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Effect of Preparation Method on Catalytic Active Center of CuY for
Oxidative Carbonylation of Methanol
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Abstract: CuY catalysts were prepared from Cu(NOs), solution and NaY/HY zeolite by solution ion-exchange or
incipient-wetness impregnation method. Compared to the catalysts with 10% Cu mass prepared by incipient-wetness
impregnation, CuY catalyst prepared by ion-exchange of NaY zeolite with copper ammonia solution exhibited the
highest catalytic activity and selectivity for the oxidative carbonylation of methanol to dimethyl carbonate. Based on
the characterization of CuY catalysts by XRD, Low temperature adsorption-desorption, XPS, TPD, H,-TPR and
copper elementary analysis indicate that Cu®* when exchanged into zeolite framework is likely to be auto reduced to
Cu* and is dispersed more uniquely and the zeolite structure is maintained during high temperature treatment for the
catalyst prepared by solution ion-exchange method. Solid-state ion-exchange takes place on the catalyst prepared by
impregnation of Cu(NOs), on HY or NaY during calcination at temperature of 400 °C, and HY zeolite is more likely to
undergo solid-ion-exchange with Cu®* than NaY. The unexchanged copper species disperse on zeolite surface as
Cu0. Some Cu* loaded in the catalyst would be auto-reduced to Cu* when it is calcined at temperature of 600 °C, but
Cu®* in the catalyst by ion-exchange of NaY zeolite with copper ammonia solution is the easiest one to form Cu* and

the catalyst has very good catalytic activity for oxidative carbonylation of methanol.
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PRYTF F 600 Crm il & L AL B 4 h #1453 CuY #Efk
A ARIEHN CuY-1,

4 NaY 43T 5 0.5 mol - L™ 1 il iR &% 7% Wi T
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Table 1 Catalytic activity of the catalysts in oxidative carbonylation of methanol

Catalysts Cu mass / % STY e / (mg-g™+h™) Some / %o Xaon 1 %
CuY-I 6.3 68.5 6.5
CuY-H 10.0 62.0 5.1
CuY-Na 10.0 50.7 1.1

Reaction conditions: Vy o,V Vo, =4:10:1, SV=5 600 h™', m.,=0.45 g, T=140 C, =10 h
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Table 2 Relative crystallinity of Y zeolite in the catalysts(%)

Catalysts NaY CuY-I CuY-H CuY-Na
Relative crystallinity 100 84.4 36.0 432
2.3 {RIR & O BT — Bt B SR AE Na AL A BRI HLALEE, i85 0.28 em?- g, T

XA HEAT LR T AR LU AL M E , W 3, CuY-Na AL HLALAEAUR 0.24 em?- g, LA UL,
AL A SR D 35 45 0 CuY-1,.CuY-H Al CuY- B 38 He ik A LU S5 R BRI 1k B B 4 1) 4 45 40
Na ALK, LR EBAE L NaY 20 F0i8 B T RR PO 3R a4 S fLaE S50, A R T Ak 500 7 M 1
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Table 3 Specific surface area and pore volume of the catalysts

Catalysts Specific surface / (m*+g™) Pore volume / (cm®-g™)
NaY 736 0.31
CuY-I 696 0.28
CuY-H 475 0.27
CuY-Na 472 0.24
2.4 400 CrEREH & LT B H-TPR RAE iR B, 1Ml Cut—Cu® By S I & 7 500 CRL /Y
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Fig.2 HyTPR profiles of the catalysts calcinated
at 400 C
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SeIEAL T I A RS R A E (G FR R /INGE) Y 4
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W ALA C, R Cu® iR JREZ L/NE T Cu> i
R B, 53 A eh 0 T RRURT DL TR /N R
A L Cu iy EE032420 it 400 CAIR 1 1 R be
il 25 T 7R ) AT U B U e AR A T R i LA, LI
3, CuY-T MR S0A S50 n] 016 o 58 /NGB Y
Cu*—Cu' &L 5 (P, F1 P,,),CuY-H fEALH =
W TG S S NN Cu?—Cut 1Y EUE 5 I
FAR 28 4 3] 43 F 0 E 1 CuO—Cu® F 3k JF I (Pe)
1M CuY-Na fit fb 5 0 &8 J5 06 ml 00 & b /N B N
Cu*—Cu* 1Y S0 I 0 LR K 2 28 41 1) CuO 1Y & I8
Jir 0
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a: CuY-I; b: CuY-H; ¢: CuY-Na
B3 400 CHibeiil % AL H,-TPR &34
Fig.3 H,TPR gaussian fitting curves of the catalyst
calcinated at 400 °C

CuY i Ak 50 v il i Jt e BE A 5 e A Y D i
Cu—Cu® BB I A4 & IR BE Cu—Cut &k it
R AR B Cut—Cul® 1Y 38 R0 | PR i IR A
WA S H D S AIR IR B CuP—Cutid SR (P, 4P, FY FE
S B R AR Y Cut—Cu® AR S 1 IK TR
I J5 0 (P, B FE A i 0 K IR B Cu®—Cut ik i
W 1 AR &t BRI Oy A Ak R R A de B 43 LY
CuO—Cu® I JF U (P o) AR S I | HE B 43 B 45 51 WL
#* 4, AU CuY-I.CuY-H Ml CuY-Na 4L F1 1 Cu
RN 6.1% .9.7% M 10.7%, 5% 1% Ca &
AR AT LR 2 0 B 43 B AR 4 A
B 7% 5 (Cu® in CuO), AT & B CuY-T i Ak AU 7E
Cu®, MM CuY-H Fl CuY-Na #EALFIAETE Cu iy [F] ]
WAETERSCHNM CuO, H Cu &5 514 0.9%F1
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Table 4 Quantitative analysis of the H,-TPR profiles of the catalysts calcinated at 400 °C

H, consumption / (cm®-g™) Cu mass / % Cu'/Cu
Catalyst .
100~400 °C Cu’ in (mass) /
precursor Cu* Cu* Cu
P P., P.. Peo 1 050 C CuO %
CuY-I 9.0 5.6 34 - 5.1 1.0 0 6.1 16.4
CuY-H 17.3 9.1 5.0 32 8.0 0.8 0.9 9.7 8.2
CuY-Na 28.1 - 8.7 19.4 5.0 0.2 5.5 10.7 1.9

5.5% , R FAcH T Cu® ] LIZS 5 1938 18 43 7 i
JIT R A 1) T8 5 5 0 N B Na 28 4, Natt o] DL
S V138 1o 38 G B A th o O, ARRE ST A H h
PE TSR RR B R T BT Cu(NO), 3 ROk B
SRS R N Al = R A R (s a1
ERN 0 HY BN EARE H S5 R AR K
AR HE T Co> A HHA B B 7 28 4 #1145 CuY-H
HEAL AT IRARAEAE ) CuO &> F CuY-Na {45 FT
kA4 SRR AE 600 CrRiil i fb )5 | LA CuO B
AR5 H Py Fp 20 | H 38 e 3 437 0 B 248
gitgrh codm, W& A Cur—Cut iy B iR R i
*%[2()21]0

38k AR Cot 5 T A Cu 9% £ (Cu'/Cu
mass%) A A, CuY-T AL F] Cut & =K, N 16.4%,
e v T A AR Sz ik Cum B
SRR TR DL 400 SCRFBERd 7 rp BB ) 2
AR SR AE R AT
2.5 f#EHFIA CH,OH-TPD R1E

B A AL B BE AL Sy Y CHLOH 2 5 48 iU 4
TG A B AR ALY Cut TR I 2
DMC JE ML AR % E 05— N W4, 5
Hb,CH:0H 2 555 — 20 I (5)19.

Z[CuO+CH,0H — Z[Cu(OH)(OCH,)] @)
Z[Cu(OH)(OCH,)|+CH,0H —
Z[Cu(OCH),]+H,0 5)

AL X CH,OH A9 FE P TH iR e B il 2 W IE] 4
EmNTEE R IR S, mE 4 nl L AL R 34 7
75~300 °CZ 8] H BLAHIT /Y H e B 0% H. CuY-1 Al

CuY-H 8 £k 700 (4 JI8 B B2 35 5 T CuY-Na AL
AL CuY-T A CuY-H A £k 70 X FE e 1 g o ik 5 34
1 T CuY-Na fiEALF, 156HA 38 46 2 437 i L 0% 4 47
Xl R RS ) W B 5 T R R AR A H 1 CuO), T 5 11
FH S22 A A ) st 4 Ak T R A S (5) (6) Y 64T
HETTHE & T AL M

2 5 7] W, CuY-I.CuY-H 1 CuY-Na f# £k 5
1) CH;OH it B AR IR BEAIR, HLA & 52000 6.3% 19
CuY-T AL LB & 144 em®- g™, I8 K T4
TN 10%1%) CuY-H A1 CuY-Na LT, W& T
ZEHTE A CuY-T AT, 4 Fh T 3 B 40
A& B 43 F i B AR EE R b AR T CH,OH 1R )
B, BEAN, CuY-T AR T 2 1 0 45 Al PR s iy 2L

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

a: CuY-I; b: CuY-H; ¢: CuY-Na

4 fEFEFI0 CH,OH-TPD #AF
Fig.4 CH;OH-TPD profiles of the catalysts

*5 EAF CH,OH-TPD BEHEE S
Table 5 Quantitative analysis of the CH;OH-TPD profiles of catalysts

Catalyst Cu mass / % Desorption temperature / “C Desorption amount / (cm’-g™)
CuY-I 6.3 165 144
CuY-H 10 172 81
CuY-Na 10 160 75
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PR He A WAL L ALZE A AT CHSOH 43 ik
NG5 AR A 1 L A T e WO, T 92 9 2k T
) CuY-H 1 CuY-Na 4057 (4 45 44 B SR Ry ™
M HE&A CuO WFN  FEHIJE CuY-Na #EALFIH CuO
an A RN 2 | By W 584 1 LI R AT CH;0H
ORI B, 2 100 AR Tk S0
2.6 fELFIA XPS RIE

SR YO A R 1% 3 TR ) b P 2 — 20 T i,k
CuY-1,CuY-H #l CuY-Na #4655 17 Cu2p B XPS
FAE, WA 5, Hr Co* A BT 933~936 eV it [
W) Cu2ps, Z5 4 BE S 940~945 eV i IH N 1 T A
W 7, Cu* AT HI A2 T 932~933 eV 1 Fl N1 Cu2psy,
455 Ak M TE 940~945 eV T B N T 1AL f 0
FEPO - CaY-1 ALY Cu2ps, 45 G HEN 932.9 eV,
HTE 940~945 eV I N AT TR A0 B Ud B 4
AR R T HEATE Cu FAAE AL Cu B AFAE , CuY-
H AL Cu2py, 4 A BE IS 0T Bl 43 1% 932.8 Al
935.2 eV, [AIBT7E 940~945 eV i Fil P AT T8 AL 0
I, VI e A ) 26 T [R) IR AE AR Cu® AT Cu™, CuY-Na
HEAL T Cu2py, 4 A BB IS 7T B 23 16 932.8 I
934.2 eV, [l Wt A TR f 06 B0 156 3 44 Ak ) 3 T

[ AEAAAE Cu®HT Cu'™, 14 6 WA, CuY-H #l CuY-
Na {70 22 TG VEP BT Cu oy 3 T80T S0E 19 25 5 43 53
9 48.7%H1 58.8% , i AK T CuY-1 L7 (100%),
AL T BN Cut2 AR RIS PE R e 2
VRS T A4 i 4 1 Cu Y- EARR) S8 5 7 o 1L Ak
FE A G PEYI BT Cut, AR T $ e i Ak 500 1 Ak
T,

930 935 940 945 950 955 960 965
Binding energy / eV

a: CuY-I; b: CuY-H; c: CuY-Na

K5 fF Cu2p MY XPS i
Fig.5 XPS spectra of Cu2p orbit in the catalysts

R 6 AEMEALTIE Cupy, XPS 57 UE T E 5 #
Table 6 Cu2ps, XPS curve-fitting analysis of the catalysts

Catalysts E(Cu" peak) / eV E(Cu" peak) / eV Cu'*/ % Cul/ %
CuY-I 932.9 100 -
CuY-H 932.8 48.7 513
CuY-Na 932.8 58.8 412

* Area percent of Cu' peak area or Cu' peak area
AYsS
3 &

VAW T A2 A ) CuY AR TR g T B T
RJE B4 B 73 1 L Cu® Rl A& RO Cut, i BE
BT T e N BB R 100108 14 Al AR 45 4
SR A PR BUR 5 05 5 BO AR TR, 20 077 ) 1 2R 4
LEAR S TR 187 N = 57 o O a1 7 o 1 A
PL CuO BIEAAAE T 20 0 N, 9002 LA NaY 73
T R AR 5 B HEAL R, CuO F R, B IE
O3 AR A (0 LT A PR R e R B 1 A A
31 0 S A R RS B Cu 2 mT LR 3 i B 9% 1
Yoot Cur, (HIR AR & W 1 2 Cu>—Cufi A
I JEEURRE JEE i K X P I 14 R 41 R 5 e, 1 FY e 4
e B A S L3 P R B P s
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