4<«r-r>morm

PASZTI
POGANY
MEZEY
KOTA |
MANUABA
POCS
GYULAI
LOHNER

OLVASOTERMI PELDANY
7= 401 r/71Tb

KFKT-1981-22

BLISTERING AND EXFOLIATION
INVESTIGATIONS ON GOLD
BY 3,52 Wev HELIUM PARTICLES

Hungarian ‘Academy ofSciences

CENTRAL
RESEARCH

INSTITUTE FOR
PHYSICS

BUDAPEST



2017



KFK1-1981-22

BLISTERING AND EXFOLIATION [INVESTIGATIONS ON GOLD BY 3.52 MeV
HELTUM PARTICLES

F. Paszti, L. Pogany, G. Mezey, E. Kotai, A. Manuaba, L. Poes,
J. Gyulai, T. Lohner

Central Research Institute for Physics
H-1525 Budapest 114, P.0.B. 49, Hungary

Submitted to Journal of Nuclear Materiale

HU ISSN 0368 5330
ISBN 963 371 799 X



ABSTRACT

The mechanism of blister formation was investigated on cold-rolled
gold target by 3.52 MeV helium ion bombardment. The critical dose was found
to be 6xI101"He+/cm2 under present experimental condition.

To study the inner morphology of the blisters, they were opened mech-
anically. Based on these observations several new features are reported.

A speculation of high-energy blister formation is discussed, based
on the fact that the diameter increases with sudden size changes. It is
pointed out that in MeV energy region this formation could be exfoliation
rather than blister confirming the previous investigations.

AHHOTALNA

Mpu uccnegoBaHMM npouecca obpa3oBaHus O6AMCTepoB /B34yTuiA/ Ha MNOBEPXHOCTU
npokaTaHHOro 30/s0Ta npu 06AyYeHMM MX MoHamn renus C aHeprveid” 3520 kaB, 6bu10
YCTaHOB/IEHO, 4TO [03a, Heobxoaumas Ans 6ANCTepyHra B [AaHHbIX 3KCNepuMeHTallb-
HbIX YC/OBUSIX, cocTaBnsdeTr 6 X027 noH/cm2.

Ona n3yvyeHnsa BHYTpPEHHEW CTPYKTYpbl 6/IMCTEPOB, OHW ObUIM BCKPbLITH MEeXaHu-
YyeckMM MyTemM. Ha OCHOBaHWUM 3TUX UCCnefoBaHWin 6ol HanucaH oT4veT 06 O6GHapyXeH-
HbIX HOBbIX CBOWCTBax.

Ha ocHoBaHMM Hawux HabnwAeHWn O ToM, 4UYTO yBeNuyeHve gnavMeTpa NpPoUCXoguT
CKaukoo6pa3Ho, Hamu pa3BuTa Mogeslb obpa3oBaHMA 61MCTepoB Mpu GOMbWOW 3HEPIUN.
B cooTBeTCcTBUM C pe3ynbTaTamm npeapayumx uUccnefoBaHuii, OOGHapyXeHOo, 4YTO 3Tu
gedopvaunn NOBEpPXHOCTEN CKopee MOXOXWM Ha WwenyuweHne, 4Yem Ha OMCTEepUHr .

KIVONAT

3,52 MeV energiaju hélium ionokkal hidegen hengerelt arany céltargyak
fellletét bombazva tanulmanyoztuk a hélyagosodas (blistering) folyamatat.
Q;Ia?gtﬁ kisérleti korilmények esetén a kritikus dézist 6x10"" He+/cm2-nek

alaltuk.

A hoélyagok bels6 szerkezetének tanulanyozésa érdekében azokat mechanikai
utén kinyitottuk. E vizsgalatok alapjan tobb uj tulajdonsagréol szamolunk be.

Azon megfigyeléseinkre alapozva, hogy az atmérd ugrasszeriden nd, meg-
fontolasokat tettink a nagyenergiaju hélyagok kialakulasaval kapcsolatban.

A korabbi kutatasok eredményeivel oOsszhangban azt tapasztaltuk, hogy a fell-
letek észlelt deformacidéja inkabb hamlas (exfoliation) mint holyagosodas.



Introduction

In the future CIR machines the basic fusion process will be
the ™M(<1,n) "He nuclear reaction. As a consequence of this, a
great number of helium particles reach the first wall with the
energy maximum of 3.52 MeV C1l.2) « Although the first wall
erosion Is subjected to extensive studies, relatively few ex-
periments were done to investigate blistering of materials by
helium ion bombardment in MeV energy region.

The conclusion of previous works can be summarized
as the fTollowing:
i/ only one huge blister was formed by helium irradiation

and 1t covered almost the total bombarded area;

i1/ the relationship between the blister skin thickness and
blister diameter based on low energy experiments seems to
be not valid at high bombarding energies;

i1i/ the higher the irradiation dose was used the larger blister

size was found but no data are available on the dependence
of the diameter on dose;
iiii/no attempt was done to study the internal structure of
the unraptured blisters neither in the MeV region nor at
lower energies.
This paper tries to answer these open questions. Some examples

are shown for the morphology of the interior of huge blisters.



Experimental

3.52 MeV He+ particles were used from a 5 MeV Van de Graaff
accelerator. As a good model material, cold-rolled gold of
chemical purity was chosen as target. Gold plates were chemically
cleaned in HNSON and clean alcohol and distilled water. The
bombardment was done perpendicular to the surface on a spot size
of 1 mm2- The current was kept as low as 100 nA, so the estimated
temperature rise was below 9°C, that is the target was on room
temperature during experiments. The bombarding dose was measured
by standard secondary electron suppresion and current integra-
tion. The vacuum was kept at 5x10 Pa. A special cold trap system
minimized the hydrocarbon deposition onto surface. No color
change was experienced even for the highest dose.

To determine the critical dose a binocular system with a magni-
fication of ten was applied to in-situ observation during
bombardment. This system was able to detect blisters with a
minimum diameter of 504T as an intensively glistening spot.
Anyway, the smallest observed diameter was about 90 jt in present
experimental conditions. Blisters were produced with Tfive
different doses /Table 1./.

The blisters were investigated by a JEOL-JSN-35 type
scanning electron microscope with a lateral resolution of 10 nm.
To investigate the structure inside, the blisters were opened
mechanically by a wolfram pin and a detailed study of both the
bottom of the blister and the inner side of lid was done.

Scanning electron micrographs were made with different magnifi-



cation and tilt angles. For calibration a standard with

1.102+0.002 yon scale served.

Results

Our first observation concerned the critical dose which was
found to be 6 x 10 * He /cm with a blister diameter of about
90yign. After prolongated irradiation, the higher the dose was
applied, the larger diameter was formed suggesting, that the
only limiting parameter is the area of the
bombarded spot.

The shape of the blisters, just after appearance were
regular like iIn the previous studies. At higher doses, however,
serious alteration was observed. Strange, dome Ilike structure of
more than one level was exhibited. Two, three and four level
blisters were found for increased helium dose. The second and
higher levels were grown with smaller diameters on the top of the
biggest one. Fig. 1 shows a three-level structure of
sample B.

On samples C,D,E several slips were experienced along
crystal planes and some pieces of the cover moved
parallel to each other. One may speculate that helium gas that
produced the blister could escape through these slips, so
spontaneous rapture might not be expected during further bombard-

ment /Fig. 2 taken on sample D/.



After opening the blisters mechanically, both on the
bottom of blister and the iInner side of lid well-separated,
quasi-circular regions were observed on SEM micrographs bor-
dered by bright zones caused by enhanced secondary electron
emission of roughened surface. This can be seen on Fig. 3 taken
pn sample B.

The number of regions increased with helium
dose. These regions were characterized by an average diameter.
The error of the diameter was defined as the maximum alteration
from the circular shape. The diameters of different regions for

blisters are summarized in Table 1.

Table 1.

Diameters of quasi-circular regions in ~km units

Sample Dose Regions
x 10 ions cm No 1 No 2 No 3 No 4
A 0.81 83+8 200+16 - -
B 0.92 88+5 233+17 391+25 -
C 1.37 91+8 225+25 270+42 504+25
D 1.68 88+5 138+8 300+15 580+65
E 2.06 ? ? ? ?

At sample E /for highest dose implantation/ the regions
were smeared out. It is apparent, that the size of the same
region In different blisters is approximately the same, especial-

ly for the fTirst one. It must be emphasized that regions on the



bottom of blisters and the inner side of lids are mirror image
of each other and they are iIn one-to-one correspondence with
the levels on the cover (see Fig. 3.) . So one can conclude that
this structure is correlated insaeway with the different stages
of blister evolution. Note, that the diameter of the first re-
gion is equal with that of blister observed optically at
critical dose.

Applying higher magnification to investigate the border
zones, SEM micrographs show crater-like structures consisting
of splitted lamellds bending outward on the bottom of blister
and inward on the wall of the skin (Fig. k., Fig. 5. and Fig. 9

Besides, in different regions, different degree of surface
roughness was observed both on the bottom of blisters and the
inner side of lids. The roughest is the region No 1. and the
roughness decreases going outward from the centre. For example
Fig. 5. shows the border zone between regions No 1. and
No 2. on the lid and Fig.- 9. on the bottom of sample B,
respectively.

On the bottom of blisters several dips of quasi-cir-
cular shape iIn the diameter range of 10-90yt\m were observed. The
material missing from them was found on the inner side of lid.
The 0.5yIA.m depth of these formations are surprisingly uniform
(Fig. 6.) .

Both on the skin and bottom a network of cracks was found
due to the radiation hardening (Fig. 7.) .

The effect of radiation hardening can also be studied on

the side view micrographs of the lid of sample D after



the opening (Fig. 8.). Cracks together with thin, f70.8 Jmn
hardened layer with sharp border on the originally inner side
and the thick, plastic external cover can be observed.

Unsuccesful attempts were done to measure the original
thickness of blister skin because of its plastic elongation
during opening up and blister formation. The measured
values were about Kjxm and the tabulated range of 4He+ in gold
at the energy used for bombardment is 11"=5.5 with ARp=0.61"mG

Perhaps the most interesting observation iIs the appearance
of secondary blisters with diameters of 0.6-3.5UKT (Fig. 9. and
Fig. 10.). Their density increased with the dose. For example,
inside the sample A only four small blister was found.

For the other samples, the density of secondary blisters
was the highest near to the region No 1. and decreased abruptly
from region to region going outward from center. On the inner
side of the cover of sample E a number of small blisters were
also found (see Fig. 11.).

The Fig. 12. summarizes the present observations.
Discussion

The first conclusion is that these results confirm, that the
relationship between blister skin thickness and diameter
experienced at lower bombarding energy C«. 7] is not valid
anymore at high energies. The maximum diameter was about 0.8 mm
at present experiments. This tendency was observed earlier for
2 MeV ~He+ ions on Zr and SS-316 materials '3,

From the experimental observations, however, one can speculate

the mechanism of the high energy blister (or exfoliation)



formation. Several iIndirect evidences support that the blister
grows by sudden size changes. In other words, the diameter
increase consists of quasi-equilibrium and expansion stages.
Expansion takes place unhindered.

In the quasi-equilibrium stage the edge of blisters is not
able to be splitted up, although it is subjected to large
mechanical stresses arising from the extremly high gas pressure
inside. These forces try to move the edge of the lid away from
the center. Such astress is supposed to cause the splitted
lamellds at the bordering zones of different regions.

The Tfirst expansion coincides with the appearance of the
blister at the critical dose and corresponds to the region No 1.

The splitting up In the expansion stage keeps going on till
gas pressure decreases to the point where the quasi-equilibrium
iIs reached.

The new expansion 1is initiated by helium-rich regions
around the TfTirst one. If a second blister appears next to the
first such a way that its diameter would overlap the fTirst one,
additional forces help to split and lift up the edge at the
lamellds and the expansion goes on around the first formation
till the new equilibrium stage is reached.

As a result of plastic deformations, the lid preserves the
shape of the smaller blister of the earlier stage of evolution
(more than one level structure) . This idea seems to be confirmed
by the good agreement of diameters of same regions in different
blisters (Table 1.).

The different surface roughness in different regions and



the presence of secondary blisters, also support these consi-
derations, together with the assumption that during formation,
the cover becomes thinner than the range of helium particles.
Near to the central region most of the bombarding particles go
through it with low energy and large energy spread due to
energy loss and straggling inside the skin. This synergestic
beam could initiate forward sputtering on the cover and a
normal one on the bottom. Besides, the highest energy part
could be implanted iInto the bottom. The remaining portion of
the beam with the lowest energy stops inside the skin. These
implantations should be responsible for the formation of small
blisters. This is the reason vhy tie secondary blisters appear on
the bottom First.

We would like to emphasize that these Ilatter phenomena are
the consequence of such a multiple energy implantation that 1is
similar to the radiation which would strike the surfaces of structural
components of fusion reactors i.e. broad energy spectrum with the
variety of the angle of incidence. In our knowledge, no experi-
ments were performed under such a realistic conditions.

Finally, we have to point out the significance of the investi-
gation of the inner morphology of unruptured blisters, because
the increase of the bombarding dose, in our experiences, smears
out Tfine, structural informations characterizing the early stages

of blister evolution.



Conclusion

Recent SEM studies which perfomed on mechanically opened

blisters gives a number of new

structure of this kind of formations.

information about the iInner

Based on these observa-

tions we suggest a new model of high energy blistering

- or rather exfoliation - phenomenon.

are necessary to clarify what
together with our speculations
investigations to clarify this
machines. Furthermore, at this
many of our observations could

part of them is specific to the

is going on,

Although more experiments

we think, this work

give some stimulus for further

essential process in future CTR

time it is not clear yet how
be generally accepted and what
This

gold. is why we suggest to

repeat similar experiments on wide variety of other materials

too.
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Fig. 1. The three level structure on sample B before opening

Fig- 2. A slip on the cover of sample [) before opening

Fig. 3. Sample B after opening mechanically. Quasi-circular
regions can be seen both on the bottom of blister and
the i1nner side of skin.

Fig. k. Lamellas on the border zone between region No 1. and
No 2. of sample D.

Fig. 5. The No 1. and No 2. region on the iInner side of skin on
sample B. In the different regions, different degree of
surface roughness can be observed.

Fig. 6. Micrograph taken on sample E, showing missing material
from the bottom of the blister and the corresponding
material on the inner side of the lid.

Fig. 7a and 7b.Cracks due to the radiation hardening on the
bottom of sample D. Thick paralell lines are the prints
of surface scratches. Besides, border zones between
regions, quasi-circular dips with the depth of 0.5 Jdm
can also be observed.

Fig. 8. The effect of radiation hardening on blister skin. The
micrograph was taken on side view of the lid of sample
D. The cracks and the thin hardened layer were on the
inner side.

Fig. 9. Secondary blisters on the bottom of sample B next to
the border of regions.

Fig-10. Secondary blisters inside the sample D.

Fig.11l. Secondary blisters on the iInner side of skin of sample E.
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Fig.-12. A schematic drawing summing up the observations.

1.

10.
11.
12.

The edge of blister, border zone of region under
formation

Quasi-circular dip and missing material on the skin
Secondary blister on the bottom of blister

Border zone of a region

Secondary blister on the skin

Surface scratch and its print on the bottom
Radiation hardening crack

Slip on the cover

Soft, thick layer of the cover

Thin, hardened layer of the cover

Inner volume of blister

The bottom of the blister
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