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The pH Change of Ketone and lodide Solutions after Gamma irradiation
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1. Introduction

The pH values of iodide and ketone solutions under
gamma irradiation are essentially required to evaluate
volatility of radionuclides under accident conditions [1-
7]. In particular, the iodine is generally released from
damaged fuels as iodide aerosol including Csl and other
hydroxide species [1-5, 8, 9], and then dissolved in
coolant and oxidized into l,. After that, I, can be
changed to volatile organic iodide such as CHsl by
reacting with volatile organic materials [10-17]. During
the formation of volatile organic iodides from iodide
ions, the solution pH is one of the important factors to
control the reactions related to the volatility of iodine
species [1, 2, 4, 5, 11-14, 18, 19]. In this study, we
investigated the effects of ketone and iodide on the
solution pH under gamma irradiation.

2. Methods and Results
2.1 Experimental

The high gamma radiation was carried out by using
Co-60 source. The gamma dose rate was controlled to
be within a range of 0.4 to 10 kGy h*. The schematic
diagram is shown in Fig. 1. The experimental solutions
were made from Nal (99.5 wt%, Sigma-Aldrich), MIBK
(4-methyl-2-pentanone, 99.5%, Sigma-Aldrich), MEK
(2-butanone, 99.7%, Sigma-Aldrich), and the deionized
water (>18.2 MQ-cm, EMD-Millipore). A pH meter
(Thermo scientific Orion Star A211) calibrated with
three different buffer solutions. The pH measurements
of all the samples were carried out before and after
gamma irradiation under same temperature.
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Fig. 1. Schematic diagram of Co-60 gamma irradiation facility.
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2.2 Effect of ketones on the pH changes of solutions
under gamma irradiation

Three different solutions of 1.0 mM MIBK, 1.0 mM
MEK and deionized water were irradiated respectively
and measured pH values after irradiation were showed
in Fig. 2. Both types of ketone solutions had similar pH
decrease by gamma irradiation. Within 10 kGy
irradiation, the pH of two ketone solutions changed
from about 7.5 to below 5. The pH decreased to about
4.5 after 20 kGy irradiation. In contrast, the pH of
deionized water was almost unchanged after irradiation.
The decreases in pH were evaluated that the ketones
decomposes to form acidic chemical species.
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Fig. 2. The pH changes of three different MIBK, MEK, and
deionized water solutions after gamma irradiation.

2.3 Effect of iodide on the pH changes of solutions
under gamma irradiation

Figure 3 shows that the pH in the methyl alkyl ketone
and Nal mixed solutions under 40 kGy. In the two
ketones with Nal mixed solutions, the pH increased as
the concentration of Nal increased after gamma
irradiation. At 0.1 mM Nal with methyl alkyl ketone
mixed solutions, the pH decreased from about 7.3 to 4.
On the other hands, at 5.0 mM Nal with methyl alkyl
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ketone mixed solutions, the pH decreased a little from
about 6.8 to 6.3. In this phenomenon, at 0.1 mM Nal
and methyl alkyl ketone mixed solutions, the amount of
oxidation of I"into l2is relatively small compared to the
over 1.0 mM concentration of Nal conditions. These
results showed that the gamma oxidation of I"into I2can
increased pH in ketone and iodide mixed solutions.
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Fig. 3. The pH changes of three different concentrations of
Nal in ketone solutions after gamma irradiation: Initial pH
values in parentheses.

3. Conclusions

The methyl alkyl ketones reduced the solution pH
after gamma irradiation. It was understood that they
were decomposed by “OH into smaller molecules such
as acetic and formic acids. There were few differences
in pH decrease between MIBK and MEK solutions after
gamma irradiation. In presence of iodide ion, the pH
values were small changed with increase in the
concentration of Nal in ketone and iodide mixed
solutions.

REFERENCES

[1] C. C. Lin, Chemical Effects of Gamma Radiation on
lodine in Aqueous Solutions, Journal of Inorganic Nuclear
Chemistry, Vol.42, p.1101-1107, 1980.

[2] J. Paquette, DF Torgerson, J. C. Wren, and D. J. Wren,
Journal of Nuclear Materials, VVol.130, p.129-138, 1985.

[3] K. Ishigure, H. Shiraishi, H. Okuda, and N. Fujita, Effect
of Radiation on Chemical Forms of lodine Species in

Relation to Nuclear Reactor Accidents, Radiation Physics and
Chemistry, VVol.28, p.601-610, 1986.

[4] M. Lucas, Radiolysis of Cesium lodide Solutions in
Conditions Prevailing in a Pressurized Water Reactor Severe
Accident, Nuclear Technology, Vol.82, p.157-161, 1988.

[5] G. J. Evans, W. C. H. Kupferschmidt, R. Portman, A.
Palson, and G. G. Sanipelli, Radiochemical Analysis of lodine
Behaviour in the Radioiodine Test Facility, Journal of

Radioanalytical and Nuclear Chemistry, Vol.180, p.225-235,
1994,

[6] J. C. Wren, J. M. Ball, G. A. Glowa, The Chemistry of
lodine in Containment, Nuclear Technology, Vol.129, p.297-
325, 2000.

[71 S. H. Jung, J-W. Yeon, S. Y. Hong, Y. Kang, and K. Song,
The Oxidation Behavior of lodide lon under Gamma
Irradiation Conditions, Nuclear Science and Engineering,
Vol.181, p.191-203, 2015.,

[8] G. W. Keilholtz, C. J. Barton, Behavior of lodine in
Reactor Containment Systems, Oak Ridge National
Laboratory, Oak Ridge, 1965.

[9] I. E. Nakhutin, N. M. Smirnova, P. P. Poluéktov, and S. A.
Tret’yak, Problem of the Sorption Trapping of Radioactive
lodine in the Form of Methyl lodide, Atomic Energy, Vol.62,
p.445-449, 1987.

[10] J. C. Wren, J. M. Ball, G. A. Glowa, Studies on the
Effects of Organic-painted Surfaces on pH and Organic lodide
Formation, lodine Aspects of Severe Accident Management
Workshop Proceed, Vantaa, 1999.

[11] E. C. Beahm, R. A. Lorenz, C. F. Weber, lodine
Evolution and pH Control, Oak Ridge National Laboratory,
Oak Ridge, 1992.

[12] B. Cle’ment, L. Cantrel, G. Ducros, F. Funke, L. E.
Herranz, A. Rydl, G. Weber, and J. C. Wren, State of the Art
Report on lodine Chemistry, Organization for Economic Co-
Operation and Development, Paris, 2007.

[13] F. Taghipour, G. J. Evans, Radiolytic Organic lodide
Formation under Nuclear Reactor Accident Conditions,
Environmental Science & Technology, Vol.34, p.3012-3017,
2000.

[14] K. Moriyama, S. Tashiro, N. Chiba, F. Hirayama, Y.
Maruyama, H. Nakamura, and A. Watanabe, Experiments on
the Release of Gaseous lodine from Gamma-irradiated
Aqueous Csl Solution and Influence of Oxygen and Methyl
Isobutyl Ketone (MIBK), Journal of Nuclear Science and
Technology, Vol.47, p.229-237, 2010.

[15] J. C. Wren, J. M. Ball, G. A. Glowa, The Interaction of
lodine with Organic Material in Containment, Nuclear
Technology, Vol.125, p.337-362, 1999.

[16] E. C. Beahm, Y. M. Wang, S. J. Wisbey, and W. E.
Shockley, Organic lodide Formation during Severe Accidents
in Light Water Nuclear Reactors, Nuclear Technology, Vol.78,
p.34-42, 1987.

[17] M. Kim, T. J. Kim, J-W. Yeon, Formation of CHsl in a
Nal and Methyl Alkyl Ketone Solution under Gamma
Irradiation Conditions, Journal of Radioanalytical and
Nuclear Chemistry, Vol.316, p.1329-1335, 2018.

[18] Lin CC, Chemical Effects of Gamma Radiation on lodine
in  Aqueous Solutions, Journal of Inorganic Nuclear
Chemistry, Vol.42, p.1101-1107, 1980.

[19] Ashmore CB, Gwyther JR, Sims HE, Some Effects of pH
on Inorganic lodine Volatility in Containment, Nuclear
Engineering Design, Vol.166, p.347-355, 1996.





