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Nano-lanthanum Oxyhalide Prepared by Nonaqueous Sol-Gel
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Abstract: LaOX (X = Cl, Br) nanoparticles with tetragonal crystal structure were successfully prepared via sol-gel approach with
non-aqueous solvents. Characterizations by X-ray powder diffraction and scanning electronic microscopy show that the LaOX nanoparticles
are regularly in shape and highly uniform in size with an average diameter of about 47 nm. For oxidative coupling of methane (OCM), the
nanosize LaOX catalysts have higher methane conversion and C, selectivity than the LaOX catalysts with conventional size and show good
stability in activity and selectivity during the catalyst life test at 650 °C. At conventional size, the methane conversion and C, selectivity for
OCM over the LaOBr catalyst are higher than that over the LaOCl catalyst, and at nanosize, there is not so much difference in methane con-
version between LaOBr and LaOCl. However, the C, selectivity for OCM reaction over LaOBr is significantly higher than that over LaOCl,
especially at low temperature.
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R B LaOX-c £ & B AH B 1) LaX;-nH,0
(LaCly'nH,0, AR, [H 253554 B A 7] ; LaBry nH,0,
AR, Sigma-Aldrich A 7)) 5 La,05 (AR, H 25X 71
BRAF]) P11 (BE/R L) VR A, 75 800 °C 5 4% 6 h 159 3.

9K R LaOX-n FE il &0 T ¥ — 2 =W
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% F PANalytical 24 &) X’ Pert Pro B #4 #0 X 5t £
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AL I, KO L 10k V.
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W ER R B B SE L S AE 300 °C X A i A4S Ak HE
3h, BA N R B 0T, 9 20 P HEAT SRR, AT A3
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Fig. 1. XRD patterns of LaOX samples. n—nanosize; c—conven-

tional size.
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73-2063, JCPDS 73-2064), H. 245 # [F 1 V0 J5 i R &5
4 1 & il 2 80 (LaOCl: @ = 0.41202 nm; b = 0.41202
nm; ¢ = 0.68817 nm; LaOBr: a = 0.41580 nm; b =
0 .41580 nm; ¢ = 0.73920 nm). HI %t T LaOX-c #£ &,
LaOX-n FF i ff] XRD 7 5 W 5 1 — & 2 BE (1 98 1L,
FL5E FEAR P BRI, 31X R 2402 B TR i ROk /N, LR
THI AR K, 3% T JiR 7 P C 67 AN M AR B 0K, 3R T 2 45
e ff B B 7™ L, DN T 52 04T S 9k 55 1 58 A

i A N E S LaOCl-n #1 LaOBr-n f ¥ £2 1
ZIN4Tom (W3 1).

&1 LaOX #RHtERERMKE

Table 1 BET specific surface area (4ger) and size (Dspm, Dxrp in
SEM and XRD) of LaOX samples

Catalyst Aggr/(m?/g) Dxrp/nm Dgpn/nm
LaOCl-c 3 — ~1500
LaOCl-n 19 47 50
LaOBr-c 9 — ~2000
LaOBr-n 22 47 50

*Minimum size in one dimension.

22 EAFIRENERSES

]2 4% LaOX {467 SEM [ Fr. W LLE H,
LaOCl-n fRi 42 (£ 50 nm) #H & /N F LaOCl-c, H ¥
oA B, MR RE T [ R,

10.0kV 8.8mm x50.0k SE(U)

/ 8.6mm x50.0k SE(U)

B2 & LaOX #MmAY SEM B R
Fig. 2. SEM images of LaOX samples. (a) LaOCl-n; (b) LaOCl-c; (¢
LaOBr-n; (d) LaOBr-c.

LaOBr-n tH IR 45 ¥k F, K42 (49 50 nm) B &
/NF LaOBr-c FE &, iX 5 XRD 45 FEA 5. k1
A W, LaOCl-n, LaOBr-n [ bt 2 [ #4537 4 19 #1122
m?*/g, 1 LaOCl-c A LaOBr-c 43 5l A 3 A1 9 m?*/g. BJ
G0 K AR A0 T 11 b 2 T AR v T 0T I PR R A 7
2.3 LaOXEWLFIFELR KRR

F 2 NARNEE R % LaOX 4L 7] OCM J B
iR TE (AT B, OCM R BLZITE 750 °C LA

#£2 AEEET LaOX & L OCM RNER.

Table2 Performance of the oxidative coupling of methane (OCM) over the LaOX (X = Cl, Br) at selected temperatures

CH, conversion

Selectivity (%)

C; Yield

Catalyst 1°C CO/CO, C,H,/CH,
(%) CO, CO C,H, C,H; G (%)

LaOCl-c 550 — — — — — — — — —
600 1.6 75.2 24.8 — — — — 0.33 —
700 24.7 50.6 23.0 13.9 125 26.4 6.5 0.46 1.1
800 29.1 39.1 19.5 27.9 135 414 12.0 0.50 2.07

LaOCl-n 550 3.21 48.2 51.8 — — — — 1.07 —
600 31.7 312 229 27.8 18.1 46.0 14.6 0.73 153
700 328 35.4 19.5 249 20.1 45.0 14.8 0.55 1.24
800 325 375 16.3 283 17.9 46.2 15.0 0.44 1.58

LaOBr-c 550 10.1 68.2 31.8 — — — — 0.47 —
600 273 923 22.7 18.2 16.8 35.0 9.5 0.54 1.08
700 30.4 44.6 14.8 22.8 17.8 40.6 12.3 0.33 1.28
800 325 42.6 17.2 24.0 16.2 40.1 135 0.40 1.48

LaOBr-n 500 22 66.6 33.4 — — — — 0.50 —
550 30.7 292 17.1 29.8 239 53.7 16.5 0.59 125
600 325 30.5 16.3 29.0 243 533 173 0.53 1.19
700 322 275 17.7 324 224 54.8 17.0 0.64 1.45
800 327 33.6 13.5 33.8 19.2 53.0 16.3 0.40 1.76

Blank 750 3.6 23.7 32.1 12.0 322 442 1.6 135 0.37
800 7.1 14.9 35.4 21.8 28.0 49.7 3.5 2.38 0.78

Reaction conditions: CH4/O,= 3, gy = 50 ml/min, m(cat) = 400 mg.
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Fig. 3. Performance of OCM reaction over the LaOX samples. (1)
LaOBr-n; (2) LaOCl-n; (3) LaOBr-c; (4) LaOCl-c.
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LaOX (X = Cl, Br)

X=Cl X=Br
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La-X: 0.3206 nm 0.3283 nm
0-X: 0.3276 nm 0.3393 nm
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Fig. 4. Diagram for the structure of unit cell of LaOX crystalline®***!

and the possible adsorption-activation mode of methane on the surface.
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Fig. 5. The life test of the nano LaOX catalysts in the oxidative

coupling of methane. (1), (2) CH4 conversion X(CH,); (3), (4) C, se-
lectivity S(C,); (5), (6) C, yield Y(C,).
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Fig. 6. XRD patterns of LaOX-n before (br) and after (ar) OCM
reaction for 30 h.
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