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T h e  p y r o l y s i s  a n d  i n c o m p l e t e  o x i d a t i o n  o f  h y d r o c a r b o n s  in t h e  p r e s e n c e  o f  w a t e r  a t  
h igh  p r e s s u r e s  is m o d e l e d  numer i ca l l y .  T h e  ca l cu la t ions  show t h a t  t h e  n o n i d e a l n e s s  o f  
t h e  gas c an  h a v e  a s ign i f i can t  e f fec t  o n  t h e  c o m p o s i t i o n  a n d  t e m p e r a t u r e  o f  t h e  r e a c t i o n  
p r o d u c t s .  T h e  r e s u l t s  o f  e q u i l i b r i u m  a n d  g loba l  k ine t i c s  c a l c u l a t i o n s  a r e  in b e t t e r  
a g r e e m e n t  w i t h  o n e  a n o t h e r ,  b u t  a m o d e l  w i t h  d e t a i l e d  k ine t i c s  fi ts  t h e  e x p e r i m e n t a l  
d a t a  b e t t e r .  

C H E M I C A L  E Q U I L I B R I U M  
C A L C U L A T I O N  

The method for calculating the equilibrium 
composition in the course of the chemical transfor- 
mations is based on the fact that  at the chemical 
equilibrium point, the Gibbs energy has a minimum. 
For real systems the specific Gibbs energy can be 
written in the form [I] 

NS 
G : ~ g l n i .  (1) 

j= l  

Here ni is the number of moles of material i in the 
volume, N S  is the number of substances in all phases 
(substances with the same atomic composition but in 
different phases have different subscripts i), gi is the 
chemical potential  per mole of substance i including 
mixing, with 

" ] 
po + l n l , ,  (21 

k 
0 where h ~ and s i are the specific enthalpy and entropy 

at standard pressure P0 -= 1 atm, which are functions 
of the temperature T for each of the substances, R is 
the universal gas constant, p is the pressure at which 
the equilibrium for the gases is sought with p = p0 
for liquids and solids, and fi is the fugacity [2]. In all 
the following calculations, the pressure in the system 
will be assumed constant, p = const.  For solutions 

tInstitute of Thermal Physics, Siberian Division, 
Russian Academy of Sciences, Novosibirsk 630090. 

and gaseous mixtures, the sum in Y']k nk is taken 
over all substances of that  phase to which substance 
i belongs, while for pure components 7]i nl = ni. For 
an ideal gas, the fugacity is fl = 1. The fugacity of 
real gases was determined using the Redlich-Quang 
equation of state: 

R T  d 
P = v -  b To s V ( V +  b)' (3) 

where d and b are constants and V is the molar vol- 
ume. With this equation, the expression for the fu- 
gacity can be written in the form [2] 

V bi 
In fi = In ~ + V --------b In Z 

d b i ( Y + b  b )  
+ b2RT1.-------- ~ In ~ - V + b 

2 ~ xj dij 
1 In V 

bRT l"s V + b ' 

where xl = ni/~'~k nk is the number of moles of 
substance i per mole of the gaseous mixture, Z is 
the compressibility, and dij = , r  is determined 
from the coefficients d in the equation of state for the 
pure substances with subscripts i and j .  

The functional (1) is minimized with the follow- 
ing constraints: 

(1) Conservation of the number of atoms of 
species j :  

NS 
Z ajlni -" ei ( j  : 1, N L )  (4) 
i=l 
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Here asi is the number of atoms of species j in sub- 
stance i, ei is the total number of atoms of species 
j, and N L  is the number of atomic species in the 
system. 

(2) The change in the enthalpy of the system 
including losses into the surroundings: 

NS NS  

E hini .4- DH ~ o o = h in~ + D H  ~  (5) 
i=1 i=1 

where hi is the enthalpy neglecting the nonidealness 
of the gas, DH is the change in enthalpy owing to the 
real properties of the gas, Q is the heat loss by the 
system into the surroundings, and the superscript 
0 denotes inlet conditions. With the Redlich-Quang 
equation of state, 

bRT d 3d In V + b 
DH - V - b T~ + b) 2bT ~ ~ .  (6) 

(3) The inequality 

ni  >/ 0 ( 7 )  

is satisfied. 
The problem of minimizing (1) with the con- 

straints (4), (5), and (7) is equivalent to iterative 
minimization of (1) with constraints (4) and (7) for 
a fixed temperature at each step of determining the 
composition and determining the temperature us- 
ing Eq. (5) for a fixed composition. This simplifies 
the mathematical transformations in minimizing the 
functional 

NS NL NS 

F =  E n i g i +  E A s ( E a s i n i - b s ) ,  (8) 
i=1 j = l  i=1 

since there is no need to include the temperature 
dependence of this functional. 

The extrema were determined by Newton's 
method using undetermined Lagrange multipliers r s . 
At each step the iteration procedure yielded correc- 
tions for the concentrations from Eq. (8): 

A In(n/) 

NL NL 

- . = - - E A T r k a k i - - ( c i q - l n  ni  " 4 - E T r S a S i ) ,  (9 )  
k = l  m L  j = l  

where 

A s h ~ _ Ts o 
7rj = R T '  Ci = R T  4- In p + In f i ,  

Po 

mL = ~ k  nk is the sum of the concentrations of all 
the substances in the phase L, to which the substance 
i belongs. For pure components, we have mL = hi. 
Here we have assumed [1] that Oei/Oni = 0, while 
mL = const corresponds to an equilibrium state. 

For the correction to the Lagrange multipliers 
Ark, besides Eq. (9), the following procedure was 
developed for minimizing the conservation functional 
(4) for the number of atoms: 

NS NS 

E a j i n i A l n n i  = - - ( E a j i n i - - e j ) ,  (10) 
i=1 i=1 

from which the corrections to the Lagrange multipli- 
ers were determined: 

NL NS NS 

k = l  i=1 i=1 

NS NL 

- ~ - ~ a ,  i n , ( c , + l n  m +~--"Trka,/), j : I ,  NL.  
i=1 m L  k = l  

(11) 

On solving the N L  equations of (11) for the NL 
unknown Ark, it is possible to determine the correc- 
tions to the concentrations of the substances A In ni 
from Eqs. (9). Given these corrections, we have 

rjt+l t 
= + (12)  

ln(ni) TM = ln(ni) t + o~A ln(ni), 

where the superscript t denotes the iteration num- 
ber and a is the relaxation coefficient. After this, the 
concentrations of each of the substances nl were cal- 
culated and, then, the masses of each of the phases, 
including the individual components. The correction 
to the temperature corresponding to the new distri- 
bution of the concentrations u can then be calculated 
using Eq. (5): 

NS NS 

A T _ .  i=1 /=1 
cp 

(13) 

Here % is the specific heat of the entire mixture at 
constant pressure under these conditions. Given the 
correction 

T TM = T t + otAT. (14) 

After establishment of a new temperature in the sys- 
tem, the calculations are performed using Eqs. (9)- 
(14). 

M O D E L  W I T H  G L O B A L  K I N E T I C S  

1. We assume that the fraction of the initial hy- 
drocarbon in the system varies in accordance with 
kinetic equations, while all other substances, includ- 
ing the reaction products and oxygen, are in a state 
of chemical equilibrium. 
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2. The amount of hydrocarbon in the system 
varies through two global reactions. The pyrolysis 
reaction is a decomposition of the initial hydrocar- 
bon into its simplest constituents: 

C~H~ + M :=~ Products + M. (15) 

The second global reaction producing a change in 
the concentration of the initial hydrocarbon is its 
oxidation [3]: 

C~Hy+ ~ + ~  0 2 = = v z C O + ~ H 2 0 .  (16) 

Since preliminary calculations show that, in equilib- 
rium, heavy hydrocarbons are entirely transformed 
into lighter components, we only consider the rate of 
the direct reactions leading to disappearance of the 
heavy hydrocarbons. 

These assumptions make it possible to deter- 
mine the time required for conversion of the hydro- 
carbon, but they do not take the actual kinetics of 
the reaction products into account. The kinetic equa- 
tions for the gaseous phase are examined in the third 
model. 

MODEL W I T H  D E T A I L E D  K I N E T I C S  
F O R  T H E  G A S E O U S  P H A S E  R E A C T I O N S  

We shall examine the equations for the formal 
reaction kinetics in the gaseous phase in more detail, 
taking into account the nonidealness of  the equations 
of state, 

,~iA, r162 ~ ,~;A,. (17) 
i i 

According to the law of mass action, the rate of 
change of the amount of substance i in the forward 
direction of reaction j is determined by the equa- 
tion [4] 

w+ = (v"; - v~/)k+ H C; ~,'" (18) 
k 

For the reverse reaction, we have 

= (.,3 - . , i ) k ;  l I  (19) 
k 

Here .~/.and .~  are the stoichiometric coefficients 
for the forward and reverse reactions, Ck is the 
molar-volume concentration, and k + and k~- are the 
rate constants for the forward and reverse reactions. 
When there are reactions with a third body (the gas), 
instead of Ck (the molar-volume concentration of the 
third body), on puts the sum of Ck over all the gases 
in Eqs. (18) and (19). 

Given the principle that the elementary reac- 
tions proceed independently of one another, the total 
rate of change of the amount of substance i is equal 
to the sum of the rates of change of the amount of 
this material in all the reactions: 

1 dni 
-r ,z-V = w, = F_, + (20) 

J 1 

(r is the reaction time). Multiplying and dividing the 
left hand side of Eq. (20) by the mass M of the entire 
gas in volume V, and noting that the molar-mass 
concentration is or, = ni /M = Ci/p, where p is the 
density of the mixture of substances in the gaseous 
phase and M and V are the mass and volume of 
this phase, from Eqs. (20) with Eqs. (18) and (19) 
we obtain an equation for the time variation of the 
molar-mass concentration for an ideal displacement 
reactor [4]: 

dr 
i k 

Yk.j -- 1 _ _  o 

E(" E" I I  - -  " i j  - -  . 6 ) k ; p  k f fk  �9 

j k 

From Eqs. (18) and (19), together with the con- 
dition that the sum of the rates of change in the 
amount of substance i in the forward and reverse re- 
actions equals zero, we obtain the equilibrium con- 
stant Kj for reaction j: 

yll u". ~ kj M'. 

_ ~ = k . ( 2 2 )  g ~  I 

k; H c k," E "~ , ~ , 
k p k r I  o 'k  kJ 

k 

The relationship between the rate constants for real 
and ideal gases can be established through a deter- 
mination of the equilibrium in terms of the chemical 
potentials. It is known that in a state of chemical 
equilibrium the difference between the chemical po- 
tentials for the reagents of reaction (17) to the left 
and right is equal to zero [5]: 

= - . # ) o ,  = 0 .  ( 2 3 )  

i 

Here gi is determined from Eq. (2). Dividing Eq. (23) 
by RT, we obtain 

E ( v " .  ,( p n, ) t '1 - -  " i j  ) In - -  + In + In fi 
, P0 

k 

= - E("i '~ - v,~) h~ - Ts~ ~ f  . (24) 
i 
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Fig.  1. Variations in the reactor temperature (a) and in the mass concentrations of CO and H2 (b) during 
gasification of carbon in water. 

~i t 0 The quantity (vi~ - vij)(hi - T s  ~ = A j g  ~ is re- 

ferred to as the change in the standard Gibbs en- 
ergy of reaction j .  Given that  ni ~i n~ - ~ ~k'  while 

1 
P-t:gTZ, where/~ = - -  is the molecular mass 

P =  /~ ~ c r i  
i 

of the gas, we can rewrite Eq. (24) in the form 

p--~ ) ' exp  ( A j g~ 
R T  ) - ~' I-L(o'ifi) q 

or  

A j g ~  ( 
p0 , exp 

p i Hi(O'i)~':T 

(26) 

If we assume that the law of mass action is valid at 
high pressures, as well, then Eq. (22) for the reaction 
rates, which was derived from the law of mass action, 
coincides with the right hand side of Eq. (26), which 
was obtained by equating the Gibbs energies before 
and after the reaction in chemical equilibrium. This 
makes it possible to calculate the equilibrium con- 
stant from the left hand side of Eq. (26) and then 
to determine the rate of the reverse reaction if the 
forward reaction rate is known. Here, assuming that  
the left-to-right reaction rate constant depends only 
on the parameters on the left side, while the right-to- 
left reaction rate depends on the parameters on the 

right, on comparing Eqs. (22) and (26) we obtain 

E vb 
k+ = z ,  (27) 

i 

Similarly, the rate constant for the reverse reaction 
is 

k; = z ,  (28) 
i 

The forward reaction rate constant for an ideal gas 
can be written in the Arrhenius form 

ko + = m i 2"~s e x p ( - T ~ / / T ) ,  (29) 

where Aj, nj,  and Taj are constants. The reverse 
reaction rate constant for an ideal gas is related to 
that for the forward reaction by 

[ RT'~ ~']~(v~'# - ~3) A i  gO =k k p--F) ' exp- . (30) 

Equation (30) is obtained from Eq. (22) and (26)- 
(28) and is well known for ideal gases [5]. Reaction 
rate constants in the forms (27)-(30) can be used to 
obtain an expression for the equilibrium constant in 
the form (26). In calculating the detailed kinetics of 
hydrocarbon conversion, here we have used Eq. (21) 
and the rate constants (27) and (28). The values of 
the constants in Eq. (29) were taken from published 
data [3, 6-11] and the reverse reaction rate constants 
were calculated using the thermodynamic properties 
of the reagents. Although a dependence of the reac- 
tion rate constants on the fugacity (activity) of the 
form (27) and (28) has been known for more than 
60 years, these are used extremely rarely in practical 
calculations. 
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Fig. 2. Molar composition of the pyrolysis products of oil at T -~ 683 (a) and 663 K (b), p ---- 1 atm: points are 
experimental data from [8] and curves are calculated. 

COMPUTATIONAL RESULTS 

Fig. 3. Pyrolysis of butane at p -- 160 arm. 

It should be noted that, since the fugacities (ac- 
tivity for liquids) of the substances and the com- 
pressibility of the mixture depend on the concen- 
trations of the substances the mixture, it is logical 
to eliminate them from the reaction rate constants. 
In this case, the law of mass action acquires a gen- 
eralized form: the rate of the chemical reaction is 
proportional to the products of the concentrations 
times the fugacities (activities) times the compress- 
ibilities raised to the stoichiometric coefficients of the 
reagents: 

w + = ( v l j  ' + " -  ,j)k0  
k 

The results of some calculations of the gasifica- 
tion of a carbon in water (mass ratio 1 : 4) accord- 
ing to the chemical equilibrium model and using the 
equation of state of ideal and real gases are shown 
in Fig. 1. The inlet temperature is 800 K. The reac- 
tion was assumed to be adiabatic. It is evident that, 
despite the high temperature level, the difference in 
the calculations with the ideal and real models can be 
substantial. It should be noted that the ideal model 
calculations are the same as those using the ASTRA- 
4 model [12]. 

As a test we have done calculations on the py- 
rolysis of oil using the model with global kinetics de- 
scribed before. The data in Fig. 2 were obtained for 
reactor temperatures that differ by only 20 K, but 
the computational model and the experiment both 
yield substantial differences in the rate of pyrolysis 
for the two cases. A comparison of the computations 
and experiment shows that a kinetic model with a 
global pyrolysis reaction satisfactorily predicts both 
the pyrolysis time and the fractions of gaseous and 
solid reaction products. 

The accuracy of the detailed kinetic model was 
determined for the example of the pyrolysis of bu- 
tane. Two detailed kinetics models were used. In 
model I, 124 reactions among 24 substances were 
considered C~H, C2H2, C2H~, C2H4, C2H5, C2H6, 
C3H4, C3H5, C3Hs, C3H7, C3H8, C4H, C4HI0, C4H2, 
C4H3, C4H6, C4H7, C4H8, C4H9, CH~, CH3, CH4, 
H, and H2. 

In model II, 250 reactions among 36 substances 
were considered, with the following species added to 
the previous list: CsH10, CsHll, C5H9, C5H12, CeHe, 
CsHx0, CeHu, CsH12, 66H13, C6H14, CzHx4, and 
C7H16. The kinetic data were taken from [3, 6, 13]. 
Table 1 compares calculations using models I and II 
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T A B L E  I 

P a r a m e t e r  E x p e r i m e n t  [11] Ca lcu la t ion  [13] Model  I Mode l  II 

~-, sec  132 75 144 72 
B u t a n e  convers ion ,  

m a s s %  56.98 56.2 56.6 57.2 

H2 
CH4 
C2 
C3 
C4 
C5 
Cs 
Cz 

Heavy products 

0.06 
10.48 
10.9 

10.97 
45.35 

4.64 
5.15 
8.41 
8.7 

0.003 
7.1 
5.3 
8.5 

49.7 
4.3 
20.9 
3.6 

Not in l is t  

0.075 
9.45 
20.9 
24.1 
43.7 

Not in list 
- II- 

-I/- 

- II- 

0.004 
10.4 
17.9 
8.2 

42.8 
12.0 
7.9 
0 

Not  in  l ist  

T A B L E  2 

Molar  [6], " r= l .07  sec Th i s  p a p e r  

compos i t ion ,  % E x p e r i m e n t  Ca lcu la t ion  -r --. 1.07 sec  Equ i l i b r ium Kinet ics ,  -r -= 1010 sec  

CISH34 
C8HIs 

CgHIs 
CsH1o 

C6H12 
CzH14 

CioH2o 
C11H22 
C12H24 
C13H26 

C14H2s 

ClsH3o 

C2H6 

C4H8 

Call8 

C3H6 

C2H4 

H2 

CH4 

C3H4 

C4He 

C2H2 

Cs H6 

C4 H2 

Molecular  

m a s s  of  m i x t u r e  

9.7 5.5 

1.2 1.8 

0.8 1.5 

4.3 3.8 

1.7 3.0 

1.2 2.3 

0.7 1.2 

0.6 0.9 

0.5 0.7 

0.4 O.5 

0.3 0.4 

0.2 0.2 

3.5 2.6 

5.5 4.9 

0.8 0.3 

14.8 

33.1 

15.5 

34.4 

5.89 

0.07 

0.02 

1.25 

0.17 

0.08 

0 

0 

0 

0.03 

0.07 

0.03 

0.34 

9.67 

0.12 

26.95 

38.91 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.02 

0 

0 

0 

0.07 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.04 

0 

0 

0.03 

0.03 
5.4 

12.9 

Not  in  l lst  

- -  I I - -  

- -  t t - -  

0.2 

Not  in  l ist  

4.5 

13.8 

Not  in Ust 

- - I I - -  

- - l l - -  

- - I t -  

- I f -  

3.02 

12.01 

0.54 

0.48 

0.35 

0 

0 

44.38 

12.53 

65.27 

0 

0 

0 

21.87 

0 

27.80 

37.35 

37.06 

2.57 

0 

1.75 

0.01 

20.44 

18.60 
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TABLE 3 

Data  Methanol  conversion, 
mole % 

Exper iment  2.1 

Kinetic model  2.6 

Equi l ibr ium 100 

~" ---- 6.0 sec 2.1 

H2 CO CO 2 

2.1 0.077 0.923 

0.726 0.056 0 

3.0 0.001 0.998 

0.721 0.049 0 

CH4 CH20 C2 He 

Not in list Not in list Not in hst 

0.163 0.778 0 

0.003 0 0 

0.162 0.787 0 

N o t e s .  T = 817.15 K, p = 246 bar ,  a n d  ~" = 6.6 sec. Initial concentrat ion of methanol  in supercri t ical  wate r  is 
[CH3OH] = 4.51 - I0  -S  mole/}Jter and  [02]<  0.04- I0  -3  mole/l i ter .  

TABLE 4 

Data Methanol  conversion, 
mole % 

Exper iment  96.2 
Kinetic model  

Equi l ibr ium 

"r = 1.4 sec 96.2 

H2 CO CO2 

0.291 0.466 0.534 
98.5 0.247 0.557 0.439 

100 0.845 0 1.0 

0.129 0.636 0.356 

CH4 C H 2 0  C2H8 

Not in list Not  in list Not in list 
0.031 0.003 0 

0 0 0 

0 0.008 0 

N o t e s .  T -- 798.15 K, p ~ 246 bar ,  and  ~" -~ 9.6 sec. Initial concentrat ion of me thano l  in supercri t ical  water  
[CHsOH] = 2.0- 10 -3  mole / l i t e r  and  [O2]--- 3 .49-10  -3  mole/l i ter .  

TABLE 5 

Data  Methanol  conversion , 
mole % 

Experiment, 15.9 

Kinetic model 99.6 

Equilibrium I00 

T ---- 0.7 sec 15,9 

H2 CO CO2 

0 0.214 0.786 

0.002 0.358 0.641 

0 0 1.0 

0.009 0.443 0.006 

CH4 C H 2 0  C2H6 

Not in list Not in list Not in list 

0 0.0006 0 

0 0 0 

0 0.551 0 

N o t e s .  T = 766.15 K, p = 246 bar ,  and  ~" m 7.6 sec. Initial concentrat ion of  methanol  in supercri t ical  wate r  is 
[CH3OH]-- 1 .28-10  -3  mole / l i t e r  and  [02] m 3 .48 .10  -3  mole/li ter.  
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with experimental da ta  [11] and kinetics calculations 
by others [13]. Pyrolysis took place at p = 160 atm. 
The comparisons were done for equal conversions of 
the initial material. It is clear that ,  in terms of the 
composition and the pyrolysis time r ,  the results of 
the computational models I and II and the model 
from [13] are similar and agree satisfactorily with 
experiment. 

Figure 3 shows the results of a detailed kinetic 
calculation of butane pyrolysis under the same con- 
ditions using model I, as well as some experimental 
data  from [ii] and a local equilibrium calculation 
according to the model that  we used before. The ex- 
perimental data are close to the results for a local 
equilibrium and for the detailed kinetic model. 

Table 2 shows a comparison of our calculations 
for cracking a mixture of n-hexadecane with wa- 
ter vapor at atmospheric pressure with calculated 
and experimental da ta  [6]. The experiment was con- 
ducted under the following conditions: T = 923 K, 
p = 1 atm, ~" - 1.07 see, and mass feed rates of 
ClsH34 of 13.4 g /h  and of H20 of 39.5 g/h. The 
detailed kinetic scheme of [6], supplemented with re- 
actions from [3], was used for the calculations. In 
all 69 substances and 908 reactions were considered, 
with the reactions with water neglected, as in [6]. 
The deviation from the experimental da ta  on the 
concentration in the kinetic model was 2.38% for hy- 
drogen and 0.89% for methane. It is clear from the 
data shown here that  as the reaction time increases 
to t = 10 l~ sec, there is an increase in the yields 
of hydrogen, methane, and the hydrogen-depleted 
compound C4H2, which, however, was not converted 
into benzene C6H6. In a calculation of the equilib- 
rium state, the compound C4H2 is entirely converted 
into benzene; here the amount of hydrogen is re- 
duced and the molecular mass of the hydrocarbon 
mixture changes. Note that ,  following the scheme of 
[6], we did not include carbon molecules in the reac- 
tion. With a long reaction period, the carbon in the 
compounds C4H2 and CsHs can be transformed into 
pure carbon in both the kinetic and the equilibrium 
models. 

The oxidation of methanol in supercritical wa- 
ter has been studied experimentally [14]. In a cal- 
culation using the detailed kinetic model we in- 
cluded 30 substances and 242 reactions. The ki- 
netic parameters of the forward reactions were taken 
from [3] and those of the reverse reactions, by the 
methods described above. The calculations are com- 
pared with experiment in Tables 3-5. The last line 
of each table lists the time r and composition of 
the products calculated by the kinetic model for 
a methanol conversion equal to that  observed in 

the experiments. The concentrations of the reac- 
tion products are listed in the same form as in 
[14]: Ci = ~ : i / ( 2 ( C H 3 O H ) o  - -  z(CH3OH)/) [mole/mole/, 
where z(CH3OH)0 is the concentration of methanol in 
the initial mixture [mole/liter/, x(CH3OH)! is the 
concentration of methanol after the specified time, 
and xl is the concentration of the given substance af- 
ter this same time period. A number of experiments 
and calculations corresponding to them are listed in 
Tables 3-5. 

An analysis of the experimental data in Ta- 
bles 3-5 shows that the kinetic model gives 1.2-11 
times higher rates of conversion than the experi- 
ments. In calculating the conversion of a mixture 
of n-hexadecane and water vapor at atmospheric 
pressure, the rate of conversion according to the ex- 
panded kinetic model is closer to the calculations of 
[6] than to experiment, and differs from the experi- 
mental results by almost a factor of two, while the 
briefer kinetic scheme gives a value of the conver- 
sion time that is closer to experiment. In choosing 
a chemical reaction scheme, one of the criteria for 
an adequate set of reactions is the degree of agree- 
ment between the equilibrium and kinetic calcula- 
tions over sufficiently long reaction times. However, 
for high molecular reagents, no foreseeable system of 
reactions can be a complete system of possible reac- 
tions, so the kinetic calculations will give results that 
differ from equilibrium, even for very long reaction 
times. In addition, in real experiments fast reactions 
can be retarded by diffusion, when the diffusion time 
of the components that are formed is exceeded by the 
time for them to react among themselves and fluc- 
tuations occur in the reagent concentrations. 

In the present paper, we have obtained qual- 
itative and, in some cases, quantitat ive agreement 
between our calculations of the conversion time and 
of the reaction product composition and the experi- 
ments and calculations of others. More precise agree- 
ment between the calculations and experiment will 
require inclusion of the mixing of the reagents in the 
reactor, heat and mass transfer processes at the walls 
which influence the temperature level in the reac- 
tor, and other real processes tha t  affect the rate of 
hydrocarbon conversion and the composition of the 
resultant products. 
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