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ABSTRACT 
Kinetic regularities of 4-phenyl-o-tolunitrile ammoxidation on V-Sb-Bi-Zr/γ-Al2O3 oxide catalyst in the temper-
ature interval 633 - 673 K have been studied. It has been established that rates of conversion of 4-phenyl-o-tolu- 
nitrile into the aimed 4-phenylphthalonitrile and CO2 are described by half-order equation on concentration of 
substratum and to be independent of the oxygen and ammonia partial pressures. It has been revealed that for-
mation of 4-phenylphthalimide from byproducts is due to hydrolysis of 4-phenylphthalonitrile; carbon dioxide is 
produced by oxidation of 4-phenyl-o-tolunitrile and decarboxylation of 4-phenylphthalimide, and 4-phenylben- 
zonitrile is produced from 4-phenyl-o-tolunitrile and 4-phenylphthalimide. 
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1. Introduction 
The vapor-phase catalytic ammoxidation of 4-phenyl-o- 
xylene can give with a yield of 80% 4-phenylpthaloni- 
trile, a feedstock for the synthesis of copper tetraphenyl-
tetrazoporphinate (copper tetraphenyl phthalocyanine), 
which in turn is used for manufacturing phthalocyanine 
pigments and turquoise and yellow hue dyes [1]. The use 
of 4-phenylpthalonitrile will make it possible to replace 
highly chlorinated copper phthalocyanine, which is manu- 
factured through quite a sophisticated, environmentally un- 
friendly process of chlorination of copper phthalocyanine 
in an aluminum chloride-sodium chloride melt [2]. With 
this purpose, we use expediently V-Sb-Bi-Zr/γ-Al2O3-oxide 
catalyst for preparation of 4-phenylphthalonitrile in the va- 
pour-phase ammoxidation of 4-phenyl-o-xylene [1,3]. Stu- 
dying the kinetic regularities of this reaction in contribu- 
tion [4] is shown that 4-phenyl-o-tolunitrile is an inter- 
mediate at formation of the aimed 4-phenylphthalo-nitrile.  

Indeed, in 4-phenyl-o-xylene molecule, due to elec-
tronic factor of phenyl group, para-methyl group is acti-
vated first, and as a result, an appropriate intermediate 
mononitrile is formed initially, which, in turn, is con-
verted to the aimed dinitrile. Upon introducing phenyl 
group into 4-position of o-xylene aromatic ring conjuga-
tion, it does not play an appriciable role as the resonance 
constants of phenyl and methyl groups, located in para- 
positions, are distinguished insignificantly [5]. So long as 
phenyl group is related to substituents of III kind [6], 
which may show both electron-donor and electron-ac- 
ceptor properties and, taking into account the absence of 
an appriciable role of conjugation, i.e. electron-donorship 
of phenyl group, then it is possible to make a conclusion 
that phenyl group in the 4-phenyl-o-xylene molecule 
shows the electron-acceptor property. Consequently, in 
4-phenyl-o-xylene molecule on the basis of electron- 
acceptor property of phenyl group and, only positive in- 
ductive (+I) effect of para-methyl group, it is possible to 
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assert that both are directed to a side of activation of pa-
ra-methyl group relative to phenyl substituents [7]. Here 
it should be noted that in 4-phenyl-o-xylene molecule 
phenyl group, it is known [8], to not influence on activa-
tion of meta-methyl group, which itself shows only +I 
effect. Regarding the mononitrile formation as an inter-
mediate product, it is important to note that at studying 
kinetic regularities of ammoxidation of 4-brom-o-xylene 
on the V-Sb-Bi-Zr/γ-Al2O3-oxide catalyst, 4-brom-o-tol- 
unitrile is the intermediate product at preparation of the 
aimed 4-bromphthalonitrile [9,10]. 

The objective of this work was to study kinetic regu- 
larities of 4-phenyl-o-tolunitrile conversion in the ammo- 
xidation reaction on the indicated catalyst.  

2. Methods and Apparatus 
Kinetic measurements of 4-phenyl-o-tolunitrile conver-
sion and chromatographic separation of catalyzate com-
ponents, and a quantitative calculation of their content 
were carried out in accordance with the earlier developed 
methods [4]. Kinetic measurements were performed in a 
setup with a vibrating fluidized-bed, gradientless flow 
reactor of 20-cm3 capacity made from 12Kh18N10T steel. 
The products absorbed by 1,4-dioxane were determined 
on a Chrome-5 chromatograph equipped with an FID and 
a column of 1.2 m length. The column packing was 
Chromaton N-AW (0.2 - 0.25 mm) coated with a mixed 
stationary phase of Apiezon L (21%) and PEG 40000 
(0.5%) or with Polisorb-1 (0.25 - 0.5 mm) alone. Carbon 
dioxide was determined on an LKhM-8MD chromato-
graph with triethylene glycol butyrate supported on INZ- 
600 (calcined diatomaceous earth) as the stationary phase. 
Separation of O2 and N2 was carried out on the same 
chromatoraph using a parallel column packed with NaX. 

3. Experimental 
In the products of the reaction of ammoxidation of 4- 
phenyl-o-tolunitrile (I) on the V-Sb-Bi-Zr/γ-Al2O3-oxide 
catalyst 4-phenylphthalonitrile (II), 4-phenylpthalimide 
(III), 4-phenylbenzonitrile (IV), carbon dioxide, unreact- 
ed I, oxygen and the diluent gas nitrogen were deter- 
mined by gas chromatography. The reaction gases were 
successively passed through a 1.4-dioxane-filled trap for 
absorption of nitriles, and III and a sulfuric acid-filled 
trap for absorption of ammonia. The concentration of 
ammonia at the reactor outlet was determined, by titra-
tion of unreacted sulfuric acid from the second trap. 

4. Results and Discussion  
Influence of partial pressures of oxygen 

2OP  and am-
monia 

3NHP  at values 
3NHP , more than a certain value, 

noted as ( )3NH min
P  [4], and also contact time τ on the 

process rate in the temperature range of 633 - 673 K were 

studied for ascertainment of kinetic dependence character 
of ammoxidation reaction of 4-phenyl-o-tolunitrile.  

Influence of oxygen concentrations on the indicators 
of ammoxidation process of 4-phenyl-o-tolunitrile was 
carried at initial partial pressures 0

IP  1.30 kPa and 
3

0
NHP  32.49 KPа. In the studied range of 

2OP  (1.83 - 
18.70 KPа), the rate of summary conversion of 4-phenyl- 
o-tolunitrile (WI), and also rates of 4-phenylphthalonitrile 
and CO2 formation do not depend on partial pressures of 
oxygen at τ 0.27s in temperatures 653 and 673 K.  

Study of 
3NHP  influence at τ 0.27 s, 0

IP  1.30 kPa 
and 

2

0
OP  8.19 kPа, in temperatures 653 and 673 K on WI 

and rates of partial reactions was shown that the rate of 
4-phenyl-o-tolunitrile gross-conversion, and also rates of 
4-phenylphthalonitrile and CO2 formation do not depend 
on ammonia concentration in range 18.83 - 57.81 kPa.  

Tests results on τ variation at 0
IP  1.52 kPa, 

2

0
OP  

9.55 kPa and 
3

0
NHP  53.03 kPa are presented in Table 1. 

As seen, an increase of τ leads to growth of 4-phenyl-o- 
tolunitrile conversion degree (α) and decrease of WI. 
Upon increasing τ selectivity of 4-phenyl-o-tolunitrile 
conversion to 4-phenylphthalonitrile decreases but selec- 
tivity of 4-phenylphthalimide and 4-phenylbenzonitrile 
formation increases. The dependence of selectivity of 
CO2 formation on τ is expressed weaker. This implies 
that CO2 as opposed to 4-phenylphthalimide and 4-phe- 
nylbenzonitrile, generally, is formed immediately from 
4-phenyl-o-tolunitrile. Formation of 4-phenylphthalimide 
and 4-phenylbenzonitrile occurs by a consecutive route. 
The absence of 4-phenylphthalimide and 4-phenylben- 
zonitrile in the reaction products at short time of contact 
and preparation of 4-phenyl-o-tolunitrile at relatively 
high conversion indicates to the consecutive character of 
their formation, as well. Thus, an analysis of changing of 
formation selectivity of the reaction products (Si) in de- 
pendence on α gives a possibility to assume that 4-phe- 
nylphthalonitrile is subjected to the secondary conver-
sions in the ammoxidation reaction of 4-phenyl-o-tolu- 
nitrile under an action of H2O, being a product of con- 
comitant reactions [3,11] of ammoxidation-oxidative 
dehydrogenation and deep substratum oxidation. In com- 
pliance with above-mentioned data 4-phenylphthalo-ni- 
trile, appears, to hydrolyse to 4-phenylphthalimide, which 
in turn is decarboxylated to 4-phenylbenzonitrile. Further- 
more, apparently, the additional route of 4-phenylben- 
zonitrile formation exists by oxidative destruction imme- 
diately from 4-phenyl-o-tolunitrile, that it is shown more 
clearly with increasing temperature and contact time. This 
result is conformed to data [4] at studying kinetics of 
4-phenyl-o-xylene ammoxidation, because of in the latter 
case 4-phenyl-o-tolunitrile is produced as an intermediate 
product and subjected to the further conversion. 

On the basis of carried out investigations a scheme of 
reaction flowing of 4-phenyl-o-tolunitrile ammoxidation 
can be presented as: 
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Therefore, kinetics of 4-phenyl-o-tolunitrile summary 
conversion is described by Equation (1):  

1 1
nW kP=                  (1) 

where k—apparent constant of the rate of summary con-
version of the substratum (I).  

Experimental data processing in the coordinates  
I IlgW kP=  (Figure 1) at 673 K shows that reaction or-

der, describing by Equation (1) is equal to 0.5. The ana-
logous dependences were observed at 633 and 653 K. 
Taking into account aforesaid, Equation (1) is written as:  

0.5
1 1W kP=                  (2) 

Consistency of constant values at changing of contact 
time testifies about Equation implementation (2). 

Apparent activation energy of 4-phenyl-o-tolunitrile 
conversion reaction, determined graphically from Arrhe-
nius curve is found 116.53 kJ/mole (Figure 2). Therefore, 
a numerical value of the constant of 4-phenyl-o-toluni- 
trile conversion rate is expressed by the Equation (3):  

( )0 exp 116530k k RT=          (3) 

Taking into account above stated, the rates on separate 
routes in the range of oxygen and ammonia partial pres- 
sures, is higher their minimal values, may be described 
by the following Equations (4)-(9), that is conformed with 
data [4].  

0.5
1 1 1W k P=                (4) 

2 2 1W k P=                 (5) 

( )2 33 3 II H O NHW k P P P=         (6) 

( )24 4 III H OW k P P=            (7) 

5 5W k=                (8) 

0.5
6 6 1W k P=             (9) 

Constants of Equations (4)-(9) were selected at condi- 
tion of minimization of squares sum of relative errors 
between experimental and calculated buildup rates of all 
reaction products.  

( )9.48
1 10 exp 118047.4k RT= −  

 
Figure 1. Dependence of lgWI on lgPI in the ammoxidation 
reaction of 4-phenyl-o-tolunitrile at T = 673 K. 
 

 
Figure 2. Dependence of logarithm of 4-phenyl-o-tolunitrile 
gross-conversion constant on reverse temperature. 
 

( )9.95
2 10 exp 148560.9k RT= −  

( )12.51
3 10 exp 154970.3k RT−=  

( )3.90
4 10 exp 51394.2k RT−=  

( )5.29
5 10 exp 91939.5k RT= −  

( )11.39
6 10 exp 162127.5k RT= −  

Activation energy is given in J/mole.  
Table 2 presents the values for the product buildup 

rates and the 4-phenyl-o-tolunitrile consumption rate cal- 
culated by Equations (4)-(9) with the use of the constants 
found for these equations. The difference between expe- 
rimental and calculated values does not exceed the expe- 
riment accuracy. It is also seen from Table 2 that at 653 
K analogous regularities are observed as at 633 and 673 
K in dependence on τ (Table 1). 
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Table 1. Influence of contact time on kinetics of 4-phenyl-o-tolunitrile ammoxidation. 

(a) 

τ, s α, % Wtot, mmol/g·h 
Si, % 

II III IV СО2 

633 К 

0.14 9.23 0.65 98.22 - - 1.78 

0.27 16.67 0.60 98.21 - - 1.79 

0.43 25.34 0.57 96.93 1.26 - 1.81 

0.59 32.67 0.54 94.89 1.61 1.67 1.83 

0.75 39.73 0.51 93.85 2.60 1.71 1.84 

0.91 45.50 0.48 92.81 3.47 1.86 1.86 

673 К 

0.14 30.53 2.15 97.11 - - 2.89 

0.27 50.60 1.82 97.10 - - 2.90 

0.43 66.35 1.49 97.09 - - 2.91 

0.59 76.46 1.26 94.58 0.67 1.83 2.92 

0.75 82.23 1.07 93.87 1.01 2.19 2.94 

0.91 87.18 0.93 93.49 1.31 2.25 2.95 

(b) 

τ, s α, % Wtot, mmol/g·h 
Pi, kPa 

I II III NH3 H2О 

633 К 

0.14 9.23 0.65 1.375 0.14 - 52.89 0.43 

0.27 16.67 0.60 1.263 0.25 - 52.78 0.77 

0.43 25.34 0.57 1.131 0.37 0.0048 52.66 1.16 

0.59 32.67 0.54 1.020 0.47 0.0080 52.56 1.48 

0.75 39.73 0.51 0.913 0.56 0.0157 52.47 1.78 

0.91 45.50 0.48 0.826 0.64 0.0239 52.39 2.03 

673 К 

0.14 30.53 2.15 1.053 0.45 - 52.58 1.42 

0.27 50.60 1.82 0.748 0.74 - 52.29 2.36 

0.43 66.35 1.49 0.510 0.98 - 52.05 3.09 

0.59 76.46 1.26 0.357 1.10 0.0080 51.93 3.50 

0.75 82.23 1.07 0.269 1.17 0.0130 51.86 3.75 

0.91 87.18 0.93 0.194 1.23 0.0170 51.80 3.97 
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Table 2. Dependence of buildup rates of reaction products and 4-phenyl-o-tolunitrile conversion on contact time (653 K, 0
IP  

1.52 kPa, 
2

0
OP  9.55 kPa, 

3

0
NHP 53.03 kPa). 

(a) 

τ, s 
Pi, kPa 

I II III NH3 H2О 

0.14 1.249 0.26 - 52.77 0.81 

0.27 1.031 0.47 - 52.56 1.48 

0.43 0.828 0.66 0.009 52.37 2.08 

0.59 0.672 0.80 0.013 52.23 2.52 

0.75 0.557 0.90 0.021 52.13 2.86 

0.91 0.449 0.99 0.031 52.04 3.16 

(b) 

τ, s 

Wi, mmol/g·h  

I II III IV CO2 

exp calc exp calc exp calc exp calc exp calc 

0.14 1.24 1.22 1.21 1.19 - - - - 0.028 0.028 

0.27 1.15 1.11 1.12 1.08 - - - - 0.026 0.026 

0.43 1.02 0.99 0.98 0.95 0.013 0.014 - - 0.023 0.024 

0.59 0.92 0.90 0.87 0.85 0.014 0.014 0.016 0.016 0.021 0.021 

 
5. Conclusions 
1) Kinetic regularities of I ammoxidation on V-Sb-Bi- 
Zr/γ-Al2O3 oxide catalyst in the temperature interval 633 
- 673 K have been studied. 

2) Rates of conversion of substratum into the aimed II 
and CO2 are described by half-order equation on concen- 
tration of I and to be independent of the oxygen and 
ammonia partial pressures. 

3) It has been revealed that formation of III occurs due 
to hydrolysis of II; carbon dioxide is produced by oxida- 
tion of I and decarboxylation of III, and IV is produced 
from I and III. 
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