
o b e i k a n d l . c o m



KINETIC ANALYSIS 

CHAPTER 5 

KINETIC ANALYSIS 

For many reactions , the rate expression can be written as a product of a 
temperature dependent term and a composition dependent term, or 

rj = fi (temperature). f2 (composition) 
= k. f2 (composition) (1) 

For such reactions the temperature dependent term , the reaction rate 
constant, has been found in practically all cases to be well represented by 
the Arrhenius' law; 

k = koe-E/RT (2) 
Where k0 is the frequency or pre - exponential factor and E is called the 
activation energy of the reaction. 
The temperature dependency of reaction is determined by the activation 
energy and temperature level of the reaction . as illustrated in Fig. (5.1). 
These findings are summarized as follows :-

1- From Arrhenius' law a plot of In k vs 1/ T gives a straight line , with 
large slope for large E and small slope for small E . 

2- Reactions with high activation energies are very temperature -
sensitive ; reactions with low activation energies are relatively 
temperature - insensitive. 

3- Any given reaction is much more temperature - sensitive at a low 
temperature than at high temperatures . 

4- The value of the frequency factor ko does not affect the temperature 
sensitivity 

The reaction rate constant itself can be found by studying the kinetics of a 
given reaction under different operating conditions to determine the form 
of the concentration dependent term in Eq .1. as will be given in the 
following section. 
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Testing for First Order Kinetics :-

At a given temperature the reaction rate is usually expressed as a function 

of reactant concentration in the form :-

- r = kCn (3) 

Where n is referred to as the order of reaction . 

If the reaction volume changes during reaction like for example in case of 

gas reactions then the final volume of the reactant + products for a reactant 

A is given by :-

V = V 0 ( 1 + € A X A ) or X< = ^ i ( 4 ) 

Where V0 = initial volume of reactants . 

XA = conversion. 

GA
 = change in the system volume between no conversion and 

complete conversion thus and called expansion factor. 

Vx.i-Vx ( 5 ) 
Vx.o 

Noting that moles of A left unreacted . 

NA = N A o ( I - X A ) ( 6 ) 

and concentration of A = CA = — = ^ " ^ (7 ) 

= c - S (8) 

( 9 ) 

(10) 

Thus ~ = 
CAO 

(\-XA) 

(1 + £AXA) 

or XA = \~CAICAO 

1 +&tC/f/Cy4o 

The performance equation can be deduced as follows ( Levenspiel; 1999), 

for a plug flow reactor containing porous catalyst particle , take a thin slice 

ofthePFRseeFig. (5.2). 
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FA,HI~FAO( 1-XA,HI) FA,out "■ FA,O ( l-XA,out ) 

Volume of catalyst AVs moles A reacted / s, 

w K A ) 
Fig. (5 . 1 ) . A thin slice of solid catalysed plug flow reactor. 

At steady state a material balance for a reactant A gives :-

Input = output + accumalation [ m o l A ] / s . (11) 

In symbols; 

FAo - FAo Xin == FAo - FAo Xoul + K A ) AW (12) 

in differential form :-

FAodXA - ( - r \ )AW ( 1 3 ) 

Integrating over the whole reactor gives:-

f - 7 ^ CM) 
FA, < ~-r A ' 

Let -—^ = T-£^- (weight - time term) (15) 

For a first order reaction :-

-r = r CA (16) 

Substituting from (7) for CA in (16) and integrating (14) taking into account 

the definition given in (15). 

The performance equation for a first order reaction in a plug flow reactor 

would be as given by Levenspiel; (1999) as follows :-

k' x* = ( 1 + €A) In 
l-Xo, 

CA X, A -^out (17) 
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A plot of T" versus the r.h.s of Eq (17) should yield a straight line passing 

through the origin if the reaction obeys first order kinetics . The slope of 

the straight line is equal to k", the reaction rate constant. 

Reforming of methane using CO2 can be expressed as follows :-

CH4 -f C02 = 2 CO + 2H2 

To calculate the expansion factor C , one must consider the inert gas 

introduced with the reactants ( Levenspiel ; 1999 ) . The reactant feed gas 

was CH4 , CO2 and N2 in the ratio 1:1:4 respectively . The six volumes of 

entering gases will produce eight volumes of leaving product gases then 

expansion factor would be calculated as ; 

C = (S-6)/6 = 1/3 

Equation (17) was investigated for each of the reacting species , namely 

CH4 and CO2 for the three types of catalysts prepared Rh / y- AI2O3 , 

Ru / y- AI2O3 and Ir / y- A1203. 

The conversion X is calculated from the mole % and partial pressure of the 

reacting species . The calculation procedure and the calculated results are 

given in appendix A. 

The assumption of first order kinetics with the reactants CH4 and CO2 was 

found to be obeyed in all cases studied . Least squares regression analysis 

was used to fit the data according to Eq.(17) , k* is calculated as the slope 

of the fitted straight lines as shown in Fig . ( 5 . 3 - 5 ) . These values 

together with the correlation coefficients are given in Table (5.1). 
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Table (5.1). Reaction rate constant as determined by least squares 
regression analysis. 

Catalyst 
Type 

Temperature 
C02 CH4 Catalyst 

Type 
Temperature 

k* c.c k* 1 c.c 

Rb/y-AfcOj 
600 5.74E4 0.96 3.80E4 0.981 

Rb/y-AfcOj 700 13.10E4 0.957 5.74E4 0.979 Rb/y-AfcOj 
$00 19.1E4 0.99 8.13E4 0.911 

Ru/y-Al203 

600 2.28E4 0.945 2.1E4 0.964 

Ru/y-Al203 700 3.66E4 0.952 3.48E4 0.848 Ru/y-Al203 

800 7.22E4 0.881 5.44E4 0.761 

Ir/y-Al203 

600 1.66E4 0.897 1.64E4 0.936 
Ir/y-Al203 700 2.57E4 0.933 2.18E4 0.938 Ir/y-Al203 

800 5.20E4 0.918 3.49E4 0.968 

For each catalyst type , the k' values thus calculated at different 
temperatures are fitted to Arrhinius' equation to calculate the activation 
energy by plotting In k' versus 1 / T , the data are given in Table (5 .2 ) 
and shown in Fig. ( 5 . 2 A-C ) . 
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Table (5 .2). In k and 1 / T for 3- tested catalyst. 
Catalyst 

Type 

Temperature 

1 /T 

Lnk^ Catalyst 

Type 

Temperature 

1 /T co2 CH4 

Rh/y-AI203 

0.00093 12.10 11.31 

Rh/y-AI203 0.001028 11.8 10.96 Rh/y-AI203 

0.001145 10.96 10.55 

R«/y-AI203 

0.00093 11.19 10.9 

R«/y-AI203 0.001028 10.51 10.5 R«/y-AI203 

0.001145 10.03 9.95 

Ir/y-Al203 

0.00093 10.86 10.46 

Ir/y-Al203 0.0Q1028 10.15 9.99 Ir/y-Al203 

0.001145 9.72 9.71 

The results of the least squares regression analysis for ko ( pre -

expQnential factor ) , the intercept and -E / R T , the slope are given in 

Table (5 .3 ) . 
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Table (5 .3). Activation energy and pre-exponential factor from 

Arrhenius' equation 

Catalyst 
C02 CH4 

Catalyst 
lnko k« - E / R 

E J / 

mol 
C.C Ink* K -E/R 

E J / 

mol 
C.C 

Rh / y-AI203 17.50 39.8E6 -S.66E3 47.06E3 -0.98 14.61 2.21E6 -3.55E3 29.51E3 -0.999 

Ru/y-AI203 16.14 10.2E6 -5.38E3 44.65E3 -0.988 15.01 3.30E6 -4.42E3 36.24E3 -0.999 

Ir/Y-Al203 15.70 0.658E6 -5.27E3 43.81E3 -0.981 13.64 0.838E6 -3.47E3 28.85E3 -0.980 
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Discussion for each catalyst type is as foilows:-

S.L Rh/r-At203> 

Testing for the first order assumption for methane and C02 reaction over 
Rh / Y-AI2O3 catalyst is shown in Fig . ( 5 . 3 ) . It is shown that the first 
order reaction kinetics assumption is valid for both reactants under almost 
all operating conditions investigated . 
However, higher deviation is observed at the highest temperature 
investigated for the longest reaction time. This point was therefore 
excluded from the correlation . 
A correlation coefficient ( > 0.9 ) shown in Table ( 5 ,1 ) reflects the 
validity of the 1st order kinetics . 
The deviation from first order equation observed for both reactants at the 
highest temperature and the longest reaction time may indicate a change in 
the reforming reaction mechanism or the onset of other reactions . 
As shown in Table ( 5 .1 ) the reaction rate constant for CO2 is found to be 
approximately double that calculated for CH4 at the same temperature , thus 
strongly suggesting a route other than reforming for the reaction of CO2 for 
example the RWGS reaction . 
This result is in confirmation with yields of CO which is higher than H2 

despite the equimolal volumes of the reacting gases as discussed inchapter4. 
Arrhinius' plot for this catalyst is shown in Fig.( 5 ,2 .A) . The plot and 
Table (5 .3) reveal that the activation energy for C02 reaction is ( 47.06E3 
J / mol ) which is more than that for CH4 ( 29.51E3 J / mol ) i .e. C02 is 
more temperature - sensitive than CH». 
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25 Rh C02 700 ■> C 12 Rh CH4 700 oC 

2 OOE-OS 

2 OOE-06 4 OOE-06 6 OOE-06 8 OOE-06 1 OOE-OS 

0 006*00 5 OOE-06 1.00E-05 1.50E-05 2 OOE-06 
f 

Rh CH4 600 o C 

0 00E»0O 5 OOE-06 1 OOE-OS 1 50E-05 2 00E-05 2 50E-O5 
f 

Fig ( 5 . 3 ). Test for First Order Reaction Kinetices w .r .t C02 and CH4 

Over Rh/AljOj Catalyst. 
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5 . 2 . Ru / y - AI2O3 and Ir / y - AI2O3 catalysts :-

Testing for the first order assumption for methane and C02 reaction over 

Ru / y-Al203 and Ir / y- A1203 catalysts is shown in Fig . ( 5 . 4 ) & ( 5 . 5). 

It is shown that the first order reaction kinetics assumption is valid for both 

reactants on the two catalysts under almost all operating conditions 

investigated. 

However, higher deviation is observed at the longest reaction time. These 

points were therefore excluded from the correlation . The correlation 

coefficient ( > 0.9) in most of the cases as shown in Table ( 5 . 1 ) reflects 

the validity of the 1st order kinetics. 

However ; Ir / y- AI2O3 gave better correlation coefficient which are close 

tothoseofRh/yAl203 . 

The deviation from first order equation observed for both reactants at the 

longest reaction time may indicate a change in the reforming reaction 

mechanism or deactivation of both catalysts Ir and Ru / y-Al203 with time , 

contrary to Rh / y-Al203 which showed increased activation at the highest 

temperature with time. 

As shown in Table ( 5 .1 ) the reaction rate constant for C02 is found to be 

approximately equal to or slightly higher than those calculated for CH4 at the 

same temperature, thus suggesting a route other than reforming for the reaction 

of C02 for example the RWGS reaction at the higher temperature, this result is 

in confirmation with those on yields of CO which are higher than H2 despite the 

equimolal volumes of the reacting gases as discussed in chapter 4 . 

Arrhinius' plots for these catalysts are shown in Fig.( 5.2.B,C ) . The plot 

reveals that the activation energy for C02 reaction is more than that for CH4 

i.e. C02 is more temperature - sensitive than CH4 .The activation energy for 

CH4 dissociation is 28.85E3 J / mol while that for C02 is 43.81E3 J / mol for Ir/ 

y- A1203 catalyst and 36.24E3 J / mol for CH4 dissociation and 44.65E3 J / mol 

for C02 for Ru / y- A1203 catalysts . 
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Fig ( 5 .4 ). Test for First Order Reaction Kineticses w. r .t C02 

and CH4 Over Ir / Al203 Catalyst. 
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CONCLUSIONS 
The following conclusions can be drawn from the results of the present 

investigation:-
Generally; for all the investigated catalysts the catalyst reactivity increased 

with increasing temperature and decreasing weight hourly space velocity . 

a. For 0.5%Rh/y-Al2O3 catalyst:-

1. Rh/y-Al203 catalyst exhibits good reactivity within the whole 

temperature range and all the studied space velocities but with 

different degrees. 

2. The space velocity lSOOOccg'V and the temperature 800°C are 

the optimum condition resulting in the highest conversion of not 

only methane but also the other heavy hydrocarbons in the 

natural gas ( ethane, propane, butanes, pentanes, hexanes, and 

heptanes). 

3. The Rh /y-Al203 selectivity with respect to H2 and CO was 

achieved maximally at temperature of 800°C and space velocity 

lSOOOccg'h-1. 

4. (H2 / CO) ratio was always less than one , however the highest 

ratio (0.65) was obtained at the optimum conditions, space 

velocity 36000 cc g ' V and the temperature 700°C. 

5. The first order kinetics assumption is valid for both CH4 and C02 

reactants under the operating conditions investigated . The 

reaction rate constant,for C02 was higher than that of CH4 (for 

example at 800°C reaction rate constants equal 19.1E4 and 

8.13E4 J / mol) respectively. 

6. The activation energy was calculated from Arrhinius' equation as 

47.06E3 J / mol. and 29.51E3 J / mol. for C02 and CH4 

respectively. 
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b. For 0.5% Ru/y-Al203 catalyst:-

1. The space velocity 36000ccg"V and the temperature 800°C axe the 
optimum condition resulting in the highest conversion of methane 
but, the space velocity 1 SOOOccg'V and the temperature 800°C are 
the optimum condition resulting in the highest conversion of the 
other heavy hydrocarbons, in the natural gas ( ethane , propane, 
butanes, pentanes, hexanes, and heptanes). 

2. The Ru /Y-A1203 selectivity with respect to H2 and CO was achieved 
maximally at temperature of 800°C and space velocity 1800000^^"' 

3. Maximum (H2 / CO) ratio was achieved at the optimum conditions, 
space velocity lSOOOccĝ h"1 and the temperature 800°C. 

4. The first order kinetics assumption is valid for both CH4 and CO2 
reactants under the operating conditions investigate^ . The reaction 
rate constant for CQ2 was higher than that of CH4 (for example at 
800°C reaction rate constants equal 7.22E4 and 3.49E4 J / mol ) 
respectively. 

5. The activation energy was calculated from Arrhinius' equation as 
44.05E3 and 36.24E3 J / mol for C02 and CH4 respectively. 

c. For 0.5% Ir/y-Al203 catalyst:-

1. The space velocity 45000ccg"1h"1 and the temperature 800°C are the 
optimum condition resulting in the highest conversion of methane 
but, the space velocity 18000ccg'V and the temperature 800°C are 
the optimum condition resulting in the highest conversion of not 
only methane but also the other heavy hydrocarbons in the natural 
gas ( ethane, propane, butanes, pentanes, hexanes, and heptanes). 
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2. The Ir/y-AI203 selectivity with respect to H2 and CO was achieved 
maximally at temperature of 800°C and space velocity 18000ccg"Ih"1 

3. Maximum (H2 / CO) ratio was achieved at the optimum conditions, 
space velocity 36000ccg*1h*1 and the temperature 700°C. 

4. The first order kinetics assumption is valid for both CH4 and CO2 
reactants under the operating conditions investigated . The reaction 
rate constant for CO2 was higher than that of CH4 ( for example at 
800°C reaction rate constants equal 5.20E4 and 3.49E4 J / mol ) 
respectively. 

5. The activation energy was calculated from Arrhinius' equation as 
43.81E3 and 28.85E3 J / mol for C02 andCH4 respectively . 

Finally 0.5% Rh/y-Al203 catalyst was the best as compared to the two 
other catalysts investigated . The optimum operating conditions were 
18000 ccg'1 h"1 for the space velocity and 800°C for the reforming 
temperature. Maximum (H2 /CO) ratio was obtained at 36000ccg*V space 
velocity and the temperature 700°C. 
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APPENDIX . A . 

APPENDIX. A. 

First Qrder Reaction Kinetic's Calculations :-

Given the volumetric analysis ( percentage remained ) of the reacting 
species in Table ( A 1-3 ). 

Table (A.l ) . Remaining Concentrations of C02 and CH4 for Rh / y-Al203 
at the studied conditions. 

Temperature 600 °C 700°C 800°C 
Space Velocity CH4 C02 CH4 C02 CH4 C02 

18000 41.53 28.38 32.97 22.37 5.17 6.56 
36000 66.04 58.03 53.38 40.51 41.06 33.99 
45000 73.99 56.59 69.59 48.95 63.02 43.2 
60000 89.21 94.85 83.29 74.94 74.44 62.26 

Table (A.2 ). Remaining Concentrations of CO2 and CH4 for Ru / Y-AI2O3 
at the studied conditions. 

Temperature 600 °C 700°C 801 3°C 
Space Velocity 

ccg*1.!!-1 CH4 C02 CH4 C03 CH4 C02 

18000 88.26 91.04 87.44 81.62 85 69.91 
36000 78.5 79.7 65.54 68.46 52.58 49.05 
45000 78.95 73.69 73.38 70.95 67.83 59.35 
60000 91.17 90.83 88.72 76.01 82.9 66.92 
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Table (A.3 ) . Remaining Concentrations of CO2 and CH4 for Ir / Y-AI2O3 at 
the studied conditions. 

. Temperature 600 °C 700°C 800°C 
Space Velocity 

ccgl.h"1 CH4 C02 CH4 C02 CH4 CO2 

18000 89.26 91.43 89.04 90.99 87.02 87.48 
36000 89.05 89.22 86.44 81.51 75.37 67.01 
45000 79.03 77.25 75.44 72.02 69.89 57.12 
60000 98.63 97.43 99.46 94.22 95.03 92.89 

The following procedure was used to calculate the conversion and hence 
the r.h.s of Eq. (17 ) as well as the weight - time term of the l.h.s of the 
same equation 
Take as an example Rh / 7- AI2O3 catalyst for the reaction of CO2. 
The partial pressure of CO2 in the entering gases = 1/6 atm. 
The entering CO2 concentration = 
p _ Nco2 _ Pcoi _ 0.167atm. 

C02,m — — - (0Mm.atn)JmoLQKxmoK) 

- 0.0023wo/.//. 

For a feed rate of 600 cc / min at 25°C :-
The volumetric flow rate flow rate = 
600 cc / min x ( lit. / 103 cc) x (60 min / h) = 36 lit. / h . 
This flow rate is corrected for reaction temperature by :-
V2 = Vjx T2/Ti = 36 x 873 / 298 =105 lit./hr. 
Then the entering molar flow rate :-

Fc02 = CC02,in X V2 

= ( 0.0023 mol C02 / lit.) (105 lit. / hr) = 0.2415 mol. / hr. 
given the weight of catalyst utilized - 2 g , then the weight - time term in 
equation is calculated as :-
Cco2,oxW 0.0023x0.002 _ .,-5 

Fc02,o 0.2415 1.9x10° ( kg .h / lit. ) 
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The conversion XCo2 is calculated from equation :-
„ CCOI. in - CC02, out 

Xan = ■ —■ 
CCOI, in + 0.33CcO2, out 

Where € = expansion factor = 1 / 3 in our case as shown in chapter 5. 

C co2 ,out is calculated as CCo2 ,m x % remained . 
The same calculation procedure is repeated at each flow rate for a given 

temperature. 
The calculations results are given in Tables ( A .4-6 ) for the Rh / y -AI2O3, 

Ru / 7 - AI2O3 and Ir / 7 - A1203 respectively. 

The value of {1.3 In 1 / (1- X) - 0.3 X} is plotted vs Cc°2'°xW as shown 
rco2,o 

in Fig ( 5.4-6 ) for each catalyst type . 
The slope of the line = k* lit./hr. kg cat. the reaction rate constant. 

For a first order reaction :-

- r'C02 = k' (lit- / hr kg cat) x ( CC02 mol / lit) 

Table (A .4a). The calculation needed to test the fit of Eq . ( 17 ) of C02 

component for Rh / 7 - A1203. 

Temperature 
x = 
Ci, -C 0 / 
(C, +0.33Co) 

A =1.33 
In 
(1/1-X) 

B = 
0.33X A - B F.. Q W / F - , , 

C j, =00023 mol/lit. 

600 °C 

0.0397 0.0539 0.0131 0.0408 0.805 5.7E-6 

600 °C 0.3660 0.607 0.1210 0.486 0.605 7.6E-6 600 °C 0.3540 0.580 0.1168 0.463 0.483 9.5E-6 600 °C 

0.6548 1.415 0.2161 1.199 0.242 19E-6 
C i.= 0 00209 mol/lit. 

700 °C 

0.330 0.5326 0.1089 0.4237 0.8180 5.11E-6 

700 °C 0.605 1.2354 0.1997 1.0357 0.6140 6.81 E-6 700 °C 0.686 1.5406 0.2262 1.3142 0.4910 8.513E-6 700 °C 

0.838 2.4208 0.2765 2.1443 0.2460 16.99E-6 
C i, = 0.0019 mo!/In 

800 °C 

0.475 0.8569 0.1567 0.700 0.821 4.628E-6 

800 °C 0.663 1.4466 0.2188 1.198 0.616 6.169E-6 800 °C 0.744 1.8122 0.2455 1.567 0.493 7.708E-6 
0.955 4.1245 0.3152 3.809 0.246 I5.45E-6 
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Table (A .4b). The calculation needed to test the fit of Eq ( 17 ) of CH4 
component for Rh / y - AI2O3 catalyst. 

Temperature 
x = 
Ci -C 0 / 
(C, + 0.33 C0) 

A - 1.33 
In 
l l / l - X ) 

B = 
0.33 X A - B F i 

C i W / 
F , 

C i, =0.002139 mol/lit 

600 °C 

0.08269 0.114795 0.027288 0.087507 0.74866 5.714E-6 

600 °C 0.2056 0.31192 0.06899 0.24293 0.5615 7.619E-6 600 °C 0.278833 0.43476 0.09215 0.34274 0.44919 9.524E-6 600 °C 

0.514226 0.96028 0.16969 0.79058 0.2245 19.056E-6 
C i, = 0.00194 mol/lit 

700 °C 

0.13107 0,18686 0.04325 0.1436 0.7601 5.1046E-6 

700 °C 0.2473 0.37785 0.081611 0.29623 0.570 6.8062E-6 700 °C 0.3964 0.67139 0.13080 0.54086 0.456 8.5087E-6 700 °C 

0.60453 1.2336 0.19949 1.03431 0.228 17.017E-6 
C i . = 0.00177 mol/lit. 

800 °C 

0.20519 0.30544 0.067714 0.2377 0.765 4.628E-6 

800 °C 0.30613 0.48608 0.101024 0.38586 0.574 6.1716E-6 800 °C 0.51907 0.97359 0.17129 0.8023 0.459 7.715E-6 800 °C 

0.93239 3.58307 0.300769 3.27538 0.229 15.432E-6 

126 

o b e i k a n d l . c o m



APPENDIX. A . 

Table (A .5a). The calculation needed tp test the fit of Eq (17) CO2 
component for Ru / y - AI2O3 catalyst. 

Temperature 
x = 
(C, +0.33CoJ 

A = 1.33 
In 
(I / 1-X) 

B = 
0.33 X A - B Fi, Ci, W/ 

Fu 
C i, = 0 0023mol / lit. 

600 °C 
0.06890 0.094947 0.022737 0.07221 0.805 5.7E-6 

600 °C 0.15931 0.230798 0.05257 0.178226 0.605 7.6E-6 600 °C 0.211635 0.316266 0.06984 0.24643 0.483 9.5E-6 600 °C 
0.07055 0.097309 0^02328 0.074027 0.242 19.0E-6 

C i, = 0.00209moI/Jit. 

700 °C 
0.144799 0.20803 0.0477836 0.16025 0.818 5.11E-6 

700 °C 0.25728 0.39558 0.084903 0.310682 0.614 6.81E-6 700 °C 0.23538 0.35695 0.077678 0.27927 0.491 8.513E-6 700 °C 
0.19179 0.28320 0.06329 0.21991 0.246 16.99E-6 

C i, =0 0019 mol/lit 

800 °C 
0.24449 0.37289 0.03068 0.2922 0.821 4.628E-6 

800 °C 0.43852 0.767646 0.14471 0.62293 0.616 6.169E-6 800 °C 0.33992 0.55248 0.112175 0.440308 0.493 7.708E-6 800 °C 
0.27096 0.42032 0.08941 0.330901 0.246 15.45E-6 
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Table (A .5b). The calculation needed to test the fit of Eq. ( 17 )CH4 
component for Ru / y - A1203 catalyst. 

Temperature 
x = 
Ci-Co"/ 
(Ci+0.33C0) 

A = 1.33 
In 
(1 /1-X) 

B = 
0.33 X A-B Fi 

Ci W/ 
Fi 

C i, = 0.002139 mol/ lit 

600 °C 
0.0901 0.12678 0.030003 0.096774 0.74866 5.714E-6 

600 °C 0.17076 0.24904 0.056352 0.192691 0.5615 7.619E-6 600 °C 0.16699 0:2430 0.055108 0.1879 0.44919 9.524E-6 600 °C 
0.06787 0.09348 0.022399 0.07109 0.2245 19.05E-6 

C j, =0.00194 mol/lit 

700 °C 
0.09747 0.13640 0.03217 0.10424 0.7601 5.1046E-6 

700 °C 0.2833 0.44306 0.09349 0.34956 0.570 6.8062E-6 700 °C 0.21431 0.32078 0.07072 0.25006 0.456 8.5087E-6 700 °C 
0.08725 0.12142 0.02879 0.09263 0.228 17.017E-6 

C i, = 0.00177 mol/lit 

800 °C 
0.11714 0.1657 0.038657 0.12705 0.765 4.628E-6 

800 °C 0.40489 0.68848 0.133348 0.555137 0.574 6.171E-6 800 °C 0.26286 0.405622 0.08674 0.31888 0.459 7.715E-6 
0.13468 0.191759 0.044308 0.14745 0.229 15.432E-6 
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Table (A .6a). The calculation of needed to test the fit of Eq (17 )C02 
component for Ir / y - AI2O3 catalyst. 

Temperature 
x = 
C i - C o / 
(C» + 0.33C„) 

A = 1.33 
In 
(1/1-X) 

B = 
0.33 X A - B Fi 

Ci W / 
Fi 

C i, =0.0023 mo! / lit. 

600 °C 

0.061916 0.085008 0.020432 0.06457 0.805 5.7E-6 

600 °C 0.08328 0.115647 0.02778 0.08817 0.605 7.6E-6 
600 °C 0.18128 0.266026 0.05982 0.20620 0.483 9.5E-6 600 °C 

0.01944 0.021197 0.006417 0.01970 0.242 19.0E-6 
C i, = 0.00209 mol/lit 

700 °C 

0.06929 0.095508 0.022867 0.07264 0.818 5.11E-6 

700 °C 0.1457 0.20945 0.04808 0.161367 0.614 6.818E-6 700 °C 0.22607 0.34084 0.07460 0.26624 0.491 8.563E-6 700 °C 

0.04409 0.05997 0.01455 ,0.04542: 0.246 16.99E-6 
C j , = 0.0019 mol/lit. 

300 °c 
0.09715 0.13593 0.03206 0.10387 0.821 4.628E-6 

300 °c 0.27015 0.41885 0.08915 0.3297 0.616 6.169E-6 300 °c 0.36079 0.59521 Q.11906 0.47615 0.493 7.708E-6 300 °c 
0.05442 0.07442 0.01796 0.05645 0.246 15.45E-6 
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Table (A .6b ) . The calculation of needed to test the fit of Eq (17) CH4 
component for Ir / y - AI2O3 catalyst. 

Temperature 
x= 
d - C o / 
(Ci+0.33CC) 

A =1.33 
In 
(1/1-X) 0.33 X A - B Fi 

C j W / 
Fi 

C l . -0.002139 mol/li<, 

600 °c 
0.08296 0.11519 0.02738 0.08781 0.74866 5.714E-6 

600 °c 0.08463 0.11760 0.02793 0.08968 0.5615 7.619E-6 600 °c 0.1663 0.2419 0.05488 0.18705 0.44919 9.524E-6 600 °c 
0.01033 0.01382 0.00341 0.0104 0.2245 19.05E-6 

C j , =0.00194 mol/lit. 

700 °C 

0.08471 0.11772 0.027954 0.089769 0.7601 5.105E-6 

700 °C 
0,10550 0.14829 0.034817 0.113473 0.570 6.806E-6 

700 °C 0.19664 0.291214 0.064892 0.22632 0.456 8.509E-6 700 °C 

0.00414 0.05519 0.001366 0.00415 0.228 17.017E-
6 

C [ , =0.00177 mol/lit. 

800 °C 

0.10084 0.14137 0.033278 0.108096 0.165 4.628E-6 

800 °C 
0.1972 0.2922 0.06509 0.22711 0.574 6.171E-6 

800 °C 0.2446 0.37319 0.080741 0.29245 0.459 7.715E-6 800 °C 

0.0378 0.05129 0.01248 0.03881 0.229 15.432E-
6 
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