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Abstract: The regularities of removing chloroform (CHCIs) from its water solutions under the influence
of ionizing radiation were studied. It is shown that the decrease of the concentration of chloroform with
increasing absorbed dose occurs. The degree of decomposition of chloroform is about 95% at 6kGy.
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decomposition.

1. Introduction

Chlorinated hydrocarbons are forming during the chlorination of water in the water
disinfection process. A number of chlorinated compounds are formed in the process, but the
main of them are trichloromethane.

Traditional methods are used for the purification of potable water from the chlorinated
compounds, as well innovative methods based on the use of UV and ionizing radiation.

In [1], the process of removing of trichloroethylene and tetrachloroethylene from water
solutions under the influence of electron beam was studied. Kinetic modeling based on the
reaction of intermediate particles of water radiolysis with doped chlorinated molecules was
carried out for the clarification of dechlorination mechanism.

In [2], the reaction of hydroxyl radicals and hydrogen atoms with chloroacetone (1.1
dichloroacetone and 1,1,1 -trichloroacetone) was studied by pulse radiolysis method.
Appropriate constant of reaction rate constants of e;, OH and H radicals with above mentioned
molecules were defined.

In [3], constants of radical reaction rate and electrons, forming in the radiolysis of water
with molecules of 4-chlorophenol were defined by pulse radiolysis method.

In [4], the process of cleaning waste and drinking water from methanehalogen (CHCl3,
CHBIrClI,, CHBr.Cl, CHBr3) was studied.

It was shown that, the degree of transformation of chloroform increases with an increase
of absorbed dose and reaches to 95% at 6kGy dose. Similar results were obtained for the process
of radiolytic transformation of other halogenmethanes.

The aim of this work is the study of kinetic regularities of radiolytic degradation of
chloroform in water solution at various initial concentration of chloroform.

2. Experimental technique

Water solutions of chloroform (0.03%, 0.5%, 0.7%, 1.0%) were irradiated with y-
radiation from ®Co isotope under static conditions in glass ampules at room temperature. Dose
rate is determined by ferrosulfate dosimeter, pH indicators according to standard methods and
COz-chromatography. In the experiments, chloroform solutions with content 0.03%, 0.5%, 0.7%,
1.0% were used. The samples were irradiated in the range of absorbed dose (4,3-43kGy).
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Fig. 1 shows the kinetic curves of changes of the concentration of chloroform depending
on the absorbed dose.
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Fig.1. Dependence of the concentration of the chloroform on absorbed dose at its different
content: @ 1%-CHCls, @ 0,7%-CHCl;, ¢ 05%-CHCl;, A 0,03%-CHCls

As it is seen from Fig. 1. the concentration of chloroform decreases with the increase of
absorbed dose. The rate of transformation of chloroform depends on its initial content and
increases up to (6-130) molec. / 100ev with increasing of last radio-chemical yield. Calculated
radio-chemical yields are shown in Table 1.

Table 1.The radiation-chemical yields of degradation of chloroform at various initial content of
chloroform.

CHCl3, % (weight.) G (molec./100ev)
0,03 6,4
0,5 46
0,7 80
1 129

The obtained data indicates that reaction of consumption has chain character at the concentration
of chloroform in the water solutions at > 0.5%.

There occur changes of pH-indicator as a result of chemical transformations in water
solution of chloroform (Fig. 2).
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Fig. 2. Change of pH depending on absorbed dose at different initial content of chloroform:
1-0,03% CHCI3, 2-0,2% CHCls, 3—-0,5%CHCl3, 4-0,7% CHCI3, 5-1,0% CHCI3

As it is seen, the increase of the absorbed dose leads to decreasing of pH, indicating the
formation of acidic products. These products may be formed as a result of hydrolysis of some
products. For example, in the reaction of hydrolysis CCIsOOH and phosgene.

CCls00H +H,0— 2HCI+HCIO + CO, (3H"+CIO" + 2CI+ CO2)
COClz+H20 — 2HCI +CO2 (2H* +2CI +COy)

The following prospective processes take place in the radiolysis of water solutions of
chloroform:
a) Direct water radiolysis

H20 — €, OH, H, O, Ha, H202, H', OH'
b) Reaction with chloroform molecules:
OH + CHCI3; — H20 + CCls

H + CHCI; — H, + CCl3

e + CHCIlz —» CHCIz + CI'

c) Competitive reaction:

OH + OH — H20-

H+ OH — H20

H+H — H>

H+ O, — HO

e+02— 0

HO2; + HO; — H202 + O2
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HO2 + Oz + H20 — H202 + Oz + OHag
HO2 + OH — H20 + O2

HO:> @HJraq + 02

HO, + H+aq stoz+

d) Transformation of CCl3 radicals:
CClz + O, — CCI302

CCl3 + CCl3 — C2Cls

CClz + HO2 — CCIzO0OH

e) Transformation of CHCI; radicals:
CHCI2 + CHCI3 — CHCI2 + CCls
CHCI, + CClz — C2HCls

CHCI2 + CHCI2 — C2H2Cls

f) The impact of oxygen:

'%9(:C|3 + 02 — CCI302

CCl302 + CHCI3 — CCI3O0H + CCl3
|

—CHCl; + 0, —» CHCIL,00 (HOCI + COCI)
COCI + CHClz— COCl, + CHCI;

CHCI,0, + CHCI3 — C2H2Cl, + CCl3 + O2
|

g) Hydrolysis reactions

COCl; + H20 — 2HCI + CO, (2H" + 2CI" + CO?)

CCI300H + H20 — 2HCI + HCIO + CO2 (3H™ + CIO” +2CI" + CO»)
h) CCIz02 + CCl30, — CCls + 20,

CHCI202 + CHCI202 — C2H2Cls + 203

1) Reaction of secondary products.

C2H2Cls and CH,Clg were identified as products of transformation of chloroform, so the
secondary reactions of these molecules with the primary particles while discussing the
mechanism of the process:

OH + C2H2Cly — CCIsCHCI + H20
H + Co2H.Cls — Hy + CoHCly
e +CyH.Cly — CoH2Cl3 + CI
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OH + CH2Cl; — H20 + CHCI,

H + CH2Cl2 — HCI + CHCl + CHCI, + Ha

e + CH2Cl, — CH:CI + CI’

At high doses end-products can also react with hydrogen peroxide:
C2HCls + H20, — products
CHCI2 + H202 — products

Simplified diagram of chain transformation of chloroform can be presented by the
following reactions

CClz +O2 —»CCIz02
CCl30, +CHCIz— CCIs00H +CCl3
CCl3+CCl3— C2Cls
CCl3 +CCl30.— C>Clgs +O2
CCl30. +CCl30, — C2Clg+202
For nonramified chain reaction we can write
Wi =W, (1)
Winit. = Whrecom. (2)

For radiation-chemical yield of radiolytic decomposition of chloroform solution, we

o~ NP

obtain .
k k [0G-10° k [0 ] .
kgt L4 2tk (1 2
ky[CHCl3] ky[CHC3]

As it is seen from the equation, radiation-chemical yield of radiolytic decomposition of
chloroform depends on concentration of dissolved oxygen, oxygen chloroform ratio and square
root of absorbed dose rate.
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KAHETAYECKHUE 3AKOHOMEPHOCTH PATUOJUTUYECKOM JETPAJAIIUMA
XJIOPO®OPMA B BOJIHBIX PACTBOPAX

3.1. Uckenpneposa, M.A. Kypoanos
Pe3zrome: Vccnenosansl 3akoHoMepHocTH yaaneHus xiaopopopma (CHCIz) u3 ero BomHbIX pacTBOPOB 1O
JICHCTBUEM HMOHHM3HMPYIONIEr0 u3NydeHus. lloka3aHo, YTO MPOUCXOMUT YMCHBIICHHE KOHIIEHTpAIU
xJIopoopMa ¢ POCTOM IMOIJIOMICHHOM 103bl. CTeneHsb pasioxeHus xyiopodopma cocrasiser 95% npu 6
kl'p.
Knwueevie cnosa: BopHble pacTBOpHI XJIOpodopMa, Y-U3Iy4eHHE, XpoMaTtopraduuecKhii aHalus,

PaIHOIUTHYECKOE Pa3iioKEHHE.

XLOROFORMUN SUDA MSHLULLARININ RADIOLITIK DEQRADASIYA PROSESININ
KINETIK QANUNAUYGUNLUQLARININ TOTQIQI

Z.1. iskandarova, M.9. Qurbanov
Xiilasa: Ionlasdirici siialarin tosiri ilo xloroformun radiolitik parcalanma prosesinin ganunauygunluglar
oyronilmisdir. Udulan dozalardan asili olarag xloroformun qatiligi azalr. 6 kQr dozada xloroformun

95%-i pargalanir.

Acar sézlar: Xloroformun suda mohlullar, y-stialar, xromatografik analiz, radiolitik pargalanma.
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