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MEASUREMENT OF THE CONCENTRATION OF RADIOLYTIC HYDROGEN IN
THE CHAMBER OF THE PELLETIZED CRYOGENIC MODERATOR OF
THE IBR-2 REACTOR USING GAS CHROMATOGRAPHY

M.V. Bulavin1,2*, A. Yskakov1, K.A. Mukhin1
1Joint
2Petersburg

Institute for Nuclear Research, Moscow region, Dubna, Russia
Nuclear Physics Institute, NRC “Kurchatov institute”, Gatchina, Russia

Abstract. The paper presents the results of measurements of the concentration of gaseous radiolytic hydrogen using
gas chromatography, which is produced irradiating the mixture of aromatic hydrocarbons of mesitylene and mxylene in the chamber of the pelletized cold moderator of the IBR-2 reactor during post-irrradiation heating. As it is
shown, the hydrogen concentration in the operating mode of the moderator at 22K in the chamber and a reactor
power of 1.6 MW does not exceed 0.13%. After post-irradiation heating, with variations of temperature from 20K to
293K, and zero reactor power, the maximum hydrogen concentration is 22.5%. A conclusion is drawn that such
concentration of hydrogen in an inert atmosphere of helium cannot lead to the production of an explosive mixture in
the moderator chamber in close vicinity to the IBR-2 reactor core.
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1. INTRODUCTION
A mixture of aromatic hydrocarbons of mesitylene
(C6H3(CH3)3)
and
metaxylene
(C6H3(CH3)2)
(hereinafter – a mixture) [1]-[3] is used as the working
substance of the pelletized cryogenic moderator of the
IBR-2 reactor [4]-[10]. The mixture is loaded into the
chamber in the form of frozen pellets ~ 3.6 mm in
diameter, using a cold helium flow at a temperature of
80 K through the supply pipeline, and neutronphysical experiments on the extracted beams of the
reactor are carried out at a temperature of ~ 22 K in
the moderator chamber and operating pressure
throughout the system is 780-800 Torr; in this case the
gain of cold neutrons (energy 10-5 - 0.0025 eV,
wavelength – 25 – 2 Ao) from the surface of the
moderator ranges up to 14 times [11]. Under such
conditions, the pelletized moderator operates during
one reactor cycle, which usually lasts 11 days, resulting
in an absorbed dose of ionizing radiation of
~ 140-160 MGy. Such high radiation loading leads to
significant changes in the chemical composition and
properties of the working substance of the moderator,
especially in the period of post-irraditional heating of
the substance during its scheduled replacement, which
can directly affect the service life of the moderator
chamber.
The service life of the moderator chamber, in turn,
depends on two important factors. The first is the
factor of increase in the dynamic viscosity of the
mixture after irradiation and heating, due to a change
in its chemical composition. For the pelletized cold
moderator, under the irradiation conditions mentioned
*
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above, the viscosity of the mixture of mesitylene and
metaxylene, which is in an inert helium atmosphere,
increases to ~ 23 mPa (the viscosity of a pure mixture
is 1.15 mPa). At this viscosity value, the irradiated
mixture can be quickly and completely drained from
the moderator chamber through a special drainage
system [12]. At higher absorbed doses of ionizing
radiation, an unpredictable stochastic increase in the
viscosity of the mixture is possible, right up to
production of solid resinous mass and soot, which
cannot be removed from the moderator chamber.
The second factor is the rate of radiolytic hydrogen
production and its concentration, in the moderator
chamber during irradiation and after post-irradiation
heating of the working mixture at the end of the reactor
operation cycle. It should be noted here that the
production of high concentrations of hydrogen (up to
90%) and a rapid increase of pressure in the chamber,
as, for example, in the case of a cold solid methane
moderator [13]-[15], will not be observed when the
mixture based on mesitylene is heated, due to its good
radiation resistance [16]-[17]. Also, it is necessary to
accurately determine the maximum concentration of
radiolytic hydrogen in mesitylene and m-xylene,
primarily due to issues of burn up and explosion safety.
This concerns the probability of producing an
oxyhydrogen gas (4.1 -74.2 vol. % of hydrogen in air) in
the cold moderator chamber and piping systems, in
particular, in the pipeline for discharging hydrogen
into the environment.
Therefore, the main objective of this research is
measuring the maximum concentration of radiolytic
hydrogen in the pelletized cold moderator chamber
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and helium exhaust/supply pipelines after postirradiation heating room at temperature.
During the experimental study, it was necessary to
perform the following tasks:
1)
use gas chromatography to determine the
dependence of the concentration of radiolytic hydrogen
produced in the chamber on the radiation dose during
full-time operation of the pelletized moderator at a
temperature of 22K;
2) determine
the
dependence
of
the
concentration of radiolytic hydrogen on temperature
(within the range 20K to 293K) during post-irradiation
heating of the mixture;
3)
use gas chromatography technique to
measure the maximum concentration of radiolytic
hydrogen produced in the chamber and helium
supply/exhaust systems after irradiation and postirradiation heating of the mixture to room
temperature;
4) give recommendations on the issue of possible
production of oxyhydrogen gas in the pipeline system
for removing helium from the cryogenic moderator
chamber and its explosion hazard.

specially equipped with a thermochemical detector,
with a hydrogen concentration detection range
between 0.1 and 25%.GC was calibrated by calibration
gas mixture with different percentage of hydrogen and
nitrogen. The principle of operation of the detector is
based on the shift in the thermal effect during the
catalytic burning of the sample. Air is conducted to the
detector, to ensure burning of the sample on the
catalyst surface when determining low hydrogen
concentrations in inert gases.
The selection of gas mixture circulating in the cold
moderator system, using a gas blower (6), from the
chamber (2) to the heat exchanger (7), was carried out
from the dosing device (5), by copper tube (12) to the
chromatograph (11 and the thermochemical detector
(14). The gas holder (9) is always closed during
measurements. The analysis of each sample was
carried out for 5 minutes with visualization of
measurements in the Chromatek-Analytic program,
where peaks with the concentration of hydrogen and
nitrogen in helium were displayed (Fig. 2). The
numerical value of the measured hydrogen
concentration “H2” in percent is also indicated in the
Table below the Figure 2. In total, about 40
measurements were carried out.

2. EXPERIMENTAL SETUP AND RESULTS
A schematic of the experimental setup for
measuring the concentration of radiolytic hydrogen in
the cold moderator chamber at T = 22K is shown in
Fig. 1.

Figure 2. Chromatogram obtained by measuring the
concentration of radiolytic hydrogen using gas chromatograph
and the Chromatek-Analytic program during one of the
operating cycles of the IBR-2 reactor. The hydrogen
concentration (H2 ~ 0.12%) is shown in the table below the
graph.
Figure 1. Schematic of the experimental arrangement to
determine radiolytic hydrogen : 1 – IBR 2 reactor core,
2 – chamber with frozen pellets, 3 –used mesityline receiver,
4 – biologic shield, 5- device for dosing frozen balls into the
helium upply line to the chamber, 6 –gas blower, 7 – heat
exchanger, 8 –cryogenic helium plant, 9 – gas holder,
10- pipeline for removing hydrogen into the environment,
11 – Gas Chromatography Equipment (GC hereinafter),
12 – copper tube for transfer gas mixture to Gas
Chromatography, 13 – carrier gas cylinder (helium A grade),
14- thermochemical detector (TCHD) 15 – personal computer

The measurement of hydrogen concentration in
helium was carried out during the operation cycles of
the IBR-2 reactor with a cold moderator. The cycle
duration was about 11 days, and the measurement
frequency was once a day. After loading the chamber
(2) with frozen pellets, the temperature in the chamber
decreased to 22 K, and the reactor (1) was put into
operation at a nominal power of 1.6–1.8 MW.
Measurements were carried out using calibrated
“Gasochrome 2000 chromatograph” by Chromatek,
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Figure 3. Formation of radiolytic hydrogen in the cold
moderator chamber depending on the absorbed dose.

Figure 3 shows the change in the hydrogen
concentration as a function of the irradiation time and
absorbed dose of the mixture of mesitylene and m-
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xylene in the moderator chamber at T = 22K. As we can
see from Figure, by the end of the reactor operation
cycle and at a power of 1.6 MW (~ 140 MGy), the
concentration of radiolytic hydrogen in helium does
not exceed 0.123%. This is due to the fact that, at a
temperature below the critical value of 33 K, hydrogen
is in a condensed state in the moderator matter (i.e.,
inside frozen pellets), and it is essentially not
exhausted [18]. Such low, practically near-zero,
concentrations of radiolytic hydrogen in an inert
helium atmosphere reduce the possibility of producing
oxyhydrogen gas and, accordingly, of ignition or
explosion in the chamber, and helium supply/exhaust
pipelines of the cold moderator during its operation at
a nominal rating power of the reactor.

concentration decreases to about 20%, because there is
no fresh production of hydrogen and gas being
removed from the system to the GC. This suggests that
the production of radiolytic hydrogen in the moderator
chamber was determined (Fig. 4).

Figure 5. Chromatogram obtained at the maximum
concentration of 22.498% radiolytic hydrogen during
warming up of the system to room temperature. The absolute
measurement error does not exceed 1% of the final
concentration value.

3. CONCLUSION
The experimentally determined concentrations of
radiolytic hydrogen under inert helium cannot lead to
the production of oxyhydrogen gas in the moderator
chamber, both during its operation at reactor power at
a temperature of 22K, and during post-irradiation
heating with the reactor out of operation.
In the current operation of the cryogenic
moderator, the helium-hydrogen mixture is exhausted
after heating through the pipeline for removing helium
from the chamber into the environment, while
oxyhydrogen gas can product. In order to reduce the
possibility of its ignition, it is necessary to ensure the
absence of ignition sources near it.
Figure 4. The formation of radiolytic hydrogen during the
heating of the system as a function of the temperature (A) and
time (B).

The other situation when it is necessary to pay
special attention to the production of radiolytic
hydrogen in cold moderator systems occurs during the
heating of the mixture from 22K to 293K, after
irradiation, in order to replace it with a “fresh”,
unirradiated one. It should be noted that this process
occurs during the shutdown of the reactor, when its
power is 0 and lasts about 19 hours. During this period,
about 240 chromatographic measurements with open
gas holder were carried out and the dynamics of the
production of radiolytic hydrogen in the moderator
chamber was determined (Fig. 4). It can be seen from
the Figure 4 that the process of hydrogen exhaust
begins at a temperature of 110K and continues until a
maximum concentration of 22.5 % is reached (Fig. 5).
Above 165K, the increase stops and the hydrogen
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