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Selective Oxidation of Methane to Methanol over Palladium-
Metallophthalocyanine Composite Catalysts at Room Temperature
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Abstract: Iron(ll), cobolt(I), and copper(ll) phthalocyanines encapsulated inside the supercage of zeolite-Y were prepared by the in situ
ligand synthesis method via heating the solid mixture of iron(lIl)-, cobolt(l)-, and copper(ll)-exchanged NaY with phthalic anhydride and
urea. Using hydrogen peroxide as the oxidant, the catalytic activity of these composite catalysts for methane selective oxidation was tested,
and the reaction conditions were optimized. All these composite catalysts showed activity in selective oxidation of methane by hydrogen
peroxide at room temperature. These composite catalysts were further loaded with Pd, Au, or PdAu, and their catalytic activity for methane
oxidation with dioxygen as oxidant were examined. The coupling of encapsulated metallophthalocyanine catalysts with precious metal,
which could catalyze the in situ generation of H,O,, realized the activation of methane by molecular oxygen at room temperature. The results
showed that the synergism between palladium and copper(ll) phthalocyanine led to the improved catalytic activity in selective oxidation of
methane at room temperature.
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W], SUALEE hy 2.7) K 1§ BURORL B /1 80 H 1
MR, JEAE 500 °C K5 HE 4 h Jo 25 H . % B 2 g 1) NaY 43
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lvi] £ 4 J 5 I WVAE 4 R BEHE 10 h, 4R 5 7 100 °C
T8k 24 h, FTA3FE & 20 992 8 1%Pd-MPclY, 1%Au-
MPc/Y F10.5% Pd-0.5%Au-MPc/Y.
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Fig. 1. UV-Vis diffuse reflection spectra of FePc/Y (a), CoPc/Y (b), and CuPc/Y (c) and absorption spectra of FePc (d), CoPc (e), and CuPc (f) in

chlorobenzene (1), trifluoroacetic acid (2), and sulfuric acid (3).

Q MR BC s S kg B AN MR SC U, FEHE— 2P 0B . M FePc
A1 CoPc #5 A I UV-Vis 1% 1] WL 42 2 KAL) BL 5.
LT UL, PR 43 R B AR, L Q MR B R
AL 7y 2

Y By R S A N AR BAEAT )\ Tk A
(B %E), efmFL42 5 3k 0.22,0.66 A1 1.18 nm, 1M1 4
JBBKF 2 1 1P 2 E A% 1.60 nm. BL8K 3 Rl
P I AT AR R AR B A e A R A PR T RS O,
S JEBE T N Rl — e R AR T (R
¥E) A6 )\ A 2 v AR I s 1a)~(c) T, &
BELEY LA 107 () MPlY 1 Q WIS 1 K B T
L I == L NG ) e o VA R I B £
g, IF H R T2 208 G I IR R AR T —
ST (L RIS T, T S5CE 0B o 12
2.2 MPc/Y 4L £ H,0, E 1k B B K 152 14 B

LA FePc/Y AR, B AL H 5 T il A
T H O, 440 FFBE I e N i, 45 41T 36 1. AT LA
F KRN 2 X R A Bt 1R 5% AR /N, {H X C O,
A2 B PR K. C O 1T LA 7K B AR Rk IR, %
FIN ] B 5 COL 7R K i i BE R 6. T IX
PRI FRURE A 7 4 R T A B P 5 e IR R N,
A3 F R B AU (R KA A 7).

FKLBREH T EHE T MPe/Y AL A 4 s
BE A7 H Ly MO HoOp e £ 58041 FH e B I M BE 1) 5% 1
FH 2 AT UL, A AR A0 A7 A TS M, B AR D o Y
Gb, I B2 T8 A A A W) COy; BLAR, A8 S MY I 1)
A R 2GR B Oy, X2 T R Nk 2 H,0,
K= TS DR, B 20 1 16 < o 0 e 44 5]
TP R B 1) R M AR O AR b R AR
I K /MR 3 CuPce/Y>CoPc/Y>FePc/Y; CO, 4 i &
K X A CuPclY<CoPc/Y<FePclY; ifi Oy 2 il & 11 K
/N5 CO, ) — 5K
MPc/Y 4k 7] 7 LL FePe/Y i Ak 571 1 3% M 45 i,
B HoO, 73 il BE 0t 5 it AR 4f A 12 10% O, &
F1 EEEBMBELTLEHOMERIEMIEFESKRN

Table 1 Selective oxidation of methane by H,0, over MPc/Y cata-
lysts

Product yield
Catalyst Solvent
CH;OH (umol) CO, (umol) O, (%)

FePclY H.0 0.33 11.7 9.0
FePclY CHsCN 0.33 17.6 10.8
CuPclY H.0 0.82 1.8 24
CoPclY H.0 0.50 438 48
pd/iY H.0 1.05 — 4.6
- H,0 0.37 — 4.4

Reaction conditions: 2 MPa CH,, H,O, as oxidant, room temperature
(RT), 10 h.
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Table 2  Selective oxidation of methane by O, over precious metal promoted MPc/Y catalysts

Product yield (umol)

Entry Catalyst p(H,)/MPa p(CO)/MPa Temperature (°C) Time (h) CHLOH co,
1 1%Pd-FePc/Y — 0.5 RT 10 0.45 59.5
2 1%Pd-FePc/Y - — RT 120 0.00 1.7
3 1%Au-FePc/Y - 0.5 RT 10 0.00 6.0
4 0.5%Pd-0.5%Au-FePc/Y — 0.5 RT 10 0.00 45.6
5 1%Pd-FePc/Y - 0.5 80 10 0.00 223.1
6 1%Au-FePc/Y - 0.5 80 10 0.00 24.9
7 0.5%Pd-0.5%Au-FePc/Y - 0.5 80 10 0.30 288.6
8 1%Pd/Y - 0.5 RT 10 2.45 14.0
9 1%Pd-CoPc/Y - 0.5 RT 10 1.96 42.8

10 1%Pd-CoPc/Y - — RT 10 0.00 —
11 1%Pd-CuPc/Y - 0.5 RT 10 441 30.3
12 1%Pd-CuPc/Y - — RT 10 0.00 —
13 1%Pd/Y 0.5 — RT 10 2.62 —
14 1%Pd-CuPc/Y 0.5 — RT 10 9.30 —

Reaction conditions: 2 MPa CH,4, 0.5 MPa O,, 6 ml H,O as solvent.
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