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F e r r i c  molybdate is less se lect ive  in the part iM oxidation of propylene 
than bismuth molybdate.  Its catalyt ic  behavior  is s i m i l a r  to that observed 
on other  t ransi t ion meta l  molybdates .  The ln t rafac ta l  nature  of the r e a c -  
tion is established through kinetic and adsorption m e a s u r e m e n t s .  

B OTJlrlqHe OT MOIIH6/laTa BHCMyTa, MOIIH6RaT TpexaaneHTHOro ~ e n e a a  MeHee CeneKTHBeH 
a peaKaHa naptma~Horo OKHCJIfiHH.q nponHneHa. MeXaHHqeCKH e r o  n o a e a e m ~ e  n o x o ~ e  Ha 
rloaeReHHe MO.qH6Z[aTOB apyrHx MeTarlnOB. Me~OpaaHax npHpoRa p e a c h  5una y v r a x o a -  

Jlena s npottecce KmteTHqecKHx H a~cop6RHOHHUX HaMepeHHlt. 

INTRODUCTION 

"lhe search  for a se lect ive  cat:,lyst for the par t ia l  oxidation of light hydro-  

carbons  has led to a number  of ca ta lys ts ,  as e .g .  cuprous o x i d e / 1 / ,  b ismuth 

m o l y b d a t e / 2 /  and uranium and tin ant imonates  / 1 / .  Among the var ious molyb-  

dates ,  f e r r i c  molybdate has proved to be an efficient ca ta lys t  for the par t ia l  

oxidation of m e t h a n o l / 2 / .  Te rna ry  combinat ions containing Bi, Fe and M e / 3 /  

and t r lvalent  molybdates / 4 / h a v e  been used as cata lys ts  in the se lec t ive  oxida- 

tion of propyleae,  while studies with f e r r i c  molybdate i tself  are  meagre .  The 

purpose of this paper is to presen t  resul t s  of a sys temat ic  study on the oxida- 

tion of propylene on f e r r i c  molybdate.  These studies can be useful for  identifying 

the difference in the nature  of active s i tes  responsib le  for  the oxidation of 

methanol  as well as that of propylene. 
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EXPERIMENTAL 

F e r r i c  molybdate was obtained from a solution of fe r r i c  n i t ra te  and ammonium 

molybdate by precipi ta t ion with aqueous ammonia .  The precipi ta te  after  washing 

and drying was calcined tn a i r  at 500 ~ for  12 h. The cata lyst  was charac te r ized  

by X-ray ,  IR and magnet ic  m e a s u r e m e n t s .  The kinetic runs were ca r r i ed  out 

in a different ial  m t e r o r e a c t o r  with on- l ine  ana lys is .  Details of the exper imenta l  

procedure  are  given e l s e w h e r e / 5 / .  

RESULTS AND D~CUSSION 

i) Kinetic studies: The var ia t ion  of percentage convers ion at var ious par t ia l  

p r e s s u r e s  of propylene shows that the react ion ls f i r s t  o rde r  with respect  to 

the hydrocarbon,  while convers ion  is independent of the oxygen par t ia l  p r e s s u r e  

indicating a zero o rder  dependence on oxygen p re s su re .  The product d i s t r ibu -  

tion with the variat ion of propylene or  oxygen par t ia l  p r e s s u r e  de termined at 

300 ~ at a total flow rate of 100 m l / m i n  with ei ther  oxygen or  propylene flow 

rate equal to 40 m l / m i n  {given in Table 1) showed that a) acro le tn  and ca rbon-  

dioxide are formed and select ivi ty  with respect  to acrole in  inc reases  with 

the inc rease  in the par t ia l  p r e s s u r e  of propylene,  b) with the inc rease  of the 

par t ia l  p r e s s u r e  of oxygen, there  is no appreciable  change in any of these 

factors.  

The Arrhenius  pa r ame te r s  evaluated f rom the Init ial  rate data with respect  

to total convers ion ,  or  with respect  to acro le in  or  CO 2 formed are  given tn 

Table 2. it) Effect of subs t ra tes :  A se r i e s  of exper iments  were ca r r i ed  out 

by mixing the inlet  s t r eam with different  amounts of water  vapor,  hydrogen 

or  CO 2 at var ious  t empera tu res .  It was observed (Table 3} that the p resence  

of water  vapor or carbondioxide does not affect the activity with respect  to 

par t ia l  or  total oxidation, while hydrogen affects both act iv i t ies .  

Kinetic studies ca r r i ed  out in the absence of gas phase oxygen in the range 

of 300-340 ~ at different  flow rates  of propytene and ni t rogen showed that total 
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Table 1 

Product d is t r ibut ion with the var ia t ion of propylene or  oxygen flow; t empe ra -  

lure: 300 ~ 

Propy lene /  

Oxygen flow 

(ml /min)  

io 

20 

25 

3O 

40 

i0 

2O 

3O 

40 

total flow: 100 m l / m i n ;  Oxygen or propylene flow: 40 m l / m i n  

Conversion 

% 

6.11 
7.9 

8.9 

9.5 

12.4 

12.7 

12.2 

12.3 

12. t 

Acrolein 

0.5 

1.0 

1.3 

1.4 

1.8 

2.3 

2.3 

1.9 

1.9 

CO 2 

% 

5.5 

6.7 

7.5 

7.9 

10.3 

10.2 

10.3 

10.3 

10.5 

Selectivity 

to acrole in  

8.2 

12.6 

14.6 

14.7 

14.5 

18.1 

18.0 

15.4 

15.3 

Tqble 2 

Arrhenius parameters for the oxidation of propylene on ferric molybdate 

Reaction 

Oxidation reaction 

Ac rol cin formation 

Carbon dioxide 
formation 

Ener~" of 

aetlv'~tlon 

(kJ/mol)  

128.5 

115.0 

Frequency 

factor 

(rain -1 m-2 

i.  0x~1014 

I. ',* -: 1012 

Rate con- 

stant at 

330 oc 

mln -1 m-2 ) 

8 .2x102  

1 .2x102 

115.0 5 .9x1012 6 .9x102  

Energy of actlw~tlon 

in the absence of 

gas phase oxygen 

(kJ/mol} 

59.2 

66.3 

59.6 
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Table 3 

Effect of substrates on the oxidation of propyleae 

on ferric molybdate at 300 ~ 

Substrate 

(A) 

Water  

Hydrogen 

Carbondioxide 

Ratios 

C 3H6~.O2 .--N2 :A 

15:30:30:0 

15:30:24:6 

15:30:17:13 

15:30:11:19 

15:30:25:5 

15:30:15:15 

15:30:5:25 

15:30:25:5 

15:30:15:15 

15:30:5:25 

10:0:40:0 

20:0:80:0 

25:0:100:0 

Convers ion 

% 

9.7 

9.5 

9.1 

8.8 

7.8 

6.1 

4.7 

9.4 

9.4 

9.2 

8.4 

6.7 

4.5 

Acroleln 

% 

1.5 

1.4 

1.3 

1.2 

0.5 

0.4 

0.2 

1.5 

1.4 

1.4 

2.6 

1.6 

0.9 

CO 2 

% 

8.1 

7.9 

7.6 

7.5 

7.2 

5.7 

4.5 

7.9 

7.8 

7.7 

5.6 

5.0 

3.4 

Selectivity 

to acro le in  

15.5 

14.7 

14.3 

13.6 

6.4 

6.6 

4.3 

15.9 

14.9 

15.2 

30.7 

23,6 

20.5 

convers ion ,  as well as carbondioxide format ion decreased ,  while the amount of 

acro le in  formed slightly inc reased  indicat ing that acro le in  formation proceeds 

through the par t ic ipa t ion  of lattice oxygen, and carboadtoxtde formation could 

have occur red  v ia  a consecut ive reac t ion  path. iii) Adsorption studies:  A se r ies  

of adsorption m e a s u r e m e n t s  was ca r r i ed  out on f e r r i c  molybdate in the follow- 

ing 0rder :  

a} adsorpt ion of propylene on the f resh  catalyst  in the t empera ture  range of 

135-235 ~ b) readsorpt ion of propylene at any given t empera tu re  after  evacua-  

tion of the r eve r s ib ly  adsorbed propylene;  c) adsorption of oxygen on the f resh  
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Table 4 

Heats  of adsorpt ion  fo r  var ious  s u b s t r a t e s  in kJ/mo~ 

Propy lene  adsorpt ion  
(I) on f r e s h  su r face  

Pr0pylene  adsorp t ion  (II) 

Oxygen adsorp t ion  (I) 

Oxygen adsorp t ion  (II) 

Strong propylene  adsorpt ion  

F r o m  the Clapeyron 

equation 

1 8 . 0 - 9 . 7  
(0 .05-0 .65)  

8 . 7 - 9 . 1 5  
(0 .05-0 .45)  

18 .0 -21 .0  
(0 .05-0 .25)  

2 3 . 9 - 2 2 . 7  
(0 .05-0 .25)  

From Po values~ 

accord ing  to 

M a t s u u r a ' s  ana lys i s  

9 .7  

8 . 8  

8 +  

24.0 

F i g u r e s  in b r a c k e t s  r e f e r  to the l imi t s  of the volume adsorbed  in 
ml NTP within which the var ia t ion  in heat  of adsorp t ion  is ca lcu la ted  

~I. Matsuura ,  G . C . A .  Schuit: J .  Ca t a l . ,  20, 19 (1971) 

ca ta lys t ;  d) adsorp t ion  of oxygen on the adsorben t  evacuated  at 400 ~ a f t e r  

propylene  adsorp t ion ,  e) adsorpt ion  of oxygen on the su r f a c e  a f t e r  evacuat ion 

of adsorbed  propylene  at the t e m p e r a t u r e  of adsorp t ion .  

The hea~s of adsorp t ion  deduced f rom these  i s o t h e r m s  a r e  given in Table  4. 

'~hese adsorpt ion  mea'SUrements show that: a) the ca t a lys t  t akes  up m o r e  oxygen 

a f t e r  p r e t r e a t m e n t  with propylene  than on the b a r e  su r face ;  b) oxygen taken up 

could be ut i l ized fo r  reoxida t ion  of the ca t a lys t  o r  fo r  d i r e c t  r eac t ion  with 

adsorbed  propylene;  c) the re  s e e m s  to be only one type of r eac t ive  adsorbed  

fo rm of p ropy lene  which y ie lds  pa r t i a l  o r  comple t e  oxidation produc ts  depend-  

ing on the expe r imen t a l  condi t ions.  

Thus this s tudy showed that f e r r i c  molybdate  behaved exac t ly  in a s i m i l a r  

manne r  as o the r  t r ans i t ion  meta l  molybda tes  in the oxidat ion of p ropylene .  
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