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There were carried out modeling of radiolysis processes in the water—hexane system for the purpose of to
identify the mechanism of radiolysis and comparison of theoretical and experimental data.

INTRODUCTION

In identifying the mechanism of radiation-chemical
processes modeling and determination of kinetic
parameters are of particular importance. Comparison of
experimental and calculated values of the parameters of
the radiation-chemical processes makes it possible to
judge the reliability of the proposed mechanism.

Therefore based on the known literature data about
the mechanism and model calculations of the radiation-
chemical processes in water and hydrocarbon systems
there were simulated radiolysis processes in hexane and
hexane-water system by us [1, 2].

In order to explain the obtianed experimental data
and reveal possible mechanisms of the reactions upon
radiolysis of water, hexane and ware-hexane mixture
modeling of the processes occuring in these systems has
been carried out. In this modeling the following factors
were taken into account: dose rate, volume of the
irradiated system, time of irradiation, concentartions of

components, constants of the reactions rates, etc.
Modeling of the process kinetics has been made wich
computer program GEPASI 3 for the Windows
operating system. Description of this program is given
in [3, 4]. Constants of the reactions rates are taken from
[5, 11].

The main purpose of the modeling is to study the
processes occuring in the water — hexane mixture upon
y-raiolysis. However, for comparison  with the
literature, separate radiolysis separately of liquid water
and hexane was first modeled. In the case of liquid
water rate constants from [5, 9, 11] as well as our own
experimental data were used:

Dose rate — 1,42 Gy/s.

Volume of ampoules — 0,5 ml.

Time of irradiation — from 1 to 20 hr.

The reactions and rate constants of the reactions
taken from [5] are given below:

Table 1
Namber of Reaction K,-constant of direct K,-constant of direct
reaction reaction, 1/mole-s reaction, 1/mole-s

1 2e.s+ 2H,0—H, + 20H 4,97-10°

2 e.+ H+ H,0—H, + OH 1,89-10"

3 €4+ OH— OH 310"

4 e+ O+ H,0 =2 OH 2,2:10"

5 e, + HO,— HO,® 210"

6 ex+ 0, + H,O— OH + HO, 1,3-10"

7 e..+ H,0,— OH + OH 1,2:10"

8 e, + HO, — OH + O 3,5:10°

9 € T 0, Oy 1,810"

10 e ¥ H—H 2,3-10"

11 e, + H,O— OH + H 19

12 2H—H, 7,8:10°

13 H + OH— H,0 2,5-10"

14 H + HO,— H,0, 2:10"

15 H+ 0, — HO, 2:10"

16 H,0, + H— OH + H,0 8,42:10°

17 0, + H— HO, 2,1-10"

18 OH + H— H,0 2,2-10’

19 2 OHe H,0, 5,5:10° 1,33-107
20 OH + O — HO, 2:10"
21 OH + HO,— O, + H,0 6,3-10°
22 OH + 0, — 0, + OH’ 8,2:10°
23 H,0, + OH— HO, + H,0 4,06-10’
24 OH + HO, — OH + HO, 7,5:107
25 H, + OH— H + H,0 3,8:107
26 OH+ OH~ O + H,0 1,2:10" 1,75-10°
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27 2 0"+ H,0— OH + HO, 1-10°

28 0, + O + H,0— 0, +2 OH" 6:10°

29 H,0, + O'— O, + H,0 5-10°

30 O +HO,— OH + O, 4-10°

31 H,+O0— OH +H 8107

32 2 HO,— H,0, + O, 8,3:10°

33 H02 + H202—> 02 + OH + Hzo 0,2

34 0, + HO,— O, + HO," 9,7-10

35 HO,—~H' + 0O, 7,5:10° 5,1:10"
36 2 0, +2H,0— H,0, + 0, + 2 OH 0,3

37 H,0, + O, — O, + OH + OH 0,13

38 0, + HO, — 0, + OH + O 0,13

39 H,0, + OH —HO, + H,0 1-10" 1,13-10°
40 H' + HO, — H,0, 2:10"

41 H' + OH < H,0 1,4-10" 2,52:107
42 0, + 005 3-10° 300
43 O +0;—>20, 7-10°

44 H,0, + Oy — 0, + 0, + H,0 1,6-10°

45 HO, + Oy— O, + OH + O, 8,9-10°

46 H,+0;— 0,+0OH +H 2,5:10°

47 H +0— OH 1-10"

48 OH + HO,— 0, + H,0 1-10"

In the modeling the values of the particles yielde
given in [S] werw also used:

Based on these data we have built several graphs and

Table 2 then carried out their comparison with the graphs given
- B in literature,in particular, in [5, 6].
Particle G, particles/100 eV Sufficient coincidence is observed which may serve
H,O 2,7 as an evidence of correctness of the selected scheme and
H 0,6 the used program.In the case of hexane the rate
H, 0,45 constants of the reactions from [6-8, 10] wereused and
OH 2,7 the experimental data remained as in the case of liquid
H,0, 0,7 water.
O,- 0,02 The reactions and the rate constants of the reactions
H' 3,42 taken from [6, 7] and [9] are given belo.
OH 0,7
Cag 2,7
Table 3
Nrir:(g?ér?f Reaction K-constant of direct reaction, I/mole-s
1 CeHiy +e— CeHyy 3-10°
2 C6H14*—>C6H13. +H 8'10-4
3 CeHs »CeHy, + H, 410"
4 C¢Hys + Ho> C¢Hyy' + H, 1,5:10°
5 C6H13. + C6H13.—> C6H12 + C6H14 1‘1010
6 C6H14*—>CH3. + C5H1 1. 2,7 10_5
7 CeHiy —CHs + CHy' 410°
8 CeHyy —C3H; + CHy 6:10~
9 C,Hs" + C,Hs—C,H)p 1-10"
10 C;H; + C;H; —C3Hg + C3Hy 1-10"
11 C,Hq + H— C,Hs + H, 3-10*
12 CH,+H— CH; + H, 1-10°
13 C;Hg + H— C;H; + H, 4,510"
14 CH,y+H— C,Hy + H, 6,21-10"
15 CsHy, + H> CsHy," + H, 9,1-10*
16 CH; + CH;'— CHq 1-10"
17 CH; + H— CH,4 2,3-10°
18 C,Hs" + H— C,H, 3-10°
19 C;H; + H— C;3H; 8-10°
20 C,Hy + H— CHyo 52-10°
21 CsH,,"+H— CH), 5-10°
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22 CeHy; + H— CgHy4 5,5:10°
23 CH; + CH,— C,Hs +H, 6:10"
24 CH," + CH,— CH; + CH; 7,6:10"
25 C,H, + C,Hs,— C4Hy 1,2-10"
26 C,H, + C,H,—~C,H; +H 9-10"
27 C,H¢ + C,Hs — C4H;o + H, 2,4:10°
28 C,H¢ + C,Hs — C,Ho + H, +H 6:10°

In the modelling the values of the particles yieds
given in [6] were also used:

Table 4
Particle G, particles/100 eV
CH; 0,7
C,H; 0,3
C;H; 0,3
C,4H, 0,27
CeH 3 4,1
e 0,12
H, 5
CH, 0,18
C,Hg 0,42
C;Hyg 0,41
C;Hg 0,19
C4H,o 0,35
CsH» 0,1
Ce¢H > 0,86
C,H, 0,25
C,Hg 0,14
CeHys 0,12

Based on these data we have built kinetic curves for
H,, CH, ZC=[CHgl+[CoHy], ZC:=[C3Hs]+[C3He],
>C4=[C4H ]+[C4Hg] and Cs=[CsH;]. In these graphs,
along the ordinate axis the amount of molecules of a
given substance is set while along the abscissa axis time
in hours is shown (Fig. 1-4).

According to these curves the rates of accumulation
of radiolysis products and their radiation-chemical
yields were calculated. The results also coincide with
the data given in literature, for example, in [6].

Bellow, the values of particle accumulation rate W
and yield G are given which were obtained upon
radiolysis of hexane at the dose rate of 1,42 Gy/s.
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Fig.1. Kinetics of molecular hydrogen accumulation
upon radiolysis of hexane at T=300 K and dose rate
of 1,42 Gy/s
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Fig. 2. Kinetics of methane accumulation upon
radiolysis of hexane at T=300 K and dose rate of
1,42 Gy/s
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Fig. 3. Kinetics of ethane, propane and butane
accumulation upon radiolysis of hexane at T=300 K
and dose rate of 1,42 Gy/s
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Fig. 4. Kinetics of pentane accumulation upon
radiolysis of hexane at T=300 K and dose rate
of 1,42 Gy/s
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Modeling of radiolysis of water — hexane mixture
has been carried out taking into consideration slight
solubility of water in hexane and vice versa. For this
reason it was assumed that radiolysis of this system is
similar to the radiolysis of each of the components in

seperate. However, taking into account possibility of
diffusion of the radiolysis primary products from one
phase into another, several new reactions with the
respective rate constants [10] were added to the above-
indicated reactions:

Table 5

Products of radiolysis

H,

CH,4

C,Hs

C;Hg

C:Hg

CsHy,

W (x107%), molecules/s

3

0,12

0,56

0,57

0,3

0,06

G, molecules/100 eV

3,4

0,14

0,6

0,6

0,34

0,07

Modeling was performed for the mixture of the
following percentage content of the components:
50 % C¢Hy4+ 50 % H,O, which in the experiment
corresponded to the following volume ratio of the
components: 0,2 ml CgH 4+ 0,2 ml H,O. The kinetic
curves were built for H,, CHy, ZC,=[C,H4]+[C,H,4],
2C3=[CHg[+[CsHg],  ZCy=[C4H o] +[C4Hg]  and
¥Cs=[CsHj,], where along the ordinate axis the number
of molecules of a given substance and along the
abscissa axis time in hours have been set. Our
experimental data are shown as dotted curves in these
graphs (Fig. 5-9):
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Fig. 5. Kinetics of molecular hydrogen accumulation
upon radiolysis of the water-hexane mixture at dose rate
of 0,9 Gy/s and of various ratios of the components.

1 - CsH,/ H;0=0,05 ml/0,45 ml;

2 — C4H 1/ H,0=0,15 mi/0,35 ml;

3 — CsH,/ H,0=0,25 ml/0,25 ml
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Fig. 6. Kinetics of methane accumulation upon
radiolysis of water-hexane mixture at T=300 K
and dose rate of 0,9 Gy/s
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Fig. 7. Kinetics of ethane and propane accumulation
upon radiolysis of water-hexane mixture at T=300 K
and dose rate of 0,9 Gy/s
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Fig. 8. Kinetics of butane accumulation upon radiolysis
of water - hexane mixture at T=300 K and dose rate of
0,9 Gy/s
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Fig. 9. Kinetics of pentane accumulation upon
radiolysis of waterhexane mixture at T=300 K
and dose rate of 0,9 Gy/s
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Based on these values of rates of particle
accumlation W and their yield G have been calculated.
The obtained data were compared with the experimental
data at the same volume ratio of components, which
correspond to dotted lines.

The comparison shows quite a good coincidence of
the results that may serve as an evidence of correctness
of the assumptions made. The results of modeling of
radiolysis of the mixture C¢H;4+ H,O dose rate of
0,9 Gy/s is given bellow:

Table 6
Products of
I"I:digfyZi(s) CH, | CHg | GiHg | C4Hyo | CsHin
-14
WOAO™), o7 | 112 | 1,12 | 056 | 0,14
molecules/s
G, molecu-
100y | 013 02 ] 02 | 0.1 | 0025

Modeling was separately made for kinetics of
hydrogen formation upon radiolysis of C¢H;4 + H,O
mixture of the above-shown percentage ratio of the
components at dose rate of 1,42 Gy/s:

Products of radiolysis ........c.cccceevenenen. H,
W (x10'), molecules/s....................... 2,8
G, molecules/100 €V ....cccuevvevvveennnnnns 3,3

All of the afore-cited reaction rate constants
obtained from data about the stationary radiolysis, and
there were taken into an account the presence of a gas
volume over the irradiated liquid. Although the
radiolysis occurring in the gas phase at room
temperature can almost always be neglected, but such
products of radiolysis of water as hydrogen and oxygen,
depending on the experimental conditions are
distributed differently between the phases. In addition,
in the presence of initially dissolved hydrogen some
reactions may have a chain character and the beginning
of the chain is atoms of hydrogen. So, without proper
taking into account of this circumstance the final result
of radiolysis is quantitatively unpredictable. However, if
the irradiated volume is constantly shaking, the
distribution of radiolysis gas between the phases
become to equilibrium. All these requirements were
taken into account when selecting certain constants
from different sources.

Thus, the simulation data of water radiolysis
coincide with the published data, which confirms the
loyalty of chosen methodology. But model data of the
radiolysis of hexane and hexane-water mixture
coincided with the experimental data within the
accuracy of the determination of the rate constant of
used reactions.
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MATEMATHYECKOE MOJEJIMPOBAHUE ITPOLIECCOB PA/IMOJIU3A BO/IbI,
I'EKCAHA U CMECH BOJA-TEKCAH

T.H. Azaes

HpOBC,HeHO MAaTEMAaTHYECKOE MOJACIMPOBAHNUE ITPOLECCCOB paauoOIn3a BOABI, TEKCaHAa W CMECHU BOJa-TEKCaH C
LECIIBIO BBIABJICHUA MEXaHU3Ma panojin3a U CPaBHECHUE TCOPECTUICCKUX JAHHBIX C OKCIICPUMCHTAJIbHBIMU.

MATEMATHUYHE MOJEJIIOBAHHSA ITPOLIECIB PAIOJII3Y BOAU, TEKCAHY
TA CYMIII BOJA-TEKCAH

T.H. Azace

[TpoBeneHo MareMaTUuHEe MOJEIIOBAHHS IPOIECIB Pajioiizy, BOJAM, TeKCaHy Ta CyMIlli BOJa-—TEKCaH 3 METO0
BUSIBIICHHSI MEXaHI3MY pa/iiofii3y Ta NOPIBHSHHS TEOPETUYHUX JAHHUX 3 EKCIIEPUMEHTAIbHUMH.

ISSN 1562-6016. BAHT. 2013. Ne5(87)

47



