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Effects of Acid Treatment on Pore Structure and Oxidation
Carbonylation Performance of CuY Catalysts
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(Key Laboratory of Coal Science and Technology of Ministry of Education and Shanxi Province,
Taiyuan University of Technology, Taiyuan 030024)

Abstract: The NaY zeolite with ng/ny=2.65 was treated by oxalic acid aqueous solutions and used as supports to
prepare CuY catalysts by liquid ion exchange for oxidative carbonylation of methanol to dimethyl carbonate
(DMC) in atmospheres condition. The NaY zeolites and their corresponding CuY catalysts were characterized
intensively by N, adsorption-desorption, TEM, XRD, *Si MAS NMR, NH;-TPD, Py-FTIR and H,-TPR. The results
revealed that framework aluminum was leached out by acid, resulting in increase of the framework ng/ny ratio,
decrease of the relative crystallinity, and formation of mesopores which are favor for diffusion of the products
molecules and significantly affect the catalytic activity. Compared with the untreated sample, CuY catalysts
treated by 4 h, 0.2 mol- L™ oxalic acid exhibited higher catalytic performance with the increased space-time yield
to DMC and conversion of methanol of 184.9 mg-g™ -h™ and 10.2% from 103.6 mg-g™ -h™ and 6.3%
respectively. It is found the formed mesopores in CuY catalyst enhance the accessibility of Cu active sites by

reactants and the diffusion of reactants and products molecules.
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Table 1 N, sorption data for NaY zeolites

Zeolites Sy / (mP+ g™ Spien” / (m?+ g7 S/ (m?-g™) Vi / (e g7 Vet | (e g™
NaY 517 486 30 0.251 0.012
NaY-2-0.2 549 489 59 0.261 0.041
NaY-4-0.2 440 314 125 0.164 0.079
NaY-6-0.2 513 413 99 0.183 0.061
NaY-4-0.1 491 422 68 0.195 0.038
NaY-4-0.3 298 249 49 0.102 0.020

* Calculated by the BET method; " Calculated by z-plot method; © Volume adsorbed at p/p=0.99.
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Fig.2 TEM patterns of NaY zeolites
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Table 2 Cell parameters of NaY zeolites
Zeolites nslny Relative crystallinity / % s / nm 20/ () a0/ nm
NaY 2.57 100 0.568 1 15.58 2.469
NaY-2-0.2 2.70 84.79 0.566 9 15.62 2.466
NaY-4-0.2 3.61 61.07 0.565 5 15.65 2.465
NaY-6-0.2 5.12 46.16 0.564 3 15.67 2.464
NaY-4-0.1 — 85.80 0.566 8 15.61 2.467
NaY-4-0.3 — 26.82 0.563 7 15.69 2.461
* Caleulated from ®Si MAS NMR.
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Fig.6 NHs-TPD patterns of HY zeolites
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Fig.7 NHs-TPD patterns of CuY catalysts
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Table 3 Acid properties of HY zeolites and CuY catalysts

NH; / (mmol - g™)

Samples Total Weak acid Strong acid B (mmol-¢7) L/ fmmol-g7)

HY 4.640 4.489 0.151 0.556 0.575
HY-2-0.2 4.414 3.313 1.100 0.480 0.452
HY-4-0.2 4.292 3.463 0.829 0.382 0.246
HY-6-0.2 3.643 2.890 0.752 0.309 0.191
HY-4-0.1 5.015 3.589 1.426 0.498 0.456
HY-4-0.3 2.668 2.165 0.503 0.164 0.108

CuY 5.497 4.012 1.485 — —
CuY-2-0.2 4.591 3.972 0.619 — —
CuY-4-0.2 4.633 3.900 0.733 — —
CuY-6-0.2 4.013 3.435 0.578 — —
CuY-4-0.1 5.133 4.321 0.812 — —
CuY-4-0.3 3.170 2.704 0.466
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Table 4 Catalytic activity of CuY catalysts in oxidative carbonylation of methanol

Selectivity of products / %

Catalysts we, | % Xewon /| % STY e / (mg-g-h7)
DMC DME DMM MF
CuY 5.6 6.3 103.6 63.1 0.8 32.8 32
CuY-2-0.2 54 6.4 127.8 65.9 0.5 26.8 6.6
CuY-4-0.2 54 102 184.9 61.3 0.6 311 6.9
CuY-6-0.2 52 78 155.3 66.2 0.5 25.8 7.4
CuY-4-0.1 53 6.4 119.5 61.7 0.9 334 3.8
CuY-4-0.3 2.6 1.6 38.7 76.3 05 17.1 5.9

Reaction conditions: Vieon'Veo'Vo, =4:10:1, SV=5 600 h™', m.,=0.45 ¢, T=140 C, 1=10 h.
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