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Fig.1 Catalytic performances of 0. 07X-La catalysts in OCM
a. La,05; b. 0.07Pa; c. 0. 07SidLa; d. 0. 07S-.a.
2.2 OCM
1 OCM . 700 °C
750 € C2 0.5% Cc2
: La,0, 0.07Pda 0.13P-a 0.27Pda 0.40P4a  1.30Pda  550~750 C
C2 14.1% 15.6% 16.6% 16.0% 13.7% 2.0%
OCM P/La 0.13 . 650 C
La,0, c2 30.3%  46.5%:
P/La 0.07 0.13 0.27 0.40 1.30 /C2 30. 1%/
Table 1 Performances of La-based catalysts in OCM under selected temperatures’
Catalyst T/C X(IH4( %) X”z( %) 5(:01( %) Sco %) Yoo %)
Blank 700 0 0 0 0 0
750 1.2 2.5 59.0 41.0 0.5
La, 04 550 29.6 94.3 55.9 44.1 13.1
650 30.3 98.8 53.5 46.5 14. 1
700 29.8 100. 0 57.0 43.0 12.8
750 28.7 100.0 59.5 40.5 11.6
0.07P-1a 550 29.5 94.1 53.2 46.8 13.8
650 30.1 97.3 50. 8 49.2 14. 8
700 31.7 98.8 50.8 49.2 15.6
750 29.4 99.6 49.8 50.2 14.8
0.13Pda 550 31.0 97.6 48.0 52.0 16. 1
650 31.4 98.5 47.2 52.8 16. 6
700 31.4 98.9 48.2 51.8 16.3
750 31.2 99.6 48.7 51.3 16.0
0.27Pda 550 29.3 96. 6 51.7 48.3 14.2
650 30.8 98.3 48.8 51.2 15.8
700 31.0 98.7 48.5 51.5 16.0
750 30.9 99.3 50.0 50.0 15.4
0.40P-.a 550 29.0 99.1 59.9 40.1 11.6
650 30.0 99.6 55.8 44.2 13.3
700 30.8 99.7 55.4 44.6 13.7
750 30.4 100.0 54.8 45.2 13.7
1.30Pa 650 1.2 .2 100.0 0 0
700 2.3 .7 59.8 40.2 0.9
750 4.0 .0 52.7 47.3 2.0

* Reaction conditions: n( CH,) /n( 0,) =3 GHSV=30000 mL * g™' «h™! m_, =100 mg.
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49.2% 31.4%1/52.8% 30.8%/51.2% 30.0%/44.2% 1.2%/0.
23
2.3.1 2 SEM . 2
P/La La,0,
. P/La 0.07 0.13 0.27 0.40
1.30 P/lLa 0.40 1.30 150 30 nm
Fig.2 SEM images of samples
(A) La,05; (B) 0.07Pda; (C) 0.13Pda; (D) 0.27Pda; (E) 0.40P-La; (F) 1.30Pda.
2 P/La
Table 2 Specific surface areas pore volumes and pore sizes of samples
Catalyst Surf: /(m? =g !) P lume/( cm® + g7") Pore size/nm Dxwo /om
y: uriace area m g ore volume cm g Laz Osa La3PO7b
La, 0, 3.7 0.03 21.3 50.7
0.07P-La 3.9 0.02 14.8 30.1
0. 13P-La 4.1 0.02 13.9 29.2 27.9
0.27P-La 9.6 0.08 25.2 26.3 25.8
0.40P-La 12.3 0.09 31.3 — 19.1
1.30P-La 19.2 0.16 29.5 —
a. Dygp for the La, 05 phase was estimated with Scherrer formula D=kX /Bcosf based on the peak at 26. 1° 29.96° 39.5° 46.1° and

55.9°, b. Dyyy for the La; PO, phase was estimated with Scherrer formula D=k\ /Bcos based on the peak at 13.0° 22.3°
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Fig.3 XRD patterns of the catalysts Fig.4 FTIR spectra of the catalysts
a. La,05; b. 0.07P-La; c. 0. 13P-1a; d. 0.27P-La; a. La,05; b. 0.07P-La; ¢. 0.13P-La; d. 0.27P-La;
e. 0.40Pa; f. 1.30Pa. e. 0.40P-a; f. 1.30Pa.
4 FTIR 1635 3447 cm™
O0—H B 850 1388 1469 cm™
co>¥ 0 e H,0
CO,. P/lLa La—0 POy
P/La 0.07 0.13 0.27 0.40 557 617 cm™
La—O0 1o 930 1003 1093 em™' PO} R
1.30 930 1003 1093 cm™ POZ_ 557 617 cm™
La—O 0.07Pda 0.13Pda 0.27Pda 0.40PHa FTIR La—O
PO 1.30Pda FTIR PO} La—0
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La,0, (103 194 406 cm™') * PO} (128 213 288 322 429
em™) (943 1052 em™) “?;  0.40Pda 1.30PHa PO}
La,0, .
XRD FTIR  Raman
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( La,PO,) ( LaPO,) Fig.5 Raman spectra of the samples

a. La,05; b. 0.07Pa; c. 0. 13Pda; d. 0.27P-La;
e. 0.40P-La; f. 1.30P-a.
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Fig.6 O,-IPD profiles of the catalysts Fig.7 ESR spectra of the catalysts
a. La,05; b. 0.07P-a; ¢. 0. 13P-a; d. 0.27P-La; a. La,05; b. 0.07P-a; ¢. 0. 13P-1a; d. 0.27P-La;
e. 0.40P-a; f. 1.30P-a. e. 0.40P-La; f. 1.30P-a.
. 7 ESR
2=2.006 ESR 0, » _ESR
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Fig.8 XPS spectra for O, of La,0,( A) and 0. 13P-La( B)
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Table 3 Curve-fitting results from XPS spectra for O,, of the catalysts”

E,/eV FWHM/eV

relative amount of oxygen species( %)
03

1.4 48.8
1.4 61.5

Catalyst , (03 +07) /0¥
0

528.7 1.4 12.4
528.8 1.4 9.5

o-
530.2 1.4 12.8
530.2 1.4 6.7

co%y”
532.1 1.4 26.0
532.4 1.4 22.3

La, 05
0.13Pd.a

531.1
531.1

5.0
7.2

* FWHM: full width at half maximum intensity of peaks.
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Influence of Phosphate on La-based Catalysts for
Oxidative Coupling of Methane'

BAI Yan XIA Wensheng® WENG Weizheng LIAN Mengshui
ZHAO Mingquan WAN Huilin"
( State Key Laboratory of Physical Chemistry of Solid State Surfaces
National Engineering Laboratory for Green Chemical Productions of Alcohols—thers—sters
Fujian Province Key Laboratory of Theoretical and Computational Chemistry
College of Chemistry and Chemical Engineering Xiamen University Xiamen 361005 China)

Abstract A series of La-based catalysts promoted by different contents of PO, was synthesized by the citric
acid method and their catalytic performance for oxidative coupling of methane( OCM) was investigated to
clarify the effect of PO} on La-based catalyst. With characterizations such as X—ay powder diffraction( XRD)
0,-temperature programmed desorption( O,-TPD) and X-ray photoelectron spectroscopy( XPS)  we studied
the physicochemical properties of the catalysts. The results showed that the phases of the catalysts were
changed from La,0; La PO, to LaPO, along with the decreased size when phosphate added. If the catalyst
was composed of two phases( La, 0, and right amount of La;PO,) it showed better performances in OCM
which corresponded to the more quantities of surface defect sites and the larger ratio of electrophilic oxygen
species/lattice oxygen species than other samples.
Keywords Phosphate; Oxidative coupling of methane; Lanthanum oxide; Lanthanum oxyphosphate

(Ed.: V Z K)

+ Supported by the National Natural Science Foundation of China( No.21373169) and the Program for Changjing Scholars and Innovative
Research Team in University of Ministry of Education China( No.IRT1036) .



