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Utilization of waste chloroorganic compounds
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Efficient methods of utilization of waste chloroorganic compounds coming from waste water and the waste

streams formed e.g. in the production of vinyl chloride by dichloroethane method and in the production of

propylene oxide by chlorohydrin method have been presented. First the separation of chloroorganic wastes

by the adsorption methods has been described in the article. Three valuable methods of chlorocompounds

utilization have been then discussed. The first one is isomerization of 1,1,2-trichloroethane to 1,1,1-

trichloroethane as the valuable product with  less toxicity than a substrate. The second method is ammo-

nolysis of waste 1,2-dichloropropane and 1,2,3-trichloropropane. The third described method is chlorolysis.

This method can be used for the utilization of all types of waste chloroorganics.
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INTRODUCTION

Several waste streams containing chloroorganic com-

pounds are generated in the production of vinyl chloride

by dichloroethane method and in the production of pro-

pylene oxide by chlorohydrin method
1, 2

. These streams

are most often the distillation heads and tails, but the

significant amounts of persistent organic pollutants (POPs)

containing chloride are emitted in the streams of

wastewater released to the environment.

Two main streams of liquid chloroorganic wastes are

generated in the vinyl chloride production plant. The first

one is the heads and tails obtained during the distillation

of the so-called "light fraction" and "heavy fraction", which

were separated during the purification of 1,2-

dichloroethane and the residues from the quick cooling

column (after the pyrolysis). The second stream is the

distillate from the expelling column, obtained in the

stream-stripping of the water phase from the

oxychlorination. The composition of these streams is

shown below in table 1.

1,2-Dichloropropane and bis(1-chloro-2-propyl) ether

are the main by-products formed during the stage of

chlorohydroxylation in the propylene oxide plant. The

scheme of their formation is shown below:

– formation of 1,2-dichloropropane

Table 1. The composition of the main waste streams in the vinyl chloride installation [wt%]

– reactions of bis(1-chloro-2-propyl) ether formation

The typical procedures of the utilization of waste

chloroorganic compounds are the incineration or destruc-

tive oxidation (if they are in wastewater). These methods

are effective but they are not economically efficient, be-

cause many valuable chemical compounds are definitely

destroyed.

Moreover,  the incineration of chloroorganics can gen-

erate the emission of dangerous dioxins and other toxic

persistent organic pollutants.

The efficient and industrially verified  methods of uti-

lization of waste chloroorganic compounds formed in the

production of vinyl chloride (via dichloroethane) and

propylene oxide (via chlorohydrine) have been proposed

in this publication.

Separation of chloroorganic compounds from the wastewater

The stream of environmentally noxious wastewater is

generated during the production of vinyl chloride
1, 2

. This

stream contains chloroorganics in the amount of 4 – 5kg

per 1Mg of wastewater. Application of  the two-stage

purification of the wastewater stream allows the complete

removal of the chloroorganic pollutants.
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In the first stage the steam stripping is applied to the

waste stream. Concentration of pollutants decreases to the

level of 5 – 10 g per 1 Mg of wastewater.

The second stage of the wastewater purification is the

adsorption on the fixed bed adsorbent (activated carbon),

which decreases the level of pollutants concentration to

1mg per 1 Mg and below
3, 4

.

Application of  the integrated  system of purification

consisted of the steam stripper and active carbon adsorber

allows to recover and utilize approx. 900 Mg/year of

chloroorganic compounds due to the non-destructive char-

acter of those operations (stripping – adsorption). This

procedure can be applied to the most noxious wastes from

the production of propylene oxide by chlorohydrin method.

In this case the steam stripping is not very efficient due

to the low volatility of pollutants. However,  the adsorp-

tion process can be integrated with the adsorber  regen-

eration by washing the active carbon bed with the low-

boiling solvent. In the case of 1,2-dichloropropane and

bis(2-chloroisopropyl) ether application of acetone re-

sults in a high degree of the regeneration of the fixed bed.

This system allows to recover approx. 1920 Mg/year of

useful chloroorganic compounds from the epichlorohydrin

plant and approx. 820 Mg/year from the propylene oxide

plant. The recovery installations of the chloroorganic com-

pounds from the wastewater generated during the produc-

tion of epichlorohydrin and propylene oxide (heavy

chloroorganic compounds) and vinyl chloride (light

chloroorganic compounds) are shown below in  Figures 1

and 2.

Isomerization

Isomerization is an efficient method to obtain 1,1,1-

trichloroethane (111TCE) form waste 1,1,2-

trichloroethane (112TCE). 111TCE is a widespread and

popular chloroorganic solvent due to its relatively low

toxicity. Isomerisation of 112TCE is carried out in two

steps
5, 6

.  The first step is a partial dehydrochlorination of

112TCE to 1,1-dichloroethylene (VDC) in alkali solution

(NaOH):

The optimal conditions for this reaction are as follows:

the concentration of NaOH is 10 wt.%, the temperature

of the reaction mixture is 70 – 80
o
C, 112TCE/NaOH

molar ratio is 1.05 – 1.1. VDC obtained in this step is

distilled out from the reaction mixture. In the next step

HCl reacts with VDC in the presence of the catalyst and

111TCE is formed.

Addition of hydrogen chloride is carried out at low

temperature (20 – 25
o
C) in the presence of FeCl

3
 as

homogenous catalyst dissolved in the reaction mixture.

Optimal FeCl
3
 concentration is 0.3 wt.%.

In a similar manner the waste 1,2-dichloropropane

(12DCP) can be converted into 1,3-dichloropropane

(13DCP), which can be used as a valuable raw material in

the production of 1,3-diaminopropane and 1,3-

dihydroxypropane. In this case isomerization can be car-

ried out in the one-step process. The reaction is catalysed

with aluminium chloride as shown below:

Ammonolysis

Ammonolysis can be used for the utilization of waste

1,2-dichloropropane and 1,2,3-trichloropropane obtained

as by-products in the process of the production of glycerol

epichlorohydrin. Ammonolysis can be also useful for the

Figure 1. The diagram of the heavy chloroorganic com-
pounds recovery installation, 1 – adsorber,
2 – pump, 3, 4, 5 – reservoir of waste, eluent and
acetone adequate, 6 – distillation column,
A – recovered chloroorganic compounds

Heavy chloroorganic compounds are recovered by the

adsorption onto activated carbon (1) and subsequently

washing the bed with acetone. Next the acetone is distilled

out in column (6). The desorbed chlorocompounds re-

main in the distillation pot. The distilled acetone is re-

circulated to the tank (5) and next to the adsorber (1).

The steam stripping is applied for the recovery of light

chloroorganic compounds (Fig. 2) followed by adsorption

in the battery of fixed bed adsorbers (1) filled with acti-

vated carbon. Desorbate is pumped back to the stripping

column (3) and conducted together with the steam in the

bottom of the column. The condensate is cooled and sepa-

rated in the phase separator (4). The organic phase is

collected from the separator and consists of the recovered

chloroorganic compounds.

The chemical compounds recovered from the wastewater

can be utilized to the useful products using one of the

methods proposed below.

Figure 2. The diagram of the light chloroorganic compounds
recovery installation, 1 – adsorber, 2 – pump,
3 – stripping column, 4 – separator, 5 – heat
exchanger, •••••• steam line, — waste line
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utilization of waste polyamides, PET and many other

chemical species  i.e. pesticides and other POPs (persist-

ent organic pollutants).

Ammonolysis of waste 1,2-dichloropropane is a very

interesting process due to the numerous applications of

the products obtained in this reaction. The main product

is 1,2-diaminopropane, a valuable raw material for many

organic syntheses. This process can be carried out using

ammonia in water, but more preferably using liquid and

gaseous ammonia as ammonolytical agent.  The ammon-

olysis process of 12DCP can be described by the follow-

ing reaction equations
7, 8

:

Two- side reactions occurs in the described process.

The first one is dehydrochlorination of 12DCP to 3-, 2-

and 1-chloropropene. The second one is the alkilation,

where 1,2-diaminopropane (12DAP) formed in situ

reacts with 12DCP due to the higher basicity of

12DAP than an ammonia. It results in forming of

polypropyleneamines, especially dipropylenetriamines and

tripropylenetetraamines. They are also valuable products

for organic chemistry. The process parameters can be

optimized to achieve the highest selectivity of 12DAP or

polyamines, depending on the needs. Moreover,  the amount

of chloropropenes can be easily reduced in this way.

The diagram of  the installation of 112DCP ammonoly-

sis using liquid ammonia as the ammonolytical agent was

shown below in Fig. 3.

Both the 1,2-diaminopropane and polypropyleneamines

are valuable chemical compounds and they found many

applications in modern organic synthesis e.g. in petro-

chemistry, textile industry, plastics and surfactants pro-

duction 9,10. One of the 12DAP applications is the pro-

Figure 3. The diagram of 1,2-dichloropropane ammonolysis
installation: 1 – DCP tank, 2 – Ammonia tank,
3 – catalyst, 4 – mixer, 5 – ammonia compressor,
6 – ammonolysis reactor, 7 – raw product reser-
voir, 8 – centrifugal separator, 9 – distillation col-
umn, A – purge gas stream, B – NH

4
Cl/catalyst,

C – 1,2-diaminopropane, D – polyamines

duction of thionourethane, as shown below in the follow-

ing reaction equations:

Chlorolysis

Practically all the chloroorganic wastes can be utilized

by chlorolysis. As the result of this process

tetrachloromethane and PER can be obtained
1
. The

number of tetrachloromethane applications decreased in

the last years, especially for the sake of stopping the pro-

duction of freons 11, 12 and 13. That is why the chlorolysis

of chloroorganic wastes is conducted to produce

perchloroethylene as the main product.

Some secondary wastes are produced during the

chlorolysis of waste chloroorganic compounds. The so-

called "hexes" are produced: hexachlorobenzene (HCB),

hexachlorobutadiene (HCBu) and hexachloroethane

(HCE). There are some additional methods of  the

utilizaton of those "hexes". HCB as a toxic POP
11

 may be

used in the production of pentachlorophenol and sodium

pentachlorophenolate, or dechlorinated  reductively
12

.

HCBu may be converted into HCE, dichloromaleic anhy-

dride or used as a solvent, or dechlorinated
13

. HCE may

be utilized as antipirene, plasticizer or the component of

insecticidal or fungicidal agents.
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