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Promotional Effect of Cr on Cu/SiO, Catalyst for the Production of Methanol
from Carbonate Hydrogenation

Li, Huabo Cui, Yuanyuan Liu, Yixin Dai, Wei-Lin*

(Department of Chemistry and Shanghai Key Laboratory of Molecular Catalysis and Innovative Materials, Fudan University,
Shanghai 200438)

Abstract Recently, it has been widely reported that CO, was utilized to produce valuable chemical feedstock with cop-
per/zinc and metal oxide based catalysts, yet harsh conditions (high pressure and high temperature, ezc.) are still essential for
the activity and selectivity. Compared with the harsh conditions required in the direct conversion of CO, to achieve high se-
lectivity and activity, mild conditions in the indirect conversion of CO, through the carbonate intermediate provides an alter-
native. Since CO, can be easily transferred to carbonate under mild and even atmospheric pressure of CO, in many reports,
hydrogenation of carbonates to methanol at ambient condition presents an attractive strategy for the indirect conversion of
CO, with higher catalytic activity. In our previous work, we have reported that Cu/SiO, catalyst achieved satisfying perfor-
mance for the hydrogenation of diethyl carbonate with poor stability at long term running due to the agglomeration of active
metal. Herein, we present that the catalytic activity and stability of the catalysts in the hydrogenation of carbonates could be
efficiently improved by the addition of Cr. In this research, various Cr-promoted Cr,-Cu/SiO, catalysts were synthesized
through an ammonia evaporation method. The effect of added Cr on the catalytic performance was investigated by the hy-
drogenation of diethyl carbonate (DEC) as a probe reaction system. The results showed that the Cr,-Cu/SiO, catalyst with 3
wt% Cr performed the preferable activity. Under the reaction conditions of temperature of 503 K, hydrogen pressure of 2.5
MPa and liquid hourly space velocity (LHSV) of 1.0 h™', the conversion of DEC could be 99%, while the selectivity of
product methanol (86.2%) and space-time yields (STY) of methanol (5.6 mmolyeon*gea '*h~ ') were enhanced significantly.
The physicochemical properties of Cr,-Cu/SiO, catalysts were characterized by X-ray diffraction (XRD), N, physical adsorp-
tion and desorption, transmission electron microscopy (TEM), H, temperature-programmed reduction (H,-TPR) and in-situ
diffuse reflection infrared Fourier transform spectroscopy (/n-situ DRIFTS). The results revealed that the dispersion of active
copper species was significantly improved. The copper chromite species formed by the interaction of copper and chromium
could optimize the distribution of Cu(0) and Cu(I) and regulate adsorption construction of reactant, efficiently improving the
catalytic performance and stability for the hydrogenation of diethyl carbonate to methanol.
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Figure 1 MeOH yield over various Cu,-Cr/SiO; catalysts with different
LHSV of DEC. Reaction conditions: 7=503 K (a), 7=483 K (b),
p(H)=2.5 MPa, m¢,=0.8 g
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Table 1 Physicochemical parameters of the Cr,-Cu/SiO; catalysts

Seer/ Viore/ Dy dci® Dl Sell

Catalyst (eg) (Emsg!) nm  nm % (niga )
Cu/SiO, 368 1.03 11.8 10.7 31.5 409
Cr,005-Cu/SiO, 350 0.75 9.5 83 51.0 662
Cry0;-Cu/SiO, 196 0.84 195 7.6 528 685
Cry03-Cu/SiO, 185 0.87 21.1 7.5 463 60.1
Crp05-Cu /SiO, 183 0.77 19.4 89 325 422

“Cu average diameter of particle size calculated from XRD; “Dispersion and

surface area of Cu determined by N,O titration.
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Figure 2 XRD patterns of the calcined (a) and reduced (b) Cr,-Cu/SiO,
catalysts
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Figure 3 TEM (a), HRTEM (inset of a) and EDX analysis (b) of the
reduced Cry ¢3-Cu/SiO; catalyst

2.3 EMYIRS T

P T AFEES S & Cr-Cu/SiO, AL IE
JERRE, 3 I R A T P SRR P IR 0 1 A7 B R U
T APUAR A4 A BRI A L4 751 o 4% 4 8 1) A % 4 5 38k A )
(AR ELAE RS o e 4 A AR [ AR AL I R AR AN A
H, Cu/SiO, AL Ho-TPR B A 30 T A2 T 539
K (S FRIE S, T Cr &1 8N 0.5 wtelf, HEALFII
FEEUEAE T Cw/Sio, MR T Az, H 539 K fFE
535 K, HAESGEmA IS8 K, R /D 58 A aT oAy
Cr,-Cu/SiO, Ak 77 FR A P Ff ) 22 T 0 AR v, o3 i 0
(1 2 U 8 % I i ek FEE 9 R 3] SR G K e 34, R IAfEAL
I BT AR SR, P SCERGE, R HRE R
R AT 503 A1 533 K AT I PRALFES G, 73 BN N
F CuO & Cu(0)IE 5 K CuCr,0y IR IE JFIO 4h 4
R G RE A ) HRTEM B (B 3a), FRATTHEN A ST HRkiE
AR R R, B Cr & s 38 N TE B CuCr,04 #1551
T IR R I SR AL FE R ISR A ) i X R A i Rg, FE
RIRIX 2 530 K 5 BT/ NI CuO [, X T
Cro.0i-Cu/SiO, AL T, 7E 550 K HIFUBIE, MEHEH &

374 http://sioc-journal.cn

© 2019 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

GOK, R W5 R AT 4 0, EL TR 1 e U X R S
k25 2R W DRI 4 5 A i (AR LA T T 7 A2 [ CuCry O
WA S EIIG 2T 2, Hyos 5k semss.

Cro05-CU/SIO, /A\

Cr, 0,-CU/SIO,
Cry-Cu/SiO, b\

T T 1
323 408 493 578 663 748
Temperature/K

TCD Signals/a.u.

B4 Cr-CwSiO, AL Hy-TPR [
Figure 4 H,-TPR profiles of Cr,-Cu/SiO, catalysts
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£2 EFEE Cr-Cu/SiO, AR R AN 25 5041
Table 2 Chemical state of surface copper on the reduced Cr,-Cu/SiO,
catalysts

B. E.%eV K. E.t/ev
Catalyst ————  Cu()/(Cu(0)+Cu(l))*
Cu2p Cu(l) Cu(0)
Cu/SiO, 9335 912.7 916.6 0.358
Cro00s-Cu/SiO;  933.6 912.8 916.4 0.291
Croo-Cu/SiO,  933.4 912.8 916.6 0.363
Croo3-Cu/SiO, 9335 912.8 916.5 0.387
Croos-Cu /SiO;  933.4 912.6 916.7 0.383

“ Binding energy; “Kinetic energy; ¢ Calculated from XAES of the reduced
Cr,-Cu/SiO; catalysts.
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Figure 6 [In-situ DRIFTS spectra of CO adsorption on Cu/SiO, and
Cr.03-Cu/Si0; catalysts before (a) and after Ar purging (b). 7=313 K
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