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1. Imtroduction

To explain the radiation induced swelling phenomena,
the method with rate theory has been used from
1980°z [1]. The method can be applid more
cotverdently than the lanetic Monte Carlo method.
Ilansur showed the contents of heliwm affected the
cavity growth rate severely [2]. Seweral equations
have been suggested. But it iz hard to find a suitable
equation under a consition of high teperature and high
pressure. The helum content in bubbles has heen
calculated vnder an assumption that helhun cannot be
soluble in the matrw of metals and exists only in the
cavity, But the helivm atoms can formn as snall woids
because the hinding energy of heliun and vacancy is
high. To estimate the growth rate of cavities, the effect
of the gas pressure on the rate is particulary needed.
We reviewed that the walue of cawity growth rate
varied at different equations of state and gas pressure
under same heliun content and temperature

2. Methods and Results
2.1 Theoretical Beasis

Ilansur expressed the cavity growth rate by
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£ o the capture efficiensy ofcavities forwvacancies and
interstitialz.

¥, : the radius of a cawity

[ : the diffusion coefficient of wacancylv) and
interstitial(i).

C : concentration of vacancylw) and interstitiali1).

C¢r.] - the thermal equilibrivm  vacancy
concentration near a cavity of radius r, is given by
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¢ the
concentration.

Fg : the gas pressure within cavity.

# the surface energy.

bullz  thermal equilibrium  wacancy

I2 : the atornic voluine.
k : the Boltermann’ s constant.
T : the abzolute temperature.

The cavity growth rate iz determined by the net
vacancy fluz. The first term on the right of Eq. (1) iz
the wacancy influx to the cawity. The second term is
interstitial influz to the cawity, and the third term is
thertnal wacancy outfluz  The concentrations of
vacancies and interstitials are determined with a quasi-
contimnun reaction rate theory. Mamely, they are
determitied by the generation, recombination and sink
to cavities and dislocations of interstitials and wacaticies,
and the release of vacancies from the sinks |

The helhun gas pressure within a cavity 15 caculated
with the modified Van der Waals equation.
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n, :the mumber of gas atoms in the cavity.

The constant B has been determined az a function of
temperature for helivm [3],

B=6.65x107[45x 10" + 542/(1890 + T}
(4)

The number of gas atoms in the cavity, n, was

assumed that helum iz not soluble in the matriz and
contained in the cawity,
Total injected helium content iz epressed as.

N, =n N 210"

()
N, :theinjected helium content, appm.

A, the cavity munber density.
2.2 The Cavity Growth Fate versus Cavity Radius

Fig | shows the cawity growth rate obtained with
tnaterials parameters listed in Takle 1

Tahle 1. Walues of taterisl parameters in
calculations
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L :the dislocation density.

D ]
2

- the diffusion pre-exponential of vacancy.

- the diffusion pre-exponential of interstitial

E™  the vacancy migration energy.
B the interstitial migration energy
51 the entropy of vacancy formation

E! :the energy of vacancy fortnation
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Fig. 1. Plot of cawvity growth rate wersus cawity
radius. The dose rate is 10°° dpals at 883 1

The cawvity growth rate increased as the helium
content in a cavity increased, namely the gas pressure
ncreased.

2.3 The Effact of Gas Fressure

The gas pressure was calculated when all helium
atoms existed as a gas state in the cavities. When n,
was 10,000 atoms and the density of cawities was 1 =
10%#m®, the irjected heliumn quantity was 11 apprn.

At 883 K and n~10,000 atoms, the gas pressure
and the cavity growth rate were calculated with the
modified Van der Waals equarion and Trinkaus® s
equation [4] as shown in Table 2.

Tahle 2. A comparison of heliun gas pressure and
cavity growth rate calculated with the modified Van
der Waals EQS and the Trinkaus’s. At n~10.000, 853
K, 5 ntm of cawity radius.

(Fas Presaure Groarth Eate

[Gpal (2 107" mis)
Mod. Van der Waals 023 0.&0
Trinkans 033 1.51

The gas pressure and the cawvity growth rate were
satnller when the the modified Van der Waals EQS was
applied than those when the Tinksus’s EOQS was
applied. This means the cawity growth rate cannot be
evaluated with only the method of rate theory, and the
heliun content in a cavity iz needed to be measured
with an experimental approach. The size of cavities can
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be measured very correctly from TER HAADF (high
angle annular dark fleld) images. And the helium
density can be measured with the FELS (electron
energy loss spectroscopy) method suggested Walsh et
al [3]. Recently, Frechard et al [d] measured the
helivin content in bubbles of tmatensitic steels, while
the measurement errors were large at the size less than
5 nm of radius. But the measurement in stainless steels
haz not been found until now.

3. Conclusion

The cavity growth rate was calculated with reaction
rate theory. The data showed the large difference of
the growth rate at different helnun content in cawities.
Thiz tmeans the helium pressure affected severely the
veancy flux into the cawities. Our calculation results
show that an experimental measurement of helium
conent i cavities iz necessary for understanding
heliwm effect on the cawity growth. Afterwards, we
exzpect the FFLS method can be applied to the research
of swelling phenomena.
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