
J OURNAL OF CATALYSIS 131, 394-400 (1991) 

Catalytic Properties of Crystalline Titanium Silicalites 

III. Ammoximation of Cyclohexanone 

A. THANGARAJ, S. SIVASANKER, AND P. RATNASAMY 

National Chemical Laboratory, Pune 411 008, India 

Received January 29, 1991; revised May 7, 1991 

The ammoximation of cyclohexanone to cyclohexanone oxime over the titanium silicalite TS-1 
with NH3 and HzO2 is reported. The ammoximation takes place at conversions exceeding 90% with 
selectivities greater than 99%. The influence of various catalyst and process parameters on the 
oximation reaction is reported, By-products from condensation reactions become significant at low 
concentrations of H202 and NH3. Possible mechanisms for the formation of the oxime and by- 
products are reported. © 1991 Academic Press, Inc. 

INTRODUCTION 

The titanium silicalite molecular sieve, 
TS-1, has been reported (1-3) to catalyze 
many oxidation reactions in the presence of 
dilute hydrogen peroxide. In an earlier pa- 
per of this series (4), we reported the TS-1 
catalyzed hydroxylation of phenol to hy- 
droquinone and catechol using hydrogen 
peroxide. The present paper deals with the 
ammoximation of cyclohexanone to cyclo- 
hexanone oxime in high yields over TS-1 in 
the presence of hydrogen peroxide and am- 
monia. 

Cyclohexanone oxime is the key interme- 
diate in the manufacture of e-caprolactam. 
The conventional routes to its (oxime) pro- 
duction involve numerous steps and the use 
of hazardous chemicals like oleum, halides, 
and oxides of nitrogen. In addition, large 
quantities of the low value by-product am- 
monium sulfate are often co-produced. The 
direct formation of cyclohexanone oxime 
by reacting cyclohexanone with NH3 and 
02 in the gas phase has also been reported 
(5). The yields, however, were found to be 
low (5). Recently, details of the ammoxima- 
tion of cyclohexanone in good yields over 
TS-1 without the coproduction of ammo- 
nium sulfate has been reported (6, 7). 

We now present additional information 
on ammoximation of cyclohexanone by TS- 

0021-9517/91 $3,00 
Copyright © 1991 by Academic Press, Inc. 
All rights of reproduction in any form reserved. 

1. Possible mechanisms of the ammoxima- 
tion reaction and reasons for the formation 
of the by-products are also discussed. 

EXPERIMENTAL 

Details regarding the synthesis and 
characerization of the TS-1 samples used in 
this study have already been described in 
part I (8) of this series. The catalysts (TS-1) 
used in this study were pretreated by re- 
fluxing with 0.1 N H2804 (15 ml/g of cata- 
lyst) and 26 wt% H202 (1 ml/g of catalyst) at 
358 K for 2 h, then were washed, dried, and 
calcined at 773 K for 6 h. The amorphous 
SiO2-TiO2 mixture used in this study was 
obtained by co-gelling tetraethylorthosili- 
care and titanium tetrabutoxide with tetra- 
propylammonium hydroxide (gel precursor 
used in TS-1 synthesis (4)). The gel was 
washed, dried, and calcined at 773 K. Its 
Si/Ti ratio was 45. Powder XRD revealed 
the SiO2-TiO2 to be fully amorphous. 

The catalytic runs were carried out in a 
three-necked glass flask (200 ml capacity) 
fitted with a mechanical stirrer, a con- 
denser, and a rubber septum through which 
aqueous H202 could be injected using a feed 
pump (Sage instruments, USA). The tem- 
perature of the reaction vessel was main- 
tained using an oil bath. In a standard run, 
10 g of cyclohexanone, 12 g (22 wt%) of 
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TABLE 1 

Influence of Titanium Content of TS-1 on the Oximation of Cyclohexanone 

395 

Catalyst: ZSM-5 a SiO2-TiOz 

x = [Ti/Si + Ti]: 0 0.022 

TS-1 

0 b 0.010 0.021 0.042 0.091 

cyclohexanone 
conversion (wt%): 

Product distribution 
(wt%) 

Cyclohexanone 
Cyclohexanone oxime 
e-caprolactam 
Others c (I) 

Oxime selectivity 
(wt.%) 

1.9 13.5 7.4 82.5 92.9 90.1 87.7 

98.1 86.5 92.6 17.5 7.1 9.9 12.3 
1.8 12.9 7.1 82.4 92.6 88.4 83.3 

- -  - -  0.1 0.2 0.2 0.2 0.2 
0.1 0.6 0.3 - -  0.1 1.5 4.2 
(I) (I) (I) (I) (I) (I, II) 

94.7 95.5 94.6 99.9 99.7 98.1 95.9 

Note. Reaction conditions: Temperature = 333 K; Feed = cyclohexanone : NH3 : H 2 0 2  (1 : 1.5 : 1 molar ratio); 
duration of run = 6 h. 

Si/AI = 43. 
b Silicalite- 1. 
c Compound I was always the major by-product; for example, in the case of TS-1 with x = 0.091, the 

breakdown of the 4.2% (others) is l, 3.8% and II, 0.4%. 

(I) 
Peroxy dicyclohexylamine 

( I I a )  

2-cyclohexylidenecyclohexanone 
( l i b )  

2-(1-cyclohex- 1-en- 1-yl)-cyclohexanone 

O - - O  

a m m o n i a  so lu t ion ,  and  ! g o f  the  c a t a l y s t  
(pa r t i c l e  s ize  300-400  m e s h )  w e r e  t a k e n  in 
the  r e a c t i o n  v e s s e l  a n d  w a r m e d  to  the  de -  
s i red  t e m p e r a t u r e .  A n  a q u e o u s  so lu t ion  o f  
H202 (26 w t % ,  13.3 g) was  i n j e c t e d  d rop -  
w i se  b y  a f eed  p u m p  o v e r  a p e r i o d  o f  4 h. 
T h e  r e a c t i o n s  w e r e  c a r r i e d  ou t  in a th ree -  
p h a s e  s y s t e m ,  v iz . ,  a so l id  c a t a l y s t  p h a s e ,  
an  a q u e o u s  p h a s e ,  a n d  an  o rgan ic  p h a s e .  A t  
the  end  o f  the  r e a c t i o n  (6 h), the  r e a c t i o n  
m i x t u r e  was  e x t r a c t e d  wi th  d i e thy l  e t h e r  
and  a n a l y z e d  us ing  a gas  c h r o m a t o g r a p h  
( H e w l e t t - P a c k a r d  5880 A;  cap i l l a ry  
c o l u m n  HP1 ,  c r o s s - l i n k e d  m e t h y l  s i l i cone  
gum,  50 m x 0.5 m m ;  F I D  de t ec to r ) .  In  
v i ew  o f  the  la rge  d i f f e r e n c e s  in the  r e s p o n s e  

f ac to r s  fo r  the  d i f f e ren t  c o m p o n e n t s  o f  the  
p r o d u c t s ,  s t a n d a r d  c a l i b r a t i o n  m i x t u r e s  
w e r e  u s e d  to  e s t i m a t e  the i r  r e s p o n s e  fac-  
tors  a c c u r a t e l y .  

RESULTS AND DISCUSSION 

T h e  a m m o x i m a t i o n  o f  c y c l o h e x a n o n e  
was  f o u n d  to p r o c e e d  w i th  g o o d  y ie lds  o v e r  
the  t i t an ium s i l ica l i te  TS-1.  A n u m b e r  o f  
p r o c e s s  and  c a t a l y t i c  v a r i a b l e s  w e r e  f o u n d  
to a f fec t  the  r eac t i on .  T h e s e  a re  d i s c u s s e d  
be low .  

1. Influence of  titanium content. T a b l e  1 
p r e s e n t s  t he  r e su l t s  o f  the  a m m o x i m a t i o n  o f  
c y c l o h e x a n o n e  wi th  a m m o n i a  and  d i lu te  
h y d r o g e n  p e r o x i d e  o v e r  Z S M - 5 ,  a m o r -  
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phous SiO2-TiO2, Silicalite-1, and crystal- 
line titanium silicalite (TS-1) with varying 
amounts of titanium. The major product of 
the reaction is found to be cyclohexanone 
oxime, while small amounts of e-caprolac- 
tam and some dimeric compounds are also 
produced (Table 1, footnote). It is noted 
from the table that the relative activities of 
various catalysts increase in the order 
ZSM-5 < Silicalite < SiO2-TiO2 < TS-1. 
The much larger activities of SiO2-TiO2 (Si/ 
Ti = 45) and TS-1 suggest that the active 
centres are Ti-related species. This is fur- 
ther confirmed by the increase in conver- 
sion observed with increasing Ti content of 
TS-1. Interestingly, however, while Silica- 
lite (9) is found to possess some catalytic 
activity, ZSM-5 possesses very little activ- 
ity (7.4% for Silicalite and 1.9% for ZSM- 
5). Both ketone conversion and selectivity 
to oxime increase on increasing the Ti con- 
tent up to an atom fraction of 0.021. How- 
ever, beyond x = 0.021, the activity de- 
creases. In the case of zeolites, similar 
maxima in activities observed with varia- 
tions in SIO2/A1203 ratios have often been 
related to "efficiency maxima" (a combina- 
tion of number and strength) of the acid 
centres (10, 11). Likewise, it is possible 
that maxima efficiency for TS-1 exists at an 
intermediate Ti content. Oxime selectivity 
is greater than 95% in all the cases, though 
a maximum selectivity (>99%) for the ox- 
ime is obtained over TS-1 with x = 0.021. 
Amorphous SiO2-TiO2 was found to be less 
active than crystalline TS-1 in terms of con- 
version of the ketone and selectivity to 
H 2 0 2  and oxime. These results also suggest 
that the Ti 4+ present in TS-1 is different 
from that present in SiO2-TiO2. Amor- 
phous TiO2 and SiO2 were also examined as 
catalysts and were found to be inactive for 
the oximation of cyclohexanone. A small 
amount of e-caprolactam formed by the re- 
arrangement of the oxime over TS-1 was 
invariably found in most of the reaction 
products. The e-caprolactam yield was in- 
dependent of the Ti content of the sample. 

2. Influence of  the reaction temperature. 

T A B L E  2 

I n f l u e n c e  o f  R e a c t i o n  T e m p e r a t u r e  o n  t h e  O x i m a t i o n  

o f  C y c l o h e x a n o n e  o v e r  TS-1  

Temperature  (K) 

298 313 333 353 373 

Cyclohexanone 
conversion,  (wt%): 60.5 81.3 92.9 74.4 57.5 

Product  distribution 
(wt%) 

Cyclohexanone 39.5 18.7 7.1 25.6 42.5 
Cyclohexanone oxime 60.5 81.3 92.6 65.8 47.5 
e-Caprolactam - -  - -  0.21 0.3 0.3 
Others - -  - -  0.09 8.3 a 9.8" 

(I, n )  (I, n )  
Oxime selectivity: 100 100 99.7 88.5 82.3 
(wt%) 

Note.  Reaction conditions: Catalyst  = 1 g (x = 0.021); Feed 
= cyclohexanone : NH3 : H202 (1 : 1.5 : 1 molar  ratio); durat ion 
of run = 6h. 

a 1 = 7.8, 8.2%; II = 0.5, 1.6%, at 353 and 373 K, respec- 
tively. (see footnote,  Table 1 for  1 and II). 

Both the conversion of cyclohexanone and 
the selectivity to oxime are dependent on 
the reaction temperature (Table 2). Conver- 
sion of cyclohexanone increases with in- 
creasing temperatures up to 333 K, beyond 
which it decreases. The decrease in conver- 
sion at higher temperatures (above 333 K) 
is probably due to the lower availability of 
NH3 and H202 in the reaction mixture due 
to their more rapid loss at higher tempera- 
tures. The formation of high boiling com- 
pounds (>8 wt%) is observed at tempera- 
tures greater than 333 K. Again, in contrast 
to the light yellow color of the reaction mix- 
ture below 333 K, the color of the final 
product was dark red ( -brown)  above 340 
K, which suggests the formation of large 
molecular conjugated products. The com- 
position of the by-products (dimeric spe- 
cies) is also reported in Table 2 in the case 
of the high temperature experiments. The 
formation of compounds II(a) and II(b) has 
been reported in the literature at tempera- 
ture above 473 K over SiO2 and SIO2-A1203 
during ammoximation of cyclohexanone in 
the vapour phase with NH3 and Oz (5), and 
during aldol condensation over A1203 (12, 
13) and Ni-Sn-SiO2 (14). The formation of 
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compound I has also been reported over 
TS-1 by earlier workers (6). The identifica- 
tion of the various compounds was carried 
out by matching gas chromotograph reten- 
tion times with pure compounds and also 
by isolating (in the case of I) and matching 
the 1R and mass spectra with those of the 
known compound. The formation of perox- 
ydicyclohexylamine (PDCA, I) consumes ½ 
mole of H202 and ½ mole of NH3 for every 
mole of cyclohexanone consumed. 2-cyclo- 
hexylidenecyclohexanone (II a) and 2-(1- 
cyclohex-l-en-l-yl)-cyclohexanone (II b) 
do not require any H202 or NH3 for their 
formation. Oxime formation needs 1 mole 
of H202 and 1 mole of NH3 per mole of 
cyclohexanone. Thus at higher tempera- 
tures, as the NH3 and H 2 0 2  get depleted, 
the formation of these by-products sets in. 

3. Influence of  NH3/H202 molar ratio. 
Although the ammoximation reaction re- 
quires equal moles of cyclohexanone, am- 
mona,  and hydrogen peroxide, the ob- 
served results (Table 3) indicate that an 
excess of ammonia has to be taken initally 

T A B L E  3 

O x i m a t i o n  of  C y c l o h e x n o n e  to O x i m e - - I n f l u e n c e  of  

NH3/H202  M o l a r  R a t i o s  

NHJHzOz m o l a r  ra t io  

0.5 1.0 1.5 2.0 

Cyclohexanone 
conversion (wt%): 

Product distribution 
(wt%) 

C y c l o h e x a n o n e  

C y c l o h e x a n o n e  o x i m e  

e - C a p r o l a c t a m  

O t h e r s  

O x i m e  se l ec t i v i t y :  

(wt%) 

70.9 80.6 92.9 94.3 

29.0 19.4 7.1 5.7 

58.6 78.1 92.6 94.1 

0.3 0.2 0.2 0.2 
12.1 ~ 2.3" 0.1 - -  

(I, II)  (I, I I )  (1) 

82.7 96.9 99.7 99.8 

Note. R e a c t i o n  c o n d i t i o n s :  T e m p e r a t u r e  = 333 K;  

c a t a l y s t  = 1 g (x = 0.021);  d u r a t i o n  of  r un  = 6h. 

~' I = 10.7, 2 .0%;  I I  = 1.4, 0 .3%,  at  NH3/HzO2 = 0.5 

a n d  1.0, r e s p e c t i v e l y  ( see  f o o t n o t e ,  T a b l e  1 for  ! and  
II) .  

T A B L E  4 

In f luence  of  C a t a l y s t  C o n c e n t r a t i o n  on  

C y c l o h e x a n o n e  Ox i rna t i on  

Catalyst concentration 
(g cat./mole ketone) 

0 2 5 10 20 

Cyctohexanone 
conversion (wt%): 0 35.9 88.1 92.9 96.7 

Product selectivity 
(wt%) 

Cyclohexanone 100 64.1 11.9 7.1 3.3 
Cyclohexanone oxime - -  34.8 87.2 92.6 96.4 
e-Caprolactam - -  0.3 0.2 0.2 0.2 
Others ~ - -  0.8 0.1 0.1 0.1 

Oxime selectivity (wt.%): - -  96.9 99.0 99.7 99.7 

Note. Reaction conditions: catalyst = 1 g (x = 0.021); 
Feed = cyclohexanone : NH3 : H202 (1 : 1.5 : 1 molar ratio); 
Temperature = 333 K; duration of run = 6h. 

a Peroxy dicyclohexylamine, I. 

to produce high yields of the oxime. Very 
high selectivities to cyclohexanone oxime 
(>99%) are obtained when the NH3/H202 
molar ratio is >1.5. Under these condi- 
tions, the formation of high boiling com- 
pounds is reduced. When the NH3/H202 
mole ratio is less than 1, the conversion of 
the ketone and the selectivity to the oxime 
decrease. Further, higher boiling com- 
pounds like peroxydicyclohexylamine (I), 
2-cyclohexylidenecyclohexanone (IIa), and 
2-(1-cyclohex- 1-en- 1-yl)-cyclohexanone (II 
b) are formed as by-products. The forma- 
tion of e-caprolactam (formed in small 
quantities in all cases) is independent of the 
reactant concentrations. 

At lower molar ratios of ammonia (<1.5), 
the reaction mixture was deep red in col- 
our, probably due to the presence of the 
above by-products, especially those arising 
from the aldol condensation. 

4. The influence o f  catalyst concentra- 
tion. As the catalyst concentration is in- 
creased, both the conversion and the selec- 
tivity for the oxime increase (Table 4). At 
the catalyst loading of 20 g catalyst/mole 
ketone, the selectivity for the oxime is 
more than 99% and the yield of the high 
boiling products is small. 



398 THANGARAJ, SIVASANKER, AND RATNASAMY 

T A B L E  5 

I n f l u e n c e  o f  t h e  M e t h o d  o f  H y d r o g e n  P e r o x i d e  

A d d i t i o n  o n  C y c l o h e x a n o n e  O x i m a t i o n  

Method of H202 addition 

A . B b C c D d 

Cyelohexanone 
conversion (wt%): 65.4 86.4 92.9 29.2 

Product  distribution 
(wt%) 

Cyclohexanone 34.6 13.6 7.1 70.8 
Cyclohexanone oxime 64.3 85.7 92.6 27.3 
e-Caprolactam 0.1 0.2 0.2 - -  
Others ~ 1.0 0.5 0.1 1.9 

Oxime selectivity (wt%): 98.3 99.2 99.7 93.5 

Note.  Reaction conditions: catalyst  = 1 g (x = 0.021); 
Feed = cyclohexanone : NH3 : H202 (1 : 1.5 : 1 molar  ratio); 
Temperature  = 333 K; durat ion of run = 6h. 

a Method A: The entire quanti ty of the requisite H202 was 
added to the react ion mixture containing cyclohexanone and 
ammonia  solution at  298 K and the temperature slowly raised 
to 333 K. 

b Method B: H202 was added dropwise at 333 K for lh  to the 
reaction mixture containing cyclohexanone and ammonia  so- 
lution, (reaction cont inued to 6 h). 

c Method C: H202 was diluted with distilled water  to 5% and 
was added dropwise for  4h at 333 K to the reaction mixture 
containing cyclohexanone and ammonia  solution (reaction 
continued to 6 h). 

a Method D: NH3 solution was added dropwise for about 2h 
at 333 K to the react ion mixture containing cyclohexanone 
and hydrogen  peroxide,  (reaction continued to 6h). 

Peroxy dicyclohexylamine,  I. 

5. Influence of  the mode o f  hydrogen per- 
oxide addition. As both H202 and NH4OH 
are decomposed and lost during the reac- 
tion, the amounts of the two reactants 
available for reaction with cyclohexanone 
will depend on the rate of decomposition of 
the above compounds at the different pro- 
cess parameters. Therefore, a slow conti- 
nous addition of the two reactants will not 
only enhance conversion and selectivity 
but also increase the useful utilization of 
the two chemicals. 

Table 5 illustrates the influence of the 
mode of addition of reactants. The different 
modes adopted are detailed in the table. 
Method C, in which cylcohexanone and 
ammonia are taken first along with the cata- 
lyst and dilute hydrogen peroxide (5 wt% in 
water) is added dropwise at 333 K for 4h, is 
found to be the most efficient. This mode of 
addition reduces the decomposition of the 

peroxide and the formation of other by- 
products. On the other hand, method D, in 
which the ketone and peroxide are taken 
first and the ammonia solution added drop- 
wise later on for about 2h, produces smaller 
quantities of the oxime. Higher boiling 
compounds are also formed. In method A, 
the entire quantity of the requistite amount 
o f  H 2 0 2  is added to the reaction mixture 
containing the ketone and ammonia solu- 
tion at 298 K, the system is slowly warmed 
to the reaction temperature (333 K), and the 
reaction is continued for 6 h. In this case 
the ketone conversion is moderate and the 
selectivity to oxime is good. It is to be 
noted that all the studies reported in the 
other sections in this paper were carried out 
according to method C (see experimental), 
which leads to maximum conversion and 
oxime selectivity. 

6. Influence o f  solvents. All the studies 
reported so far have been carried out in a 
three-phase (one solid and two liquid 
phases) mixture. The obvious question is: 
will the conversion of the two liquid phases 
(organic and inorganic) into a single phase 
improve the efficiency of the process? Rof- 
fia et al. (7) have reported the influence of 
various solvents on the reaction. Though 
they have reported a mixture of water and 
t-butanol to be the best solvent at 353 K 
(conversion 89.7% and oxime selectivity 
99.5%), we have found that at a lower tem- 
perature (333 K) the absence of solvents 
leads to good results (conversion 92.9% and 
selectivity 99.7%, Table 6). However,  both 
conversion and selectivity are lower in the 
absence of solvents at the higher tempera- 
ture of 353 K (see Table 2). 

Mechanism o f  Ammoximation over TS-1 

The presence of - - T i ~ O  and 
- - T i - - O - - S i - -  in TS-1 have been reported 
by earlier workers (15-17). Similarly, the 
transformation o f - - T i ~ O  o r - - T i - - O - -  
S i - -  groups in the presence of H202 into a 
hydroxy peroxy (or peroxy) titanium spe- 
cies has also been reported (3, 15): 
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TABLE 6 

Influence of Solvent on the Oximation of Cyclohexanone 

Solvent 

Methanol 2-propanol t-butanol no solvent 

Cyclohexanone 
conversion (wt%): 

Product distribution 
(wt%) 

Cyclohexanone 
Cyclohexanone oxime 
e-Caprotactam 
Others a 

Oxime selectivity 
(wt%): 

66.0 42.3 57.0 92.9 

34.0 57.7 43.0 7.1 
36.0 42.3 56.8 92.6 

- -  - -  - -  0.2 
30.0 - -  0.2 0.1 

(I, l id (I) (I) 

54.5 100 99.6 99.7 

Note. Reaction conditions: Catalyst = 1 g (x = 0.21); Feed = cyclohex- 
anone : NH3 : H 2 0 2  (l : 1.5 : 1 molar ratio); duration of run = 6h, Tempera- 
ture = 333 K. 

a I = 18%; I I I =  methylamines, 12% (see Table 1, footnote). 
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0 - 0 0 0 H  
11 \ / 

-Ti- + H202 . . . . .  > Ti / \ 
-0  OH 

C a r o ' s  ac id ,  H2SO5, a h y d r o x y  p e r o x y  
ac id ,  c o n v e r t s  s e c o n d a r y  a m i n e s  to  o x i m e s  
(•8): 

R" 0% .OOH " 
R'~NH/ + 0/'//S~"OH . . . . . .  > RR'~'NOH / + H2$04 

B y  a n a l o g y ,  a m e c h a n i s m  can  be  w r i t t e n  
for  the  a m m o x i m a t i o n  o f  k e t o n e s  w i th  H202 
a n d  NH3 in t he  p r e s e n c e  o f  TS-1 .  F i r s t ,  w e  
can  v i sua l i z e  the  f o r m a t i o n  o f  an  u n s t a b l e  
imine  as  fo l l ows :  

~ : = 0  + NH 3 ~.~ ~ / ~ = N H  + H20 
/ - - k  

T h e  imine  ( " a n  i n t e rna l  s e c o n d a r y  a m i n e " )  
can  r e a c t  w i th  t he  p e r o x y  t i t a n i u m  c a t a l y s t  
to y ie ld  the  o x i m e ,  

-0  OOH -0  OH 

NH + Ti . . . . .  > NOH + Ti 
/ \  / \  

-0  OH -0  OH 

w h e n  the  a m o u n t  o f  c a t a l y s t  (or  T i / (S i  + Ti) 
ra t io  o f  the  ca t a ly s t )  is smal l ,  i . e . ,  w h e n  
t h e r e  a r e  no t  e n o u g h  p e r o x y  t i t an ium com-  
p l e x e s  to  in se r t  an  " O "  r a p i d l y  in to  the  im- 
ine,  the  f o r m a t i o n  o f  p e r o x y d i c y c l o h e x y l -  
a m i n e  ( P D C A )  is f a v o u r e d  (Tab les  1 and  4): 

NH 2 

~ = N H  + H202 . . . . . . .  > ~ X  H20 + 

0 - 0  
I 
H 

NH 2 

0 - 0  
I 

H 

H H 

0-0 0 0-0 
L l 
H H 

(PDOA) 
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CONCLUSIONS 

The oximation of cyclohexanone at high 
conversions (>94%) and excellent selectiv- 
ities (>99%) is possilbe using the titanium 
silicate molecular sieve, TS-1, at tempera- 
tures as low as 333 K. The yield is maxi- 
mum at NH3/HzOz (mole) ratios > 1.5 and a 
temperature of 333 K in the absence of sol- 
vents. Similarly, a moderate Ti content (Ti/ 
Si + Ti = 0.021) favours increased yields of 
the oxime. 
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