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Abstract 

The autooxidation of cumene to cumene hydroperoxide (CHP) in the presence of a supported catalyst was invesugartid. When 
Cu(OAc), was supported on Chelex, polyvinylpyridine or Si@, it was demonstrated that polyvinylpyridine and SiOl are poor 
supports for a catalyst in cumene autooxidation. Several metal ions supported on Chelex were tested for their effectiveness in 
initiating cumene autooxidation at 353 K. The rate of autooxidation follows the order Mn( II) > Cu( II) > Co( II) > Ni( II) 
> Fe( II). However, Mn( II) gives a poor selectivity to CHP as it can also catalyze the conversion of CHP to 2-phenyl-2- 
propanol. The most suitable catalyst in the steady propagation of cumene autooxidation has the composition of Cu( OAc), (0.6 
mmol) on dried Chelex ( 1 .O g), denoted Cu(OAc),-CHX-0.6. There is an optimal ratio of CU(OAC)~-CHX-0.6 to substrate 
(0.2 g per IO ml cumene) to achieve an autooxidation rate that is 63% greater than that initiated with CHP at 353 K. The 
selectivity to CHP is also greater. This ratio is also the best for the rate of initiation in cumene autooxidation to CHP. The lifetime 
of this catalyst is long; no sign of deactivation was observed in our experiments. 

Kr,wwtl.s: Cu~nene: Autooxidation; Hydroperowide; Copper acetate: Supported catalyst 

The oxidation of hydrocarbons with oxygen or 
air as oxidant is an important industrial process in 
the manufacture of commodity chemicals [ 11. 
This oxidation in the presence of a transition- 
metal catalyst in both homogeneous and hetero- 
geneous systems, has been extensively studied 
[ 2-51. Cumene oxidation is one such important 
process of oxidation with dioxygen. Cumene is 
oxidized through a free-radical reaction pathway 
to cumene hydroperoxide (C P) which is a pre- 
cursor to phenol and acetone in the Mock process. 
In the industrial process, CNP itself serves as ini- 

tiator [6]. A homogeneous catalyst M(Nf)2 
(Nf = naphthenate, M = Zn, Cd) [ 71 and a het- 
erogeneous catalyst (Ag, Cu or Pt on support) 
[ 81 do not improve the yield or selectivity to CHP. 
In most cases, the selectivity to CI-IP deteriorated 
in the presence of these catalysts. 

In this work, we attempted to enhance the rate 
of autooxidation of cumene using a supported 
transition-metal catalyst which potential’;. pos- 
sesses the desired advantages of a homogeneous 
catalyst with high selectivity in mild reaction con- 
ditions and a heterogeneous catalyst in the ease of 
isolation of product. We found that a p,articular 
combination of metal salt and support can enhance 
the rate of autooxidation by 43% relative to that 
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initiated by CI-IP. Furthermore, the selectivity k 

also improved with this catalyst. 

2.1. Material and equipment 

IOEI exchange resin Chelex 100, which is a sty- 
rene divinylbenzene copolymer containing paired 
iminodiacetate ions, was purchased from io- 
Wad. This resin has a high affinity t 
the + 2 oxidation state. It is not st 
K. Poly-4-vinylpyridine (2% cross linking) and 
cumene were purchased from Aldrich. Si 
60 (70-230 mesh) was obtained from 
Cumene was purified by repeated reacti 
concentrated sulfuric acid until the acid layer was 
colorless. It was then washed with II@, neutral- 
ized with sodium carbonate and washed with I-I@ 
again. After being dried over MgSO, and refluxed 
over CaI-I,, cumene was distilled just before use. 

spectra were recorded on a Gemini- 
meter. The metal contents of sup- 

st were measured on a ntron 
ode1 S-35 ICP instrument. SpX- 

tra were obtained on a JASCO 3QOE spec- 
trometer. CC analysis were performed on a 
Shimadzu 8A gas chromatographic instrumettt 
with a flame ionization detector. 

2.2. Synthesis of supported catalyst 

Chelex 100 (which contained about 75% water 
as purchased) was dried in a vacuum oven at 323 
K to a constant mass. The dry Chelex was sus- 
pended in water and the metal salt to be impreg- 
nated was then added. After stirring for 1 h, 
methanol was added and stirring was continued 
for 30 min. After filtering and drying in a vacuum 
oven, the supported cat was obtained. The 
catalyst is denoted 
resents metal salt, CI-IX represents the Chelex SUP- 
port and r is the amount of metal salt in mmol per 

gram of support. 

The procedure of synthesizing the catalyst sup- 
ported on polyvinylpyridine (PVP) is described 
below. PVP ( 1 .O g) was added to a methanol 
solution ( 10 ml) of a metal salt (0.6 rnmol). 
Methanol was added to make the total volume 50 
ml. After stirring for 24 h, the catalyst was 
obtained by filtration, followed by washing with 
water and acetone, and drying in a vacuum oven. 
This catalyst is denoted as MS-PVP-0.6. 

The silica supported catalyst was prepared 
according to the literature method [9]. The metal 
content is 0.6 mmol per gram of support. It is 
denoted MS-SiO&6. 

2.3. Oxidation of cumene 

Oxidation of cumene was carried out in a closed 
system made of Pyrex glassware which can be 
connected to vacuum line and oxygen source by 
way of stopcocks. The system consists of a water 
jacketed oxygen reservoir including a condenser, 
and a 25 ml flask connected to the condenser. The 
procedure of the oxidation reaction is described 
below. Cumene ( 10 ml) with catalyst was placed 
inside the flask, degassed three times by the 
freeze-pump-thaw cycle. Then oxygen was intro- 
duced at the desired pressure. The oxidation 
reactions were carried out between 333-363 K by 
heating the cumene solution. The temperature of 
the gas in the small volume between the cumene 
and the thermostated (298 K) oxygen reservoir 
(!l. 11 1) could not be defined. However, this 
uncertainty was circumvented by a calibration 
procedure that consisted of measuring before and 
after the cumene was heated in the absence of 
catalyst or initiator (to avoid oxidation). The oxy- 
gen pressure was monitored with a A&uyu PT- 
15PV pressure transducer interfaced to a PC. 
Product analyses were performed with both GC 
and ’ NMR spectroscopy. In GC analysis, iodob- 
enzene was used as internal standard. At the con- 
ditions of N2 flow rate 20 
besides starting cumene, C 
panol (PP) and acetophenone ( AP) were the only 
products ever detected on comparison with the 
retention times of pure samples. In ’ 
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yses, the reaction mixtures (after filtering away 
the catalyst) were dissolved in CDC& with inter- 
nal standard of methanol for quantitative analysis 
and TMS for chemical shift measurement. Prom 
the methyl region, cumene ( S 1.15 ppm, d) , C 

( 8 1.49 ppm, s), 2-phenyl-2-propanol ( 6 1.45 
ppm, s) and acetophenone (8 2.30 ppm, s) were 
identified as the only possible products in the oxi- 
dation reaction. From the integrated area, by com- 
parison with that of the internal standard of 
methanol, the concentrations of the products were 
deduced. To measure the amount of CHP accu- 
rately, a standard iodometric titration method 
[ lo] was employed. 

In the presence or absence of su 
cumene oxidation by O2 to cume 
(CHP) was investigated by monitoring the O2 
pressure, P( 0,)) in a closed system. As shown in 
Fig. 1, at 353 K , pure cumene is oxidized by O2 
only after a long induction period ( = 5 h) which 
is indicative of a free radical reaction pathway. 
the presence of CHP, rapid O2 consumption was 
observed. The OS consumption slowed at an r)? 
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Fig. 1. P( 0,) in a closed system as a function of time for autooxi- 
dation of cumene ( 10 mL) at 353 K ( 
cumene hydroperoxide (0.64 g) as initiator and with repetitive 

admission of fresh Oz. 
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Fig. 2. P(O:) as a function of reaction time in autooxkkion ef 
cumene ( 10 ml) ir. the presence of catalyst (0.2 g): ( 
Cu(OAc),-CHX-0.6, (0): Cu(OAc),-PVP-0.6 and ( 
Cu(OAc)_-Si02-0.6. 

pressure ca. 26.7 a. When fresh O2 was intro- 
duced into the reaction solution, rapid consump- 
tion was again observed. This process was 
repeated several times. When the conversion of 
cumene was 22%, analysis of the products indi- 
cated that the selectivity to C 
side products were 2-phen 
(7.0%) and acetophenone AP (0.9%). 

3. I. Support effect 

When the autooxidation of cumene (10 ml) 
was carried out in the presence of supported cat- 
alysts (0.2g),Cu(QAc),-C X-O.tiCu( OAC)~- 
PVP-0.6 or Cu( QAc),SiO,-0.6, oxygen was 
consumed as shown in Fig. 2. The relative rates 
of oxygen consumption for the three catalysts with 
the same metal content are Cu( OAc),PVP-0.6 
B CU(OAC)~--CHX-0.6 B CU(OAC)&K?~- 
0.6. The differences among these catalysts also 
show in the distributions of produ 
Table I. After reaction for 12 h w 

cumene catalyzed with 
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Table 1 
Product distribution of the autooxidation of cumene ( IO ml) in the 
presence of catalyst (0.2 g) for 12 h at 353 K; initial P(O?) is 93.3 

kPa 

Catalyst lra 3u(O?) h CHP’ PPd AP’ S(CHP)‘ 

(8) (mmol) (mm01 ) (R) 

Cu(OAc),- 5.36 3.83 3.80 0.03 0 99.4 

CHX-0.6 
CU(OAC)~- 1.08 3.71 0.43 0.34 0 55.8 

PVP-0.6 
Cu(OAc)z- 0.97 8.69 0.28 0.33 0.08 40.6 

SiO,-0.6 

’ Conversion of cumene. 
b Amount of oxygen reacted. 
’ CHP denotes cumene hydroperoxide. determined by iodometric 

method. 
’ PP denotes 2-phenyl-2-propanol. analyzed by ‘H NMR. 
’ AP denotes acetophenone, determined by CC. 
’ S( CHP) denotes selectivity to CHP relative to cumene. 
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Fig. 3. P(O,) as a function of reaction time in atrtooxidation of 
cumene ( 10 ml) in the presence of Cu( OAc),-CHX-0.6 (0.2 g) at 
353 K with repeated introduction of fresh OZ. 

with the catalysts Cu( OAc), -PVP-0.6 and 
Cu( OAc),-M&0.6, the selectivities were 55.6 
and 40.6% respectively. With Cu( QAc),-PVP- 

catalyst, the total number of moles ofC 
is only 21% of the number of 

reacted. Another oxygen sink was n 
the products by GC and ’ NMR spectroscopy. 

IR analysis of the spent d fresh Cu( OAc),- 
PVP-0.6 catalyst indicates extra I 

region 1150-1300 cm-‘. T ese extra peaks are 
similar to those of pyridine N-oxide [ 1 I ] which 
is also the most likely oxidation product in this 
system. Therefore, oxidation of PVP appears to 
be the major sink of oxygen in Cu( C:Ac),-PVP- 
0.6 catalyzed autooxldation of culi;ene. When 
Cu(OAc),-SiO,-0.6 is the cataly:,t, the poor 
selectivity to CHP is consistent with t.he literature 
report [ 121 that SiOZ can catalyze the conversion 
of CI-IP to 2-phenyl-2-propanol. and acetophen- 
one. The small catalytic activities and poor selec- 
tivities toward C P in cumene autooxidation 
catalyzed by Cu ( OAc) ,-PVP-0.6 and 
Cu( 0Ac)2-Si02-0.6 indicate that PVP and Si02 
cannot serve as suitable supports for the autooxi- 
dation of cumene to CI-IP. 

The life time of Cu(OAc)& 
was further tested by repetitive a 
OZ. As shown in Pig. 3, in the rirst run, when O2 
pressure reached 13.3 kPa, the rate of oxidation 
slowed down. In the succeeding runs, the slow- 
down pressure, P,, increased. owever, the rates 
of oxygen consumption for ressure reaching 
greater than P, were identical ( 1.91 X 10e5 M/ 
set ) except in the first run that included an induc- 
tion period. At the end of the tenth run, the con- 
version is 40% with a selectivity to CI-IP 96% that 
is less :han 99.4% for a single run (Table 1) . On 
the other hand, this sele ivity is much better than 
that initiated with C at 22% conversion 
(92.1%). When fresh cumene was used in the 
presence of the spent Cu( OAc) &FIX-O.6 cata- 
lyst, exactly the same curves for oxygen con- 
sumption as in Fig. 3 including the induction 
period, were obtained. Therefore, the life time of 

X-O.6 is extremely long. The reac- 
tion pattern of cumene oxid in Fig. 3 is very 
similar to that initiated with in Fig. 1 except 
the induction period. The effect of catalyst in the 
induction period and during the steady propaga- 
tion period warrant further investigation. 
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Fig. 4. P(&) as a function of reaction time in autooxidation of 
cumene ( 10 ml) in the presence of catalyst i.O.2 g): ( 

Mn(OAc)a-CHX-0.6. (0): Cu(OAc),-CHX-0.6. C 
Co(OAc)&HX-0.6. (0): Ni(OAc)&HX-0.6, and (0): FeC&- 
CHX-0.6. 

Table 2 
Product distribution of the autooxidation of cumene ( 10 ml) in the 
presence of catalyst (0.2 g) for 12 h at 353 K. initial P (0,) is 93.3 
kPa. All notations are specified in Table 1 
-_ 

Catalyst cy 3n(Oz) CHP PP S(CHP) 
(a) (mmol) (mmol) (S) 

Mn( OAc )&HX-0.6 5.10 3.65 3.39 0.26 92.9 
CU(OAC)~-CHX-0.6 5.36 3.83 3.80 0.03 99.4 
Co(OAc),-CHX-0.6 3.79 2.71 2.70 0.01 99.6 
Ni(OAc)&HX-0.6 2.27 1.62 1.60 0.02 99.0 
FeCI,-CHX-0.6 3.24 0.89 0.88 0.01 99.0 

Table 3 
Product distribution of autooxidation of cumene ( 10 ml) in the 
presence of various amounts of Cu( OAc),-CHX-0.6 catalyst for 12 
h at 353 K, initial P( 02) is 93.3 kF’a. All notations are specified in 
Table 1 

Amount of catalyst (Y dn(O?) CHP PP S(CHP) IY’ a 

(g) (%) (mmol) (mmol) (%) 

0.1 3.87 2.77 2.75 0.02 99.3 38.7 
0.2 5.36 3.83 3.80 0.03 99.4 26.8 
0.4 2.90 2.07 2.05 WE 99.0 7.25 
0.6 2.59 1.85 1.84 0.01 99.2 4.31 

a (Y’ is the conversion per unit mass (g) of Cu(OAc),-CHX-0.6 
catalyst in cumene ( 10 ml). 

3.3. Efect of metal and temperature on the 
induction period of MS- -0.6 catalyzed 
cumene oxidation 

catalysts of various nneral salts adsorbed onto 
Chelex 100 with the same of moles per gram of 
support were investigated under identical reaction 
conditions 353 K and initial 2 pressure 93.3 kPa. 
The results appear in Pig. The order of the 
effectiveness of catalysts in initiating the autoox- 
idation reaction is: 

Mn(II) >Cu(%I) >Co( I) >Ni(II) >Pe(II) 

After reaction for 12 h without additional 02, 
the product distributions were determined 
(Table 2). Mn( ,-CHX-0.6 has a poor 
selectivity 92.9% P, whereas other catalysts 
gave a selectivity 99% or over. The poor selectiv- 
ity ofMn(OAc),-CHX-0.6results form its ability 
to convert CHP to PP that was observed in an 

which CHP was mixed 
X-O.6 at 353 K followed by 

uct analysis. According to the rate of initiation and 
the selectivity to CHP, Cu( OAc)* supported on 
Chelex is worthy of further investigation. 

When activated with varied amounts of 
X-0.6, the total amount of oxygen 

consumed within a reacti period 12 h under 
identical conditions (353 cumene 10 ml and 
initial O2 pressure 93.3 kPa) varied. As shown in 
Table 3, a catalyst dose of 0.2 g Cu( OAc)z- 
CHX-0.6 per 10 ml cumene is optimum. The 
effect of activation by unit mass of Cu( OAc) 2- 
CHX-0.6, (Y’, shown in column 7 in Table 3 is 
decreasing monotonically with increasing amount 

of catalyst. 
To understand the reason for the monotonically 

decreasing effect on increasing the amount of 
Cu( OAc),-CHX--0.6, Chelex was added to 
cumene ( 10 ml) ;vith Cu( 0Acj2-CHX-0.6 (0.2 
g). The amounts of oxygen co 
in 12 h reaction time at 353 

pressure of 93.3 a were 3.83, 2.54, and 1.48 
mmoi in the presence of Chelex with the amounts 
t&O.05 and 0.10 g, respectively. Therefore, Chelex 
support itself can retard the rate of initiation. The 



142 Y. F. Hsrc et al. / Jourtral of bfolecrhr Catnlwis A: Chetttical 105 (1996) 137-144 

Time (hr) 

Fig. 5. P(@) as 3 function of reaction time in autooxidation of 
cumene ( 10 ml) in the presence of catalyst (0.2 g) at 333 K ( 

Table 4 
Product distribution of autooxidation of cumene (IO ml) in the 
presence of catalystCu(OAc),-CHX-0.6 (0.2 g) for 12 hat various 
temperatures; initial P(0,): 93.3 kPa. All notations are specified in 

Table I 

Temperature OL dn(Oz) CHP PP S(CHP\ 

(K) (7@) ( mm01 ) ( mm01 ) (%I 

333 0.80 0.57 0.56 0.01 99. I 
343 1.43 1 .O? I.01 0.01 99.0 
353 5.36 3.83 3.80 0.02 99.4 
363 5.55 3.97 3.86 0.1 I 97.3 

monotonic decrease of cy’ with the amount of 
Cu(OAc)~-CHX-0.6 is explained by the retard- 
ing nature of Chelex partially if not completely. 

The effect of temperature on the rate of oxida- 
tion is sho@n in Fig. 5. As temperature increased, 
the rate of oxygen consumption increased. The 
results of product distribution after reaction for 12 
h, are summarized in Table 4. Bellow 353 K, the 
selectivity was at least 99%. At 363 M, the selec- 
tivity decreased to 97.3%. 

ate ofcumene oxidation in the steady 
~r~~a~atio~ state 

This steady agation rate is a critical param- 
eter for economic considerations in i~d~st~a~ 

application. This rate was obtained when fresh 02 
~was repeatedly admitted to the reaction system 
until a steady value was attained and lnaintained. 
A steady rate was usually reached in the second 
cycle after the first initiation cycle. A typical 
example is shown in Fig. 3, Besides CU(OAC)~- 

X-0.6, catalysts with different metal loading, 
-0.4 and Cu( OAc) &FIX- 1 .O, 
ated. 1 .O mm01 of divalent metal 

per 1 g of support is the maximum metal loading 
for Chelex 100. The steady rates of oxygen con- 
sumption are given in Table 5. When the amount 
of C~(OAC)~--C X-O.6 increases, the oxygen 
consumption rate reaches a maximum (0.2 g per 
10 ml cumene) then decreases when more 
Cu( OAc),-Cl-IX-O.6 is present. This behavior is 
similar to that observed in the initiation period 
that there is an optimum amount of catalyst. With 
varied metal loading, Cu( OAc) &FIX-O.6 was 
obviously better than Cu( OAc),-Cl-IX-O.4 and 
Cu( OAc) &HX- 1 .O in terms of per unit amount 
of Cu( OAc)*. This average optimum rate is 63% 
greater than the average rate ( 1. I 2 X 1 O- ’ 
when initiated with C 

3.5. Mechanism of autooxidation of cumene 

e generally accepted mechanism [ 13-151 of 
the autooxidation of cumene is given in the 
scheme below: 

Table 5 
Rate of autooxidation of cumene ( IO ml I in the steady propagation 
stage in the presence of various amounts of CHP initiator, or various 
catalysts and their amounts at 353 K 

Catalyst Weight Weight 
catalyst CHP il 

(g) (g) 

- - 0.10 
- 0.30 
- 0.64 

Cu(OAc)&HX-0.6 0.1 0 
CU(OAC)~-CHX-0.6 0.2 0 

CU(OAC)~-CHX-0.6 0.4 0 
Cu(OAc),-CHX-0.6 0.6 0 
Cu(OAc)&HX-0 4 0.2 0 
Cu(OAc),-CHX-I.0 0.2 0 

a Amount of cumene hydroperoxide initiator. 

Rate 

(IO-’ M/s) 

I .03 
1 .Q6 
I .27 

1.24. 1.32 
1.91. 1.84, 
I .73 

1.26 
1.13 

0.70 
1.30 
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initiation: (1) 
(2) 

Propagation: R’ f Q2 -+ ROO’ (3) 
ROO’ 

Termination: 2ROQ 
2R’ + R2 (6) 
R” + ROO’ --) ROOT,’ (7) 

cumene may go through several different proc- 
esses to become cumyl radical (Eq. ( 1) ) . Firstly, 
cumene may dissociate its C-I-I bond photochem- 
ically or thermally for molecules with sufficient 
high thermal energy. Secondly, impieties with 
available low energy pathway may dissociate into 
radicals which then react with cumene to form 
cumyl radicals. Thirdly, the catalyst containing 
transition metal ion may catalyze the reaction of 
cumene with oxygen to form cumyl radical and 
hydrogen peroxide. [ 16 ] If C is present, it can 
dissociate into free radicals (Eq. (2) ) which in 
turn react with cumene to form cumyl radicals. In 
the propagation steps, the cumyl radical reacts 
with oxygen to form the eroxy radical that 
abstracts a hydrogen from cumene to regenerate 
the cumyl radical. In the termination steps, t 

free radicals in solution combine to form diamag- 
netic, inactive compoun ecause of the high 
reactivity of cumyl radical, Eq. (6) and (7) are 
insignificant in the presence of dioxygen above 13 

. [ 171 In the branching reaction in Eq. (8) 
1, the cumyl radical abstracts a hydroxyl group 

from CHP to form PP. The RO - radical can further 
react with cumene or cumene hydroperoxide to 
form the radicals. involved in the propagation 
steps. 

In the steady propagation stage of cumene oxi- 
dation, the rates of oxygen consumption are con- 
stant over a wide range of oxygen pressure P( 0,) 
until P(Q,) is less than a threshold pressure P, 
that increases with the degree of conversion of 
cumene as shown in Fig. I and Fig. 3. 
pendence of the rate of oxygen consu 

uivalently the rate of cumene autoox 
asily explained according 

s. ( 1) -( 8 ) . The concent 

icals involved in the propagation steps must be 
constant because the rapid reactions of radical ter- 
mination scavenge any excess radicals. The inde- 
pendence on P(0,) then in cates clearly that 
hydrogen abstraction in Eq. ( ) is the rate deter- 
mining step in pro agation. The increase of P, on 
increased cumene onversion is explained by the 

f the branching reaction in Eq. (8). 
increases with cumene conversion, the 

rates of branching reactions also increase. This 
competing branching reaction leads to an 
increased P, with cumene conversion. Since 

reaction leads to formation of P 
cts that selectivity to CIIP decreases 

with cumene conversion as observed e 
tally. To achieve a high selectivity to-w 

*j must always be greater thcr- P, at the 
ed cumene conversion. From the curves in 

Fig. 1 and Fig. 3, at 20% cumene conversion, the 
PS values are 59 and 47 
Cu(OAc)&HX-0.6 ( 0.2 g catalyst per 10 ml 
cumene ) catalyzed cumene autooxidation, 
respectively. 

In the autooxidation of cumene initiated by 
GHP, the concentration of ROO’ must be the max- 
imum allowable concentration in the bulk cumene 
solution in the steady propagation stage. The con- 
centration of R’ must be small in this propagation 
stage. Therefore, the increased iate of cumene oxi- 
dation in the presence of Cu( Ok)& 
catalyst (0.2 g/ 10 ml cumene) cannot be due to 
the increased concentration of ROW in the bulk 
solution. However, it is possible that the concen- 
tration of ROO’ in the vicinity of catalyst exceeds 
that in the bulk and hence the rate of oxygen con- 
sumption is greater. In this case, one would expect 
that greater amount of catalyst would give greater 
rate of oxygen consumption. n the contrary, we 
found that there is an optima mount of catalyst. 
Therefore, the concentration of ROO’ radical can- 
not be large near the Cu( OAc) &33X-0.6 cata- 
lyst. e existence of this o~ti~~aI amount Qf 

(OAc)+Z -0.6 catalyst is a clear indication 
t in the catalyzed cumene autooxidatio~~ there 

s; one favors whereas t 
disfavors a Barge rate of oxygen consumption. As 



an increased concentration of RO ’ is inconsis- 
tent with a large rate, it is therefore concluded that 
the function of Cu( OAc),-CHX-0.6 is to speed 
up the rate-determining step in Eq. C 4) by increas- 
ing the rate constant. The opposing trend is then 
attributed to a low concentration of 

the presence of 
X-0.6. When the amount of 

Cu( OAc) ,CHX-0.6 increases, the concentration 
of ROO’ decreases but the rate constants of Eq. 
(4) increases. The compromise of these two trend 
leads to an optimal dosage of catalyst. This pro- 
posed mechanism also finds support in the behav- 
iors of catalysts and support in the initiation 
period. The retarding effect of Chelex support is 

its ability to decrease the concentra- 
The existence of an o 

),-CHX-0.6 in initi 
autooxidation can also be perfectly explained 
according to this mechanism. 

Cu(II) ion in Cu(RC O), may have a coor- 
dination environment similar to that in 
Cu( OAc)*-CHX-0.6. Cu(RCQO), 
(RCQO- = stearate) [ 181 as a homogeneous cat- 
alyst in cumene autooxidation decreases the selec- 
tivity to CHP. Therefore, e coordination 
environment in Cu( OAc) ?-C -0.6 must differ 
from that of CII(RCOO)~ in a homogeneous 
system. 

We demonstrated that Chelex is a better support 
than PVP or Si02 for Cu(OAc), as a catalyst in 
cumene autooxidation to CHP. At 353 M, the 
autooxidation of cumene catalyzed by 
CU( OAc),-CHX-0.6 used in an amount of 0.2 g 
for IO ml cumene has the characteristics of a 
decreased induction period, a selectivity to C 
better than that initiated with C a rate of 
cumene autooxidation 63% greate an that ini- 
tiated by C in the steady propagation stage, and 
a long life time of the Cu( OAc) 2-CHX-0.6 cata- 
lyst; no deactivation was observed in our experi- 

ment. This polymer-supported catalyst is 
therefore a potentially commercially important 
catalyst in cumene autooxidation or similar 
autooxidation processes of hydrocarbons, such as 
ethylbenzene and isobutane. 
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