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Abstract 

The purpose of this article is to study the composition of feedstock and products of the process of 

production of linear alkylbenzene sulfonic acid as a main component of synthetic detergents. Light 

aromatic compounds, contained in sulfonation feedstock, form a highly viscous  component as a 
result of dealkylation and polymerization reactions. This component is able to accumulate in the 

sulfonation reactor reducing efficiency and uniformity of the process and the duration of period 

between reactor washings. 
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1. Introduction  

Akylbenzene sulfonic acid (ASA) is chemical with saturated hydrocarbon chain of 10-13 
carbon atoms linked to one of sulfonic acid groups. These substances are common anions used 
in detergents production. ABSA is obtained by folowing steps [1-3]: 
1) dehydrogenation of alkanes on Pt-catalyst with olefins obtaining;  
2) hydrogenation of by—product (dienes); 
3) alkylation of benzene with obtaining of linear alkylbenzenes (LAB) using HF as catalyst; 

4) sulfonation of LAB with obtaining of ASA. 
Given the impact of large number of different factors to work of coupled devices of techno-

logical scheme, study and optimization of these processes is of great complexity. 
Aromatic compounds of unknown nature contained in feedstock make it difficult to simulate 

and optimize the sulfonation process. During sulfonation these compounds lead to the for-

mation of highly viscous component, which is critical for the process in a thin film of organic 
phase. The uniformity of its distribution in the reactor is disturbed, the diffusion of SO3 mole-
cules in organic phase is hampered, the product color deteriorates, content of active compo-
nent is reduced [4-5]. 

The purpose of this work is to prove aromatics content in LAB and composition of active 

matter based on laboratory analyses of the selected samples, and analysis of trends of sul-
fonation parameters during the period between reactor washings using mathematical model.  

2. Experimental 

2.1. Proving the aromatics content in LAB and composition of active matter based 
on laboratory analyses of the selected samples 

The most probable composition of aromatics coming with strippant С11Н16, С12Н18, С13Н28, 
isomers С11Н16, С12Н18, С13Н28, probably 2-methylnaphthalene, 1- methylnaphthalene). Anal-
ysis of the content of organic compounds in feedstock of dehydrogenation reactor was carried 

out on the magnetic mass spectrometer Thermo ScientificTM DFS (Germany) (Tab. 1). 
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Table 1. Results of hydrocarbon group analysis of the feedstock for dehydrogenation process, wax frac-
tion С10–С13 (mixing unit) 

Compound 
Content, % wt. 

06.06.2014 18.11.2014  24.06.2015  11.06.2015  

Alkanes 
С10Н22 13.131 15.885 11.583 10.647 

С11Н24 22.083 23.768 27.370 25.051 

С12Н26 30.135 27.951 25.791 33.179 

С13Н28 29.105 24.116 31.265 29.120 

С14Н30 0.644 0.635 0.637 0.456 
n-alkylbenzenes 

С11Н16 0.039 0.077 – – 

С12Н18 0.019 0.170 – – 

С13Н28 0.044 0.189 – – 
С16Н26 0.009 0.035 – – 

С17Н28 0.031 0.036 – – 

С18Н30 0.020 0.015 – – 

С19Н32 0,012 0,009 – – 

Metylalkylbenzenes (branched alkylbenzenes) 
Ʃ isomers С11Н16 abs. 0.344 0.004 0.001 
Ʃ isomers С12Н18 0.028 0.678 0.001 trace 
Ʃ isomers С13Н20 0.014 0.857 0.001 trace 
Ʃ isomers С16Н26 0.032 0.087 – – 

Ʃ isomers С17Н28 0.098 0.088 – – 
Ʃ isomers С18Н30 0.090 0.104 – – 

Ʃ isomers С19Н32 0.086 0.077 – – 
Ʃ isomers С20H34 0.047 0.038 – – 
Ʃ isomers С21H36 0.023 0.021 – – 

Other hydrocarbons 
2-methylnaphthalene 0.036 0.189 – – 

1- methylnaphthalene 0.027 0.071 – – 
Ʃ isomers of dimethylnaph-

thalene 
0.009 0.229 

– – 

Unidentified compounds (prob-

ably isoparaffines) 
4.238 4.331 3.348 1.546 

 

 

   and    

n-alkylbenzenes, where R is the n-alkylben-
zene radical (С5–С13) 

linear and branched radical, more detailed 
composition is impossible to determine due 
to the low content of compounds in the sample 

The most probable composition of aromatics coming with strippant С11Н16, С12Н18, С13Н28, 
isomers С11Н16, С12Н18, С13Н28, probably 2-methylnaphthalene, 1- methylnaphthalene). 

Unidentified compounds mostly consist of saturated hydrocarbons, individual composition 
is impossible to determine due to the low content of compounds in the sample (probably 
isoparaffines). 

Obviously, feedstock of the dehydrogenation process includes wide variety of aromatic 
compounds that entered the inlet of the dehydrogenation reactor, both from the stage of 
adsorptive extraction of paraffins at Parex unit (with strippant: С11Н16, С12Н18, С13Н28, isomers 

С11Н16, С12Н18, С13Н28, probably 2-methylnaphthalene, 1- methylnaphthalene), and with recy-
cle of unreacted paraffins after alkylation  (LAB circulation).  

In addition, a large number of different isomers prevail in the sample of feedstock for 
18.11.2014 – 2,294% compared with the sample for 06.06.2014 (0,418 %). It is also worth 

R

R

R

26



Petroleum and Coal 

                        Pet Coal (2019); 61(1): 25-31 
ISSN 1337-7027 an open access journal 

emphasizing that both samples contain a significant number of unidentified compounds prob-
ably isoparaffines (4,238% – 06.06. and 4,331%–14.11), the sample of 2015 contain less of 
them. There are no isomers of С11Н16 in dehydrogenation feedstock for 06.06, while for 18.11. 
their concentrations is 0,344 %. In samples for 2015 traces of these isomers were found. 

According to the experimental studies of samples of feedstock for 2015 using the method 

of chromatography-mass spectrometry traces of linear and branched alkylbenzenes were 
found in new samples, despite of the results for 06.06.2014 and 18.11.2014. Probably previ-
ous samples were contaminated. Or inefficient operation of Parex unit in 2014 led to difference 
in feedstock composition in 2014 and 2015. 

Analysis of Parex strippant composition in June 2014. showed high aromatic content (average 

concentration in strippant is 1 % wt., average concentration in dehydrogenation  feedstock in 
fraction С10–С12, is 0,67 % wt. and average concentration in fraction С13 is 0,72 % wt.). Ac-
cording to the results of IR spectroscopy there are 5,25% unidentified compounds contained 
in LAB, probably short chain aromatics. 

LAB samples were analyzed using gas chromatography – mass spectrometry (GC-MS), Tab. 2. 

Table 2. Results of hydrocarbon group analysis of LAB 

Compound 

Content, % wt. 

06.06.2014 18.11.2014 
LAB Е-602 

11.06.2015 

FC-212 

24.06.2015 

Methylalkylbenzenes (linear alkylbenzenes) 
С16Н26 2.155 2.323 2.729 2.704 

С17Н28 3.997 4.159 4.191 4.205 

С18Н30 3.959 4.165 4.326 4.429 
С19Н32 2.681 3.129 3.339 3.472 

Ʃ AB isomers С16 8.118 7.764 8.889 8.495 
Ʃ AB isomers С17 24.363 22.351 18.632 19.008 

Ʃ AB isomers С18 28.858 28.859 26.251 25.535 

Ʃ AB isomers С19 23.156 24.051 22.725 22.818 
Unidentified compounds (prob-

ably tetraline and indane hom-

ologues, polyalkylaromatics) 

2.713 3.199 8.918 9.334 

Metylalkylbenzenes are compounds of this structure: 

 
  

where R is the n-alkyl radi-
cal (С9-С12), or compounds 

of such type; 

where R is the n-alkyl 
radical (С8-С11) 

where R is isomer of alkyl radicals 
(С8-С11), radical isomerism is impos-

sible to establish without appro-
priate standards. 

Ʃ isomers of alkylbensenes are mostly possible isomers of such structure  

Accessory substances in LAB (tetraline and indane homologes, polyalkylaromatics), are 
most probable included in «Unidentified compounds» due to the complexity of their identifi-
cation. Experimental studies of active matter of ASA were carried out using GC-MS, and 
showed its composition mostly contains unconverted alkylbenzenes C13H27 and C12H25, their 

concentration is maximum. 
The results of study were used in development of the unsteady mathematical model of 

sulfonation process which has prediction and optimization functions [6-11]. 
  

R

R R
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3. Results and discussion 

3.1. Analysis of LAB and active matter composition 

Thus, despite the presence of aromatic hydrocarbons was detected in ASA samples (aro-
matic ring in target and by-product), the target product ((С9-С14)-С6Н4-SO3H), by-products: 
pyrosulfonic acid ((С9-С14)-С6Н4-SO2-O-SO3H) and sulfones (((С9-С14)- С6Н4- SO2- С6Н4-(С9-

С14)), active matter mostly consists of unreacted LAB (PhC12H25 and PhC13H27). Presence of 
sulfo compound is not confirmed. 

Previously completed researches showed that during operation of the sulfonation film re-
actor highly viscous component forms and accumulates. Highly visc ous component contains 
of tetralins and sulfones. Tetralines are formed both at the stage of  sulfonation as s result of 

interaction of LAB and ASA, and at the previous stages of dehydrogenezation and alkylation. 
This leads to a regular increase in the viscosity of the organic liquid film and as a result to the 
difficulties of diffusion SO3 to the reagents and disturbing the uniformity of the sulfonation 
process. Therefore, the efficiency of the sulfonation process depends not only on ASA viscosity 
(the ammount of accumulated highly viscous conponent), but also on a current aromatic con-
tent in feedstock (LAB), and operational parameters at previous stages. Thus, the decrease in 

molar ratio at the dehydrogenezation stage leads to decrease in degree of dehydrogenezation 
of diolefin by-products, increasing the amount of aromatic structure in the sulfonation reactor 
feedstock. 

Indirect parameter which shows the amount of accumulated highly viscous component is 
pressure of ASA recycle. By the end of the period between reactor washings it increases dra-

matically, this signals that concentration of viscous component reaches a critical value and 
indicates the necessity of reactor washings. 

The mathematical model of the sulfonation process considers dynamics of highly viscous 
component accumulation and allows predicting changes of the main indicators of product qual-
ity during the period between reactor washings and also its duration. It also allows making 

recommendations on increasing in duration of the period between reactor washings while 
maintaining the required product quality as well as recommendations on optimal sulfur supply 
to the sulfonation reactor depending on the amount of the current concentration of highly 
viscous component. The more aromatics contains in the feedstock of the sulfonation reactor 
the more viscous component is formed, the contents of tetralines in LAB and the contents of 

tetralines and sulfones in ASA grows. When ASA is recycled viscous component is at the en-
trance of the switchgear, at the same time permeability of the flow is disturbed and the pres-
sure increases. Trends of considered parameters correlate with each other. With maximum 
aromatic content in LAB – 8.35 % wt. there is maximum pressure of ASA recycle - 225 kPa 
(for 11.06.2016). This confirms a link between the pressure of ASA recycle as an indicator of 

necessity of the reactor washings with accumulation of highly viscous component formed from 
aromatics. The deposition of viscous component occurs not only on the film inside the reactor 
but also at the entrance to the reactor. This is confirmed by correlation between the pressure 
of ASA recycle and its color which is indirect parameter of viscosity. 

As calculations showed at the dehydrogenation stage the aromatic dealkylation reaction is 
more likely to form paraffines. The aromatic dealkylation reaction to olefins is reversible. De-

hydragenation of short-chain olefins to diolefins are less thermodynamically probable. Hydro-
genation of light aromatics is less thermodynamically probable to dienes, probable to cycloal-
kanes, and also thermodynamically probable hydrogenation of naphthalene derivatives to bi-
cyclic aromatic compounds (Tab. 2). 

As a result of the reactions by-products (short-chain olefins) and aromatic compounds are 

formed, which: 
1) At the alkylation stage form heavy alkylation products (tetraline and indane homologues, 

polyalkylaromatics, etc.); 
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2) At the sulfonation stage light aromatics less intensively enters the reactions of sulfonation, 
than LAB with the С10+ side chain, but more confirmed to dealkylation with the formation 
of short-chain olefins capable of further polymerization. 
The results of calculation of the thermodynamic parameters of possible reactions at the 

stage of sulfonation show: 

1) light aromatics reacting with SO3 is less thermodynamically probable and close to equilib-
rium. Therefore a longer contact time is required for the sulfonation of light aromatics than 
of LAB with the С10+ side chain.  

2) light aromatics dealkylation reactions are more thermodynamically probable, than LAB 
dealkylation reactions. The result of such reaction is formation of low molecular weight 

olefins with high reactivity in polymerization process with the formation of a polymeric 
compound film that deteriorates the quality of ASA.  

3.2. Trends of sulfonation parameters during the period between reactor washings 

Besides the main controlled parameters of the sulfonation process the mathematical model 
allows to calculate dynamics of accumulation of highly viscous component during the period 
between reactor washings (Fig. 1). 

 

Figure 1. Dynamics of accumulation of highly viscous component during the period between reactor 

washings 

The figure shows that during the period between reactor washings highly viscous compo-
nent accumulates, which shows the deactivation of reaction medium. This additionally con-
firmed by trend of calculated sulfonation parameters during the period between reactor wash-

ings (Fig. 2). 

 

Figure 2. Trend of calculated sulfonation para-meters during the period between reactor washings 
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The decrease in share of ASA and H2SO4 associated with a decrease in reaction rate due to 
the deactivation of reaction medium with highly viscous component accumulation. Therefore, 
the reaction is not completed, and unreacted LAB transferred to the active matter. The con-
version of SO3 is reduced by reducing amount of SO3 involved in target reaction.  

The represented dependences fully correlate with experimental data. The effect of aromatic 

content on duration of period between reactor washings is represented in Tab. 3. 

Table 3. The effect of aromatic content on duration of period between reactor washings  

Date 
Aromatic content in LAB,% 

wt. 
Period between reac-
tor washings, days 

Real sulfur supply 
for combustion, 

kg/h 

05.01.2017 

4.0 14 

376.04 

4.2 14 

4.4 13 

4.6 13 

5.8 12 

5.0 12 

5.2 11 

5.4 10 

5.6 10 

5.8 9 

6.0 9 

Amount of days before washing depends on aromatic content in LAB. The more aromatics 

contained in LAB, the less period between reactor washings as viscous components are accu-
mulated. 

4. Conclusions 

It was shown that during operation of the sulfonation reactor highly viscous component 
accumulates, which contains of tetralins and sulfones. Tetralines are formed both at the stage 

of sulfonation as result of interaction of LAB and ASA, and at the previous stages of dehydro-
genezation and alkylation. This leads to a regular increase in the viscosity of the organic liquid 
film and as a result to the difficulties of diffusion SO3 to the reagents and disturbing the uni-
formity of the sulfonation process. Therefore, the efficiency of the sulfonation process depends 
not only on ASA viscosity (the ammount of accumulated highly viscous conponent), but also 

on a current aromatic content in feedstock (LAB), and operational para-meters at previous 
stages. Thus, the decrease in molar ratio at the dehydrogenezation stage leads to decrease in 
degree of dehydrogenezation of diolefin by-products, increasing the amount of aromatic struc-
ture in the sulfonation reactor feedstock. 

Indirect parameter which shows the amount of accumulated highly viscous component is 
pressure of ASA recycle. By the end of the period between reactor washings it increases dra-

matically, this signals that concentration of viscous component reaches a critical value and 
indicates the necessity of reactor washings. 

The developed mathematical model of the sulfonation process which considers dynamics of 
highly viscous component accumulation is able to predict changes of the main indicators of 
product quality during the period between reactor washings and its duration. It also allows to 

make recommendations on increasing of the period between reactor washings duration while 
maintaining the required product quality as well as recommendations on optimal sulfur supply 
to the sulfonation reactor depending on the amount of the current concentration of highly 
viscous component. 
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