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Abstract

A simple system using tritium counting and thermal desorption techniques was
developed to measure tritium adsorption and/or absorptin on/in materials having non-
cleaned surfaces and to estimate the tritium inventory/contamination of materials
near typical conditions. The samples comprised the materials used for conventional
vacuum systems.

Ad/absorbed tritium could be detected as RD(room temperature desorption), SR
(surface residuum) and HD(high temperature desorption) species. With respect to organic

polymers, only HT molecules dissolved in the samples were responsible for the RD,
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SR and HD. As for other materials, however, the RD species was revealed to be physi-
cally adsorbed HTO. The HD species formed a peak at about 460 K for each material
excepl organic polymers. It appeared to be adsorbed tritium, but desorbed as a condens-
able gas at liquid nitrogen temperature. It was, however, not soluble in water. Its
chemical forms and formation mechanisms were left as open question. The SR species
appeard to be a part of HD.

The order of adsorption amounts was as follows : [Epoxy resin, FRP(Fiber rein-
forced plastics] > [Ni(Nickel)] > [Cr(Chromium), Fe(Iron), SS304(Stainless steel),
A2219(Aluminum alloy)] > [h-BN(Boron nitride), SiC(Silicon carbide), ASS(SS3M pas-
sivated by anodic oxidation layers), BSS(SS304 passivated by h-BN segregation
layers]. This order was considerably different from that observed for clean surfaces.
In addition, the adsorption amounts for metals/alloys were about two orders of mag-
nitude smaller than those reported for clean metal surfaces. This discrepancy in results
is apparenily due to the presence of oxides and contamination layers over the samples
used. Nevertheless, it was found that the passivation of S5S304 with anodic oxidation
and/or h-BN segregation layers should be quite valid to decrease the tritium inventory

and/or contamination on/of the material walls of tritium handling systems.
1. Introduction

An appreciable tritium permeation has been estimated for the inner walls of trit-
ium handling systems of thermonuclear fusion reactors'’. It should be also kept in
mind that replacing the tritium contaminated components with new ones is one of the
most significant sources of the tritium release to environment?’. This is also a common
experience for the users of tritium facilities, Those problems require the reduction of
tritium adsorption and/or absorption on/in material surfaces as low as possible from
the saftey and environmental aspects.

Adsorption and/or absorption of hydrogen have already been extensively studied so
far for a variety of metals, alloys, oxides and others® . Investigations on the ad/ab-
sorption of tritium, however, are still of great importance because the data accumulated
so far are principally for clean surfaces and hence not necessarily valid for estimating,
before hand, the tritium contamination and/or inventory for selected component mate-
rials having non-cleaned surfaces. In addition, there is much need of such materials
being inactive to tritium ad/absorption, to decrease the tritium contamination/invento-
ry/permeation.

We developed a simple system using tritium counting and thermal desorption tech-
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niques to determine the ad/absorption activity of a‘given material having the surface
near praclical conditions; namely, as-reccived samples with no surface cleaning®’ .
Data obtained would be valid for estimating tritium inventory on/in the walls of se-
lected materials for the tritium handling systems.

This paper will describe the adsorption and desorption behavior of tritium ad/ab-
sorbed in various materials used for conventional vacuum systems and/or tritium
handling ones. It will also refer to the differences in the material activites to tritium

ad/absorption.
2. Experimental

2. 1. Apparatus

Figure 1 shows schematic dia-
gram of the experimental apparatus
used in the present study. This sys-

tem consists of a tritium exposure

subsystem connected to a convention-

al vacuum unit and counting sub-

Qgas

system. The tritium exposure subsys-

tem, to be used to expose the sam- ¢ L - --

ples to tritium gas, is equipped Fig.1l. Schematic apparatus installed with tritium coun-

. L ) ters and thermal desorption device.
with an ionization gauge, capacitance

(A) Vacuum unit : 1. oil-sealed rotary pump, 2. mercury
diffusion pump, 3. cold trap, ® Tritium exposure subsys-
tem ° 4. sample inlet, 5. capacitance manometer, 6. ion-
ization gauge, 7.8. Zr-alloy getter, 9. sample, & Counting
The details of the experimental sys- subsystem : 10. ball valve, 11.16.17. gas flow meter, 12. iron

rod, 13. 27 gas flow counter, 14. programmable temper-
tem have been described elsewhere®’.  4irye controller, 15. proportional counter(PC) 1,

18. PC 2, 19. cold trap.

manometer and Zr-alloy getters for

tritium storage / supply / recovery.

2. 2. Materials

The samples used were chromium(Cr), stainless steel(SS304), SS304 passivated by
anodic oxidation layers(ASS) and by boron nitride segregation layers(BSS), aluminum
alloy(A2219), boron nitride(h-BN), silicon carbide(SiC), epoxy resin and fiber reinforced
plastics(FRP). Most of the samples were about 8 X8 mm? with 0.3~0.5 mm thickness.

The stainless steel is one of the most conventional material to construct vacuum
tight systems. The aluminum alloy could be also used for the same purpose owing to
its nonsusceptible nature to hydrogen adsorption and solution. The ceramic materials,

h-BN and SiC, are expected to show extremely low activities, and hence to be poten-
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tial candidates as surface coating materials. Interest was also aroused to epoxy resin
and FRP which are used in conventional turbomolecular pumps as a part of gap senser
and motor rotor, respectively®’.

Tritium gas stored in the getter was diluted with hydrogen gas to the ratio of
H/T=60. The tritium concentration was kepl almost constant throughout the present

study.

2. 3. Procedures

The samples were only washed with acctone before use except organic polymers.
After the system being evacuated to aboul 1X107* Pa at room temperature, the sam-
ple was exposed to the diluted tritium gas at 4 kPa(tritium partial pressure was 67
Pa) at room temperature for 1 hour. Subsequently, the exposure gas was recovered
with the getter and the system was evacuated for 1 minute. It was dropped to the
counting subsystem by opening the ball valve to measure tritium adsorption and/or
desorption.

The mixture gas of helium and 1% isobutane was used as carrier gas as well as
quenching gas. The flow rate of the mixture gas was controlled to be 150 c¢m?/min.

Desorption of tritium at room temperature was measured with the proportional
counter at first. Subsequently, the sample was moved to the sample holder of the 27
counter to measure the tritium remained on the surface. Lastly, it was moved to the
heatig device to measure the desorption during heating up the sample. The temperature
of the sample was elevated linearly with time at heating rates of 0.08~0.33 K/sec
upto 450~900 K, depending on the samples. The details of the experimental procedures

have been described elsewhere®’.
3. Results and discussion

3. 1. Adsorption and/or desorption behavior

Figures 2 to 5 show some typical examples of the desorption curves and adsorption
measurements with the 27 counter. As scen in the figures, the ad/absorption amounts
were measured through two distinct ways. One was desorption curves observed for the
sample kept at room temperature and during sample heating. The areas of those curves
gave the respective desorption amounts. The other was the amount of tritium remained
on/in the surface layers of the sample after the room temperature ;iesorption. This
species was measured directly by the 2z counter in between those desorption measure-

ments. The desorption amounts at room temperature and during sample heating are
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denoted as RD(room temperature desorption) and HD(high temperature desorption),
respectively. The adsorbed tritium measured with the 2z counter is denoted as SR
(surface residuum).

The principal features of those desorption curves were as follows: 1) A fairly
large part of ad/absorbed tritium desorbed at room temperature:most of the mate-
rials showed a sharp peak, whereas organic polymers did a dull peak with long tail,
2) The residuum tritium desorbed with heating the samples, forming thermal desorp-
tion spectra, 3) Most of the desorption spectra showed a predominant peak at a tem-

perature range of 450~480 K. 4) At high temperature side, there were a long tail
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and/or peaks. Those features will be discussed below.
A desorption curve (RD) or desorption spectrum (HD) through a chemical reaction

1s described with the equations analogous to open reactor as below® :

(de/dt) 4+ (S/V)e= N(t) (1)
N(t)=—(do /dt)=kf(o) (2)

where ¢ is the concentration of tritium released into the gas phase in the system of
volume, V, o the number of ad/absorbed tritium on/in the material and N(t) the rate
of desorption. S and k are the flow rate of the carrier gas and rate constant for desorp-
tion, respectively. The term, kf( o ), shows the concentration dependence of the desorp-
tion rate: for example, it is ¢ for the first order reaction, and o ? for the second

order. The rate constant, k is generally written as
k=koexp(AE:/RT) (3)

where ko is the pre-exponential factor, AE: the activation energy and R the gas con-
stant. In the case of the room temperature desorption, k was constant, whereas it varied
with time for the thermal desorption spectroscopy(HD) : in the present case, the sample
was heated linearly with time as T=T¢+ Bt, where B is the temperature ramp.

Namely, the rate constant becomes larger with time.

3. 1. 1. Metals and ceramics
3. 1. 1. 1. Room temperature desorption

It was observed that the counting rates decreased exponentially with time for the
decaying parts of the room temperature desorption curves. The rate constants, k, were
in the range of 1.67x107°~2.83% 107*/sec., which appear almost identical among dif-
ferent smples. For this process, the first order kinetics was assumed. In this case,

Eq.(1) can be simply integrated as

c(t)=Klexp(—kt)—exp(— £ t)] (4)
K=ko o/( £ ~k) (5)

where £ and o are the flow rate to volume ratio, (§/V), and the number of tritium
initially adsorbed, respectively. The volume of the system, however, could not be deter-
mined explicitly because of the lack of exact knowledge on carrier gas flow in the
present system. Therefore, & is estimated through the analysis of the observed desorp-

tion curves as & =6.67x107%/sec. As mentioned above, the rate constant, k, could be
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determined from the decaying parts of

. . 6.0
thedesorption curves. With use of those l l I '
T
values, the desorption curves could be 520 P B
e ‘C_’ oy R
reproduced. An example of the calculated 40 ~ -
Py i
desorption curves is shown in Fig. 6 along ‘g E.l 0 i
o’ e ]
with the observed one which is the same = -.g 4 o
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desorption curve shown in Fig.2 for the = S T N H -
P v ¢ C %20 0 60
sake of comparison. It is seen that the B Time / min .
calculated desorption curve agrees fairly 0 : ] ]
] ) 0 20 40 60 80 100
well with the observations. The calcula- Time / min

tions using the same values of k and & Fig.6. An example of the desorption curves cal-
culated through Eq.[4) : the in-set is the ob-

for other samples could also reproduce
P P sreved one for SS304 shown in Fig. 2.

fairly well the respective observed desorp-

tion curves. This fact indicates that the species RD are identical irrespective to the
different nature of the samples used. In addition, separate experiments showed that
this species was condensable at liquid nitrogen temperature and dissoluble in water,
strongly suggesting that it is HTO. In addition, it appears to be physically adsorbed
HTO because it was readily ad/desorbed at room temperature and the ad/desorption
behavior did not depend on sample nature.

There 1s an evidence that the tritium gas supplied from the getter is quite pure,
containing no detectable H.O" . The residual pressure of the vacuum system, however,
1s only 1X107* Pa, and the residual gas species are mostly H.O and CO. Consequently,
HTO 1s expected to be formed through the exchange reaction of HT and H.O on the
surfaces of stainless steel pipes used for constructing the vacuum system®’. This appears
to be responsible for the HTO adsorption on the sample surfaces during the room

temperature exposure to the tritium gas.

3. 1. 1. 2. Surface residuum and high temperature desorption

Most of thermal desorption spectra showed predominant peaks in a temperature
range of 450~480 K. In addition, it was seen that the amounts of HD were always
about 10 times greater than those of SR. It should be noted that the escape depth of
tritium B rays(E.v=5.7keV) is several hundreds Angstrom for solid materials® . It
means that the 27 measurements give the amounts of tritium being present in the
surface layers within the above mentioned depth. On the other hand, the whole numbers

of tritium ad/absorbed in the samples was measured with the thermal desorption spec-
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troscopy under the present experimental conditions.

The (HD/SR) ratio has been considered to give the ratio between the number of
tritium dissolved in the bulk and that adsorbed on the surface of a given material'® .
The present observations, however, appcar not to be the case. This is because the
desorption peaks were observed at almost equivalent temperature al about 460 K irre-
spective to different nature of the samples : namely, there was no characteristic feature
of materials. In addition, the shapes of these peaks did not agree with those obtained
from calculations assuming the diffusion controlled desorption process. The first order

kinetics was also not the case.

Figure 7 shows an example of 30 T T T T T
£
the calculated desorption spectra "guo e ~ 41000
assuming the second order kinetics Agzo E g Laoox
. ~ o -
with ko=8.3X 10~"/molecules*sec ~ § | o 2 >
~ L = g J600 5
e — - [ J SO I | -
and AE,=17.5 kcal/mol. An ob = 2 0 00 1200 KT g
served desorption spectrum shown Z10- Time / min J 1400 %
- . . . . '—
[Fig.3 is plotted together in this B 1200
figure for comparison. It can be | 1
i 0 1 1 [ 0
seen that both the desorption 0 20 40 60 80 100 120

Time / min
spectra agree fairly well with each

other. 1t should be mentioned, Fig. 7. An examf)le of the desorption.spectrufn calculated
through Eq. (1) and (2}, accounting the linear temper-

however, that the values of k. and ature increase with time : the in-set is the observed
A E; above are not necessarily one for A2219 shown in Fig. 3.
unique ones beacuse other sets of them will also reproduce well the desorption spectrum.
They can be determined explicitly only after systematic measurements of the desorption
spectra. Nevertheless, the facts mentioned above strongly suggest that tritium adsorbed
on the sample surfaces is responsible for the desorption peaks at about 460 K and
desorbed through the sccond order surface reaction. Namely, this tritium species differs
from that of RD.

According to the above mentioned facts and discussion, the greater amounts of
HD than those of SR appear not to be due to tritium dissolved into bulk. Although
it is difficult at present to explain explicitly the reason of the large (HD/SR) ratios
about 10, it is worthwhile to note that the roughness factors are usually in the order
of 10 for the samples not specially prepared''’. For those samples, a part of the B

rays is expected to be shadowed and/or absorbed by salient parts of the sample surfaces,

reducing the count rates of the 27 counter.



Tritium Ad/absorption for Some Materials

The separate experiments described above also revealed that the tritium species
forming the 460 K peak was condensable at liquid nitrogen temperature. The species
was, however, not soluble in water, being a clear contrast to the RD species. In addi-
tion, this peak disappeared or considerably reduced its intensity for the samples once
heated up to about 700 K in the carrier gas folw or in vacuum. On account of the
presence of contamination layers consisting of fat and/or hydrocarbons on the surfaces
of as-received samples, the 460 K peak appears to be attributed to the fragments of
this contamination layers'®, in which the adsorbed tritium is captured through hydrogen
exchange reaction, hydrogenation reaction of double bond, and so on. It is also plausible
to assume that isobutane contained in the carrier gas plays a role. Its detail, however,
1S an open question.

In the higher tempcrature side, there was a long tail or peaks as seen in Figs. 3
~ 5. These higher temperature-side structures appear to depend on sample nature. At
present, however, it is premature to discuss them because of the lack of systematic

measurements.

3. 1. 2. Organic polymers

Hydrogen dissolves quite easily at room temperature in organic polymers as H.
molecules' ¥ . This suggests that the 2z counter and desorption curves look at the same
tritium species: in this case, it appears to be HT molecules dissolved in the FRP and
epoxy resin'’’. Namely, a part of the molecules desorbed at room temperature and
the other parts remained on/in the sample, which gave SR and HD. Therefore, the rate
of desorption should be controlled by diffusion process and then the source term in
Eq. (1) is described with Fick’s law.

We assumed here a plane sheet with thickness, d, under boundary conditions as:

1) the tritium dissolved is initially distributed uniformly in the material, 2) the surface

concentration is kept zero throughout the measurements. Namely,

C=0, x=0, x=d, t=0
C=C.,, 0=x=d, t>0

Then the rate of the desorption is described as'®’
N(t)= 8 (CoD/d)Zexp[— (2 m+ 1 )3 (D/d*)t] (6)

where D is the diffusion constant having the temperature dependence as D= v 4 exp(—

AE4/RT) and m the integer.
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Fig. 8. An example of the desorption spectrum calcu-

lated through Eq.(5) accounting the liner temper-

have no physical significance owing

to the similiar reasons as for Fig. 7,

alure increase with time:to be compared with
those in Fig. 5.

it is clear that the shapes of the desorption curve and spectrum are quite similar

to the observations. This indicates that the above mentioned mechanism plays a principal

role for the ad/desorption of tritium by/from organic polymers observed in the present.

3.
3.

2.
2. 1. Order of tritium ad/absorption
In Fig. 9, the extents of ad/absorption
are schematically drawn along with the obser-
vations for Ni and Fe which have been reported
previously'®. It should be mentioned that sam-
ples of Ni and Fe were mechanically polished
to remove surface oxide and contamination
layers before use. In the figure, it is seen that
the order of ad/absorption was RD>HD>SR
for each sample. Among different materials,
1)
polished Ni]>[Cr, Fe, A2219, $5304, SiC]>
[ASS, BSS, h-BN] for SR, 2)
> [polished Ni]>[Fe, Cr, A2219]>[SS304, SiC]
>[h-BN, BSS, ASS] for HD. With respect
to RD, the order was [polymers]>[Cr, A2219,
SS304, SiC]. This order appears similar to

the orders were as follows : [ Polymers,

[ Polymers ]

Tritium ad/absorption activity and material characteristics

Sample Amount of tritium atom

1010 1012 1014
FRP ' = @
Epoxy =
resin _ —
Ni ¥ .
Cr =

——

Fe¥ = -
A2219 = e
SS304 = 7

—
ASS ——— RD: W—
BSS - SR: [ |
h-BN = HD: N
SiC e @ . .

% Cited from ref.10.

Fig.9. Comparison of the ad/absorption

amounis among the samples.
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that for RD, although there is a lack of data for some materials.

The points of interest in this figure were as follows: 1) Except organic polymers,
the largest part of the ad/absorption was due to the RD species for each material. It
was physically adsorbed HTO and it desorbed easily at room temperature. [t amounted
to about 1x10'* T/cm® (GSA) owing to the room temperature exposure for 1 hour at
a HTO pressure of 1X107?/60 Pa : GSA denotes the geometric surface area. 2) The
amounts of HD were about 10''~10'*T/ecm? (GSA) for conventional alloys such as
55304 and A2219. 3) For those alloys, the SR amounted to about 10'' T/cm? (GSA).

The first point mentioned above indicates that hazardous HTO vapor readily accu-
mulates at room temperature on the inner walls of the tritium handling system even
at a HTO partial presseure of 3x 107° Pa. It will be released to environmental on
opening the system to replace its components. In order to meet the requirement by
ICRP, about 2.6 ¢ of fresh air per 10'* T/cm® (GSA) is necessary to dilute HTO to
the level of 0.7 Bq/cm®. Otherwise, the system should be rigorously purged with dry
gases or evacuated to remove the adsorbed HTO before opening the system. With
respect Lo the second and third points, it is also emphasized that the surface contami-
nant limit is 40 Bq/em?® for B -emitters, which is about 1/5 and 1/50 of the measured
SR and HD, respectively, of SS304. They can be removed only by rigorous purging at

higher temperature.

3. 2. 2. Material characteristics
3. 2. 2. 1. Organic polymers

The organic polymers used showed almost the same order of SR as that for Ni,
whereas over 10 times greater than HD. These features should be due to relative ease of
tritium diffusion and dissolution into these polymers as hydrogen molecules. Namely,
conventional organic polymers have the diffusion constants about 10-"~10"% cm?/sec

and the solubility constants in the order of ! when it is expressed as C=KP where

C and P are in the unit of [Pa<cc/em®] and [Pa], respectively, at room temperature'®.

Namely, the largest HD, SR and RD among those samples are attributed to the high

solubility and diffusivity of hydrogen molecules in those materials at room temperature.

3. 2. 2. 2. Metals
As mentioned above, the RD species was physically adsorbed HTO. The species
desorbed quite easily at room temperature and showed very similar desorption curves

for all of the samples except organic polymers. Because the partial pressure of HTO
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was considered to be kept almost equivalent for the sample exposures to the tritium
gas under the present conditions, the relative amounts of RD should be valid as a
measure of the roughness factors of sample surfaces. From this view points, it is
interesting to notc that the metallic samples show almost equivalent amounts of HD.

With respect to SR and HD, all of the metallic samples showed over two order of
magnitude samller amounts than the respective values for Ni. In addition, the present
samples did not have any features characteristic to sample nature, as seen for the peak
around 460 K in the thermal desorption spectra. On account that the samples had been
only washed with acetone and their surfaces had notl been specially prepared to be clean
before use, the relatively small values of SR and HD should be attributed to the non-
clean surface of the as-received samples. Namely, the surfaces are expected to consist
of respective oxides and, in addition, to be covered with contaminants such as fat.
Both of them are known to act as poisons for adsorption as well as catalysis®, re-
sulting in the smaller amounts of SR and HD than cleaner surfaces. It should be
mentioned here, however, the ad/désorption behavior 1s expected to change with the

history of the system components such as heating cycles.

3. 2. 2. 3. Surface passivated metals and ceramic materials

The ASS and BSS samples showed the smallest amounts of SR and HD among the
samples used. The ASS samples showed the SR and HD of about 1/10 of the respective
values for SS304 and of 1/100 with respect to Ni. The surfaces prepared with the anodic
oxidation, (ASS), are known to be covered with a surface layer of about IOOA thickness
consisting of Cr-oxide and Fe-oxide:there is the depletion of nickel in the surface oxide

)

layers'® . In addition, the ASS samples have mirror-like surfaces. According to the

roughness factor measurements, the mirror-like surfaces usually have the roughness

11}

factors very near to unity This appears to hold for the present ASS samples. On
the other hand, the metal surfaces of not specially prepared have the values around
10'Y, Consequently, it is expected that the shadowing effect of the B rays of ASS
is considerably smaller than that of SS304. Taking those facts into account, it can be
estimated that the anodic oxidation layer reduces the tritium adsorption about factor
of 100 in comparison with as-received stainless steel and hence acts as a potential
protection layer for tritium adsorption and permeation. The BSS samples were prepared
with vacuum heating of SS304 doped with boron and nitrogen at 1100 K for 3 hours.
After this pretreatment, the surface becomes to be covered with h-BN about 100A

thickness'®’. Although there is a lack of knowledge on the roughness factor of this
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sample, it is apparent that the h-BN layer can also reduce the tritium adsorption
about factor of 10 or more and hence acts as a protection layer for the tritium adsorp-
tion and permeation.

The h-BN consists of planner layers with covalent bonds. The layers are stacked
each other by van der Waals force. SiC exists in three differnt forms as diamond, zinc
blend and wurtzite structures. In any of them, however, each silicon atom forms covalent
bond with a carbon atom. This kind of compounds usually shows very small activity
for hydrogen ad/absorption. This is also held for the present samples. With respect
to a little larger values of SR and HD of these samples than those of BSS and/or

ASS, it appears Lo be due to their porous nature.
4 . Conclusions

In the present work, the ad/absorption of tritium on the non-cleaned surfaces of
vacuum component materials were measured with use of tritium counting method and
thermal desorption spectroscopy. The materials used were polymers (epoxy resin and
fiber reinforced plastics), chromium, SS304 without/with passivation layers (ASS, BSS)
aluminum alloy (A2219) and ceramics (h-BN, SiC).

s

Those samples were exposed at room temperature to HT gas equivalent to 67 Pa.
The ad/absorbed tritium could be divided into three species : RD(being readily desorbed
at room temperature), SR(surface residuum after the room temperature desorption)
and HD(being desorbed at high temperatures). The RD species was the majority of
the ad/absorbed tritium except the polymers and identified as physically adsorbed HTO.
The SR and HD species appeared to be tritium atoms. Owing to sample heating, SR
desorbed from the sample, forming thermal desorption spectra, in which a predominant
peak was observed at about 460 K, irrespective to sample nature. In addition, the
species forming the 460 K peak was condensable at liquid nitrogen temperature, but not
dissoluble in water. The mechanism of this desorption is left as open question. The
differences of the sample nature were only reflected as a tail or minor peakes at higher
temperature side. With respect to the polymers, it was concluded that all of RD, SR
and HD are due to the HT molecules dissolved in them.

The order of ad/absorption was roughly as [polymers]>[polished Ni]>[Cr, Fe,
55304, A2219, SiCI>[h-BN, ASS, BSS], which are quite different from that known
for clean surfaces. This order appears to be partly due to the non-clean surface states
and partly the roughness factors of the samples. In addition, the order of magnitude

was about 1/100 in comparison with clean surface data. This is also attributed to the
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non-cleaned surface states of the samples. Those resulls suggest that the tritium con-
tamination/inventory/permeation would not be so much serious as the materials having
clean surfaces. From the view point of safety and environmental aspect, however, the
level of cotamination was still too high. This requires to establish the techniques pre-
paring surface passivation layers over the component materials. With respect to this
problem, anodic oxide layers and/or h-BN segregation ones are quite valuable for
stainless steel. SiC coating is also expected to be valid for this purpose. It is, however,
worthwhile to note that the ad/absorption activity of a material is expected to be

sensitive to the history of the material such as heat cycles.
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