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Abstract.

The surface damage of insulating ceramic coatings on Hastelloy X

and Nb-17% Zr held at room temperature and at 300°C has been studied for both
4 > 4 . . . . ]8

100 KeV and 250 KeV helium ion irradiation for a dose range from 3.7 x 10

19 | -2 X
to 1 x 107 ions c¢cm ~. Blisters wcre observed after room temperature irradiastion
with both 100 KeV and 250 KeV helium ions. However, for irradiation at 303°C
no blisters could be observed. The shuarp vise in the helium perucation with
temperature,observed by others for some glasses and ceramics,is thought to he
respongsible for this behaviour., These resnits supgest that for the energy
range studied helium blistering has a negligible surface erosion e¢ffect on

such coatings Lf they are operated at temperatures above 300°C.
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INTRODUCT 103
Certain fusion reactor cocuacepis require that the entire first wall
or parts of it consist of electrically insulating material. For example, the
first wall of the reference theta~pinch reactor (RTPR)1 is a structure with an
insulator on a metal backing. This design is necessary to electrically insulate

the first wall metal against the emf which develops the implosion heating. The

insulating laver serves te prevent electrical breakdown between the plasms and
blanket segments during the short implosion heating stage. It is necessary .
thet the diclectric and mechanicnl propevtics of this composite structuve cof

the first wall be maintained during the pulsed mode operation of such a

reactor for g reasonable rifetime. 1n the RTPR-design alumina has been specifi
as the electrically insulating liner of the first wall, and NKb-1%Z Zr as the
flrst voll etruectuvael rete?. In order to winimize the radiation damage in thz
insulating liner the design incorporatea a neufral gas'blénket'néér tﬁehwall.

For such tle ti=plach type of fusion reactors different tvpes of

inenlator coatings nre hein~ developed by Stomics International., Tt wes the &
ut these studies to determine the behavieur of such coatings under -energetic

el Teen o gy LT (vt Lot tempernturds,

FXPERTMENTAL TUCHNIQUES

Pwo different ceramic ceoatings on two different types of substrates,
Nb-1:. Zr and Hastelloy XN, were supplied by D. W. Keefer, Atomic International.
The coating on Hastellov X (coating #13) consisted of a mixture of 54.3% 510,,
38.77 bBao, 7.0/ A1203, and the coating on gb~l% Zr (coating #14) was a misture
of 52.37 Hiuz. 40,50 Be0, 7.77 A1203. {The concentrations are given in wt?.)

Details of preparation of these ecoatings can be found clsevhere.” The ccuatings

on Hasf>2lloy X subsirates had thicknesses ranging from 71 to 130 ym and the
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tlhickness of coatings on dAb-1% Zr substrites ranged from 62 to 99 ., the
thicknesses of these coalings are about 40 to %% times larvyer than the projected
; 4 + i ‘- - . . ‘s .
range (RP) of 250 keV Pe  in Silicon (R“ 1453 pur),  The coatings were frrodintel
P

4+
with 100 keV or 250 keV 'He dions from a 2-MeV Van de firaaff acceleretor in high

= -8 .. . : L s
racuum at a total pressure of 5 x 10 Torr, The flux of the incident boliun
14 -2 -
jone was held 2t 1 x 10 icns i see . For the determination of the astua.
Gose Tor o the I Tt don o Uhese curias o oo Lo g [N IR OO LN s

emission for these surfaces vs. those for metal target surfaces were made, The
toral dose values given in this por v are - orvect within enls 2000 arTr

details of the irradiations are similar to those of the irradiations of metal

3 -

tarsets deserived card er, Noooprical or cieodend politaine of the tar oo-

was considered nocessory bat all the taryete vy eldeaned in altravonie hocls

of trichloro:tbhrlone, acotone, distilled wooor cnd mctie asdy, prior to drreol 00 .

For irradiation at 300°C the targets were heated directly by ohmic heating and

tha tarpet tonperatures wWire meant ed yonn andro s & osecveerors o L
.
surfaces waere . sgnvined priov to ond afrer b Seys Ot iy e Bt ke T
a Carbridge sture! Sa- i scauning elestven mivroscu, e. 1Y Ce ki (el s
©
il N N » .
- - ' N o

during obsvrvation in the scanning clectroen cioras-cope.

RESULTS AND DTSOUIS10x

Figure 1 shows scanning clectron micregraphs of blisters foraed on

Ceyaruye

coatings 13 (Figures la and 1b) and 14 (Vipures le and 1d) durine reem te:

irradiation with T0D rov oo 290 eV heliw, Lous (or o tolod cone of 3,7 2 10

8l
o T U T AD S SRS o JERE N . HET . e Lt :
jons err T, Toe appearancs of done shaped biictovn de bolo coicnne cootines
siscenbs Lhot (oo oating: caa Lo prasticatly dotvomes voaaiie e rnds fo gt

differont from the pits observed 1lu ether ceranic materials such as Si¢ alier
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helium ion irradiation. The coeramic coatings used in rhe present studies have

an amorphoun structure with vesy little erystallinity,  For both coatings the

Aajority of the blistiors hove diamcters rangding from 0.6 to 3 em for 100-keVl lie

ion Drroadiatson, and vanging from 3 to 5 3o for 250-keV He ion irradiation.

forred,

In several avpions clusters haviug about 2-6 interconnveted blisters have

vire bYE oser denedey (il the rober of hifsters per unit arca) for both cosllros

. . . ] ) :
¥ . o . . LI SO LT RN -
R ST A tii - gt 4 1.5 4+ 0.5

. -2 . . . .
blisters em 7 for both helium ion energics used and for the total dose of .

Co ’
RE -2 . . 2

fon. o Fhoew yor et diTor fayen thare oiren in the o

»

L7os

of this puper, since a correction to the total dose value due to secondary

N . . . . . . . ¢ty . H ' . - - .
vloecty v widesdon add e booe spaed U VL Coalve T culiposiitiens ol tawse Luo
coelin ' BRSO B POt e thet the Lidister o'

' . ' ; ' .

. S ot's ; R
3.7 » 10 ionsg ¢ the blistors have not exfoliated to a mcasurable degree

. . . X ' ' .
FY oot Wljecos e Soacd 0 o hor do s The i
\ . . P s : o -
N TR T HERE R Lo e s o=l D L Ter Tuoi
L.
ST TN HEN catt TSN " sore 7 e e i e axed dn
i €. . . .
. s v iw e ) FRAS FEFETE GUEE MW SR LT 4 T
s
no
. f TR T ie
[

e, s tue which b Gheat o factor of G ohigher than the vne {for the lower

. » .~ il v
H [T N X ' P i Wl [EINEEE NS I
. , 1. . Aty s +o -
[ e Teradioto oat oo o Lemnorsture aoita 25000 i Tene for s toty”
P -0 :
NTRTER TSN R fons om 7o The blisters appear te be wore dene ghaped and he e ';
;
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