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The dacokwbehaviour of deactivated ZSM-5 zeolite catalysts 

for sthylation of benzene has been studfed by using T&VF_G. The 
kinetic parameters of the decoking rea&Aon were obtained by B&id’s 

method from TG data. Also the order of the regeneration capaciiry of 

catalysts according to the activation snergy of decokiag was given, 

It was shown that the regeneration of cstalysts in air was easier 

than in O2 , 

I NTRODUCTIOR 

In order to prevent polymerization, cracking, coking and other 

side reactions in the ethylation of benzene, ZSM-5 type zeolite Ca- 

talysts have been modified by Zn, Mg and P + !4g SO as to adjust 

the pore structure of the zeolltes and their acidity, and enhance 

the foraatioa of ethylbenzene. The results show that the coking of 

the modifiad zeolite catalysts was improved in the process of m&c- 

tion, but the coking still remained onS of the important caussS 

which i.nflu%no%d the stability of the catalysts. Therefore, it ie 
necessary to inveetigate the regensrating properties to ensurs ths 

industrial utilization of these catalysts. 

Usually, regeneration of theee Catalyst8 was conducted in Small 

size fixed or fluidized bed reactor, And in recent years* regene- 

ration of these catalysts was reported to be studied by TA. This 

method is easier and faster than the conventional methods, and 
kinetic paramaters of decoking can also be obtained. 

In this paper, the thermal behaviaur of modified catalysts and 
the influence of the gas environment on decoking have been inves- 
tigated by TO-DTG. Meanwhile, kinetic parameters of decoking by 
the Braid method and order of regenerating capacity of the csta- 

lysts according to activation energy of decoking have been obtai- 

ned. These Value8 are necessary for tha design of regeneration 

reactors. 



J[nstrument 

~$11 experiments were 

an&ysis equipment. 

Ex$serimenta1 cond%tl.ons 

33: Detection Range, 

atmosphere, a&r, 

DTG; E)etectzon Rangit 

Procedure 

Deactivated zeolite cat&y& MS put in a smafl, ha&&& made of 

quarts and suspended at thka oenter of the reaction tub@, and then 

balanced with weighta, Then air or: oxygen was introduced, The deco- 

king wa6 performed in a temperature-programmed mode* Il?hs tem2erature 

aad the amount of d&king W&W recorded. 
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Table 1. The results of measurement by TG-M!G in air 

Sample TG DTG 

weight Temp. AlOUAt Of Peak Maximum 
Zeolites 

(lag) range coke removed temp. decoking rate 

(C) (Ilg) (C) mg/min 

ZSM- 5-R 13.56 349-590 0.72 5.3 491 0.073 
ZSM-5-Zn 15.11 3 19-604 1.08 7.1 497 0.09s 

ZSM-5-Mg 15.22 445-600 0.22 1.4 512 0.036 

ZSM-5-P,Mg 16.41 385-622 0.3% 2.3 538 0,023 

Table 2. The results of measurement by TG-DTG in 02 

Saapl 8 TG DTG 

weight Temp. Amount Of Peak Maximum 
Zeolites 

(rg) range coke removed temp. decoking rate 

(“C) (mg) 0.x mg/min 

ZSM-5-a 17.29 335-572 0.82 4.7 465 0.092 

ZSH-5-Zn 13.76 320-570 0.98 6.7 470 0,102 

ZSM-5.Mg 17.64 386-610 0.27 1.5 466 0.044 

ZSM-5-P,Mg 17.50 382-570 0.38 2.2 492 0.076 

One can see that there are two peaks in the DTG curve and a 

corresponding weight-loss step in the TO curve. The peak in the 

temperature range of 3O-2OO8c can be attributed to water-desorption. 

The peak in the range 382-570 *C is obviously the Oxidation peak of 

coke deposits iA catalyst. i.e. the decoking reactioa 

c + o2 - GG2I 
If the initial decokiag temperature is taken a8 a measure of ease 

of decoking, then the fOllOWiAg sequence can be obtained! 

ZA-ZSM-5>H-ZSM-5 7P,Mg-ZSE4-5l>~g-ZS-5 

The sequence was the same as in O2 atmosphere. 

Again, when we take the maximum decoking rate as a measure of 
decoking, we also get the above sequence in O2 atmosphere, but coke 

deposit in Mg-ZSM-5 was more easily removed than that in P,Mg-ZSM-5. 

We can see fromTables 1 and 2that initial decoking temperature8 of 

all Catalysts in O2 were 1OWer than that in air except Zn-ZSM-5. 

Their decoking rate in O2 WaB faster than that In air. This 
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can be explained by regeneration of deactivated catalysts being 

easier iA 02 than in air . 

2. CalCUlatiOA of the decoking kinetic parameters for deacti- 

vated catalysts 

The Broid method is employed to calculate the kinetic parame- 

ters from the TG curve8 of the decoking reaction. The linearized 

equation of this method is as followe 

LntA+ _+.++ constant AZ1 

LA(& i-cr"_A)] = -+++ COAStAAt A%1 

Where a Stands for cyclohexane fraction, I) for reaction order, E 

for reaction activation energy, R for gas COAStaAt and T for tem- 

perature. 

Reaction order CBA be obtainedby tryingif the plots of LnLn or 

LA(&l-(Xl-*)) VS.+ were a straight line, aAd the aCtiVatiOA 

energy was calculated from the slope of the .straight lines. Then 

the prefactors were obtained from 

LA[&+-c+n)] = 0 . 

+value When LALn-$ or 

In order to confirm that the treatmeat of the TG data obtained 
in our equipment by the Broid method is justified, ,w% first us% 

thia method to treat TG data of the decomposition of calcium 

carbonate, as the kinetics parameters are known from the literature. 

is 

is 

iA 

The TG curve of the decomposition of calcium carbonate in air 

shown in fig.2. Procedure of determination of reaction order 

illustrated by a plot of the LALA-& or LA[&~-U~"~)] 

fi6.3. 

temp.W 

Mg.2. TG curve of decompo- ig.3. Relationship between 

sition Of CaC03 Ln[&l-o: 1-A)] and l/T 
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It can be seen that the plot of LnLn& or L11[&$1-~'-~)) vs- i 

is a straight line when D. is equal to 0.5. 

The results of all kinetics parameters were compared with those 

from the literature as shown in Table 3. 

Table 3. Comparison Ofkinetics of the decomposition of CaCOji 

Author Method P 
(kca3mol) 

A_i 
88C 

K&.Caldwell Kreemall- Carroll 0.47 52 5.108 

Coats-Redfern 0.5 51 3 *lo8 

Achar Brindle-Sharp 0.5 54 to8 

Isothermal 0.5 48 108 

This work Braid 0.5 50.54 3.5.108 

From the comparison in Table 3 w8 can see that the values of the 

kinetics parameters by treating the TO carve for decomposition of 

calcium carbonate with the use of the Broid method are consistent 

with those from literature. 

Accordingly, the same procedure was ussd to treat the TQ curves 

of the decoking reaction of the deadtivated catalysts and the re- 

sults are shown in Tab188 4 and 5. 

Table 4.Kinetics parameters Of decoking reaction in air 

E A 
Zeolite n 

(Kcal/mol) Set" 

ZSM-5-H 1 18.52 5.3*103 

ZSM-5-Zli 1 19.33 6,55*103 

ZSM-5-Mg 2 47.33 8,4Y*lO" 

zsu-5_P,#g 1.5 43.06 2.07*10'0 

These results show that the activation energy of the decoking 

reaction in air is not the same for catalysts modified with diffe- 

rent elements. The Zn-2634-5 and K-ZSU-5 catalysts have nearly the 

Same activation energies. &I-%%-5 and R&-ZSM-5 Catalyst6 always 

have activation energieo higher than thoso of the K-ZSM-5. If the 

activation energies of the decoking rext.icn a& taken as a measure of 



396 

Table 5. Kinetic parameters of decoking reaction in 02 
_--. _ _1 

E A 

Zeolite n (Kcal/mol) See-' 

ZSH-5-H 1 24.57 6.29.IO5 

ZSM-5-m 1 24.62 7.47-105 

ZSN-5-Ng 2 50.09 3.77*10'3 

ZSM-%P,Mg 1.5 46.42 1.79*10" 

regeneration capacity of c%t%iysts,then the following sequence can 

be obtained II-ZSH-57Zn-ZSM-5~P,Mg-ZS~-57~&-ZS~-5 l 

The sequence was the same as in 02 and also according to their 

acidity but is different from that according to initial decoking 

temperatures or maximum decoking rates. Thissuggeststhat the dec+ 

king ease was related to the acidity of catalysts. i.e. strong aci- 

dity on strong acid sites for H-ZSM-5 catalysts result8 in formati- 

On of PolYaromatiC Compound8 which are called hydrocarbon coke and 
can be easily removed, For modified catalysts the acidity on 

strong acid sites w&8 weakened by modification and rssuLto in for- 

mation of graphitic or higher graphitic coke which w%s diffi- 
cultly to remove. 

In addition, pore size of the ZSM-5 zeolite also has %n influence 

on decoking reaction. The results of adsorption indicate that 
the degree of adsorption tir H-ZSU-5 was 6% of the catalyst. While 
for modified ZSM-5 it decreesed to so818 extent. The minimu,,, 

adsorption was 3.4s. This shows that the pure size of ZSM-5 

contracted due to modification %no It would Influence the decoking 

reaction. 
The results also show that the activation energy of the decoking 

reaction in air Wa8 3-6 kcal/mol lower than In V2 . This may be re- 

lated to the effect of cage of the zeolites. i.e. the diffusion of 

the dioxide formed by cOmbU8tiOn of the coke from cage in air is 

easier than in d, and enhance8 decoking reaction. 

REFERENCES 

1. Trimm D. L. Catal. Rew. Sci Eng. 16 (2) 155 (1977) l 

2. Bernard0 C. A and Trimm D. L. Carbon 17, 115 (1979) . 
3. Loho et al Proe. of the 5th Inst. Cong on Cat&l. t 1125 

(1978) . 


