leaching
temperature on structure and performance of Raney Cu catalysts for
hydrogenation of dimethyl oxalate[ J]. Appl Catal A: Gen,2016,
509153 - 160.

[12] Wen Chao, Li Fanqi, Cui Yuanyuan,et al. Investigation of the struc-
tural evolution and catalytic performance of the CuZnAl catalysts in
the hydrogenation of dimethyl oxalate to ethylene glycol [ J]. Catal
Today,2014,233:117 - 126.

[13] Wen Chao, Cui Yuanyuan, Chen Xi,et al. Reaction temper-ature

BUES SR _PERFENSIFEREMER DN - 37 -

controlled selective hydrogenation of dimethyl oxalate to methyl gly-
colate and ethylene glycol over copper-hydroxyapatite catalysts[ J].
Applied Catalysis B:Environ-mential ,2015,162 ;483 —493.

[14] BRAEAR, T8, YO RRAR. 5 Bl B BRI & I ) — 2 2
IRATHEAL ) K Hoh 4% )7 45 - CN, 102989490A [ P]. 2013 - 03 -
27.

[15] Cui Yuanyuan,Wen Chao,Chen Xi,et al. Highly selective one-pot
continuous synthesis of 2-methoxyethanol via hydrogenation of dim-
ethyl oxalate on Cu/ZrO, catalysts with balanced acid sites[ J].
RSC Advances,2014,4(59) :31162 - 31165.

[16] JmAbpk, Hfel bl , 0. i # i A EH 2 — W s
PR Fr) ) A A A 700 B G ) 4% 7 vk CN, 103566949A [ P ].
2014 -02 - 12.

[17] Wang Bin, Wen Chao, Cui Yuanyuan, et al. Remarkable crystal
phase effect of Cu/TiO, catalysts on the selective hydrogenation of
dimethyl oxalate[ J]. RSC Advances,2015,5:29040 —29047.

[18] Wang Bin,Cui Yuanyuan, Wen Chao,et al. Role of copper content
and calcination temperature in the structural evolution and catalytic
performance of Cu/P25 catalysts in the selective hydrogenation of
dimethyl oxalate[ J]. Appl Catal A:Gen,2016,509 .66 —74.

[19] MAemk, LI, 0, 4. — 50 T 508 — Wl UR A a4
WL T K &R HY IR B AR R B G R 4% 7 5 CN,
104492445A[ P].2015 - 04 -08.

[20] Zhang Shaoyan, Liu Quanyao, Fan Guoli, et al. Highly-dispersed
copper-based catalysts from Cu-Zn-Al layered double hydroxide
precursor for gas-phase hydrogenation of dimethyl oxalate to ethyl-
ene glycol[ J]. Catal Lett,2012,142(9) :1121 - 1127.

[21] Kong Xiangpeng, Zhang Xiaochao, Chen Jiangang. Highly active
and selective CoCu/ZnO catalysts prepared by mild oxalic acid co-
precipitation method in dimethyl oxalate hydrogenation [ J]. Catal
Commun 2015 ,65 :46 - 50.

[22] Hu Qi,Fan Guoli, Yang Lan,et al. Aluminum-doped zirconia-sup-
ported copper nanocatalysts ; surface synergistic catalytic effects in
the gas-phase hydrogenation of esters[ J]. Chem Cat Chem,2014,
6:3501 —3510.

[23] Zhang Li,Han Lupeng,Zhao Guofeng, et al. Structured Pd-Au/Cu-
fiber catalyst for gas-phase hydrogenolysis of dimethyl oxalate to
ethylene glycol[ J]. Chem Commun,2015,51:10547 - 10550.

[24] Yue Hairong,Zhao Yujun,Zhao Shuo,et al. A copper-phyllosilicate
core-sheath nanoreactor for carbon-oxygen hydrogenolysis reactions
[J]. Nat Commun,2013,4.:2339 —2346.

[25] Zhu Yifeng,Zhu Yulei, Ding Guoqiang, et al. Highly selective syn-
thesis of ethylene glycol and ethanol via hydrogenation of dimethyl
oxalate on Cu catalysts; Influence of supports[ J]. Appl Catal A.
Gen,2013,468:296 —304.

[26] Zhu Yifeng, Kong Xiao, Li Xianging,et al. Cu nanoparticles inlaid
mesoporous Al,O; as a high-performance bifunctional catalyst for
ethanol synthesis via dimethyl oxalate hydrogenation [ J]. ACS
Catal ,2014 ,4 :3612 -3620.

[27] Zhu Yifeng, Kong Xiao, Zhu Shanhui, et al. Construction of Cu/
Zr0,/Al, 05 composites for ethanol synthesis: Synergies of temary
sites for cascade reaction[ J]. Appl Catal B: Environ,2015, 166/
167:551 -559. A



