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Abstract: Various catalysts of Cu,H;~.PMo,,04*nH;O with different x-values have been prepared and characterized
by thermal analysis, X-ray powder diffraction, infrared spectroscopy, BET surface—area measurement, electron micros-
copy, and temperature programmed desorption of ammonia. The properties of these catalysts in acrolein oxidation have
been investigated in a continuous—flow fixed-bed reactor. The catalysts lost their water of crystallization at about 200°C
and their constitutional water between 300 and 400°C. The Keggin structure of the catalysts was identified by infrared:
spectroscopy. The decomposition of Keggin anion, (PMo;:0,)°", was ‘increased with the increase of substituted copper
content and identifiable MoO; and P,0; as decomposition products were observed. The conversion of acrolein decreased
with the increase of x probably due to the decrease of specific surface area and of total amount of acid sites. But specific
reaction rate and selectivity to acrylic acid were maximized at x=1.0, and it showed specific acid site distributions.
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1. reactor 2. electric furnace 3. thermocouple 4. gas chromatograph 5. integrater 6. dryice-acetone bath
7. on—off valve 8. temperature controller 9. temperature indicator 10. ball valve 11. acrolein saturator
12. hot plate 13. mass flow controller 14. deoxy/moisture trap 15. regulator.

Fig. 1. Schematic diagram of the experimental apparatus.
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Fig. 2. TGA—curves of CuH;-,,PMo,,0,, catalysts.
(a) x=0, before calcination (b) x=1.5, cal-
cined at 400°C
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Table 1. Total Weight Loss of Calcined Cu,H;_,.PMo,,
Oy Catalysts in TGA up to 550°C

x 0 ]025| 06 | 1.0 |125] 1.5
Weight loss(%)| 84 | 7.4 | 69 | 21 | 1.8 | 14
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Fig. 3. FT-IR spectra of Cu,H,-;,PMo;,0,, catalysts.
(a) z=0 (b) x=0.6 (c) x=1.0 (d) 1.25 (e)
x=15




12-28rx A4t 59 EFujdolA olage e Ad shsgurg 725

(a)

(b)

X L\——M

s % 1 L 1

5 10 15 20 25 30 35 40

26 (degree)

Fig. 4. X-ray diffraction patterns of H;PMo,,0, cata-
lysts at various calcination temperature. Peaks
corresopnding to MoO;(@) are marked.
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Fig. 5. X-ray diffraction patterns of calcined Cu,H,
—2PMO,,04 catalysts. Peaks corresopnding
to MoO;(@) and P,Os( A) are marked.

(a) x=0 (b) x=0.25 (c) x=0.6 (d) z=1.0
(e) x=1.25 (f) x=1.5

PMo$] 7% Cuz} 0.02% % 2 o}o] o}F =) =
olck.

3.1.4. H|EHA =5

TEl9 A#Fe] wtE vz A o] HHE Table 2
of Uehsich. Fel7t Z7hatel meh wERA el 7
2%E & 4 sk oA TR o] Fe4E
AR Sl AFTE FAY 22 A5 SR
& FEsy] g Aoz Ad . e o9

Table 2. BET Specific Surface Area of CuH,_,.PMoy,
Oy Catalysts Calcined at 400°C

x 0 |025]06|10]1.25| 1.5
Surface area(m?/g)| 6.9 | 6.6 | 27 | 1.8 | 1.6 | 1.2

J. of Korean Ind. & Eng. Chemistry, Vol.4, No.4, 1993
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Fig. 6. SEM photographs of CuH;-,PMo,,0, catalysts.(a) x=0 (b) x=0.6 (¢) x=1.0 (d) x=1.5.

T3, Al4W A4z, 1993



12-22jre Qi 54 Fujdeld otz g A= 4surs 727

(b) x=0.25

(¢) x=0.6

(e) x=1.25
———

(f) x=1.5

Desorbed NHy(A. U.)
g
»
i
5

lo to o2 rr

25 100 200 300 400

Temperature(°C)

Fig. 7. NH;-TPD curves of CuH;_,,PM,,0,, cata-
lysts.
(a) x=0 (b) x=0.25 (c) x=0.6 (d) x=1.0
(e) x=1.25 (f) x=1.5
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of¢- e Hahgg Byt o] BET £43
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o AT M= 2=}
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9] olaZdQd W4 EE ol didte] =A)su)
FAFADGY gL E 17 FNASE AL Fa
dtgdon o] FE wEwWAY 7id FAFPEL
& & slokh 2y dWARe) RS rs x=1.0
77 F7betchrl x=1.259) 15904 & Ftadts A%
£ vehisieh A4 EFEAH(Fig. 3)dlld x=1.0
7t Keggin T2 FZo] oj= AL $AHx
Aot 2 ojidldE Ads g o 4 U4
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Aol Bl & £o2 74yl o o)A
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2449l Keggin 727} 23 Eajla gj3ie o
e AL e x=1.07AE S9HAG ] 1t
557t S71sE &4 o] wo| 2% Aol A
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Table 3. Conversion and Selectivity of CuH;-,,PM0,,04
Catalysts at 320 and 350°C

i Temperature -
320C 350C

Cu,H;_,,PMo 2(%) S(%) 2(%) S(%)
0 49 59 73 41
0.25 44 68 65 50
06 43 69 50 51
10 42 82 48 68
1.25 31 75 35 46
15 20 60 | 25 35

J. of Korean Ind. & Eng. Chemistry, Vol.4, No.4, 1993
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Fig. 8. Variation of catalytic activity per gram and
specific activity across the Cu series.
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Fig. 9. Conversion and selectivity of H;PMo;,04 cat-
alyst at 300°C as a function of pretreatment
temperaure in air.
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