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COBEPLUEHCTBOBAHHE TEXHONIOI'MHK NOATOTOBKH
NPHPOAHOr0 rA3A KOHAEHCALHOHHBIM CNIOCOEOM

PaccMoTpeH HOBBIH ¢1oco6 TMOATOTOBKU MPUPOAHOTO rasa
K TPaHCIHOPTY, COCTOSANIMI B Gojiee YeTKOM pasjieJIeHuu KOMIIO-
HEHTOB NPHUPOAHOTO raza Ha Huskokumsamnme (Ci_4) U BBICOKO-
xunsme (Csigyenme) 32 CI€T PEIUPKYJISINN YACTH HOTOKA MOJI0-
TOBJIEHHOTO ra3a. [Ipu 9ToM yMeHbIaeTcst cTernenb PaCTBOPUMOCTH
B YTJIEBOJIOPOTHOM KOH/IeHCAaTe KOMITOHEHTOB Cy_4 I YBETIMUNBAETCST
CTeNeHb PACTBOPUMOCTH B HeM KOMIOHEHTOB Csipyer
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EKONIOrTYHI TEXHONOrIl PEUUMKNIHTY
BHCOKOTOKCHYHKUX MPOMHUCNOBHX

Ocmannim uacom y 36’ 3Ky i3 3pOCMAHHAM eKOJOZIUHUX NPOOIEM 8 NPOUECE NPOMUCIOB020 XIMIUHO20
supobHUYMEa, BUHUKIA nompeda 6 NiOBUWEeHHT CIYNeHs. NePemeoPeHHs CUPOBUHU 8 Uinesi NPOOYKMuU.
B daniii pobomi onucyiomocs psad HOBUX NPUHUUNOBUX PiuleHb OLIbll ePeKMUSHUX ULLAXIE nepepoOKu
ma Yymunisayii nPoMUCIOBUX XI0POPZAHIYHUX 610X00i8 Ha GUPOOHUUMET OUXIOpemany i GiHIIXI0PUOY

3 NOBEPHEHHAM — pel{u%ﬂiHZOM CUPOBUHU.

Kmeuosi cnosa: 71,2-duxnopemai, npomuciiosi xiopopeaniuni 6i0xo0u, 0ioKCuUH, X10PYEAHHS, PEKMiL-

Qikauis, 1yxcne 0e2iopoxIopysanms.

1. Introduction

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:

CCly = CCly +20, — 2CO, +2Cl,, (1)
CCl, =CCl, +30, + CH; — 3CO, +4HCI, (2)
CCl, = CCly +20, + 2H,0 — 2CO, + 4HCl, (3)
2Cl, +2H,0 — 4HCl+ 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:

920 °C

CH,Cl-CH,Cl+CH, +4,50, —

500, 4 2HCI+ 31,0, (5)
2CH,Cl - CH,Cl+50, — 2COCl, +2CO, +4H,0, (6)
CH,Cl - CH,Cl+30, —22°C 4 Cl, +2C0, +2H,0, (7)
CH,Cl-CH,Cl - CH, = CHCI + HCI, (8)
CH, = CHCl - CH=CH+HCl, 9)
3CH=CH—2"C ,C4ls, (10)
CeHg +6C1I- —22C 5 C4Clg +6HCI, (11)
2CsClg + Oy +4H, — C;,0,Cly +8HCI. (12)

2. Analysis of the literature
and formulation of the prohlem

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 m® of natu-
ral gas, and 300,000 m? 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].

. Results an 1SCUussion

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:

2CH,=CH-CCl=CH,+2Cl, - CH,Cl-CH=

=CCl-CH,Cl+CH,Cl-CHCI-CCl =CH,. (13)

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

CH, = CHCl+Cl, — CH,Cl -~ CHCl,. (14)
EDC reacts with chlorine and forms 1,1,2-tryhlorethan:

CH,CI-CH,Cl +Cl, - CH,Cl-CHCI, + HCI. (15)

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

CGHG +C12 —)C6H5C1+HC1 (16)
and hexachlorobenzene:
CgHg +3C12 —)C5H5C16. (17)

During chlorination, concentration of saturated OCWs
goes down, as seen in Fig. 1 below.
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Fig. 1. Concentration change of OCW unsaturated compounds inside the
rectification column after chlorination. 1-chloroprene, 2-1,1-dichloretilen,
3-chloretil at 60 °C, 1:10 OCW to Clp 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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9CH,Cl - CH,Cl+ Ca(OH), — 2CH, =

=CHCI+CaCl, + 2H,0, (18)
2CH,Cl - CHCl, + Ca(OH), — 2CH, =
=CCl, +CaCl, + 2H,0, (19)

CH,Cl-CHCl, +NaOH — CH, = CCl, + NaCl + H,0, (20)
CH,Cl-CH,Cl+NaOH — CH, = CHCI + NaCl + H,0, (21)

CH, = CHCl+NaOH — CH=CH +NaCl +H,0. (22)
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Fig. 2. EDC concentration change in OCW inside the rectification column
after chlorination at 60 °C, 1:10 OCW to Cl; molar ratio, Fe catalyst

4. Conclusions

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), 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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JKO/IOrHYECKHE TEXHONMOIHH PELHK/THHTA
CHNBHOTOKCHYHBIX MPOMBIWNEHHBIX 0TX0H0B

B mocieanee BpeMsi B CBSI3M € POCTOM 9KOJOTMYECKUX TIPO-
6seM B TIpOIecce MPOMBINIIEHHOTO XUMHUYECKOTO MPOU3BOJICTBA,
BO3HUKJIA MOTPEOGHOCTD B MOBBIIIEHUH CTEHEHU MTPEBPAIIEHUsT Chl-
pbsi B IeJIeBbIE MPOMYKTHL. B MaHHON paboTe OMUCHIBAETCS P
HOBBIX TIPUHIMIMAIBHBIX perenuii Gosee shOEKTUBHBIX MyTeil
nepepaboTKU M YTUIN3AIMK TIPOMBIIIJIEHHBIX XJIO0POPraHnYeCKUX
OTXO/IOB Ha IPOU3BOJCTBE AMUXJIOPITAHA U BUHUJIXJIOPUAA C BO3-
BpallleHeM — PEIUKIUHIOM ChIPbs.
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