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Abstract— Metal Phosphates containing respectively molybdenum, vanadium, iron, titanium and zirconium were prepared

by the reaction with metal salt and phosphoric acid in the medium of water. Phase transformation of the metal phosphate

was detecied by X-ray diffraction and thermogravimetric analysis. Molybdenum phosphate catalyst had the best catalytic ac-
tivity in ammoxidation of 3-picoline. The solid phase (NH,).PO,- 12MoO, xH.O was detected by XRD analysis in the cat-
alyst with P/Mo=0.5 atomic ratio and MoOPO, was observed in P/Mo=1.0 catalyst after ammoxidation for 24 hrs. The carre-

lation between conversion of 3-picoline and selectivity of 3-cyanopyridine has the proportional relation. The increase of 3-

cvanopyridine selectivity depends on the decrease of amide plus acid selectivity.

Kev words : Metal Phosphate Catalvst, 3-Picoline, Ammoxidation, XRD, TGA
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Table 1. Preparation and phase transformation of various metal phosphate catalysts after pretreatment for 4 hrs and ammoxidation of 3-pi-

coline at 400 °C for 24 hrs

. . . P/Metal Pretreatment Phases detected by XRD
Designator Starting malerials . . N -

= N (atomic ratio) temperature( C) Before pretreatment After reaction
VPO NH.VO.+85%H.PO, 1.0 550 NH,HVPQO, amorphous
FePO Fe(NO.).- 9H.O +85%H PO, 1.0 450 FePO,-2H.O FePO,
ZiPO ZrOCl, 8H,O+85%H.PO, 2.0 600 o-Zi(HPO,), H.O Z:P.0,
TiPO TiCl, +83%H.PO, 2.0 600 a-Ti(HPO,),- H,O TiP.O,
MoPO(.5) (NH,).Mo0-0,,-4H.0 +85%H,PO, 0.5 500 amorphous amorphous,

(NH,),PO,- 12M00,- 3H.0

MoPO(1.0) (NH,),Mo0-0..-4H.0+ 85%H, PO, 1.0 550 amorphous amorphous, MoOPO,"”

“amorphous for 24 hrs, but MoOPO, for 500 hrs.
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Fig. 1. X-ray diffractograms of molybdenum phosphate catalyst(P/
Mo=1.0).
(a) prior to pretreatment, (b) after pretreatment with N, at 550 °C,
(c) after ammoxidation of 3-picoline at 400 °C for 500 hrs.
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Fig. 2. Thermograms of precursors purged with nitrogen for vari-
ous metal phosphate catalysts.
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Fig. 3. Thermograms of molybdenum phosphate catalyst(P/Mo=0.5)
and standard material.

(a) without pretreatment, (b) after ammoxidation at 400 °C for 24
hrs. (¢) standard material (NH,),PO,  12Mo0O,- 3H.O(Aldrich).
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Table 2. BET surface area and total pore volume before or after
ammoxidation of 3-picoline over various metal phosphate

catalysts
. Pretreatment Reaction Seer Total pore
Designator o . 2, 5
temperature('C)  condition (m7/g) volume(cm'/g)
VPO 550 (a) 4.6 0.012
(b) 4.6 0.010
FePO 450 (a) 6.7 0.029
(b) 6.8 0.030
Z1PO 600 (a) 1.6 0.016
(b) 4.6 0.017
TiPO 600 (a) 13.8 0.032
(b) 13.8 0.030
MoPO(().5) 500 (a) 1.5 0.002
(b) 10.6 0.029
MoPO(1.0) 550 (a) 2.6 0.006
(b) 2.7 0.007
() 5.7 0.020

(a) after pretreatment, (b) after ammoxidation at 400 °C for 24 hrs, (c)

after ammoxidation at 400 °C for 500 hrs.

Table 3. Conversions and selectivities after ammoxidation of 3-pi-
coline over various metal phosphate catalysts at 400 °C for

24 hrs
. Conversion Selectivitiy(%e)

Designator ) — -

(%) Pyridine ~ABDA"  3-CP” NA"
VPO 15.7 34 34 38.6 555
FePO 44 16.5 17.4 42.5 235
ZPO 4.2 11.6 4.5 20.1 58.5
TiPO 3.1 214 14.1 28.8 357
MoP(().5) 82.7 0.3 0.8 69.3 29.7
MoPO(1.0) 46.9 1.2 2.1 46.7 50.5
MoPO(1.0)7 83.5 0.6 .5 70.3 28.1

“ABDA,; 4-azabenzodiazole, ”3-CP; 3-cyanopyridine. “’NA; nicotinamide +
nicotinic acid, “"after ammoxidation at 400 °C for 500 hrs.
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