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A B S T R A C T

Production of tritium using a high-temperature gas-cooled reactor (HTGR) has been studied for a prior en-
gineering test with tritium handling and for the startup operation of a demonstration fusion reactor. For this
purpose, the hydrogen absorption speed of Zr in a Li-loading rod for the reactor operation is experimentally
measured, and an analysis model is presented to evaluate the tritium outflow from the Li rod in a high-tem-
perature engineering test reactor (HTTR). On the basis of the presented model, the structure of the Li-loading rod
for the demonstration test using the HTTR is proposed.

1. Introduction

For prior technical tests of tritium circulation and blanket systems of
a demonstration fusion reactor and for the startup operation, it is ne-
cessary to provide a sufficient amount of tritium from an outside source
[1]. For fusion reactors, the tritium has been produced by using the D
(n,γ)T reaction in the Canadian Deuterium Uranium (CANDU) reactors
[2]. Because the cross section of the 6Li(n,α)T reaction has almost 6
orders larger around the thermal-neutron energy range compared with
the D(n,γ)T reaction and the high-temperature gas-cooled reactor
(HTGR) has the following several advantages, we consider the tritium
production using the HTGR [3] by inserting a Li compound as a burn-
able poison (BP) instead of a boron compound. The main core structure
in the HTGR is graphite, which is chemically stable and does not react
with the Li compound. The large core size of the HTGR provides enough
space for loading the Li compound without 6Li enrichment, together
with structural materials to prevent the leakage of tritium. In the HTGR,
the BP is usually used in a solid state (i.e., as B4C), and thus the Li
compound can be loaded into the reactor’s core without significantly
changing the original structural design. The technical understanding of
the Li-loading rod structure, together with the evaluation of the basic
properties of the structural materials of the rod (i.e., Al2O3 and Zr
[4–8]), has been progressed to efficiently produce a sufficient amount

of tritium and to hold the produced tritium inside of the rod during the
reactor’s operation period. In order to confirm the performance of the
Li-loading rod and to demonstrate the tritium production process using
the HTGR, we now plan an irradiation test on a high-temperature en-
gineering test reactor (HTTR). HTTR is a block-type high-temperature
gas-cooled fission reactor with a 30-MW thermal output [9], which is
operated by the Japan Atomic Energy Agency. Heading on the irra-
diation test, the main structure of the Li-loading rod with a capsule for
tritium containment should be clarified.

During the operation, the amount of tritium flowing out from the Li
rod into helium gas should be suppressed to a lower level as much as
possible. Numerical simulations have predicted that if we could operate
the HTGR in a low temperature range, keeping the rod temperature
below 520 °C, the tritium leaking from the Li rod can be suppressed to
less than 1% of the amount produced [4]. However, if we intended to
operate the HTGR in a much higher temperature range (i.e., the rod
temperature reaching 800 °C–900 °C) so as to increase the electricity
generation efficiency, the leakage of the tritium would rapidly increase.
This is because the hydrogen permeability of the Al2O3 layer in the Li
rod increases with the increase of the rod’s temperature [5]. In order to
reduce the leakage of tritium from the rod, we attempted to adopt Zr in
the rod as a tritium absorption material to avoid increasing the inner
tritium partial pressure [6,8,10]. To prevent the tritium absorption
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capability from decreasing due to oxidization via interacting with co-
existing oxides (i.e., LiAlO2 and Al2O3), some kind of coating with an
antioxidant material is necessary [10]; it is desirable to have a surface
area of Zr is as large as possible. We propose the Li rod including Zr
pebbles with Ni coating as shown in Fig. 1.

The optimal size of each layer and the diameter of the pebble (e.g.,
x, y, and z in Fig. 1) should be clarified. In this paper, we experimen-
tally measured the hydrogen absorption performance of Zr (i.e., hy-
drogen absorption speed). On the basis of the measured data, we nu-
merically simulated the tritium leakage from the Li rod during the
reactor’s operation and the correlation with the rod structure, assuming
several patterns of the tritium absorption capability. The purpose of this
paper was to present a desirable Li-rod structure and its analysis model
for tritium production in the HTTR.

2. Experimental apparatus and analysis model

2.1. Hydrogen absorption experiment

Hydrogen absorption experiments were carried out using two
commercial Zr cylinders (see Table 1). A schematic illustration of the
experimental apparatus is shown in Fig. 2. A Zr cylinder is introduced in
the center region of a quartz tube, which is heated to the preset tem-
perature (i.e., 850 °C or 900 °C); this temperature is kept constant
during the measurement. After the inside of the quartz tube is evac-
uated, hydrogen gas flows into the tube so that the initial pressure
becomes ⁓500 Pa. The pressure reduction process in the quartz tube
due to hydrogen absorption by Zr is continuously observed.

2.2. Nuclear burning simulation for HTTR core

The horizontal cross section of the HTTR core is shown in Fig. 3 (a)
[9]. The core consists of 2 regions, i.e., actual core and reflector regions.
The actual core consists of 30 fuel and 7 control-rod guide columns,
each of which is composed of a stack of 5 fuel and 4 reflector blocks.
The actual core is surrounded by the reflector region, i.e., replaceable
and permanent reflector blocks and 9 control-rod guide blocks. The
core is 2.9m in height and 2.3m in diameter. Each hexagonal block is
360mm wide across the flats and 580mm high [see Fig. 3 (b)]. The fuel
block contains 31 or 33 fuel channels and 3 BP insertion holes. 480mm
high Li rods with 15mm Al2O3 caps on both upper and bottom sides are
loaded into the BP insertion holes.

The estimation of the amount of produced tritium and the effective
multiplication factor during the HTTR operation was performed using
the continuous-energy Monte Carlo transport code MVP-BURN [11]
using the whole core model. Throughout the calculations, nuclear data
were taken from JENDL-4.0 [12]. The fuel region temperature was
1100 °C and the Li-rod temperature was the same as the moderator
(900 °C). In this study we assumed 360-day reactor operation period.
All control rods were assumed to be pulled out. The time steps in the
burn-up simulations were taken as 0, 1, 5, 30, 60, 120, 180 and 360
days. For each of the time steps, 6,000,000 neutrons were generated.
The statistical errors of the effective multiplication factor and the re-
action rate were less than 0.1% in all calculations, which is sufficient
accuracy in our discussion.

2.3. Diffusion equation and outflow of tritium

The total amount of tritium that flowed out from the Li rods into the
helium coolant per unit time was estimated by solving the tritium dif-
fusion equation. We ignored the function of Zr as an antipermeation
material and solved the diffusion equation only for the Al2O3 layer:

∂

∂
= ∇

c
t

D c,2
(1)

where D and c represent the diffusivity of the hydrogen isotope in Al2O3

Fig. 1. A schematic view of the Li-loading rod.

Table 1
Properties of Zr cylinders.

Small Large

Diameter (mm) 9.5 15.8
Height (mm) 15 15
Thickness (mm) 1 1
Impurity
C (wt%) 0.015
FeCr (wt%) 0.083
H (wt%) < 0.0003
N (wt%) 0.006
O (wt%) 0.143
Zr+Hf (wt%) 99.5

Fig. 2. Illustration of the experimental apparatus.

Fig. 3. (a) Horizontal cross-section of the HTTR core, (b) Fuel block with Li-rod
insertion holes.
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and the tritium density in the hollow portion, respectively. This treat-
ment can estimate the tritium leakage on the safe side. Tritium pro-
duced in the LiAlO2 layer diffuses quickly in the hollow portion, and the
pressure of tritium in the LiAlO2 and the hollow portion layers reach the
same value. It has already been confirmed that hydrogen permeates
through the Al2O3 tube in an atomic form (i.e., hydrogen concentration
is proportional to a square root of an input hydrogen pressure [5]), thus
we determined the boundary condition of Eq. (1) at the inner surface of
the Al2O3 tube on the basis of Sieverts’ law. The outflow of tritium from
the outer surface of the Al2O3 tube into the coolant was estimated from
a nonequilibrium solution of the tritium diffusion equation assuming
the one-dimensional cylindrical geometry as

= −
∂

∂ =

J AD c
r

,
r 7mm (2)

where A is the outer surface area of the Al2O3 tube. The diffusivity and
solubility coefficients of Al2O3 for a hydrogen isotope were taken from
the work of Katayama [5]. The porosities of Al2O3 and LiAlO2 are as-
sumed to be 0 and 15% respectively.

3. Results and discussion

3.1. Tritium production in the HTTR

The effective multiplication factor (keff) and the cumulative weight
of tritium produced in the HTTR are plotted in Fig. 4 as a function of
operation time for several LiAlO2 thicknesses. Here the effective mul-
tiplication factor represents how the reactor has allowable margin for
the neutron flux to sustain the criticality at the indicated operation
time, and the simulation is made assuming the core in which all control
rods are pulled out. In the actual operation, the keff is kept unity by
using the control rods during the operation. In the simulations, a 14mm
diameter of the Li-rod, a 1.9mm thickness of the Al2O3 layer, and a
0.1 mm thickness of the Zr layer are assumed, implying that the
thickness of the LiAlO2 layer in Fig. 4 was changed by adjusting the
inner radius of the LiAlO2 layer, keeping the outer radius as 5mm. keff
(the cumulative weight of the produced tritium) kept decreasing (in-
creasing) over time and reached the minimum (maximum) value after
the 360-day operation.

The cumulative amount of produced tritium and the effective mul-
tiplication factor right after the 360-day operation was terminated are
summarized in Fig. 5 as a function of the LiAlO2 thickness. Although the
amount of produced tritium increases for large LiAlO2 mass, keff de-
creases. In order to continue operating the reactor, at least 1.02 of keff is
required until the end of the operation. From Fig. 5 we can estimate
that the possible weight of tritium produced in the HTTR is roughly 30 g
during 360-day operation. Zr was not included in the simulation;

however, the weight of Zr is not a crucial factor for tritium production.
This is because the neutron absorption by Zr is small. In the following
discussion we will use the value of 30 g/year as the typical weight of
tritium produced in the HTTR.

3.2. Estimation of hydrogen absorption time

In order to estimate the tritium leakage from the Li rod in which Zr
is inserted as a hydrogen absorption material, the absorption speed and
the quantity possibly absorbed should be considered. Hydrogen ab-
sorption experiments were carried out to examine the hydrogen ab-
sorption speed and its quantity. The results of the experiments (i.e.,
temporal behaviors of the hydrogen pressure due to absorption by the
Zr cylinders) are shown in Fig. 6. The dotted lines represent the case
when the Zr temperature was kept at 850 °C, and the solid lines re-
present the case when the Zr temperature was kept at 900 °C. Since the
absorption speed is predicted to be related to the size of the surface area
of the Zr sample, we prepared samples of small and large sizes as shown
in Table 1. The black triangles show the samples with a small size,
whereas the white squares represent the samples with a large size. We
can find that the absorption of hydrogen progresses according to the
exponential scaling (dotted lines show the exponential fittings), and we
can estimate the absorption time (τa) by least squire fitting as follows:

≈ − +P t τ Pˆ exp( ) ˆ .a equilibrium (3)

Here P̂equilibrium is the normalized pressure when t→∞, which is suffi-
ciently small compared with P̂ . We define τ*a using a product of τa and
Zr surface area:

Fig. 4. The effective multiplication factor (keff) and the amount of tritium
produced for each operation time.

Fig. 5. Effective multiplication factor (keff) and the amount of tritium produced
during 360-day operation in the HTTR.

Fig. 6. Temporal behaviors of normalized hydrogen pressure.
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≡ ≈τ τ A V τ A V* / / ,a a
small small

ex a
l e l e

ex
arg arg (4)

where Asmall (Alarge) is the surface area of small (large) sized sample and
Vex is the volume filled with the hydrogen gas. In our experiment, τa

small

= 8.7 (4.4) s and τa
l earg = 6.8 (2.9) s were observed, and ≈τ*a ∼9.4 (4.3)

s/m for 850 (900)°C is almost of the same value for both samples, which
implies that the absorption speed is approximately proportional to size
of the surface area. In our experiment the solubility of the Zr is mea-
sured as 91.3 (75.5) mol/m3/Pa1/2 for 850 (900)°C.

3.3. Evaluation of tritium outflow and rod parameters

We next evaluated the amount of tritium outflow from the rods by
solving Eq. (1). In order to determine the boundary condition at the
inner surface of the Al2O3 layer (according to Sieverts’ law), it is ne-
cessary to know the tritium partial pressure at the surface. We assume
that the tritium density in the hollow portion satisfies the following
mass balance equation:

= − +
∂

∂+ + + =

dc
dt

S
V

cA
τ V

AD
V

c
r*

,T
rod

hp Li

pebble

a hp Li hp Li r(15) (15) (15) 7mm (5)

where ST
rod is the tritium production rate, and Apebble represents the total

surface area of the Zr pebbles, and Vhp+Li(15) is the volume of 15%
LiAlO2 layer plus hollow portion. From the solution of Eq. (5), the
partial pressure of tritium in the hollow portion (see Fig. 1) was esti-
mated using the equation of state for a perfect gas.

In the HTGR, a large core size makes it possible to load a large
amount of Zr in the Li rod. The atomic ratio T/Zr can be estimated to be
less than 0.1 at most, even after the 360-day operation. In such a case,
as shown by Zuzek [13], the capability of tritium absorption in Zr
would be sufficiently high to reduce the partial tritium pressure, as long
as the ideal condition is kept satisfied during the operation. Yamanaka
[14] reported that the relative reduction of the solubility due to oxi-
dization is restricted to 1/3∼1/2 in the HTGR condition when O/Zr
atomic ratio is within 0.25∼0.398; thus in the HTGR we could roughly
know the influence of the Zr oxidization on the tritium leakage by
looking at the decrement of the absorption speed relative to the tritium
production.

The weight of tritium flowing out from all rods for 900 °C and the
inner pressure are presented in Fig. 7 as a function of the thickness of
the Al2O3 layers for several τa

rod, i.e., τa
rod =1h, 1 day, 10 days, 60 days

and ∞ for the weight of tritium flowing out (solid lines) and τa
rod = 60

days and∞ for the inner pressure (dotted lines). Here τa
rod is the τa when

thickness of the Al2O3 layer is 1.9mm. In the calculations, the thick-
nesses of the both Zr layers inside and outside of LiAlO2 surface are
assumed to be 0.1 mm. The thickness of the LiAlO2 layer is adjusted so
that total tritium production can be kept at 30 g. We simulate the

reduction of the tritium absorption capability of Zr due to some reason
as an increment of the absorption time τa. It is found that with in-
creasing the absorption time, the fraction of tritium leakage to the
amount of production increases. The condition = ∞τa

rod corresponds to
the case when the rod without Zr is adopted. We can understand that if
the thickness of Al2O3 layer is less (greater) than 1.8∼2.2 mm, tritium
leakage decreases (increases) with the increase of the thickness. This is
because the inner pressure increases owing to the decrement of the
volume of the hollow portion. Under this condition, almost 2/3 of the
produced tritium flows out if we do not use Zr. In our experiment, τa is
estimated as 1.2 ms in the rod. If the performance of Zr absorption
works well as measured in our experiment, or at least τa is shorter than
1 day, the leakage can be reduced to less than ∼1.0 g. The difference in
∼108 (between ms and day) roughly corresponds to the difference of
the diffusion coefficient for hydrogen between Zr and ZrO2.

In Fig. 8 the ratio between the tritium leakage and the amount of
produced tritium is plotted as a function of the diameter of the Zr
pebble for some τa. In the simulations, a 14mm diameter of the Li-rod, a
1.9 mm thick Al2O3 layer, a 0.1mm thick Zr layer, and a 2.7 mm thick
LiAlO2 layer are assumed. In this case, the diameter of the hollow
portion becomes 4.6mm and the amount of tritium produced during
the 360-day operation is 30.6 g. The volume ratio of the Zr pebbles
inside the LiAlO2 layer is fixed as 60%, and we define τa

pebble as the τ a

when diameter of Zr pebble is 1.0 mm. As the diameter of Zr pebble
decreases, the total surface area of the Zr increases, and the amount of
tritium leakage decreases. The decrement of the diameter effectively
works to reduce the tritium leakage when τa>1 day. When τa is shorter
than one hour, we can say that the leakage becomes nearly the same
level as the one generating in usual HTTR operation without Li loading,
i.e., ∼0.25 g/year [15].

4. Concluding remarks

In this paper, we described an analysis model for evaluating tritium
leakage from a Li-loading rod and proposed a desirable rod structure for
tritium production in an HTTR. At this point, we consider that a rod
with a 14mm diameter, a 1.9mm thick Al2O3 layer, a 0.1 mm thick Zr
layer, and a 2.7mm thick LiAlO2 layer, involving Zr pebbles with Ni
coating and a 0.5mm radius, is one of the most desirable structures of a
Li-rod for an HTTR.

In fission reactors, all of the materials are exposed to intensive ra-
diation of neutrons. In such a case the hydrogen diffusion may be re-
tarded due to the trapping effect at the radiation defects [16]. On the
other hand enhancement of hydrogen diffusion by radiation for oxide
including Al2O3 was reported [17]. The oxides can be potential candi-
dates of permeation barrier, and the radiation-induced diffusion may
deteriorate the barrier effect [18]. At this point, the mechanism of the

Fig. 7. Weight of tritium leakage from the rods (solid lines) and inner pressure
in one rod (dotted lines) as a function of the Al2O3 layer thickness for several
τa

rod when 30 g of tritium is produced.

Fig. 8. Weight of tritium leakage from the rods as a function of the Zr pebble
diameter for several τa

pebble when 30 g of tritium is produced.
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deterioration has not been understood fully. In order to complete the
final design, the amount of tritium produced and leaked (i.e., the
analysis model and the effective hydrogen absorption time of Zr) should
be validated in an irradiation test in an HTTR.

Acknowledgments

This work is supported by JSPS KAKENHI Grant-in-Aid for Scientific
Research (B) JP18H1200 and cooperative program with BA (The Joint
Implementation of the Broader Approach Activities in the Field of
Fusion Energy Research) reactor design team in Japan.

References

[1] M. Nishikawa, H. Yamasaki, H. Kashimura, S. Matsuda, Effect of outside tritium
source on tritium balance of a D-T fusion reactor, Fusion Eng. Des. 87 (2012)
466–470.

[2] P. Gierszewski, Tritium supply for near-term fusion devices, Fusion Eng. Des. 10
(1989) 399–403.

[3] H. Matsuura, S. Kouchi, H. Nakaya, et al., Performance of high-temperature gas-
cooled reactor as a tritium production device for fusion reactors, Nucl. Eng. Des.
243 (2012) 95–101.

[4] H. Nakaya, H. Matsuura, K. Katayama, et al., Study on a method for loading a Li
compound to produce tritium using high-temperature gas-cooled reactor, Nucl. Eng.
Des. 292 (2015) 277–282.

[5] K. Katayama, H. Ushida, H. Matsuura, et al., Evaluation of tritium confinement
performance of alumina and zirconium for tritium production in a high-tempera-
ture gas-cooled reactor for fusion reactors, Fusion Sci. Technol. 68 (2015) 662–668.

[6] S. Nagasumi, H. Matsuura, K. Katayama, et al., Study on tritium production using a

high-temperature gas-cooled reactor for fusion reactors: evaluation of tritium out-
flow by non-equilibrium diffusion simulations, Fusion Sci. Techol. 72 (2017)
753–759.

[7] K. Katayama, J. Izumino, H. Matsuura, S. Fukada, Evaluation of hydrogen per-
meation rate through zirconium pipe, Nucl. Mater. Energy 16 (2018) 12–18.

[8] Y. Koga, H. Matsuura, Y. Ida, et al., Study on Lithium rod test module and irra-
diation method for tritium production using high temperature gas-cooled reactor,
Fusion Eng. Des. 136 (2018) 587–591.

[9] T. Nakata, S. Katanishi, S. Takada, et al., Nuclear design of the gas turbine high
temperature reactor (GTHTR300), JAERI-Tech 066 (2002) (2002).

[10] K.A. Burn, E.F. Love, C.K. Thornhill, Description of the Tritium-Producing Burnable
Absorber Rod for the Commercial Light Water Reactor, (2012) TTQP-1-015, 19,
PNNL-22086.

[11] Y. Nagaya, K. Okumura, T. Mori, M. Nakagawa, MVP/GMVP II: general purpose
monte carlo codes for nuetron and photon transport calculations based on con-
tinuous energy and multigroup methods, JAERI (2005) 1348.

[12] K. Shibata, O. Iwamoto, T. Nakagawa, et al., JENDL-4.0: a new library for nuclear
science and engineering, J. Nucl. Sci. Technol. 48 (2011) 1–30.

[13] E. Zuzek, J.P. Abrlata, A. San-Martin, F.D. Manchester, The H-Zr (Hydrogen-
Zirconium) system, Bull. Alloy Phase Diag. 11 (1990) 385–395.

[14] S. Yamanaka, T. Tanaka, M. Miyake, Effect of oxygen on hydrogen solubility in
zirconium, J. Nucl. Mater. 167 (1989) 231–237.

[15] H. Ohashi, N. Sakaba, T. Nishihara, et al., Analysis of tritium behavior in very high
temperature gas-cooled reactor coupled with thermochemical iodine-sulfur process
for hydrogen production, J. Nucl. Sci. Technol. 45 (2008) 1215–1227.

[16] H. Hatano, M. Shimada, V. Alimov, Kh, et al., Trapping of hydrogen isotopes in
radiation defects formed in tungsten by neutron and ion irradiations, J. Nucl. Mater.
438 (2013) S114–S119.

[17] R.G. Macaulay-Newcombe, D.A. Thompson, Ion beam analysis of deuterium-im-
planted Al2O3 and tungsten, J. Nucl. Mater. 258–263 (1998) 1109–1113.

[18] G.W. Hollenberg, E.P. Simonen, G. Kalinin, A. Terlain, Tritium/Hdrogen barrier
development, Fusion Eng. Des. 28 (1995) 190–208.

H. Matsuura, et al. Fusion Engineering and Design 146 (2019) 1077–1081

1081

http://refhub.elsevier.com/S0920-3796(19)30181-4/sbref0005
http://refhub.elsevier.com/S0920-3796(19)30181-4/sbref0005
http://refhub.elsevier.com/S0920-3796(19)30181-4/sbref0005
http://refhub.elsevier.com/S0920-3796(19)30181-4/sbref0010
http://refhub.elsevier.com/S0920-3796(19)30181-4/sbref0010
http://refhub.elsevier.com/S0920-3796(19)30181-4/sbref0015
http://refhub.elsevier.com/S0920-3796(19)30181-4/sbref0015
http://refhub.elsevier.com/S0920-3796(19)30181-4/sbref0015
http://refhub.elsevier.com/S0920-3796(19)30181-4/sbref0020
http://refhub.elsevier.com/S0920-3796(19)30181-4/sbref0020
http://refhub.elsevier.com/S0920-3796(19)30181-4/sbref0020
http://refhub.elsevier.com/S0920-3796(19)30181-4/sbref0025
http://refhub.elsevier.com/S0920-3796(19)30181-4/sbref0025
http://refhub.elsevier.com/S0920-3796(19)30181-4/sbref0025
http://refhub.elsevier.com/S0920-3796(19)30181-4/sbref0030
http://refhub.elsevier.com/S0920-3796(19)30181-4/sbref0030
http://refhub.elsevier.com/S0920-3796(19)30181-4/sbref0030
http://refhub.elsevier.com/S0920-3796(19)30181-4/sbref0030
http://refhub.elsevier.com/S0920-3796(19)30181-4/sbref0035
http://refhub.elsevier.com/S0920-3796(19)30181-4/sbref0035
http://refhub.elsevier.com/S0920-3796(19)30181-4/sbref0040
http://refhub.elsevier.com/S0920-3796(19)30181-4/sbref0040
http://refhub.elsevier.com/S0920-3796(19)30181-4/sbref0040
http://refhub.elsevier.com/S0920-3796(19)30181-4/sbref0045
http://refhub.elsevier.com/S0920-3796(19)30181-4/sbref0045
http://refhub.elsevier.com/S0920-3796(19)30181-4/sbref0050
http://refhub.elsevier.com/S0920-3796(19)30181-4/sbref0050
http://refhub.elsevier.com/S0920-3796(19)30181-4/sbref0050
http://refhub.elsevier.com/S0920-3796(19)30181-4/sbref0055
http://refhub.elsevier.com/S0920-3796(19)30181-4/sbref0055
http://refhub.elsevier.com/S0920-3796(19)30181-4/sbref0055
http://refhub.elsevier.com/S0920-3796(19)30181-4/sbref0060
http://refhub.elsevier.com/S0920-3796(19)30181-4/sbref0060
http://refhub.elsevier.com/S0920-3796(19)30181-4/sbref0065
http://refhub.elsevier.com/S0920-3796(19)30181-4/sbref0065
http://refhub.elsevier.com/S0920-3796(19)30181-4/sbref0070
http://refhub.elsevier.com/S0920-3796(19)30181-4/sbref0070
http://refhub.elsevier.com/S0920-3796(19)30181-4/sbref0075
http://refhub.elsevier.com/S0920-3796(19)30181-4/sbref0075
http://refhub.elsevier.com/S0920-3796(19)30181-4/sbref0075
http://refhub.elsevier.com/S0920-3796(19)30181-4/sbref0080
http://refhub.elsevier.com/S0920-3796(19)30181-4/sbref0080
http://refhub.elsevier.com/S0920-3796(19)30181-4/sbref0080
http://refhub.elsevier.com/S0920-3796(19)30181-4/sbref0085
http://refhub.elsevier.com/S0920-3796(19)30181-4/sbref0085
http://refhub.elsevier.com/S0920-3796(19)30181-4/sbref0090
http://refhub.elsevier.com/S0920-3796(19)30181-4/sbref0090

	Li-rod structure in high-temperature gas-cooled reactor as a tritium production device for fusion reactors
	Introduction
	Experimental apparatus and analysis model
	Hydrogen absorption experiment
	Nuclear burning simulation for HTTR core
	Diffusion equation and outflow of tritium

	Results and discussion
	Tritium production in the HTTR
	Estimation of hydrogen absorption time
	Evaluation of tritium outflow and rod parameters

	Concluding remarks
	Acknowledgments
	References




