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Influence of Mesoporous Modulation on CuY Catalyst for
Oxidative Carbonylation of Methanol
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Abstract: The mesoporous generated from the alkali treatment was conducive to the diffusion of the reactant and
product molecules. Adjust the alkali solution concentration could control the mesoporous structure in Y zeolite,
CuY catalysts were prepared by liquid ion exchange method employing NaY as supports and the influence of
mesoporous modulation of NaY on the catalytic performace of CuY for oxidative carbonylation of methanol was
investigated. The results of characterization (N, adsorption-desorption, ¥Si-NMR, XRD, NHy/CO-TPD, H,-TPR,
TEM) and catalytic activity indicate that Si (OAl) and Si (1Al) atoms were selectively removed from zeolite
framework, resulting in the cross-linking of nearby supercage and the formation of mesopores with diameter
ranging from 3.47~3.66 nm and pore volume ranging from 0.142~0.226 cm’-g™' the generated mesoporous is
conducive to the improvement of the diffusion of reactants and products as well as the accessibility of active
copper species. CuY catalytic activity increases and then decreases with the increase of alkali concentration. As
the concentration of alkali solution is 0.2 mol - L™, the mesoporous diameter was 3.47 nm and the mesoporous
volume of NaY had attained the maximum (0.226 cm®-g™). The corresponding CuY catalyst shows the optimal
catalytic performance, the conversion of methanol, selectivity and space-time yield of DMC are 14.0%, 67.8% and

204.0 mg-g™-h™, respectively.
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Fig.1 N, isotherms (A) and Mesopore size distribution (B) of NaY zeolites
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Table 1 Textural properties for NaY zeolites

Zeolites Sper® / (m?+g™) Set 1 (m*+ g™ Viien: | (cm®+g™) Ve | (cm®+g™) Vi ! (cm®-g™) Do | TM

NaY 517 30 0.251 0.012 0.261 —
NaY-0.1 624 66 0.278 0.142 0.401 3.46
NaY-0.2 664 118 0.276 0.226 0.450 347
NaY-0.3 682 85 0.274 0.192 0.511 3.65
NaY-0.4 695 63 0.262 0.185 0.484 3.65

* calculated by the BET method; " calculated by t-plot method; © volume adsorbed at p/p=0.99.

H B 1B) T LA KRG BE NaY 41 Ui 78
2~100 nm 78 Bl A HE B FL 5 28 5 B0 Ak 3L )5 31
i FF 4 7= AR HAR N 3~7 nm ZEAIAAL, LAY
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TIAEAE RRE Y 68 X8, 16 B A 38 7= A T R A
AL T 2 B B 7K 3] 0.4 mol - L7 B, Y 78U 431 14 ik
LB S5 R TC I FRIN | /R S5 R 38 2 B R |
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Table 2 Cell constant and relative crystallinity

for NaY zeolites

Zeolite al % ay / nm
NaY 100 2.469
NaY-0.1 68.3 2.471
NaY-0.2 56.8 2.475
NaY-0.3 54.7 2.477
NaY-0.4 45.5 2.479

ATLLVE B SRR EE A B NaY 43 i
(1) FH X &5 @ BE A 1009% (NaY) 4K Uk B AIK 2 68.3% |
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i T S 0 5 8 AT, A X 4% 5 B R B, 5 SOk T 4
Je—F02 R v FE R R 3 B AS 1 TR 2 A B R
REMERR , SRR R K RILE , B SHON
2.469 nm ¥ ME] 2.479 nm,

K2 NaY ZrF0ii 69 TEM [
Fig.2 TEM patterns of NaY zeolites
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Table 3 Relative content distribution of NaY Si(xAl) unit
Distribution of the Si(xAl) / % (x=0, 1, 2, 3, 4)
NaOH concentration / (mol-L™) ns/ny’
Si(4Al) Si(3Al) Si(2Al) Si(1Al) Si(0Al)

0 29 12.7 404 34.3 9.7 2.57
0.1 4.4 14.2 40.6 33.5 7.3 2.41
0.2 34 15.7 42.7 322 5.9 2.32
0.3 4.6 18.2 44.6 26.9 5.7 2.20
0.4 4.8 22.5 49.0 18.3 54 2.09

* calculated from ®Si MAS NMR.

SR NaY 40 A LL | bl %5 0 b 34
BI04 0 B A8 T e AR Y Si(2A) (Si(3AL I
Si (4A1) &5 #4 B 5T i AiE 04 T AR 20 9l B T 21.3%
77.2% 1 65.5% , T & ik 1Y Si(0Al) ,Si(1A1)%5 #) F. o0
R AR 0 T ARUZE AL AT, vh AR A BRINE Y 9.79% 1 34.3%
KN 5.4%F0 18.3%., < WITE B AL 140 7 i 5 ik 1)
Si(nAl &S HLIC(n=0, 1) BOL SR | b AR HE A
KW R, B ng/ny L H RIS 1) 2.57 K
W PBEAR A 2.41.2.32.2.20,2.09, Z 3BT 6.2% .

9.7% 14.4%FN 18.7% , Vi W Fifi 45 1 b Bk i () 38 hn
SE [11) o0 5% F 4 T ) R R R T A 58
2.3 CuY ELFIWERET K

Kl 6 AN ] Ve BE Ak B S NaY 43 F Ui 7 0
AR B CuY AEALFI NH,-TPD B, CuY 1k
FIAETE 300 CLAN A9 55 2 I A 300 C LA L 1y 5 iR
WAEDS) 2 R VA B B R S E 225 CCAE A LT
SRR X H T IR AL BRREIR T JEA RN RE AR
) FELAAT RIMES T BT 4 2 B BIT 7 A 1 B e
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Fig.6 NH3-TPD patterns of CuY catalysts
VRO FE RGBS R 1 g 11 BRI R 0 9855, 59 R Al
SRR WA S e (IR AL B, 1t AAS RAELE R LB, 22
T AR v 1 R A e R U 1 4 v R
VTRl 2> | A I B St T AR A5 50 T 0 R R R
TR A BEAR, AN 3R 4 o | B8R S0 BT & A CuY i
LI 5.497 mmol - g™ K& AR E] CuY-0.4 1k 7 1y

4.179 mmol - g™,
Fd4 CuY BT

Table 4 Acid properties of CuY catalysts

NH; content / (mmol - g™)

Sample
Total Weak acid Strong acid
NaY — — —
CuY 5.497 4.012 1.485
CuY-0.1 5.395 4.007 1.388
CuY-0.2 5.260 3.953 1.307
CuY-0.3 5.191 3911 1.280
CuY-0.4 4.179 3.329 0.850

24 BUFIHR CuIFHEREITA

H,-TPR EAE R A B AL 7] h A [FLARES Cu 9
T IR S5 AT, CuY HEAGTR A 0 25 2 A AR R
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9> T A e »@MWLuEﬂWMD%ﬁ?ﬁ
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Cu® IYIA b | SR 28k B A B IS | 78 400 CHIBLAY
R TR TS T CuP—Cut 38 I

Na 43 i 55 4 220 175 W S 4 I il 2 2 - o ik
BEASERAE BB A b B G BN B RESH IR
N GE MR B T B SR AE TP Cu—Cut i IR TR
W T3 A, L7 AT DL R R v R AR B
Cu—Cu X B B Cut—Cu® 1Y 38 JF I i 14 3 7 [
1%, 25 R R 0 A BRTE A A LIS T R AT
FLALIE (Y B BRI, {4550 4 P 5 3 I AR T & 422 00
T )i

— A A CO =5 CuY HEAFIH A CuIE L
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Fig.7 HyTPR profilesand gaussian fitting figures of

CuY catalysts
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AR SRR 0.2 mol - L B, CO B B £ B
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SER 110 00 B 0 5P R A AL IR B, A s N
P ECH 1 B AR, CO BE WS 5 i AL R AR AH 1Y Cutd
filk o MBI BE IR F] 0.4 mol - L B, CO B i 3k #
e 4.63 mmol - g™’ BB 25 3R LA BT I B IR
AR 2% 1T S A T B BOREL T AR, A e TR
HE IR 8BRS e T AR RIS, Pl R S b B L 3R T AR
CO JI B 22 (75 fb A RE A% 2 B, il 25 il Ak L 32 11
TR, A A 0 FLE (8 4 58EL T 38 28 AT ol O T T e
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Fig.8 CO-TPD curves of CuY catalysts

&5 CuY ELF B CO-TPD # iz
Table 5 Detailed datasetsabout CO adsorption
on the CuY catalysts

e T
CuY 158.5 1.10 0.002 1
CuY-0.1 160.4 1.64 0.002 6
CuY-0.2 160.2 242 0.003 6
CuY-0.3 159.4 3.08 0.004 5
CuY-0.4 149.5 4.63 0.006 7

* calculated from CO quantity/Sger.

2.5 FRALIEIT Cuy L FI AL F R RN

A [ v B B 8 Ah B 5 19 NaY 40 F i b 2844
il 1 CuY i Ak B B AR B L Ak M BB 3k 6 B
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g b, SRR AL PR | 43U A SRCAL 4 R O AR
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0.2 mol - L' I 35 ) 4 K (0.226 em®- ™), #AK 151 L
Fe I AR A R T B e 1 R A A3 0 43I, 15 4y T
Prmee Sy, XA A TR S A EEAEH
Hh Y BT B A SR EE R SR CuY A Ak R 7E B
AL Bk BE Ak S 0 B A v I P R ET 4R TEM R
XRD 7 #7745 R B | S b B | A 1 4 o

xo6 AESUSUBEULRNFT Cuy BEHFBELEGE

Table 6 Catalytic activity of CuY catalysts in oxidative carbonylation of methanol

Catalysts e 1% Xewon 1% STY pye / Selectivity of products / %
(mg-g™-h™) DMC DME DMM MF
CuY 5.6 6.3 103.6 63.1 0.8 32.8 3.2
CuY-0.1 5.5 9.8 180.9 64.7 0.7 30.6 3.9
CuY-0.2 5.5 14.0 204.0 67.8 0.6 27.3 4.3
CuY-0.3 5.4 5.6 106.6 64.2 0.7 29.1 6.0
CuY-0.4 5.2 3.7 712 63.4 0.8 30.5 6.2

Reaction conditions: Vieon'Veo'Vo, =4:10:1, SV=5 600 h', m.,=0.45 g, T=140 C, t=10 h.
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B, 25 45— 1 i RE 25 4 % it v Ak R A Ak 0 1
KREE

FH T B T A TG A4 AL )L R B R A N HLAS
$ T AR v 1 R A o A A A TR P A TR B
K (5.6%~5.2% ,who), 1A W W52 0 H b5 7= )
DMC 11 B 23 i 56 e e R 1 | {00328 i AR A1 ) TR ot 1 745
70 MF (R R ) ) e 6 A 3

3 & it

SR FHAS [ e B 0 B8 % NaY 431 0 10 45 5 1)
JEEDYFL , NaY 430 o & fE 55T Si(0Al)BE AL St
B, MR i /NG REIPH R SR 25 A A0 B R B
WAL 3.5 nm ZEAT A AL, — 7 AR T SN )
A B 3 F 19180, oo — 5 B i T Ak 7 rh
TR O ] B B R R AL RIAM L
PR B R T A T M B A LT R A
RGAEH) CuY AR, 28 0.2 mol - L A9k i b 2
J& AEAE T DMC B Z5 IR DMC e R & B
R B E T 96.9% ,7.4% M 122.2% ; W& IRk
R B AR AP LL R T = JE R R B Tk
FEH L 0.2 mol- L7 B} NaY 43 i /\ i A 25 #4 % A
IS B AR Z B EOR S BN FLILAE R
Y 0.226 em®- g T FER 0.185 em®-g, i1k
TR (1 B 25 WSO B A A e v ML 34.9% .,
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