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Совершенствование технологии подготовки 
природного газа конденсационным способом

Рассмотрен новый способ подготовки природного газа 
к  транспорту, состоящий в более четком разделении компо-
нентов природного газа на низкокипящие (С1–4) и высоко
кипящие (С5+высшие) за счет рециркуляции части потока подго-
товленного газа. При этом уменьшается степень растворимости  
в углеводородном конденсате компонентов С1–4 и увеличивается 
степень растворимости в нем компонентов С5+высш.

Ключевые слова: конденсат, растворимость, компонент, де-
газация, подготовка, газ, ректификация, поток.
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Екологічні технології рециклінгу 
високотоксичних промислових 
відходів

Останнім часом у зв’язку із зростанням екологічних проблем в процесі промислового хімічного 
виробництва, виникла потреба в підвищенні ступеня перетворення сировини в цілеві продукти. 
В даній роботі описуються ряд нових принципових рішень більш ефективних шляхів переробки 
та утилізації промислових хлорорганічних відходів на виробництві дихлоретану i вінілхлориду  
з поверненням — рециклінгом сировини.

Ключові слова: 1,2-дихлоретан, промислові хлорорганічні відходи, діоксин, хлорування, ректи-
фікація, лужне дегідрохлорування.
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1. I ntroduction

The treatment or destruction of industrial chlorine or-
ganic wastes (OCW) by incineration has been the subject 
of a large number of studies. The most common is that 
the thermal treatment of such waste produces a large 
quantity of hydrochloric acid  [1]. The exhaust gases must 
contain low levels of hydrochloric acid, chlorine, and dio
xin equivalents (ITEQ). The European Union Directive 
requests for the last specification less than 0.1 nanograms 
per cubic meters. Therefore, to treat exhaust gases in or-
der to achieve these condition involves new stages which 
are costly  [2].

Method is based on the existing production of PVC 
and does not involve expensive changes. It is based on the 
annual PVC production at «Carpathian-Petrochemical Ltd.»,  

part of «Lukoil Group», located in Kalush, Ukraine which 
is 379,000  tons per year, with the full capacity of 7  mil-
lion tons per year. Currently all production wastes are 
thermally treated, producing OCW-containing hydrochlo-
ric acid  [3]. These reactions describe perchlorinethylene 
incineration processes, which contain OCWs from vinyl 
chloride (VC) and 1,2-dichloroethane (EDC) production:

CCl CCl O CO Cl2 2 2 2 22 2 2= + → + , 	 (1)

CCl CCl O CH CO HCl2 2 2 4 23 3 4= + + → + , 	 (2)

CCl CCl O H O CO HCl2 2 2 2 22 2 2 4= + + → + , 	 (3)

2 2 42 2 2Cl H O HCl O+ → + . 	 (4)

During OCW incineration, with EDC as an example, 
multiple satellite reactions occur that produce free chlorine,  
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phosgene [4], and polychlorinated dibenzo-p-dioxins. 1,2-Di
chloroethane full combustion reaction is as follows: 
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2 4 86 6 2 2 12 2 4C Cl O H C O Cl HCl+ + → + . 	 (12)

2. �A nalysis of the literature  
and formulation of the problem

OCWs contain insignificant amounts (ppm) of dis-
solved chlorine, hydrochloric acid, and not more than 
20—200  ppm of water. OCW burning is not economical 
because all chlorine synthesis products including EDC, 
1,2,3-trichloroethane which account for 50—70  % of all 
OCWs are destroyed. The rest of OCW contains some-
times more than 50 % chlorine by weight. Thus, the ther-
mal treatment of such waste produces a large quantity of 
hydrochloric acid  [5].

It is not possible to obtain pure, concentrated hydro
chloric acid because of OCW contamination by other by-
products. OCW burning leads to complete loss of bound 
chlorine when acid is neutralized with the alkali. OCW 
burning leads to gaseous phosgene and chlorine while even 
incomplete dioxins burning, in turn, leads to environmental 
pollution («The United Nations,» 2000). The amount of 
energy spent on OCW syntheses and disposal is huge. In 
particular, along burning 7,000  tons of OCW, 2,000  tons 
of ethylene, 3,000  tons of chlorine, 1,746,000  m3 of natu-
ral gas, and 300,000  m3 of hydrogen are wasted, along 
with electricity, steam, other resources, and materials.  
As a result, 4,232 tons of hydrochloric acid form requiring 
4,632  tons of alkali solution to neutralize it  [4].

The VC and EDC are produced by straight catalytic 
chlorination of ethylene. Besides the main OCWs, there 
are other side products including ethyl chloride, butadiene  
chloride, 1,1,2-trichlorethane, trichloroethylene, and tetra
chloroethylene.

Until now, all these liquid and gaseous OCWs are being  
incinerated while solid wastes require more expensive 
treatment before utilization  [5].

3. R esults and Discussion

During the first stage of this research, utilization of 
the primary OCWs from vinyl chloride production was 
studied by exhaustive chlorination which may also de-
crease the amount of dioxins in OCWs. The presence 
of  unsaturated hydrocarbons in OCWs prevents them 
from being used as hydrocarbon raw materials for making 
chloride-based products  [6]. It also complicates EDC and 
VC rectification processes because of their polymerization 

in rectification columns  [7]. Chlorination of unsaturated 
compounds can convert them into saturated compounds. 
Higher EDC and VC yields can, thus, be achieved along 
with less contamination of distillation columns  [8]. The 
chemistry of unsaturated hydrocarbons chlorination, con-
tained in OCWs, is described below. Chloroprene chlo-
rination with the formation of 1,2,4-trichlor-2-buten and 
2,3,4-trichlor-1-buten:

2 22 2 2 2

2 2

CH CH CCl CH Cl CH Cl CH

CCl CH Cl CH Cl CHCl CCl CH

= − = + → − =
= − + − − = 22 . 	 (13)

1,1,2-trichlorethane forms based on the VC chlorina-
tion reaction:

CH CHCl Cl CH Cl CHCl2 2 2 2= + → − . 	 (14)

EDC reacts with chlorine and forms 1,1,2-tryhlorethan: 

CH Cl CH Cl Cl CH Cl CHCl HCl2 2 2 2 2− + → − + . 	 (15)

The substitution reaction between benzene and chlorine 
results in the chlorobenzene formation: 

C H Cl C H Cl HCl6 6 2 6 5+ → + . 	 (16)

and hexachlorobenzene:

C H Cl C H Cl6 6 2 6 5 63+ → . 	 (17)

During chlorination, concentration of saturated OCWs 
goes down, as seen in Fig.  1 below.

 
Fig. 1. Concentration change of OCW unsaturated compounds inside the 
rectification column after chlorination. 1-chloroprene, 2-1,1-diсhloretilen, 

3-сhloretil at 60 °C, 1:10 OCW to Сl2 molar ratio, Fe catalyst [7]

Based on these results, it is possible to utilize unsaturated 
OCW chlorination at the rectification stage to obtain addi-
tional 15 % of EDC (Fig. 2). At the same time, the amount 
of unsaturated compounds decreases from 12 % to 1 % [2].

1,2-EDC and 1,1,2-trichlorethane can be returned to 
the production process, reducing the amount of unsatu-
rated OCWs  [8].

The second part of this work considers EDC processing 
into VC and tetrachloroethylen processing into vyniledene 
chloride (VDC). Based on EDC and 1,1,2-trichlorethane, 
the following reactions occur during alkali dehydrochlo-
rination of OCWs  [9]:
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CH Cl CH Cl Ca OH CH

CHCl CaCl H O

− + → =
= + +

( )

, 	 (18)

2 2

2
2 2 2 2

2 2 2

CH Cl CHCl Ca OH CH

CCl CaCl H O

− + → =
= + +

( )

, 	 (19)

CH Cl CHCl NaOH CH CCl NaCl H O2 2 2 2 2− + → = + + , 	(20)

CH Cl CH Cl NaOH CH CHCl NaCl H O2 2 2 2− + → = + + , 	(21)

CH CHCl NaOH CH CH NaCl H O2 2= + → ≡ + + . 	 (22)

 
Fig. 2. EDC concentration change in OCW inside the rectification column 

after chlorination at 60 °C, 1:10 OCW to Сl2 molar ratio, Fe catalyst

4. C onclusions

1.	 Economical inefficiency and environmental hazards 
of the method OCW burning now used in industrial pro-
duction of chlororganic products, losses on disposal of 
OCW by this method, and wastes totalling 1.5  million 
US dollars per year for only one company were explained.

2.	 The study on chlorination of unsaturated chlorinated 
wastes showed that the additional treatment with chlo-
rine to reduce the amount of unsaturated OCW and to 
increase the content of 1,2-dichloroethane in chlororganic 
waste at 9—15  % reduced the loss of 1,2-dichloroethane 
when burned.

3.	 The study optimized the conditions of the process 
of alkali dehydrochlorination, using a freshly prepared 
suspension of Ca(OH)2 in NaOH, which allows to pro-
cess the 1,2-dichloroethane and 1,1,2-trichloroethane with  
a total conversion of 95—96 % of trade vinyl chloride and 
vinylidene chloride to the outputs of the last 25—70  %. 
This method can reduce the amount of waste incinerated 
chlororganic 2—5  times. The estimated economic effect of 
using this method only at one enterprise can save about 
2.6 million dollars per year  [10].
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Экологические технологии рециклинга 
сильнотоксичных промышленных отходов

В последнее время в связи с ростом экологических про-
блем в процессе промышленного химического производства, 
возникла потребность в повышении степени превращения сы-
рья в целевые продукты. В данной работе описывается ряд 
новых принципиальных решений более эффективных путей 
переработки и утилизации промышленных хлорорганических 
отходов на производстве дихлорэтана и винилхлорида с воз-
вращением — рециклингом сырья.

Ключевые слова: 1,2-дихлорэтан, промышленные хлорор-
ганические отходы, диоксин, хлорирование, ректификация, 
щелочное дегидрохлорирование.
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