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ABSTRACT 

Catalylic reforming usually conducted on a dual - functional catalyst (Platinum - Alumina) in 

presence of Hydrogen is being critically examined with it's deactivation characteristics in focuse, 

by using a model proposed for evaluating rate parameters as regards to catalyst deactivation on 

the pulse kinetic scheme. For catalyst decay the variable catalyst activity as a function of pulse is 

related to the deactivation rate constants. 

The proposed deactivation model is tested on the deactivation of ptl Al20 3 catalyst by 

reforming of n - heptane to cracked product, benzene and Toluene occurring in a pulse reactor 

(data acquired at temperatures of 4400 C, 4600 C, 4800 C and 5000 C) and observing for first 

order the linearity of the deactivation plots on the stable catalyst. And second/third order by using 

parametric estimation to obtained the rate constants which are not in agreement with the proposed 

model. However the deactivation rate constants 0.0417, 0.0334; 0.01486; 0.0200 obtained at 

corresponding increasing temperatures investigated were reasonably in agreement with the first 

order. 
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CHAPTER ONE 

1.0 INTRODUCTION 

1.1 GENERAL INTRODUCTION 

In most petroleum industries, dehydrocyclization and hydrogenation reaction of alkane in 

a unit called catalytic reforming unit to improve the octane number of potential fuels and a 

commercial source of aromatic hydrocarbons. Like hydrocracking, catalytic reforming is 

conducted on a dual-functional catalyst such as platinum Alumina in the presence on both mono 

functional and dual-functional catalyst are still the subject of on going discussion. Side reaction 

accompanying the reforming reactions lead to the formation of coke on the surface of the 

catalyst; the result is the deactivation common to all catalytic hydrocarbon process. The reactions 

involve acids's site catalytic polymerization and cyclization of olefins to give higher molecular­

weight polynuclear compounds which under go extensive dehydrogenation, aromatization and 

further polymerization. They occur rapidly under reforming conditions at low hydrogen partial 

pressures, but their effect is markedly reduced by increase hydrogen partial pressure. 

In reforming with a paraffinic feed, poisoning begins on the metal with the formation of 

olefinic species and aromatics. These can slowly form coke on the metal, but they can also be 

transported by gas-phase diffusion and surface migration to the acid sites, they slowly form more 

where they form more resistant coke The long term deactivation in reforming probably due to this 

second term of coke formation. Most of the reactions are reversible because a significant fraction 

of the catalyst activity could be generated by purging with nitrogen for several days. This 

regeneration is probably the result of deploly merization and desorption. Regeneration with 

hydrogen was about twice as effective, but still about a week was required to regain most of the 

activity lost is a one week reforming run. More effective (still slow) regeneration could be 

achieved by increasing the hydrogen partial pressure to more them 400 atm. This slow coke 

removal particularly in the presence of hydrogen, represent removal from the surface of the acidic 

support. Hydrogen also removes coke reforming residue on the acidic support during the 

reforming processes. And regeneration also involves burning the coke off (13) of the catalyst under 
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carefully controlled conditions with a gas containing from 05 to 1 percent 02; the maximum bed 

temperature does not exceed 450°C. Such careful procedure are required to prevent damage to 

the catalyst, particularly sintering and loss of surface area of the pt component. 

1.2 PULSE REACTOR TECHNIQUE 

The pulse microcatalytic technique has been widely used to kinetic studies of simple and 

complex catalytic reaction. The utility of the pulse scheme has depended largely on the availability 

of theoretical frame work for analysis of simple power law kinetics and langmuir-Hinshelwood 

rate equations 1,4,5,7 prediction based on these analysis have yielded in several cases kinetic 

parameters in agreement with results from continues flow experimentation8
,9. However some of 

these analysis has addressed the issue of pulse reaction occurring on catalysts with variable 

activity which we intend to reasonably confirmed. 

In this study, we are interested in the pulse operation of a reactive consisting of reforming 

ofn-heptane over decaying platinum -Alumina catalyst. Despite the numerous publication some 

aspects of the kinetics and mechanism of these reactions remain obscure. The pulse technique 

allows quick exploration to the ease of experimentation and analysis of product (on-time catalyst). 

Thus, in this research Dr Aberuagba acquired a number of experiments on both. Hydrogen and 

inert carriers using different pulse sizes over the choice temperatures of 440°C, 460°C, 480°C and 

500°C which are within the range that catalytic reforming unit operate. A comparison results from 

flow experiment for these reaction show, that the pulse techniques can be employed for gathering 

useful kinetic data for catalyst screening and mechanistic studies. 

Nevertheless this technique involves the injection of micro samples of reactant into a 

carrier gas stream flowing through a reactor. The carrier stream may be an inert or may react with 

the injected pulse on the reactor which is usually parked with a small amount of catalyst. Often 

the catalyst bed acts as a chromatographic column resulting in the separation of product from 

unconverted reactants. This may give rise to conversions greater than the maximum predicated by 

the thermodynamics at equilibrium. Expressions describing chromographic column are usually 
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based on the assumption of an isobaric system. \Vhen the catalyst volume is small the assumption 

does not pose any threat to the validity of parameters obtained by the pulse techniques to only one 

reactants in the injected pulse . This is because a pulse of mixed reactants may be seperated into 

its components on the catalyst bed if the adsorption parameters of reactants are significantly 

different. Thus, very low conversion will be obtained. However, the carrier streams may contain 

as many reactants as desired. 

The greatest limitation of the pulse reaction technique is probably its inability to yield 

parameters where rate equations are complex. This is due to the variation of the reactant partial 

pressure from point to point through the reactant pulse. Treatments oflangmuir-Hinshelwood rate 

type equations and simple power laws have been reported. Butt and Weekmans (6) rating of pulse 

reaction is summarised is the table below. 

Table 1.1 Pulse reactor Rating 

Problem Comment Rating 

Sampling and analysis of Can fire direct to chromatograph. Good 

product composition 

Isothermality small amount of catalyst in large heat Fairly Good 

sink 

Residence-contact time Transcient surface coverrage and poor 

measurement chromatographic 

Selectivity time average Short pulses can flow instartenous Fairly -Good 

Disguise behaviour 

Construction difficulty and One of sample Good 

cost 

1.3 JUSTIFICATION OF THE PROJECT 

Catalyst deactivation and regeneration are subjects of considerable interest to Refinery and 

chemical industries. And reactor engineers need to be able to accomplish. 

* Developing algebraic rate law consistent with experimental observation. 
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• Linearizing the rate law in such a manner that the rate law parameter (eg K1, Kd) can 

possible fit experimental data. 

* 

* 

Finding a mechanism and the order of reaction consistent with the experimental data 

Designing a catalytic reactor to achieved a specified conversion. 

Despite the fact mathematical products have been use to represent and stimulate this 

deactivation problem. With some of these analysis addressing the issue of pulse reactors occurring 

on catalyst variable activity, therefore with particularly reference to n-heptane reforming we 

intend to confirmed it guinuiness. 

OBJECTIVE/SCOPE 

Use various models arising from the modelling work of Ayo and Susul for a catalyst of 

changing activity in a pulse reactor to test the data obtained by Dr Aberuagba during n-heptane 

reforming on a decaying pt/ Alumina catalyst under a carrier gas consisting of 60% H2 in N2. 
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2.0 LITERATURE SURVEY 

2.1 KINETIC 

CHAPTER TWO 

To understand the behaviour of reforming reactors, we must understand the reaction 

kinetics and the influence of heat effects. A qualitative summary of the rate behaviour of the 

important reaction. are given in table 2.1 

Table 2.1 Rate behaviour and heat effects of important reforming reactions3 

Reaction type relative rateb Efiect of increase in Heat efiects 

total pressure 

hydrocraking Slowest Increase rate Quite exothermic 

Dehydrocylization Slow None to small decrease Endothermic 

in rate 

Isomarization of Rapid Decrease rate Mildly 

paraffins exothermic 

Paraffin Rapid Decrease rate Mildly 

dehydrogenation exothermic 

Paraffin Quite rapid Decrease conversion Endothermic 

dehydrogenation 

Naphthene Very rapid Decrease conversion Very endothermic 

dehydrogenation 

a - Partly from krane et al 

b - Relative rate are for a modem bifunctional catalyst 

Classes catalyzed by a modern bi-functional catalyst is given in the table above with 

statement of the heat effects. This information largely determines what is needed for the reactor 

design. Naphthene and paraffin dehydrogenation reactions are so rapid that they are essentially in 

equilibirum, and rate need not be considered explicitly. Similarly, the equilibirum between n­

paraffins and isoparaffins is usually closely approached. In contrast, the rates of cyclization and 
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hydrocraking are typically low and in need of explicit consideration. Hydrogen partial pressure is 

an important variable since it strongly affects the conversion to aromatics and the rate of 

hydrocraking. Since reforming reactions which produce hydrogen, essentially aromatization, 

predominate over those which consume hydrogen, the process is a net hydrogen producers. 

2.2 CATALSTS 

Reforming reactions typically proceed through a number of elementary steps, For 

example, a straight-chain paraffins is conversion into an olefin, which is isomerized to an isolefin 

and then converted into an isoparaffin. Correspondingly. The catalyst has two functions, a 

hydrogenation-dehydrogenation function for the paraffin-olefin conversions and an isomerization 

function, which is associated with the catalyst acidic. The catalyst used untill the early 1950s were 

chromium oxide or molybdenum oxide supported on alumina, which incorporated both the 

catalyst functions on the surface of the metal oxide. More recently developed reforming catalyst 

have crystallites of a metal such as pt on a acidic support such as alumina, and the two function 

are present in seperate phases. The metal (Pt, Pt and R,,) or a noble metal - containing trimetallic 

alloys) provides the hydrogenation dehydrogenation activity of the supported metal and the 

isomerization activity of the alumina are much greater than the respective activities of the early­

generation metal oxides. 

Catalyst deactivation by coke formation involves both the metal and support but primarily 

the support. Coking results from secondary reactions of the hydrocarbons, particularly olefin IS 

low and when the temperature is high. Deactivated catalyst is regenerated in place by slowly 

burning off the coke. However the operational strategies for a reactor subject to catalyst 

Deactivation can be summarized as follows14
: 

• Vary reactor temperature with the to maintain a constant conversion with a constant 

reactor feed flow rate. A typical policy for large throughout and slow deactivation rates. 

* Vary throughout of the reactor feed while holding the reactor temperature and conversion 

constant. A possible policy for medium deactivation rates and small to medium 
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throughout. 

• Allow the conversion to fall while holding the reactor feed flow rate and reactor 

temperature constant. Similar caplication as in item: 

* Maintain the fresh feed rate and reactor temperature constant and let the recycle flow 

increase. Similar application as in item 2 

• Use a combination of reactors on parallel and the policies of items 1 or 3. Usually, with 

two reactors in parallel and the policies of item 1 or 3. Usually with two reactors in 

parked, one will be off-line for catalyst regeneration while the other is operating. A typical 

policy for large throughout and medium to fast deactivation rates. 

• Continous catalyst regeneration while maintaining constant conversion, throughout and 

reactor temperature. A typical policy for large throughout, rapid deactivation system. 

2.3 CATAYTIC - REACTION MODELS 

When we speak of surface - reaction kinetic models, it is to be understood that rate 

phenomena of an exclusively chemical nature are under consideration i. e chemisorption, 

desorption or surface chemical reaction. Excluded by definition are all limiting physical-transport 

steps, such as mass transfer of species from the bulk-fluid phase to the external surface of the 

catalyst partial (interphase transport) and those diffusive events which conveys the species to 

within the pores of the catalyst where reaction occurs simultaneously with diffusions (intra 

particle transport). It is assumed at this junction that interphase and intra particle transport 

processes are very rapid relative to the chemical rate processes occurring on and within the 

catalyst particle. Also implicit is the additional assumption of a zero gradient (interphase or 

intraphase) with respect to the diffusion of heat. Thus isothermality exists about and within the 

catalyst. Extensive treatment of both heat and mass transport to and within porous catalyst. 

Usually provided where appropriate chemical kinetics will be combined (when possible) with 

those of heat and mass transfer to fashion overall rate. 

Catalytic reaction - rate expressions can be derived for ideal surface in two ways:(l). by 
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expression the rate in terms of surface coverage Q and then employing the langumuir isotherm to 

relate Q to fluid concentrations. This is the approach employed by Hinshelwood and is commonly 

termed the langmuir - Hinshelwood formulation(2}. A somewhere more explicit approach as 

established by Hougen and watson, who derived equations interms of surface concentration in 

terms of the langmuir isotherm. 

While it may appear that little difference in form exists between langmuir - Hinshelwood 

rate expressions and those of Hougen-watson, it must be emphasized that the developments of 

watson and Hougen prove to be far more comprehensive. For in addition to surface reaction per 

se, the waston - Hougen formulations include explicit terms for catalyst activity (sites), catalyst 

effectiveness due to diffusion and provision for catalyst decay. Further, as well as adjacent - site 

models were anticipated. The Hougen - watson catalytic rate equations represent not merely a 

modification of the langmuir - Hinshelwood formulations but highly constructive extensions and 

refinements, the unique utility of which is demonstrated in the analysis and design of catalytic 

reactors. 

In so far as ideal postulate yield useful results, the Hougen - watson formulations being 

more explicit in their derivation, are to be preferred so as long as it is clearly understood the 

models results, not mechanistic description to do justice to the signal contribution of both school, 

such ideal - surface models will be preferred to as langmuir Hinshewood - Watson (LHHW) 

formulations. 

2.4 DEACTIVATION - REACTION MODELS 

Levenspiel and his students6
, have fruitfully analyzed the deactivation problem in simple 

yet negotiable terms which emcompass a wide diversity of poisoning - fouling precusor networks 

as were as well as the important case of species - independent deactivation. Since their analysis 

assumes nth-order catalytic reaction and dth - order activity decline, It is a phenomenological 

treatment of a problem which, although of immense. Intrinsic sophistication, is best attacked from 

a point of view devoid of detailed mechanistic speculation. In sofar as many LHHW hyperbolic 
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rate models can be gainfully phrased items of a power law nih-order model, the levenspiel - szepe 

approach retain potency particularly with respect to the uncoupling of the deactivation - reaction 

events. 

Where 

Following levenspiel, the catalyzed - reaction rate is given by: 

r = - dA = KAna 
A --

de 

a = rate at any t 
rate at t = 0 

Then a is an activity which is initially equal to unity and declines with time. Now the kinetic model 

of activity decline is presumed to be 

rp = - da = K (A, B, prad 

de 

Catalyst Reaction 

silica - alumina Cracking 

Nickel, platinum Hydrogenation 
copper Dehydrogenation 

Cobalt Hydrocraking 

Silver C2H4+O -- C2H4O 

Vanadium oxide Oxidation 

Ammonia synthesis 
Iron hydrogenation 

Oxidation 

9 

Type of poisoning Poisons 

chemisorption Organic bases 
Desorption carbon, 
stability hydrocarbon water 
selectivity 

Chemisorption Heavy metals 
compounds s,se 
Te, P, AS, Zn, 
halide Hg, Pb, 
NH3, C2H2, H2S 
Fe:>O~ etc 

chemisorption NH3, S,Se, Te, P 

Selectivity CH4, Hz, Hu 

chemisorption AS 

chemisorption °2,H2O,CO,S,Z,H6 

chemisorption Bi, Se, T e,P, H2D 
chemisorption Vt;04,Bi, 



I 
Where A = reaction concentration 

B = Product or intermediate concentration 

P = Poison or fouling concentration 

m,d = Emprical orders of deactivation with respect to species concentration and activity, 

respectively. 

The precise functionality which of eq will assume depends upon the reaction - deactivation 

network. Several networks suggest themselves depending on the mechanism ranging from 

simultaneous deactivation, consecutive deactivation, parallel deactivation independent 

deactivation to simultaneuos - consecutive deactivation possible depending on feed composition. 

These phenomenological reaction- deactivation functions have the merit of adequately 

describing a number of deactivation - time on stream observations such as exponential, 

hyperbolic, and power law decay, as levenspiel notes. Use of these models to determines rate 

coefficients and orders from laboratory data been precured. 

2.5 DATA ANALYSIS IN TERMS OF VARIOUS MODELS 

From their development and presentation, LHHW method of catalytic rate data analysis 

and correlation gained wide adoption. Despite the caution urged by those responsible for the 

development of these models, numerous ethuasiasts flooded the literature with mechanistic 

assertions derived rom agreement between their rate data and particularly LIDIW models. Well 

aware of the inherent limitation of any kinetic models. Weller initiated a fruitful dialogue by 

pointing out that in sofar as LHHW rate equations cannot reflect a unique mechanistic physio­

chemical reality, for simples methods of rate - data correlation demand attention. Specifically, 

weller suggested that rates of heteregenous catalytic reaction be expressed in terms of a simple 

power law. 

r = KN' BB Py 

In addition to simplicity of form and in many cases, ease of integration clearly rest a non - ideal, 

real - surface promise namely, one characterized by a logarithmic q - versus. 
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Q functionality a basis of the freunalich isotherm 

Q=KAiin 

So if r = Kl Q A Q P, then 

r = KKK K A1!n B 11m P lip 
1 A B P 

Weller supported his thesis by analysing data for a number of reaction systems previously 

corrected in terms of complex LHHW expression. Weller justly focussed attention upon the folly 

of inferring a mechanism from a model and the utility of a simpler model when data do not 

demand excessive elegance. However Boudart asserted in a companion paper, some telling 

advantages are to be found in the proper use ofLHHW rate equations. Primarily, a judiciuosly 

selected LHHW fonn conveys very useful infonnation about the effects of component partial 

pressure and temperature upon reaction rate, as we shall illustrate shortly. This sort of infonnation 

can be conveyed by the organizing equation in spite of the well-known fact that the LHHW model 

and its equivalent the Freundlich - based power law model, the LHHW fonn is to be preferred, 

Boudart notes, because greater understanding and control of reaction conditions are provided by 

this, the more flexible model. Here then the merits of the LHHW from relative to the fraundlich 

functions are established. In the previous section, These merits relative to Brunauer - Love -

Keenam - based rate equations were stated. The demonstrated equivalence of these apparently 

diverse relationship suggest that distinction between ideal and real surfaces, from an applied 

kinetic point of view, are meaningless. 

Furthennore, adsorption coefficient extracted from LHHW rate equations bear little 

relationship to those fund directly in chemisorption equilibrium studies. For example, in 

correlating the temperature dependency of adsorption coefficients in a rate equation of the fonn. 

r= kKIA-
1 +K1A+K2B 

The derived heat of chemisorption is often found to be small about 2 to 10 kcal/mol, 

although in dependent calorimetric studies might suggest values in the range of 10 to 5 kcal/mol, 

depending upon coverage, it is tempting to assert that it steady state reaction occurs at high 

coverage, a low chemisorption heat would be expected on analysis of the rate equation K values. 
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Such an assumption is not necessary when one recalls that while surface occupancy is a function 

of pressure, It is more drastically effected by temperature with increasing temperature, coverage 

decreases, in consequence the chemisorption heat increases, as an approximation Boudart 

postulates. 

q = qo + aT 

Where qo is the chemisorption heat at high coverage (con temperature). Assuming the usual 

adsorption equilibrium coefficient temperature relation and applying we have. 

K = Ko exp~ = Ko e exp !lc 
RT RT 

With the result that for any coverage, a plot of ink versus lIT will reveal a slope equivalent to qo' 

the lowest value of qo corresponding to high coverage. The adsorption heats derived from kinetic 

models, as well as those inferred by pulse-flow techniques are not likely to be of great meaning so 

long as non - ideal surfaces are involved. 

CONCLUSION 

The literature survey highlights the reaction kinetics and the influence of heat effect on the 

modem bi-functional catalyst and since catalyst deactivation of hydrocarbons are principally 

caused by preceding secondary reactions, the chemical natures under consideration in this study 

are desorption, surface chemical reaction and most importantly (referring to the type of poisoning 

on platinum during hydrogenation) chemisorption. 

However, Deactivation - Reaction models have been fruitfully analysed in simple yet 

negotiable terms with the usage of either langmuir - Hinshelwood formation, among others in 

proposing models to determine rate coefficient and orders from laboratory data been procured. 

Inspite of the well known fact that the actual mechanism of these reactions are obscure, data 

analysis in terms of various models is admonished by the like of weller, Boudart, love - keenan6 

with there thesis and freundlich - based power law model. 
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CHAPTER THREE 

3. AYO AND SUSU'S MODEL FOR A CATALYST OF VARIABLE ACTIVITY. 

By considering the mass balance on a small section of catalyst bed, eq. (1) has been 

derived for first order reaction 

dn 
dt 

......................................... (1) 

For a catalyst with variable activity this equation may be modified by adding an activity 

term thus: 

dn 
dt 

......................................... (2) 

In the terminology of Butt et allO this corresponds to separable deactivation on integration, eq. 

(2) becomes 

I J 1 In . =KI adt 
I-Xl 0 

Where 

Kl = Kl kKART 
(Vg + VR) 

Kl is a constant at a given temperature 

"." ...................... (3) 

................................. (4) 

In order to solve eq (3) the following assumption is made: 

The deactivation rate is independent of gas phase concentration and may be described by: 

13 



- da = k aY 
- d 

dt .................................... (5) 

Considering pulse number i eq. (3) becomes 

1 f 1 In( ) =kl a odt 
I-Xl 0 

............................ (6) 

Equ. (6) was then considered for catalyst decay. 

catalyst decay 

Deactivation is assumed to occur as result of reaction of injected pulse so that the activity 

of the catalysts remains constant in between injection. Integration ofEq (5) gives: 

a = [ao(l-Y) - (1 - y) kdt ] 1/(l-y) Y *- 1 

............................ (7) 

............................ (8) 

cases ofy = 1, Y = 2 and y *- 1,2 shall be considered separately. 

Case 1: y = 1. The activity after pulse number (i- 1) is obtained from eq: (7) as: 

Thus, 

~-l = ao exp (- kd (i - l)t) ........................... (9) 

............................. (10) 

Using eq. (10) in eqn. (6) gives: 

In( 1 )=k
2
exp( -(i-I)kj) 

I-Xl 
............... (11) 
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Where 

............................. (12) 

Taking logarithm of both side eq. (13) is obtained: 

Inln( 1 )=Ink2-(i-l)kj 
I-Xl 

................ (13) 

case 2: y *- 1 The activity after pulse number (i - 1) is given by: 

>1._ = (a h - (i - 1) h k t)1,l1 -,.1 Q • d. ............................... (14) 

where 

h = 1 - Y ............................... (15) 

Hence 

.............................. (16) 

Equation (16) is used to evaluate the integral in eq. (6). The solution shall be considered for two 

cases: y = 2 (h = -1) and y *- 1,2 (h = 0,1) 

case 2a: y = 2 (h = - 1) 

......... (17) 

-1 
1 ao +ikJ 

=-In[ +(i-I)kJ] 
k -1 

d ao 

............. (18) 
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Hence eq. (6) becomes 

-1 

In( I ) (k Ik ) ao +ikJ 
= 1 d In[ ] 

I-xi a
n
-

1+(i-I)kj 

..... (19) 

case 2b: y '" 1,2 (h '" 0,1) 

f la dt= -1 [(a h -ihkJ)(1+h)lh_a h -(i-1)hkJ)(1+h)lh] .. (20) 
o 0 (kjl +h) 0 0 . 

and eq. (6) becomes 

I k} 
In[]= [J -J ] 

I-xi kjI +h) (i-I) (i-I) 
................. (21) 

Where 

J = [1 "hk ](l+hYh (i) - I dt ................ (22) 
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TABLE 3.0 

Pulse determination of deactivation rate constant 

value of Deactivation by pulse 
y - da= k Y da 

dt 

y=l InIn r_l_ } = Ink2 - (i - 1) kdt 
ll-xi 

K2=~1 [l-e-h d1
] 

kd 

y=2 Ii ~ 11 ~l } 
In [ ~-l + i kJ 

l-xiJ k2 ao-
1 + (i-l )kdt 

Y "* 1,2 In [~ ] = kl J(i) - J(i-l) 

I-xi kd(1+h) 
Where 

J(i) = I - ihkdt 
h= 1 - Y 
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CHAPTER FOUR 

4. EXPERIMENTAL DATA 

The data for this study were obtained from the work of Aberuagba(2) on n - heptane 

reforming on a decaying ptlAl20 3 catalyst and is tabulated in table below. 

The data were obtained from a pulse microcatalylic reactor under a flow of a carrier gas 

consisting of 60% H2 in N2 at a total pressure of 4.0 kg/cm2• The product of n - heptane reaction 

were cracked products, benzene and toluene. 

TABLE 4.1 Conversion to cracked product, Benzene and Toluene 

Number T = 440° C T = 460° C T =480° C T = 500°C 

1 0.4 1 1 1 

2 0.32 1 1 1 

3 0.28 0.9 - 1 

4 0.2 0.88 - 1 

5 0.17 0.83 1 1 

6 0.15 0.85 - 0.99 

7 0.13 0.72 1 0.98 

8 0.12 0.65 0.94 0.97 

9 0.09 0.6 0.84 0.97 

10 0.08 0.57 0.72 0.72 

11 0.08 0.51 0.76 0.68 

12 0.07 0.48 0.72 0.62 

13 0.08 0.45 - 0.58 

14 0.07 0.44 0.66 0.56 

15 0.06 0.39 0.58 0.49 

16 0.07 0.38 0.57 0.47 

17 0.04 0.35 - 0.42 

18 0.33 - 0.39 

19 0.32 0.52 0.35 
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20 0.3 - 0.26 

21 0.28 0.46 0.23 

22 0.27 0.43 0.21 

23 0.25 0.41 0.12 

24 0.24 0.37 0.03 

25 - -

26 0.22 0.34 

27 0.22 0.36 

28 0.22 0.34 

29 -

30 0.32 

31 0.3 

32 0.28 

33 0.33 

34 -

35 0.27 

36 0.25 

37 0.19 

38 0.11 

39 0.16 

40 -

41 0.13 
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CHAPTER FIVE 

5: MATHEMATICAL METHOD FOR PARAMETER ESTIl\tlATION 

LINEAR REGRESSION 

Fitting the proposed models into s straight (13) by linearizing tentatively assuming that the 

regression line of variable one denoted by Y has the form Po + PI X . Then writing the linear first 

order model Y = Po + PIX + E. However, Po and PI remain fixed and although we can find them 

exactly without examining all possible occurrences of Y and x, therefore using the information 

provided in table 3.1; 3.2; 3.3, 83.4 for second order kinetics and 4.1,4.2,4.3, & 4.4 for third 

order kinetics to give estimates bo and bi of Po and PI Thus we can write 

linearizing equs (19) & (21) we have: 

In( 1 ) = k/kjn [ _~o' +ikJ ] 
1 -Xl a. +( i-I )k t 

Taking In of both of side 

I a -1+ik) 
Inln( J=Ink/klnln[ 0 ] 

I-Xl a;l+(i-I)k; 
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but log (a.b) = log a + log b 

-1 . 
1 k1 a +11 

~ =In-+ 0 .k 
1 . k -1 d 

-Xl d a
o 

+(i-l) 

-1 . 
1 a +11 :.y= ;.x= __ o __ _ 

1 ~ xi a 0-
1 + (i - 1)1 

Similar applying to eqn. (21) for third order 

'nln[ I J =In kl In([l-ihk}l(l+h)/h-[I-(i-l)hk}ll+h)/h 
I-Xl kj.l +h) 

1.=ln kl In([l-ihk}l(l+h)/h-[I-(i-l)hk}ll+h)/h) 
I-Xl kj.l +h) 
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but log (a. b) = log a + log b ; and log JL = -log b 
b 

1 k [1-hkj](l+h)/h 
=> =In 1 +In-------

I-xi kjl +h) 1-(i-l)ht 1+h )/h 

1 kl [1-hkj](l+h)/h (l+h)/h 
----=In +In .Inkd 
I-xi kjl +h) 1-(i-l)h/ 1+h)/h 

1 [1-hkj](l+h)/h 
:.y= ;x=In------

I-xi 1-(i-l)ht 1+h)/h 

Correspondingly 

Where we substitute (bo , b l ) for ( Po, PJ to give normal equation 

....... (1) 

Where all summation are from i = n and the two expression for b l are slightly different forms of 

the same quantity since defining we find the following 

x = (Xl + X2.+ ....... · ................. '" ........... ........ Xn)/n = ~Xj In 

Y = (YI + Y2 + ............................................... Yn)/n = ~Yi In 

The first form in eqn. (*) is normally used when actually computing the value ofb i . The value of 
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bo is given by: 

bo = Y - b l x .............................................. (2) 

Therefore using equations (1) and (2) to obtained the rate parameters by performing the 

calculations on the table 3.1,3.2,3.3. 3.4 and 4.1,4.2,4.3,4.4 second and third order 

respectively. 
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CHAPTER SIX 

ANALYSIS OF RESULT 

Pulse of reactant are injected repeatedly into the reactor system and conversion monitored 

as a function of pulse number. For catalyst decay with first order kinetics the quantity Inln (1/(1 -

xi)) is plotted against (i - 1) as indicated in eq. (13) in model formulation which was done for the 

four group of datas at 4400 C; 4600 C; 4800 C and 5000 C. The slope of the plot gives kdt from 

which kd was extracted and t known to be 5 minute. When y * 1 eqn. (19) and y * 1,2 eqn. (20) 

was solved using parametric estimation (linear regression technique) to obtain kl and kd where h is 

given by eqn. (15) and ao -1 an activity which is initially equal to unity and declines with time is 

assumed to be still unity ( one), by fitting into a straight line by linearizing tentatively assuming 

that the regression line of variable 1 denoted by Y has the form Po + PIX. Then writing the linear 

first order model Y = Po + PI X + E. However, Po and PI remain fixed and although we cannot find 

them exactly without examining all possible occurrence ofY and x, we can use the information 

provided in table 2.1,2.2,2.3, and 3.4 for second order kinetics test And table 3.1; 3.2; 3.3 and 

3.4 for third order kinetics test as well to give us estimates bo and bi of Po and P, Thus we can 

write Y = bo + bi x with 

obtaining the rate constants as follows: 

TABLE 6.1: FOR SECOND ORDER TABLE 6.2: FOR THIRD ORDER 

Tempt 440°C 4600 C 4800 C 500° C Tempt 440° C 460°C 4800 C 5000 e 

kd 0.4665 0.037 -0.541 1.433 kd 1.578 1.5908 -1.275 -3.781 

ki -0.441 0.032 -0.578 3.5313 k I 1.306 -2.384 1.7011 8.8002 
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CHAPTER SEVEN 

7.0 DISCUSSION OF RESULT 

The development of models for catalyst decay been base on power law equation with an 

extension and inclusion of variable catalyst activity reflect the theoretical and experimental study 

for furthering the search for the mechanistic deactivation kinetic equation on pulse kinetic scheme. 

The reasonable assumption made with regards to the deactivation occurring as a result of injected 

pulses so that the activity of the catalyst remain constant in between injection, rein forced the 

model obtained to be sound. And the assumption during analysis (using parametric estimation) of 

the second/third order proposed, that ao -1 (initial catalyst activity is unity (1) coupled together 

makes the model developed to be result oriented. 

Equation (13) was used to analyse the deactivation data of n-heptane reforming and figure 

g:6.1, 6.2, 6.3, 6.4 shows the plots ofInIn e/(l-xi)) against (i-I) as a test for first order. for the n­

heptane reforming using PtlA1 20 3 catalyst at the four temperature investigated. The plots yield 

straight line for the leading pulses, deviation from linearity where in the case of 4400e was 

observed after first 10-16 pulses; 4600e after first 26-29; at 4800e and soooe there were no 

deviation from linearity with the intercepts (k2) increasing with increasing temperature. And the 

Arrhenius plots showing that the deactivation ofn-Heptane was non activated (with activation 

energy of 37.062) in the temperature ranges investigated. However the second and third order 

investigation carried out using parametric estimation (linear regression) the two independent 

parameters Kl and Kd (rate constants) as indicated in table 6.1&6.2 both increment were not 

consistently defined (possibly increasing or decreasing with increasing temperature) contrary to the 

were known knowledge of the temperature effects (severity along the parked catalysed bed) 

contrary to this, we can say that it affirmed the deactivation rates is not second neither third order. 

Therefore linearity of the deactivation plots on the stable catalyst suggest that n-heptane 

reforming was first order on reactant partial pressures, an observation made by a number of 

authority as regards to platinum on Alumina support catalyst. There is sufficient evidence that 
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platinum for metallic clusters on alumina support and these clusters are unstable in the presence of 

oxygen at elevated temperature. Therefore combining the reactor inlet temperature and kinetics of 

the catalyst (first order) and putting into consideration that the commercial system involved a 

partially deactivated catalyst, the reactor modelling could be well improved upon to take care of 

long life span of catalyst in reformers with temperature effects at a specified feedstock composition 

and assigned operating parameters. 

Although higher hydrogen partial pressure decreases the catalyst deactivation rates (but still 

slow) and consequent regeneration frequency, in reforming unit at large for which we are using 

isomerization (n-heptane reforming) to represent or stimulate the operation occurrence, a trade off 

exists between deactivation and hydro cracking rate which among others makes the modelling of 

catalytic reforming complicated. Therefore industrial model development of reforming could find 

the clarification of the order of deactivation useful to predict models of better performance. 

Finally a regeneration data being inclusive for analysis to elaborate more on the time of 

regeneration and consequent deactivation of the oxidised catalyst to see and suggest at what order 

it is being described would have been an information for proper reformer design to ascertain 

completely the operating cost at large. 
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CHAPTER EIGHT 

CONCLUSION 

The model developed or proposed for the determination of deactivation parameters of 

power - lower equation for catalyst decay kinetics during n-Heptane reforming was found not to 

be second neither third order but rather first order in reactant pressure. The deactivation reaction 

was found to be affected with the severity on the stable catalyst which is non activated. 

RECOMMENDA TION 

Taking into consideration the diffusional influences that exist in catalytic reforming, 

returning to the aforementioned studies with mechanical mixtures of the two seperate catalyst 

components and combining the energy balance about each catalyst particle with that for the entire 

flow reactor and adding the kinetics equations including mass transfer influences with the reactor 

modelling can not be successfully enhance for optimum operating condition do to this obscure in 

catalyst kinetic trend. 

This project among others is another step but not enough to confidently model an efficient 

reactor system due to inability to know the regeneration frequency on the reaction system which is 

strongly recommended to be look into as datas are available to project optimum operating reaction 

system. 
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APPEDNDIX 1 

Arrhenius plot Table for first order 

TABLE A 

1 Kd 
T 

2.27 X 10-3 4.174XlO-2 

2.17 X 10-3 3.34 X 10-2 

2.08 X 0-3 1.486 X 10-2 

2.00 X 10-3 2.0 X 10-2 

Computed from the following: At t = 5 min 

Kd *5 = 0.2087 

Kd = 0.2087 = 0.0417 
5 

at 480°C 

Kdt = 0.0743 

Kd *5 = 00.743 

kd 5 = 0.0743 

kd = 0.0743 = 0.01486 
5 

Using Arrhenius equation: 

Taking in of both side 

In Kd = In Ko -EfRT 

Slope = 4.4545 

Therefore: 

-b = - EfR 

32 

K.t *5 = 0.1667 

kd = 0.1667 = 0.334 
5 

kd = 0.1000 = 0.02 
5 



E=R *b 

= 8.31434 * 4.4545 = 37.0362 

l The intercept at each temperature 

f 
i TABLE B: 

k, Temperature 

-l30 440°C 

0.75 460°C 

1.10 480°C 

l.35 500°C 
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APPENDIX 2 

TABLE 21 AT T = 440°C . 
Run 1 Xl Xi Yi Xi Yi X~ l~ 

1 1 0.40 6 2.5 15 36 
2 2 0.32 1.83 1.47 2.69 3.35 
3 3 0.28 1.45 1.39 2.02 2.10 
4 4 0.20 1.31 1.25 1.68 1.72 
5 5 0.17 1.21 1.20 1.45 1.46 
6 6 0.15 1.19 1.18 1.40 1.42 
7 7 0.13 1.16 1.15 1.33 1.35 
8 8 0.12 1.14 1.14 1.30 1.30 
9 9 0.10 1.12 1.11 1.24 1.25 
10 10 0.09 1.11 1.10 1.22 1.23 
11 11 0.08 1.10 1.09 1.20 1.21 
12 12 0.08 1.10 1.09 1.20 1.21 
13 13 0.07 1.10 1.08 1.20 1.21 
14 14 0.08 1.10 1.09 1.20 1.21 
15 15 0.07 1.10 1.08 1.20 1.21 
16 16 0.07 1.10 1.08 1.20 1.21 
17 17 0.06 1.10 1.06 1.20 1.21 
18 18 0.07 1.10 1.08 1.20 1.21 
19 19 0.04 1.10 1.04 1.14 1.21 

= 27.42 = 20.17 = 40.07 = 62.07 
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TABLE 2 2 AT T 460°C -. 
Run 1 Xl Xi Yi Xi Yi X? 

1 1 1.00 6 0 0 36 

2 2 1.00 1.83 0 0.00 3.35 

3 3 0.90 lAS 10 14.50 2.10 

4 4 0.88 1.31 8.33 10.90 1.72 

5 5 0.83 1.21 5.88 7.10 1.46 

6 6 0.85 1.19 6.67 7.90 1A2 
7 7 0.72 1.16 3.57 4.90 1.35 

8 8 0.65 1.14 2.86 3.30 l.30 
9 9 0.60 1.12 2.50 2.80 1.25 
10 10 0.57 1.10 2.33 2.60 1.21 
11 11 0.51 1.10 2.04 2.20 1.21 
12 12 0.48 1.10 1.92 2.10 1.21 
13 13 OA5 1.10 1.81 2.00 1.21 
14 14 OA4 1.10 1.79 2.00 1.21 
15 15 0.39 1.10 1.64 1.80 1.21 
16 16 0.38 1.10 1.61 1.80 1.21 
17 17 0.35 1.10 1.53 1.70 1.21 
18 18 0.33 1.10 1.49 1.60 1.21 
19 19 0.32 1.10 1.47 1.60 1.21 
20 20 0.30 1.10 1.43 1.60 1.21 
21 21 0.28 1.05 1.39 1.50 1.10 
22 22 0.27 1.05 1.37 lAO 1.10 
23 23 0.25 1.05 1.33 1.40 1.10 
24 24 0.24 1.04 1.32 1.40 1.08 
25 25 - - - - -
26 26 0.22 1.04 1.28 1.30 1.08 
27 27 0.22 1.04 1.28 1.30 1.08 
28 28 0.22 1.04 1.28 1.30 1.08 
29 29 0.22 1.04 1.28 1.30 1.08 
30 30 0.22 1.04 1.28 1.30 1.08 

= 33.89 = 70.68 = 83.30 = 73.01 
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TABLE 2 3 AT T - 480°C . 
Run 1 Xl Xi Yi Xi Yi X" r 

1 1 1.00 6 0 0 36 

2 2 1.00 1.83 0 0 3.35 

3 3 - - - - -
4 4 - - - - -
5 5 0.00 1.24 0 0 1.46 

6 6 - - - -

7 7 1.00 1.16 0 0 1.35 

8 8 0.94 1.14 16.70 19.04 1.30 

9 9 0.82 1.12 5.56 6.23 1.25 

10 10 0.72 1.10 3.57 3.93 1.21 

11 11 0.76 1.10 4.17 4.59 1.21 

12 12 0.72 1.10 3.57 3.93 1.21 

13 13 - - - - 1.21 
14 14 0.66 1.10 2.94 3.23 1.21 
15 15 0.58 1.10 2.38 2.62 1.21 
16 16 0.57 1.10 2.33 2.56 1.21 
17 17 - 1.10 - - -
18 18 - 1.10 - - -
19 19 0.52 1.10 2.08 2.29 1.21 
20 20 - 1.10 - - -
21 21 0.46 1.05 1.85 1.94 1.10 
22 22 0.43 1.05 1.75 1.84 1.10 
23 23 0.41 1.05 1.69 1.77 1.10 
24 24 0.37 1.04 1.59 1.08 
25 25 - - - - -
26 26 0.34 1.04 1.52 1.58 1.08 
27 27 0.36 1.04 1.56 1.62 1.08 
28 28 0.34 1.04 1.52 1.58 1.08 
29 29 - - - - -
30 30 0.32 1.03 1.47 1.51 1.06 
31 31 0.30 1.03 1.43 1.47 1.06 
32 32 0.28 1.03 1.39 1.43 1.06 
33 33 0.33 1.03 1.49 1.49 1.06 
34 34 - - - - -
35 35 0.27 1.03 1.37 1.41 1.06 
36 36 0.25 1.03 1.33 1.37 1.06 
37 37 0.26 1.03 1.35 1.39 1.06 
38 38 0.19 1.03 1.23 1.27 1.06 
39 39 0.11 1.03 1.12 1.15 1.06 
40 40 0.16 1.03 1.19 1.23 1.06 
41 41 - 1.03 - - -
42 42 0.13 1.02 1.15 1.17 1.04 

= 38.79 = 69.30 = 73.47 = 72.65 
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TABLE 24 ATT-500oC . 
Run 1 Xl 

1 1 1.00 
2 2 1.00 
3 3 1.00 
4 4 1.00 
5 5 1.00 
6 6 0.99 
7 7 0.98 
8 8 0.97 
9 9 0.97 
10 10 0.90 
11 11 0.87 
12 12 0.78 
13 13 0.72 
14 14 0.68 
15 15 0.62 
16 16 0.58 
17 17 0.56 
18 18 -
19 19 0.49 
20 20 0.47 
21 21 0.42 
22 22 0.39 
23 23 0.35 
24 24 0.26 
25 25 0.23 
26 26 0.21 
27 27 0.12 
28 28 0.03 

Xi Yi Xi Yi Xi2 

6 0 0 36 
1.83 0 0 3.35 
1.45 0 0 2.10 
1.31 0 0 1.72 
1.21 0 0 1.46 
1.19 100.0 119.00 1.42 
1.16 50.0 58.00 1.35 
1.14 33.30 37.96 1.30 
1.12 33.30 37.30 1.25 
1.10 10.00 11.00 1.21 
1.10 7.69 8.46 1.21 
1.10 4.55 5.01 1.21 
1.10 3.57 3.93 1.21 
1.10 3.13 3.44 1.21 
1.10 2.63 2.89 1.21 
1.10 2.38 2.62 1.21 
1.10 2.27 2.50 1.21 
- - - -
1.10 1.96 2.16 1.21 
1.10 1.89 2.08 1.21 
1.05 1.72 1.81 1.10 
1.05 1.67 1.75 1.10 
1.05 1.53 1.61 1.10 
1.04 1.35 1.40 1.08 
1.04 1.30 1.35 1.08 
1.04 1.27 1.32 1.08 
1.04 1.14 1.19 1.08 
1.04 1.03 1.09 1.08 

= 34.83 = 267.48 = 307.85 = X12.=70.9 
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TABLE 31 AT T = 440°C . 
Run 1 Xl Xi Yi Xi Yi XF 

1 1 0.40 l.20 2.5 3 1.44 
2 2 0.32 0.32 1.47 0.47 0.10 
3 3 0.28 0.19 l.39 0.26 0.04 
4 4 0.20 0.13 1.25 0.16 0.02 
5 5 0.17 0.11 1.20 0.13 0.01 
6 6 0.15 0.09 l.18 0.11 0.008 
7 7 0.13 0.08 l.15 0.09 0.006 
8 8 0.12 0.07 1.14 0.08 0.005 
9 9 0.10 0.06 l.11 0.07 0.004 
10 10 0.09 0.05 1.10 0.06 0.003 
11 11 0.08 0.04 1.09 0.05 0.003 
12 12 0.08 0.04 l.09 0.04 0.002 
13 13 0.07 0.04 1.08 0.04 0.002 
14 14 0.08 0.04 l.09 0.04 0.002 
15 15 0.07 0.03 1.08 0.04 0.002 
16 16 0.07 0.03 1.08 0.03 0.009 
17 17 0.06 0.03 l.06 0.03 0.009 
18 18 0.07 0.03 1.08 0.03 0.009 
19 19 0.04 0.03 1.04 0.03 0.009 

= 2.58 = 13.98 = 4.76 = 1.6506 
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TABLE 3 2 = 460°C . 
Run 1 Xl Xi Yi Xi Yi X' I-

I 1 1.00 1.20 0.00 0 1.44 
2 2 1.00 0.32 0.00 0 0.10 

3 3 0.90 0.19 14.50 2.76 0.04 
4 4 0.88 0.13 10.90 1.42 0.02 
5 5 0.83 0.11 7.10 0.78 0.01 
6 6 0.85 0.09 7.90 0.71 0.008 
7 7 0.72 0.08 4.10 0.33 0.006 
8 8 0.65 0.07 3.30 0.23 0.005 
9 9 0.60 0.06 2.80 0.17 0.004 
10 10 0.57 0.05 2.60 0.13 0.003 
11 11 0.51 0.05 2.20 0.11 0.003 
12 12 0.48 0.04 2.10 0.11 0.002 
13 13 0.45 0.04 2.00 0.08 0.002 
14 14 0.44 0.04 2.00 0.08 0.002 
15 15 0.39 0.04 1.80 0.07 0.002 
16 16 0.38 0.03 1.80 0.05 0.0009 
17 17 0.35 0.03 1.70 0.05 0.0009 
18 18 0.33 0.03 1.60 0.05 0.0009 
19 19 0.32 0.03 1.60 0.05 0.0009 
20 20 0.30 0.03 1.60 0.05 0.0009 
21 21 0.28 0.02 1.50 0.03 0.0004 
22 22 0.27 0.02 1.40 0.03 0.0004 
23 23 0.25 0.02 1.40 0.03 0.0004 
24 24 0.24 0.02 1.40 0.03 0.0004 
25 25 - - - - -
26 26 0.22 0.02 1.30 0.03 0.0004 
27 27 0.22 0.02 1.30 0.03 0.0004 
28 28 0.22 0.02 1.30 0.03 0.0004 
29 29 0.22 0.02 1.30 0.03 0.0004 
30 30 0.22 0.02 1.30 0.03 0.0004 

=2.79 =83.80 =7.50 =1.6551 
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TABLE 3 3 - 480°C . 
Run 1 Xl Xi Yi Xi Yi XF 

1 1 1.00 1.20 0.00 0.00 1.44 

2 2 1.00 0.32 0.00 0.00 0.10 

3 3 - - - - -
4 4 - - - - -
5 5 1.00 0.11 0.00 0.00 0.01 
6 6 - - - - -
7 7 l.00 0.08 0.00 0.00 0.006 

8 8 0.94 0.07 16.70 1.17 0.005 
9 9 0.82 0.06 5.56 0.33 0.004 
10 10 0.72 0.05 3.57 0.19 0.003 
11 11 0.76 0.05 4.17 0.21 0.003 
12 12 0.72 0.04 3.57 0.14 0.002 
13 13 - - - - -
14 14 0.66 0.04 2.94 0.12 0.002 
15 15 0.58 0.04 2.38 0.10 0.002 
16 16 0.57 0.03 2.33 0.07 0.0009 
17 17 - - - - -
18 18 - - - - -
19 19 0.52 0.03 2.08 0.06 0.0009 
20 20 - - - - -
21 21 0.46 0.03 1.85 0.06 0.0004 
22 22 0.43 0.03 1.75 0.05 0.0004 
23 23 0.41 0.03 1.69 0.05 0.0004 
24 24 0.37 0.03 1.59 0.05 0.0004 
25 25 - - - - -
26 26 0.34 0.02 1.52 0.03 0.0004 
27 27 0.36 0.02 1.56 0.03 0.0004 
28 28 0.34 0.02 1.52 0.03 0.0004 
29 29 - - - - -
30 30 0.32 0.02 1.47 0.03 0.0004 
31 31 0.30 0.02 1.43 0.03 0.0004 
32 32 0.28 0.02 1.39 0.03 0.0004 
33 33 0.33 0.02 1.49 0.03 0.0004 
34 34 - - - - -
35 35 0.27 0.02 1.37 0.03 0.0004 
36 36 0.25 0.01 1.33 0.01 0.0001 
37 37 0.26 0.01 1.35 0.01 0.0001 
38 38 0.19 0.01 1.23 0.01 0.0001 
39 39 0.11 0.01 1.12 0.01 0.0001 
40 40 0.16 0.01 1.19 0.01 0.0001 
41 41 - - - - -
42 42 0.13 0.01 1.15 0.01 0.0001 

= 2.46 = 69.30 = 2.87 = 1.5852 
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TABLE 3 4 AT - 5000 e . -

Run 1 Xl Xi Yi Xi Yi xF 

1 1 1.00 1.20 0 0 1.44 

2 2 1.00 0.32 0 0 0.10 

3 3 1.00 0.19 0 0 0.04 

4 4 1.00 0.13 0 0 0.02 

5 5 1.00 0.11 0 0 0.01 
6 6 0.99 0.09 100.00 9.00 0.008 
7 7 0.98 0.08 50.00 4.00 0.006 
8 8 0.97 0.07 33.30 2.33 0.005 
9 9 0.97 0.06 33.30 1.20 0.004 
10 10 0.90 0.05 10.00 0.5 0.003 
11 11 0.87 0.05 7.69 0.38 0.003 
12 12 0.78 0.04 4.55 0.18 0.002 
13 13 0.72 0.04 3.57 0.14 0.002 
14 14 0.68 0.04 3.13 0.13 0.002 
15 15 0.62 0.04 2.63 0.11 0.002 
16 16 0.58 0.03 2.38 0.07 0.0009 
17 17 0.56 0.03 2.50 0.07 0.0009 
18 18 - - - - -
19 19 0.49 0.03 1.96 0.006 0.009 
20 20 0.47 0.03 1.89 0.006 0.0004 
21 21 0.42 0.02 1.72 0.003 0.0004 
22 22 0.39 0.02 1.67 0.003 0.0004 
23 23 0.35 0.02 1.53 0.003 0.0004 
24 24 0.26 0.02 1.35 0.003 0.0004 
25 25 0.23 0.02 1.30 0.003 0.0004 
26 26 0.21 0.02 1.27 0.003 0.0004 
27 27 0.12 0.02 1.14 0.002 0.0004 
28 28 0.03 0.02 1.03 0.002 0.0004 

= 2.75 = 267.91 = 18.45 = 1.6543 
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TABLE 3 4 AT 460°C . 
Run 1 Xl X; Y X;Y ~2 

1 1 l.00 3.30 0.00 0.00 10.89 

2 2 l.00 1.12 0.00 0.00 1.25 

3 3 0.90 0.63 14.50 9.14 0.40 

4 4 0.88 0.44 10.90 4.80 0.19 

5 5 0.83 0.34 7.10 2.41 0.12 
6 6 0.85 0.28 7.90 2.21 0.08 
7 7 0.72 0.23 4.10 0.94 0.05 
8 8 0.65 0.20 3.30 0.66 0.04 
9 9 0.60 0.18 2.80 0.50 0.03 
10 10 0.57 0.15 2.60 0.39 0.02 
11 11 0.57 0.14 2.20 0.31 0.02 
12 12 0.48 0.13 2.10 0.27 0.02 
13 13 0.45 0.12 2.00 0.24 0.01 
14 14 0.44 0.11 2.00 0.22 0.01 
IS 15 0.39 0.10 1.80 0.18 0.01 
16 16 0.38 0.09 1.80 0.15 0.008 
17 17 0.35 0.09 1.70 0.15 0.008 
18 18 0.33 0.09 1.60 0.14 0.008 
19 19 0.32 0.08 1.60 0.13 0.006 
20 20 0.30 0.08 1.60 0.13 0.006 
21 21 0.28 0.07 1.50 0.11 0.005 
22 22 0.27 0.07 lAO 0.10 0.005 
23 23 0.25 0.07 1.40 0.10 0.005 
24 24 0.24 0.06 1.40 0.09 0.004 
25 25 - - - - -
26 26 0.22 0.06 1.30 0.08 0.004 
27 27 0.22 0.06 1.30 0.08 0.004 
28 28 0.22 0.05 1.30 0.07 0.003 
29 29 0.22 0.05 1.30 0.07 0.0009 
30 30 0.22 0.05 1.30 0.04 13.2099 

= 8.38 = 83.8 = 23.71 = 13.2099 
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TABLE 31 AT 440°C . 
Run 1 XI X, Y X, Yi X? 

1 1 0.40 3.30 2.5 8.25 10.89 
2 2 0.32 1.12 1.47 1.65 1.25 
3 3 0.28 0.63 1.39 0.38 0.40 
4 4 0.20 0.44 1.25 0.55 0.19 
5 5 0.17 0.34 1.20 0.41 0.12 
6 6 0.15 0.28 1.18 0.33 0.08 
7 7 0.13 0.23 1.15 0.26 0.05 
8 8 0.12 0.20 1.14 0.23 0.04 
9 9 0.10 0.18 1.11 0.20 0.03 
10 10 0.09 0.15 1.10 0.17 0.02 
11 11 0.08 0.12 1.09 0.15 0.02 
12 12 0.08 0.13 1.09 0.14 0.02 
13 13 0.07 0.12 1.08 0.13 0.01 
14 14 0.08 0.11 1.09 0.12 0.01 
15 15 0.07 0.10 1.08 0.11 0.01 
16 16 0.07 0.09 1.08 0.10 0.008 
17 17 0.06 0.09 1.06 0.10 0.008 
18 18 0.07 0.09 1.08 0.10 0.008 
19 19 0.04 0.08 1.04 0.10 0.006 

= 7.722 = 23.18 = 13.98 = 13.17 
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NOMENCLATURE 

a-I
O 

= Initial activity of catalyst 

al = activity of catalyst after pulse number i 

ao = activity of catalyst during pulse number i (function of time) 

h = constant 

= pulse number 

k = surface reaction rate constant 

Kd = deactivation rate constant 

KI = reactivation rate constant 

KA = Void volume per unit weight of catalyst 

X; = fractional conversion of reactant pulse number i 

y = constant 

t = pulse residence time 

LHHW = Langmuir,- Hinshelwood-Hougen-Watson. 
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