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Heat release kinetics in the reaction of decane with nitric acid 
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The kinetics of the reaction of decane with nitric acid (25.07--75.53 %) at 57.8 to 
119 °C in an acid--decane--gas triphasic system was studied. The main contribution to the 
rate of heat release is made by the oxidation of decane with nitrogen dioxide in the organic 
phase proceeding via the mechanism of a degenerate branched-chain reaction. Nitration 
plays the role of a chain termination reaction. The acid phase is the source of NO2, whose 
content increases with oxidation. The equilibrium of the nitrogen dioxide distribution in the 
triphasic system was analyzed. The kinetic law of the reaction, the dependences of the 
reaction constants of the initial and catalytic stages on temperature and the acid phase 
composition were determined. The results allow one to calculate the rate of heat release in 
the decane--HNO 3 system under any conditions of the process. 
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Mixtures of  a l iphat ic  hydrocarbons with aqueous 
nitric acid are used rather  often in m o d e m  technology,  
in par t icular ,  for the  prepara t ion  of  nitro compounds .  
A mixture  of  kerosene with tr ibutyl  phosphate  is used 
for ext rac t ion  o f  u ran ium and p lu ton ium from solutions 
in nitr ic acid in regenera t ion  of  nuclear  fuel. l In these 
mixtures,  the  exo the rmic  oxidat ion  react ion,  which can 
pass into the regime o f  the rmal  self- igni t ion under  cer-  
tain condi t ions ,  is possible along with nitrat ion.  The cal-  
cula t ion of  cr i t ical  parameters  of  self- igni t ion requires 
reliable kinetic  da ta  on the rate of  heat  release and its 
dependences  on the main  parameters  of  the  process. The  
l iqu id-phase  react ions  of  H N O  3 with alkanes were s tud-  
ied in detail  to establish condi t ions  for obtaining a 
max imum yield of  nitroparaffins.  It has been established 
that  an increase in dura t ion  of  the  process and in the  
acid : hydroca rbon  rat io favors a shift of  the process 
toward oxida t ion  products .  When  solutions of  H N O  3 
react with hydrocarbons ,  ni trogen dioxide serves as an 
active chemica l  r e a g e n t )  In a series of  works on l iquid- 
phase oxida t ion  of  the side chain of  alkylarenes with 
solut ions o f  H N O  3 in organic  solvents, 3 NO 2 and its 
p ro tona ted  form HNO2 + were suggested as part icles 
leading the oxida t ion .  It has been ment ioned  that  in 
both the case of  the  slow gas-phase  react ion of  H N O  3 
with a lkanes  and oxida t ion  of  a lkylarenes in solutions,  
se l f -acce le ra t ion  o f  the  process associated with accumu-  
lation o f  N O  2 occurs.  The  react ions of  alkanes with 
H N O  3 and with N O  2 in the  gas phase obey the law of  
the degenera ted  b r a n c h e d - c h a i n  react ion,  and the re- 
gimes o f  slow coo l - f l ame  react ion or  the react ion with 
hot f lame depend ing  on t empera tu re  and pressure can 
be real ized.  4 However ,  quant i ta t ive  kinetic da ta  on oxi-  
dat ion o f  a lkanes  with solut ions  of  H N O  3 are lacking. 

Experimental 

The decane--aqueous nitric acid system was chosen as 
a model fur the study. The ~ate of heat release was measured 
on differential automatic calorimeters of the DAK series. 5 
The process was performed in sealed glass tubes kept totally at 
a constant temperature in the calorimeter cell, which made it 
possible to retain all components in the reaction zone and 
distinctly analyze phase equilibria and kinetic regularities of 
the process. 

Results and Discussion 

The system under study is heterogeneous and con-  
sists of  three  phases: acidic,  organic,  and gaseous; 
the react ion can occur  in both liquid phases or at 
the interface between them. 

The kinetic curves of heat release in the decane - -  
aqueous nitric acid system were obtained in the tem-  
perature range from 57.8 to 119 °C, the concentra t ion 
of  H N O  3 varied from 25.07 to 75.53 %, and mixtures 
with 64.62 % H N O  3 were studied in the greatest detail.  
In the majori ty of  experiments ,  a large excess of  HNO 3 
was used to neglect a change in its content  during the 
process, but systems with a small excess of  HNO 3 
relative to the  s toichiometry of the comple te  oxidat ion 
were also studied. At the beginning of  the process, the 
react ion rate is below the sensitivity of  a ca lor imeter ,  but 
it increases rapidly during the process and reaches a 
max imum at 35--40 % of  the complete  heat  release. 
The  rate of  heat  release ascribed to I mole  of  decane 
strongly depends  on the value of  free gas volume in the 
tube per mole  of  decane ( ~ ) ,  while the dependence  of  
the total number  of  moles of  the acid and water per  mole 
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Fig. 1. Time dependences of rates of heat release in decane 
oxidation with 64.62 % HNO 3 at 92.8 °C at various ks: 1.0 
(•); 1.9 (2); 5.13 (3); 9.77 (4); 16.1 (5); and 39.1 (6) L mol - l .  

o f  decane  (nac) is relatively weak. The exper iment  was 
performed in ranges o f  I~ from 1.0 to 39.1 and n c from 
15.4 to 2864. Some rate curves o f  heat release are shown 
in Fig. 1. The kinetic curves o f  the autocatalyt ic  reac- 
t ion are not descr ibed by a s imple equat ion o f  the first or 
higher orders,  and the degree o f  autoaccelera t ion  de-  
creases during the process. It is established that  consider-  
able amounts  o f  NO2 are accumula ted  in the system. On 
going from a 25.07 to 75.53 % solut ion o f  H N O  3, the 
number  o f  moles  o f  NO2 formed per  mole o f  hydrocar-  
bon,  in the case o f  decane  oxidat ion ,  increases from I to 
3.8 as de te rmined  by the spectral  method.  6 We studied 
a role of  N O  2 that  was prel iminar i ly  added to the tube 
with a d e c a n e - - a q u e o u s  HNO3 mixture. When  NO 2 is 
added,  the initial rate of  heat  release increases strongly: 
it increases 13 t imes when 1.3 mol NO 2 per mole of  
decane  is added,  but it is lower than that in the case of  
accumula t ion  o f  the same amoun t  of  NO2 during the 
process. Ni t rogen  dioxide cont inues  to be accumula ted  
after the add i t ion  of  N O  2, and the degree of  self- 
acce lera t ion  and the max imum rate are close to respec- 
tive values observed without  an addi t ion  of  nitrogen 
dioxide.  Binding o f  N O  2 by a urea pellet  placed in the 
tube,  which has no direct  contac t  with the decane phase,  
a lmost  e l iminates  the se l f -accelera t ion  of  the react ion 
(Fig. 2). 

To de te rmine  the amoun t  of  ni trogen dioxide in the 
organic  phase,  which is in equi l ibr ium with the gas and 
acid  phases,  we measured  the equi l ibr ium pressure o f  
the N O  2 + N204 mixture above the decane- -64 .62  % 
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Fig. 2. Effects of additives (urea and NO 2) on the rate of the 
reaction of decane with 64.62 % HNO3: I, without additives, 
I~ = 9.05 L mol-I;  n ac = 140 tool per mol decane; 2, in the 
presence of 3.03 mol urea per mol decane, I~ = 6.82; n ac = 
137; 3, in the presence of 1.06 mol NO 2 per mol decane, 
I.~ = 12.2; n ac = 809. 

H N O  3 system in the tempera ture  range from 0 to 25 °C 
(Table 1) by the static me thod  in the Bourdon  flask. 

The s tudy o f  the effect o f  d i lu t ion o f  nitr ic acid on 
the kinetics o f  decane oxidat ion  was per formed in a 
range of  H N O  3 concent ra t ions  from 25.07 to 75.53 % 
at 92.8 °C. The  react ion was found to have an au toca ta -  
lytic character .  When  the concen t ra t ion  of  HNO3 de-  
creases, the initial and maximum rates o f  the processes 
decrease (Fig.  3), the max imum rate is achieved at the 
earl ier  depths  of  the reaction,  and the thermal  effect 
decreases insignificantly. 

Table  1. Pressures of NO 2 and N204 (p/Torr) in the decane 
(0.305 g)--aqueous HNO 3 (64.62 %, 1.395 g)--mixture of 
NO 2 and N204 system 

T/°C m N o 2 / g  
0.005 0.009 0.0132 

Ptot PY_.NO 2 Ptot PENO 2 Ptot P~NO 2 

0 33.1 31.7 61.5 60.1 95 93.6 
15 51.1 47.1 94 90 117 113 
20 59.6 53.2 108 101.6 142 135.6 
25 71.5 61.5 122 112 162 152 

Note. Ptot is the total pressure over the system, P~No 2 is the sum 
of partial pressures of NO 2 and N204. Pressures of vapor of 
decane, HNO3, and H20 were calculated using published 
data.7, 8 
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Fig. 3. Time dependences of rates of heat release in decane 
oxidation with solutions with various concentrations of HNO 3 
at 92.8 °C and I~ = 5.0 L mol-I: 25.07 (I); 34.09 (2); 
44.06 (3); 64.66 (4); and 75.33 (5) %. 

Taken together, the kinetic data (the effects of  the I~ 
and n ac values, and the addition of NO 2 and urea on the 
reaction rate) show that the oxidation of decane with 
nitric acid proceeds via its oxidation with an NO 2 mole- 
cule in the organic phase; the rate of  oxidation with 
HNO 3 is considerably lower and determines only the 
initial oxidation rate when NO 2 is absent in the system. 
It can be supposed that the initial act of oxidation is the 
energetically unfavorable detachment of  an H atom 
from a hydrocarbon molecule by an electron-saturated 
HNO 3 molecule accompanied by the simultaneous 
decomposition of the H2NO 3 radical to H20 and NO 2. 

RH + HNO 3 = R" + NO 2 + H20 (slow) (1) 

AH = +27.7 kcal tool  - t  

RH + NO 2 = R" + HNO 2 (fast) (2) 

A H  = +20.3 kcal tool  - I  

2HNO 2 ~ NO 2 + NO + H20 

t~H = - I . 0  kcal tool - I  

The sum of the two latter equations gives: 

2RH + NO 2 = 2R" + H20 + NO. 

The endothermic barrier for reaction (1) is consider- 
ably higher than that for reaction (2). 

The values of heats of  formation of the reagents for 
the calculation of  reaction heats have been determined 
previously, 9,1° and the decyl radical is designated by the 

symbol R ' .  The values of  heats of  formation of HNO 2, 
NO, and NO2 for the gas phase were used; the AH 
values are tentative, because the reactions considered in 
the scheme occur in the liquid phase. 

In addition to the formation of NO 2 in reaction (1), 
its consumption occurs in reaction (2) to form NO. 
Three NO 2 molecules are regenerated upon the reaction 
of NO with HNO3, which is the main reason for an 
increase in the content of NO 2. 

NO + 2HNO 3 ~ 3NO 2 + H20 

AH = +16.8 kcal mol - I  

(3) 

The rate of  reaction (3) is rather high, and pressures 
of  NO and NO 2 are close to equilibrium. 

The reactions of chain propagation 

R" + NO 2 = RO" + NO (4) 
t~H = -17.0 kcal mol -I, 

RO" + RH = ROH + R' 

AH = -6 .0  kcal mol - I ,  

and  c h a i n  t e r m i n a t i o n  

(5) 

R" + NO 2 = RNO2 (6) 
t~H = -60.0 kcal mol -l .  

are also substantial for the development of the process, t° 
These are radical exothermic reactions that occur 

with high rates. Reaction (6) makes a very substantial 
contribution to the overall process, and the yield of nitro 
compounds is usually z 30--50 % in reactions of ali- 
phatic hydrocarbons with aqueous nitric acid. The other 
termination reactions, for example, 2R'  --* R 2, are 
considerably less important due to the low concentration 
of these radicals. The mechanism of chain branching 
typical of high-temperature reactions of alkanes with 
NO2 followed by the substitution of the low-reactive 
NO2 radical for the aldehyde radical are not realized at 
these temperatures due to the low value of the branching 
constant, it However, the process under study is the 
branched-chain reaction, which occurs via low-reactive 
NO 2 radicals, two equivalents of which are formed 
in the cycle, and with the efficient termination by 
reaction (6). 

The oxidation is not stopped at the formation of 
alcohol ROH, which is indicated by a considerably 
higher experimental thermal effect of the process com- 
pared to the effect possible in the case of oxidation to 
alcohol. The rate of oxidation of alcohols with nitric 
acid is much higher than that of hydrocarbons, 12 and 
this results in the formation of a large set of oxidation 
and nitration products. The heat of  the reaction (575-- 
600 kcal per mole of decane) is only 60 % less than the 
maximum possible heat of its oxidation to CO2 and 
H20. This heat corresponds to the involvement of 
7--8 moles HNO3 per mole of decane in the reaction. 
Heat release in the nitration reaction RH + HNO3 = 
RNO 2 + H20 is only 32 kcal mol - t .  
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The rate of heat release in the decane oxidation with 
NO 2 in the organic phase in an assumption of the first- 
order reaction with respect to the reagents is described 
by the equation 

dQ/dt = yk'QCNo°2r~(I - q), 

where d Q/dt is the rate of heat release referred to 
I mole of decane, kcal mol -I  s-I; k" is the rate con- 
stant of the reaction ofdecane with NO2, L mol -I s-I;  
Q is the heat of oxidation per mole HNO3; CNO~ rg is the 
concentration of NO 2 in the organic phase, mol L-t;  
~, is the stoichiometric coefficient of HNO 3 in the equa- 
tion of oxidation; q is the dimensionless depth of con- 
version in the reaction. 

Introducing the designations y" k ' -Cd °r8 = k and 
CNo°2~/Cd°~ = nNo~% we obtain 

dO~tit = ka(I  - rl)nNO~ rg, (7) 

where k is the effective constant of the reaction of 
decane with NO2, s -I,  nNo~ r~ is the number of moles of 
NO 2 in the organic phase per mole deca .e, and Ca °~ is 
the concentration of decane. 

All NO 2 existing in the system at the given moment 
is distributed between the gas, organic, and acid phases, 
and the equilibrium 2NO 2 ~--- N20 4 takes place in 
each of the phases. The system of equations for these 
equilibria has the following form. 

PNo2 : K~rg(NO2) " N ~  

PN20, = Kg)~(N204) " N°Nr~O, 

PNO2 = K~c(NO2) " N~02 

PN204 = K~C(N204 )" N~c20( (8) 

K~rg ors ~2/~org 
= (NNo 2 J / ," N20( 

n~O2(N204) = PNO2(N204) "V~/RT 

nNO 2 (N204)n 

\ g "/NO2(N204 ) Y~ nOrg 

Here Kg °rg(ac) are Henry's  constants of the equilib- 
rium of the gas phase and the corresponding liquid 
phase, atm; g°rg(aC)No2(N204 ) are the molar fractions of 
components in the corresponding phases; KN °rg is the 
constant of the equilibrium 2NO 2 ~ N 2 0  4 in the 
organic phase; En °rg is the sum of the number of moles 
of the components in the organic phase (for the initial 
stages of the process, Zn °rg = 1 can be accepted, be- 
cause the amount of decane in the organic phase is 
much greater than those of the other components); PNo2 

and PN204 a r e  the pressures of nitrogen oxides, atm. 
The mass balance with respect of NO 2 is the following: 

nNO2 g + 2nN204 g + nNO2 °rg + 2rlN204 ° ~  + (9) 
+ nNO2 ac + 2nN204 ac = arl,  

where ct is the stoichiometric coefficient of accumula- 
tion of NO 2 per mole of reacted decane. 

The combined solution of Eqs. (7)--(9) gives the 
dependences of the rate on all external parameters of  the 
system: 

d T  - B! I + , (10) 

B I = I + K~rS(NO2) V s + K~rg(NO2) n ac 
RT K~e(NO2) ' 

B2 I K~rs(N204) Vs  + = + K~ ~ (N204)  nac 
K~rg K~rgRT org a¢ KN K s (N204) 

The initial reaction rate is not taken into account in 
Eqs. (10); it will be considered below. Its contribution to 
the overall rate of the process can be neglected through- 
out except for the very beginning of the reaction. These 
equations describe the dependence of the rate of heat 
release on the main parameters of the process. Using the 
equilibrium pressures of NO 2 and N204 above the triple 
system, the known 8 value of the equilibrium constant for 
2NO 2 ~ N 2 0  4, 

log K~ 2962 = - T + 1.75 logT + 0.00484T - 7.144- 10 -6 T2+ 3.062, 

and performing measurements with various relative 
amounts of NO 2 added to the system, we calculated the 
values of the corresponding constants: 

KN °rg = 0.53exp(-172/T), 

Kg°rg(NO2) = 2.1 • 105 exp(-3440/73, (I I) 

Kg°rg(N204) = 24.6exp(-346/7). 

The closest description of the experimental depend- 
ences of the rate on the temperature, Vg, and n ac can be 
obtained with the following values of the parameters: 

k = 3.8" 1018 e x p ( - 3 5 "  103/R7),  s - I ,  

Q = 80 kcal (mol HNO3) - I ,  

Kg~¢(NO2) = 2. 103Kg°rg(NO2), (12) 
Kgac(N204) = 2.  103Kgorg(N204)" 

The ratio between Henry's  constants of nitrogen 
oxides in the organic and acid phases was estimated in 
the analysis of the effect of the n ac value on the oxida- 
tion rate at a constant value of ~.  

The values KN °rg, Kg°rg(NO2), and Kg°r~(N204) dif- 
fer from those for the decane--NO 2 system presented in 
Ref. 13. This is likely associated with a change in the 
composition of the hydrocarbon phase due to dissolu- 
tion of HNO 3 and H20 from the acid phase, which can 
substantially change the solubility of NO 2 and N20 4 and 
the equilibrium between them. 

When the pressure in the system increases, the equi- 
librium pressure of NO grows rapidly and, hence, the 
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degree of  conversion of  NO into NO 2 decreases. When 
the values PNO2 > 3- -4  a tm are achieved,  equil ibrium 
(3), whose cons tant  was analyzed previously, 14 should 
be taken into account  in the balance o f  N O  2. The  
following term should be added to the left part o f  Eq. (9) 

leg 
n~ ° = KeqlK~r~(NO2)l 3 . ( n ~  1)3 RT ' (13) 

then Eq. (9) becomes  cubic,  its analytical  solution is too 
compl ica ted ,  and numerical  methods  should be applied 
for its solut ion.  However,  the contr ibut ion of  term (13) 
can be neglected under  the condi t ions used in this work. 

A par t icular  analysis is necessary for the initial rates 
of  the process,  which are de te rmined  by a different 
mechanism.  Ni t rogen dioxide is absent at the beginning 
of  the process,  and decane  can react only  with H N O  3 
molecules  or  componen t s  existing in equi l ibr ium with 
HNO3, such as N205, NO2 +, NO3- ,  etc. The reaction 
rate is low and cannot  be measured directly;  its values 
can be obta ined  from the analysis of  t ime of  achieve- 
ment  of  cer tain depths  of  conversion q. Kinetic law (10) 
is very compl ica ted ,  but at rl < 0.01 the degree of  
d imer iza t ion  of  N O  2 is low and,  with considera t ion  of  
the initial rate,  we can write for these rl 

d.Q_Q = k l ( l  _ q)  + k 2 ~ ( l  _ r l ) .  (14 )  
d t  

Here k I is the  rate constant  of  the  initial stage o f  the 
react ion,  k 2 = czkQNo2/B t. 

Solving this equat ion ,  we obtain 

In q + kz / k2 k2t  
(kl/k2)(l - q) 

Using exper imenta l  values of  k 2, rl, and t for q < 
0.01, we ca lcu la ted  k! (Table 2). The  k I values are 
independen t  o f  the  weight of  decane,  Vg, and n ae. 
Therefore ,  the react ion occurs  in the bulk of  the hydro-  
carbon phase with di lute  H N O  3 or  o ther  products .  When  
the react ion occurs  at the interface,  the  k L value should 

decrease as the  mass of  decane increases, because the 
interface in a tube is independent  of  the mass of  deeane. 
The k I values are 500--2000 t imes lower than k 2, and 
their  t empera ture  dependences  have the form 

195OO 
kl = 10s.ls e-  RT kcal mol -I  s -I .  (15) 

The  resulting rate constants are presented in Table 2. 
In the analysis of  the effect of  the concentrat ion of  

nitric acid on the rate of  heat  release, changes in the 
initial rate (k 0 and degree of  self-accelerat ion,  which is 
de te rmined  first of  all by k, ct, and B I values, should be 
considered separately.  The k t value increases by an 
order  of  magni tude  as the concentra t ion of HNO 3 in- 
creases from 25.07 to 75.53 %. The  dependence  of  k I on 
the molar  fraction of  H N O  3 in the acid phase (N) is 
described by the empirical  formula k I = 1 .58 .10-3N 1.44 
kcal mol - l  s - l .  The dependence  of  k I on CHNO3 in the 
acid phase was analyzed using the published data on the 
equil ibrium concentrat ion of  H N O  3 in solutions contain-  
ing 40 % of  H N O  3 and more. t5 It is established that the 
effective react ion order with respect to HNO 3 ranges 
from 0.4 to 0.5. Such a low reaction order can be 
explained by an increase in the coefficient of  distribu- 
t ion ot H N O  3 between the organic and acid phases as 
the concent ra t ion  of  H N O  3 in the acid phase decreases. 
However,  it is evident that  the initial rate is determined 
by the react ion of  decane with H N O  3 molecules;  if 
N20  5 or NO2 + were the  reagents, the order should be 
much higher,  probably higher than 2. 

The  compar ison  of  the initial rates of  decane oxida- 
t ion and thermal  decomposi t ion of  solutions of HNO 3 16 
makes it possible to establish that  the oxidation rate is 
approximate ly  two orders of  magnitude higher than the 
rate of  the , real  decomposi t ion over the whole concentra-  
t ion range. Therefore,  despite a large difference in rate 
constants  of  oxidat ion with N O  2 and H N O  3, the reac- 
t ion of  decomposi t ion  of  H N O  3 does not provide the 
system with such an amount  of  NO 2 that the oxidation 
with NO 2 would determine the overall initial rate. As 

Table 2. Rate constants of the reaction of decane with HNO 3 

Concentration T/°C Vg n ac k I k~ s-I 
of HNO 3 (%) /L mo1-1 /tool mol - t  /kcal tool - t  s -I  

64.62 57.8 1.8 100 2.05.10 -5 1.97- 10 -5 
64.62 73.0 5.19 370 5.66. 10 -5 2.28- 10 -4 
64.62 92.8 1.9 132 3.5- 10 -4 2.96. 10 -3 
55.92 92.8 3.93 340 2.5.10 -4 1 . 6 3 . 1 0  -3 
44.06 92.8 4.26 330 1.23. 10 -4 1.2. 10 -3 
34.09 92.8 4.79 376 7.2. 10 -5 8.18" IO -4 
64,62 92,8 5.15 118 3.21. 10 -4 2.78. 10 -3 
75.33 92.8 5.67 269 5.84. 10 -4 2.94. 10 -3 
25,04 92.8 5.10 409 4.7. 10 -5 5.28. 10 -4 
64.62 92.8 9.8 489 2.81. 10 -4 3.27, 10 -3 
64.62 92.8 15,8 850 2.72. 10 -4 3.05" 10 -3 
64.62 92,8 39.1 2864 2.4.10 -4 3.21 • 10 -3 
64.62 119 13.9 814 3.03" 10 -3 6.0. 10 -2 
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the temperature increases, the rate of thermal decompo- 
sition of solutions of  HNO 3 increases more rapidly than 
the rate of oxidation with HNO 3 due to the difference in 
activation energies, and the contribution of  the oxida- 
tion with NO 2 to the overall initial rate can become 
determining when temperatures higher than 180 °C are 
achieved. 

The ratio of the maximum rate to the initial rate 
(degree of self-acceleration) is determined by k, ct, B I, 
and B 2 parameters. On going from 75.53 to 25.07 % 
HNO3, the ct value decreases by 74 %, v'hile the degree 
of self-acceleration decreases by 94 %. This ratio of the 
values corresponds to the effective decrease in the rate 
constant k upon dilution of HNO 3 solutions. Since the 
rate constant should retain the unchanged value in 
solutions with various concentrations of HNO3, it is 
necessary to suppose that dilution of HNO 3 solution 
results in a decrease in the equilibrium concentration of 
NO 2 due to additional equilibria that are not included in 
the equilibrium (8). Their contribution increases as the 
concentration of water and dielectric permeability of the 
medium increase. These equilibria are reaction (3) and 

NO + NO 2 +H20 ~ 2HNO 2 ~ (16) 
- - "  H O + + NO2-, "---- 3 

NO + NO 2 ~ N203 ~ NO + + NO2- , (17) 

N204 ~ NO + + NO3-. (18) 

For practical calculations of  rates of  decane oxida- 
tion with solutions of  HNO3 of  various concentrations 
the dependence o f  k on the molar fraction of  HNO3 in 
the acid phase (N) can be presented in the form k = 
4.89" 10 -3.  N 0.92. 

Equations (10)--(13) and (15) allow one to calculate 
the rate of heat release per mole of decane in the 
decane--aqueous HNO 3 system under nearly any condi- 
tions of the process. 

Since a possible loss of control of the process under 
study is determined first of all by an increase in the rate 
of heat release, it is important to analyze the probable 
reasons for an increase in this rate. The main process is 
the reaction of hydrocarbon and intermediate products 
of its oxidation with NO2. This is the degenerate 
branched-chain reaction, and all sources of free radicals 
can increase this rate. Nevertheless, there are no addi- 
tional sources of radicals under ordinary conditions of 
the process. 

The presence of any admixtures that can be suffi- 
ciently rapidly oxidized with nitric acid, in particular, 
unsaturated hydrocarbons, alcohols, aldehydes, etc., in 
the organic phase results in an increase in the initial rate 
of heat release. The presence of such admixtures in 
technical mixtures is undesirable. One of the possible 

reasons for an increase in the rate is an increase in the 
content of NO 2 in hydrocarbon. This can be caused, for 
example, by a sharp decrease in the gas volume I~. 
The content of NO 2 in the gas, especially at higher 
temperatures, can be much higher than in hydrocarbon. 
A decrease in I~ will result in the passage of NO 2 to the 
organic phase accompanied by an increase in the rate of 
heat release. This increase can be calculated with 
a known change in pt by Eq. (10). 

This work was financially supported by the Inter- 
national Science and Technology Centre (Project 
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