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Abstract 
The effectiveness of binary mixtures of phosphorus and sulfur compounds as coke 
inhibitors for naphtha pyrolysis has been studied. As both phosphorus and sulfur 
compounds proved to be promising coke inhibitors, runs were made with mixtures of 
these compounds. The coke deposited was significantly lower when phosphor was used 
together with sulfur. Also, the effect of the addition of Na2CO3 and K2CO3 in the 
naphtha feed was investigated. It was found that the addition of Na2CO3 and K2CO3 

reduced the coke formation. Scanning electron microscope (SEM) was used for the 
microstructure of deposited coke and energy dispersive X-Ray spectroscopy (EDAX) for 
the surface elemental composition of coke formed on the surface of stainless steel 
coupons. It was found that in the presence of inhibitors, deposited coke has a porous 
structure and so small amounts of  Ni , Cr , and Fe elements.  
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Introduction 
Pyrolysis of naphtha and other hydrocarbons, 
which is of primary importance in the 
manufacture of light olefins, is always 
accompanied by formation of coke, which 
results in the fouling of the reactor and the 
transfer line heat exchanger. During the last 
few years, investigations have been made on 
coke formation during the pyrolysis of 
various hydrocarbons such as ethane, 
propane,  n-hexane,  n-octane  and naphtha 
[1-7]. These studies have shown that coke 
deposition depends on several factors, such 

as, the aromatic and sulfur content of the 
feedstock, hydrocarbon partial pressure, 
temperature, conversion and the material 
used in the construction of the reactor.  
The coke deposits of a few millimeters to 
centimeters in thickness lead to poor heat 
transfer. In order to retain the same process 
temperature and hence the same conversion, 
plant operators have to raise the skin 
temperature continuously, which often leads 
to more rapid coke formation. The coke 
build-up also increase the pressure drop, 
which results in lower ethylene yield. With 
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time, this accumulation of coke forces the 
operator to shut down the unit either on the 
skin temperature or on the pressure drop. The 
furnace is, therefore, taken offline for coke 
removal (decoking). Decoking is carried out 
by using a mixture of steam and air to burn 
out the coke. This process is very undesirable 
to the plant owner because of the following 
reasons: frequent decoking means lost 
ethylene production, high operating and 
maintenance costs and shortened life of the 
coil because of the constant thermal cycling. 
There is, therefore, an incentive for the 
operator to try to reduce coke formation or 
deposition to the minimum level [8].  
Coke formation is mainly due to two 
mechanisms, catalytic coking and asymptotic 
coking. In the catalytic coking, base metal 
constituents (mainly Fe and Ni) catalyze the 
dehydrogenation of hydrocarbons at elevated 
temperatures. This dehydrogenation of 
hydrocarbons yields a product rich in carbon. 
This product deposits on the inner tube skin 
surface and finally degrades to filamentous 
deposits of coke. Catalytic coking rates are 
roughly proportional to the bare base metal 
area. As the metal area is covered 
progressively, the second mechanism takes 
over. The asymptotic coking is  mainly due 
to gas-phase coking reactions [9]. The 
development of coke inhibitors has paralleled 
the various coke formation mechanisms 
described above. The techniques commonly 
used today to reduce coke formation include 
the pretreatment of feedstocks, a change in 
the materials used in the construction of the 
reactor, alteration of the surface chemistry of 
the reactor, or the addition of coke inhibitors 
to the feedstock [10-11]. The development 
and use of additives appears to be the most 
effective and practical method. Coke 
inhibitors reported in the literature include 
salts of alkali metals or alkali-earth metals at 
parts per million (ppm) quantities, which are 
believed to promote coke gasification by 
steam [10]. There are some reports in 
literature for inhibiting the effect of sulfur 
and phosphor compounds. Phosphorus-

containing additives have been shown to be 
effective in inhibiting coking rates. The 
additive provided filming to passivate the 
metal surface to prevent it from catalyzing 
the coke formation. The increase in run 
length varied from 50% to 22.3%. Moreover, 
the steam-air decoking time decreased by 5-
10% and cleaning exchangers was easier 
because of softer coke. In the above-
mentioned studies on inhibition of coke 
formation using phosphorus additives, no 
information on the quantitative rates of coke 
formation has been revealed. Furthermore, 
very little information is available on the 
combined effect of phosphorus  and  sulfur  
on  coking  rates [12-17]. 
In this paper, we report the effectiveness of 
binary mixtures of phosphorus and sulfur 
compounds, Na2CO3 and K2CO3, as coke 
inhibitors on coking rate in the pyrolysis of 
naphtha.  

Experimental study of coke formation  

Experimental setup 
The setup used for the experiments of 
naphtha thermal cracking is a computer 
controlled bench scale system, which is 
shown schematically in Fig. 1. 
The system is noted for its simple structure, 
easy alteration of operation parameters, small 
volumes of feedstock used for pyrolysis, high 
accuracy of coke formation measurement and 
short operating cycle. It is particularly 
suitable for identifying the coking rate and 
coke inhibitors over a wide range of 
conditions. 
The feed consists of naphtha and distillated 
water for preparing dilute steam, which 
enters preheaters from individual containers 
using two regulated syringe pumps. 
Preheaters made of copper coils are heated 
electrically. The temperature of preheaters 
controlled by an electronic control system is 
in the range of 300-400°C. At this 
temperature range, both naphtha and water 
are in vapor form. They were mixed together 
completely and sent to the reactor. The 
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this case, the thermal conductivity resistance 
is reduced, while the operating time for the 
reactor is increased. On the other hand, the 

decoking process is easier for fine coke, and 
in this case, decoking time period, the 
required air and steam also reduces.                    

Figure 5. Effect of TPPO on to coke deposition in the presence constant DMDS concentration (100 ppm)                       

Figure 6. Effect of temperature on the rate of coke formation in the presence of TPPO   
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(a) (b)                 

(c) (d)                 

(e) (f)   

Figure 7. photomicrographs of coke deposited during pyrolysis of naphtha without inhibitor (a) and with Na2CO3 

(b), K2CO3 (c),DMDS (d), TPPO (e) and (f) TPPO+DMDS as inhibitor 
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