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FEE . LLToSEENBARR, SRAKIE BRI HI S T —RIIARHE AR Cu-HMS LR, F-5 5 T HATHR —
F R & & B R o AL PERE. [RS8 X R R AT (XRD) | N AR W FEBRT . 2040635 (FI-IR) | H,
PP TR R (H,-TPR) KB 5 4% (TEM) S5 F- B LRI T T RGERAE. 45 R 30, 4l o7 480 X Ak 700 1
2R3 P23 BOPE RN A 2 IA] AR AR T e AR . SEER 25 SRR, L 209 Hi 7 4832 ) 45 19 Cu-HMS A7) ik o
REORTA . 72 RV R 205 °C | FES120 2.0 MPa, ZUHE LA 80 mol/mol iR 45 3K 0.4 h™' 4F T, HR

BRI % AL AR 100% , & ZRERYEFRPEEA 98.11%.
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IBE LR F A WA B e A A AR I I A
Hg — g (DMO) ; 285 DMO fiEfb i & 6l 2 —
FE(EG) ™. AP %, & EAA A RETR IR AR LB %%
L AL B BRI, BRI &S R £ B
T2, XHgRIR E £ B oK 1 KR 20 A I
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HEALFI I 4.
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T AL SRS I & s, iz MU TR
SURI . Chen %R AR AR Cu/Sio, fiE
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s HEA: 2017-12-11; f€E HHA. 2018-01-10.

AL R IA 99.9% , 1B EG IR IEIUHN 95.0%.
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PEARTR %) Lo SR TR/, AR AL PEREAR. TR
TR ARG B 45 19 Cu-HMS L7 i . 2 2
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S, 3@+ XRD, BET, FI-IR, H,-TPR, TEM %
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AR A BRA ] 5 AR . AR, R K%k
BA T IEREFR TR . SRR ER. AR, L%
2 b AR R A F; TTKOEE . AR, Kt &
FHREAI TAHBRAR; FEE. AR, KREET 4 KE
P TAHRAF; 278 AR, FE2548E R0 A
RN H].
1.2 EeFIH&E

HEALTR K A BOE il 4. BARD BRI E .
JEAE T TS (BIAGR)) T 63.00 ¢ 5B oK
F132.20 g SEELH W, 7E 50 C FHFHIE
AR PR —E B Cu(NO,), « 3H,0 I T 5N
P A IE AR  BR (TEOs ) 4L IR A IR, ik
Wi, BB VWL K B R BB AW A D,
FE 50 C FHidk 18 h, s =yE.oone, HET
110 °C R T4 24 h, J52 450 C A2 4 h Bin]. 435
il T 2k e (e i Ek ) 78 10% | 15% | 20%
LR 30% 1 Cu-HMS b5, AL F1 i A x-Cu-
HMS, Hor o ARFRAS R A 4 fh 28 2. il A5 0% 4 6 771
TRV I SR FHA A R B B 3 i, SR 1 43 Hh kAR
0.450~0.280 mm FHAL T B H.
1.3 4L FIRAE

KH HA Rigaku Ultima IV AY X 5247 5 AU}
WAL AT XRD T4 0 #7, H Cu(Ka) HF4k
(WK A = 0. 154 056 nm) FREHEALF], 45 HE 40
kV, EH 40 mA, FRGHEE 4 °©/min, ALK
0.02°,2 6=5°~80°. F£ i Y LR AL BET) il % 78
3 F S A F1AE P2 ) NOVA4000e 59 4 B 5 A
oER. BUEETE 300 C N ELZS IALEE 3 h, LA N, K
W BFF R, 7R AR (- 196 °C) F AT Wb, ek
AR BET A FEHE A2, FT-IR R AEE7E1E E
Bruker 23 @] 4E 72 (4 A5 DTGS A %% i IFS120HR
FILTAMNEIEAY F3EFT. H,-TPR SZ36 76 TP5090 4 A
2 AW B B aEfT, AL 20 mg, i
EFISEZ 300 C . Ar KTALIE 60 min 52 %R,
LA 5% H,-95% Ar Jid )5S, Wik 20 mL/min, FF
RN 10 K/min, RFEMFERE. RHEE
FEI 23 724577 ) TECNATL G* TF20 537 % 5133 5 i
T 08 BT S A AL ) R SROUL I 351
1.4 EMHETEM

HEAFITET A A EWE (N2 0.9 em, HIE
XACRES 35 em) (Y [ R S 0y 4 B E AT I PR TF
. S, ¥ 1.20 g BUAEAT] (RiFE 0.450 ~0.280
mm ) 3& A A HER. HHET, L 100 mL/min A9

A H,, THRZE 350 CERJE 4 h. TFEERKE
205 °C B, B E S THE 2.0 MPa, S B8 AR R 78
80 mol/mol , DMO Y&} 25 # K 0.4 h™' 514 F, 7
DU OB ZE f i A 200 o it 43 0K 10%
() DMO W BEABE A B R N, RO TR IR,
Y BE ST BURE ST BT, PR HTE E GC2014c SAH AT
PSR, K25 S S AR 2% (FID ). sERE
A 250 °C, Kl EREEE 260 C, AR AR T
T, 45 CLAR 1.5 min, K51 30 °C/min FHER
HARTFE 85 C, ¥ 5 min, FLL 30 °C/min BT
TRHCRTEE 200 °C, R 2 min. R A AE— 7%
FE
AL SN AL R T BT A S (BAR

NREEEEIREL).

DMO W% .
X = The amount of DMO converted x100%

* The amount of DMO material entering the reactor
EG Ryt .
The amount of EG generated

S_

= x100%
The amount of DMO converted ’
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2.1 ELFIEY XRD RIFLE R

B 1, 2 20 3 AN [l 5 B Y Cu-HMS i 4k 57
WIRETE R XRD . BT, 85675 AR A
Si0,(20=23° M ) B FRAEAT S 05, 1T 34 J5 A1 i 4
Fl LA CuO¥AH (260 =35.5° 38° F148° % 4b) T =X,

°q V SiO,
e CuO

o ® oo d
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w N
N S AR
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Pl 1 ST 4 67 8 1) Cu-FIMIS AL RS JEL AT XRD P&l
Fig.1 XRD patterns of Cu-HMS catalysts of different

copper loadings before reduction
a. 10-Cu-HMS; b. 15-Cu-HMS; c. 20-Cu-HMS;
d. 30-Cu-HMS
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Pl 2 NI 5 £ 280 ) Cu-HMS AR50 9 XRD PE13%
Fig.2 XRD patterns of Cu-HMS catalysts of different

copper loadings after reduction

a. 10-Cu-HMS; b. 15-Cu-HMS; c. 20-Cu-HMS; d. 30-Cu-HMS

FAAE, RIS TE 26 =43° 51° J 74° B i 9 42 )
Cu Y)AH Y FRAEAT 55 0, LIt 5 il 67 28 5 ) 365
CuO H1 Cu W FHAHIE A — D8 AZ R H, &
B Cu fh 485 3k K2 T B PR 2H 7 7E A AL 7] 2R 1
ARG Al Feik s i) XRD Bl b A U4 3]
Cu' FUFFEIE , DiIASZ I DMO fEAL N K EG B
TR 2 A AL R SR T B 4 Cu. 7381, Hi Debye-
Scherrer A F 3145 BiA UG Co RiAR K/NTESR 1
HRT UE S, Bl SR 60 2805 RN, R RURE 9 7 2
KSR /NEIR, (HEA EAEEAB] R UEHITE
—E R b RS RO A IZ A SO AT — 78 B2
2.2 fELFH BET RIELER

1 IR T HAR SN R4 7 38 A R Y EL
ZH. R 1 ATLUE H, 20K HMS 1Y R AR AL
PR RSO 24 L AR Ll AR A 700 10 125 . i o ] £ 28 5 1)

R1HERAEFEGREE Cu-HMS EUFHEBLSE

Table 1 Physicochemical parameters of the carrier and Cu-HMS of different copper loading Catalyst

Catalyst Sppr/(m* - g™") Ve (em® = g7") d,./nm D¢,"/nm
HMS 1041.8 1.20 4.63 -
10-Cu-HMS 745.3 0.74 3.98 17.37
15-Cu-HMS 764.8 0.68 3.55 17.32
20-Cu-HMS 785.1 0.64 3.25 17.29
30-Cu-HMS 569.7 0.51 3.45 17.31
a. Cu crystallite size from the XRD data by the Debye-Scherrer formula.
HETI , AL G55 T RS B 05 /N, TR A AL
TR P R FL A% R S B W P R 3. 3T g S o ¢ aam 1635 1050 g0
T4 S B M &R Cu R T SRR 0\ \"?
B Si0, B UKL TR S A T R A ) ‘
Sk AR PR T A AR INEL R R S T R R ) i

Bt Cu SEREAE 30% I, AL He 2 AL
T ERA 569.7 m* - g7, AKX T 20-Cu-HMS 1
IR LR A (785.1 m* - g7, XEFH Cu
A T E Cu R FIEZE T HAASLIA.
2.3 fEFIAY FI[IR RIEER

&l 3 J& AN [ 4 £ 2 19 Cu-HMS F il S 1 4K
HMS #) FT-IR %8, Hd 462 805 A1 1 078 em™' [f}
AT AR I 20 S R R AR Si—O0—Si 8 A A [ iR o
B, 7E 3 430 em™" BFIT HE 30 T8 MR 0 0 2 Pl T I I
K FIRELERE-OH JR3NEN E S SEW, REL %S
AT - OH (14 S0 BE A T T 1 635 em ™ 4 B HFAE

Transmittance/ %

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber/cm™

Pl 3 AR [ B 1 ik Cu-HMS ALY FT-IR P4
Fig.3 FT-IR spectra of Cu-HMS catalyst with different
copper loadings and carrier
a. HMS; b. 10-Cu-HMS; c. 15-Cu-HMS; d. 20-Cu-HMS;
e. 30-Cu-HMS
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1 050 cm™ Bt 0 — > Cu—O0—Si RYAFAEIE, H
B 4 7 A T RN, ICRRAE A V1 SR 1 078
em”™ ' Rb Y Si—O—Si R AIE I 12 8 9 55 0 O, TR B
XRG4 . 1 078 em ™" B UL A9 4R A 06
EAH 1050 em™ &b, JEHFRKER Cu 5 Si0, H45
A, Wi e Z m e B AR M Hps:
AR gk, 1078 em ™ b HY Si—0—Si FRIE I
%, X ATfAE R Cu B T8k HMS, HS
HEALH) H R AR LR R IRERRAIL, X 5% 1
1 30-Cu-HMS AUBHRF) 4.
2.4 47 H,-TPR RIEER

4 AR 7 380 A9 Cu-HMS AL 5 A H, -
TPR Eli. ME 4 HaT DUk A R Cu-HMS fE1k
FIFIHE 200 °C BT H B T — ARSI, X 5%k
F L4 CuO B3 S A XTIV Bl 67 38 )
B, AR CuO AR I TREE fr 190 2R T
F 205 C, HIRJEIGERXTFRME ORI ZE , U014
FEFN O ASIZ WA 22, HIS TR iR A
FIFHEALF AR IR, I 4 WEEE] 20-Cu-HMS |
30-Cu-HMS X P MEAL TR B0 T PR I8 S0, 13
WIZAMEAL TR AFAE 53 S —FE A il W] R
FER R AR AR T DURERR SR, X 5 M BET R
LS TR A A Bl SCHR AT 2t s BN T A g

P S 850 R R R B ) Cu-HIMIS ) TEM 2153

e

H, Consumption
a

b

a

1 1 1 1 1 1
50 100 150 200 250 300 350 400
Temperature/C

Pl 4 S IRIHR £ 200 (1 Cu-HMS ARG H,-TPR &3
Fig.4 H,-TPR spectra of Cu-HMS catalysts with different

copper loadings

a. 10-Cu-HMS; b. 15-Cu-HMS; c. 20-Cu-HMS; d. 30-Cu-HMS

SEHPI R S BB BN, LRI RIS Sio, 18] B AR
AR 5 il RO A H B iR T G A
RS DEM YA AR, SEERYIRNS Sio, [ AT
AR AR, X R W X Cu 5 Sio, [l 1Y
FHE AR A AR KA.
2.5 L FIA TEM RIELER

K5 R T AR A Cu-HMS A i 7538
Ji 5 B AR PETEM B . B &l a-d 7] DLW 2 & 31 4

Fig.5 TEM images of Cu-HMS catalysts with different copper loadings after reduction
a. 10-Cu-HMS; b. 15-Cu-HMS; c. 20-Cu-HMS; d. 30-Cu-HMS
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mn ) TEM &, 7T LUA 23K 2 Sio, ik 5 2 @
Cu kL, HAHEIRFRKANE— s8R BR 5
30-Cu-HMS FEfH Y TEM & (& 5d) , 2B b5 4 1
AR WIE I, HMS ﬂﬂ”tlﬂ%ﬂ*i?%i%%%ﬂ
A ALEEH AL, DI T B0 fh 7] He 2 T AR A

'ﬂfﬁ ) XRD . BET B 4%
2.6 KA FHEX DMO & HEFJB #

250 THE 2.0 MPa, 205 C ., & BE LM 80
mol/mol . DMO ¥ i 25 3 Sk 0.4 h™" [ s b 2% 1
T, ARIF Cu gk iR 1) DMO #40R

FEYIE RS, INEE 2 Rl LIEF], DMO AL
SV FEA L B (EG) . LW (EOH) |
CEERRWER(MG) L e ™ 1,2-N /(1
2-BDO) %, M5t DMO #EfL & Hil EG 2 £ &
HELERN 5 DMO 5 H, KO AE R R =) MG,

MG 4k2L 5 H, W15 3] Eﬁfﬁ% EG, HEG #—3
BB 2 A N =4 EtOH | 1, 2-BDO %, i3 2
Al ﬁ—%ﬂ’afiﬁm#? Bifi 5 4 B 48 1 3
Hi, DMO (AL R AN EG BB AR B0 Sk
JEUR/NR R H Y Cu ARG TE 20% 0%, Cu-HMS fi
T PE e AL, DMO (%5 1L 353 100% ,
M EG Mk EEPER Ik 98.11%; ItAh, MG Bk £k
SERRARTE TR, e AL i Ak in UM R S 5
JE AR

R 2 TESAAREHE DMO mE AR M
Table 2 Effect of different copper loading for DMO hydrogenation performance

DMO conversion Selectivity/ % EG yield
Catalyst
/% EtOH MG EG Others /%
10-Cu-HMS 98.71 6.86 3.01 89.45 0.68 88.30
15-Cu-HMS 99.45 4.31 1.71 93.63 0.35 93.11
20-Cu-HMS 100 1.04 0.67 98.11 0.18 98.11
30-Cu-HMS 97.55 5.38 3.09 90.76 0.77 88.53

Reaction conditions: p=2.0 MPa, t=205 °C, n(H,)/n(DMO)= 80, LHSV,,,=0.4 h™", a reaction time of 4 h.

3 &t

SEGEE SRR, R HIK G Bk i 1 20-Cu-
HMS A6, BA 8w i R m AR bnﬁﬁ%jjis‘?
SRR R A AR R — HUSON SR R R
LS. Z AL 74 1L DMO ﬁnaﬁﬂagﬂ;%fi
DR AL ST AL PERE, FEE 1 2.0 MPa,
IR R 205 °C . ABE A 80 mol/mol . DMO Ay

ZHR 0.4 W RN AR, RV 4 h JE EG IR
RimiE 98.11%. it — RINVRAETF-Br, K A 713K
SEOCHZ AR R R UKL 9 23 O Ca 5 S0, 18] 1 A
HAR A BRI 52
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Preparation of Cu-HMS Catalysts by Hydrothermal
Method and Study on Catalytic Hydrogenation
Performance of Dimethyl Oxalate

LI Gui-xian, ZENG Xiao-liang, Yun Hong-fei, LI Qiang, LI Hong-wei, BIAN Jie
( College of Petrochemical Technology, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract; A series of Cu-HMS catalysts with different copper loadings were prepared by hydrothermal synthesis
method using hexadecylamine as template, the catalytic performance of the Cu-HMS catalyst for the hydrogenation
of dimethyl oxalate to ethylene glycol was investigated. At the same time, the catalysts were systematically charac-
terized by X-ray diffraction (XRD), N, cryogenic adsorption and desorption, fourier transform infrared spectrosco-
py (FT-IR), H, temperature program reduction ( H,-TPR) and transmission electron microscopy (TEM) and other
means. The results show that copper loading has a great influence on the dispersibility of active components and the
interaction force between supports. The experimental results show that the catalytic performance of Cu-HMS catalyst
prepared at 20% copper loading is obvious advantages. At the reaction temperature of 205 °C, the pressure of 2.0
MPa, the molar ratio of hydrogen to ester of 80 mol/mol and the liquid hourly space velocity of 0.4 h™". The conver-
sion of dimethyl oxalate was close to 100% and the selectivity to ethylene glycol was up to 98.11%.

Key words: hydrothermal synthesis method; copper loading; Cu-HMS catalyst; dimethyl oxalate; ethylene glycol
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