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Abstrac I:

The surface damage of insulating ceramic coatings on Ilastelloy X

and Nb-1% Zr held at room temperature and at 300cC has been studied for both

1ft
100 KeV and 250 KeV helium ion irradiation for a dose range from 3.7 x 10

] 9 -">
to 1 x 10 ' ions cm ". Blisters were observed after room temperature irradiation

with both 100 KeV and 250 KeV helium ions. However, for irradiation at 300°C

no blisters could be observed. The sharp rise in the helium penuc-at ion with

temperature,observed by others for SOIT>L> glasses and ceramics,is thought to Ir-

responsible for this behaviour. Those results suggest- that for the energy

range studied helium blistering has a negligible surface erosion effect or.

such coatings if th^y are operated at temperatures above 300°C.
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1NTR0DUCTI.0K

Certain fusion reactor concepts 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) 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

jn.sul at ins1, lavcr sevws to prevent electrical brenkdcr.-;n between the plasr.a and

blanket segments during the short implosion heating stage. It is necessary

tbft the; dielectric an-! r.i'f.'haiiH'.'i] properties of this composite structure cf

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

re.-ic.to) f\>t a reasonable i i f et.i::ie. In the RTPK-design alumina has been specifi;

n.s the electrically in.sul;it i;v; ] iner of the first wall, and Nb-lZ V.T as the

firr.i \:-.A\ i;t.rue t ui ;<. i r.cia'. Jn ordti to n. \:\h:d.zc the radiation dar.agc. in i.h;

insulating liner the design incorporated a neutral gas blanket near the wall.

For such i!i< ;.":-pJ.Kli type t'f fut>Jjp. rn;<ctf>r.s different types c:: c-irarr.:

iiiP'ii;: l.iy cint ir.j's .-!!'c hr-iiT- developed by .\': ov.yi cs Int ersiai: jonal. J!. v.-es t':-e :-.i~

ci! tlif-rfr- fttudit'S to t!c;f.eririiiii» the behaviour of such costings under energetic

i i c l ; ' '•••.• •.. i • i; •': : ' i. v i - . : :.,• i";'.f>! lv. ii!:pL-T.-:! u r c s .

Two different ceramic ceilings on tv:o different types of substrates,

Nb-1'.. Zr zMd HiistelJi'Y X, vert- supplied by I). UT. Keefer, Atomic International.

The coating on V.ar.teHoy X (coating ;?] 3) consisted of a mixture of 54.3" SiO,,,

>H.7>' ji.-̂O, 7.0. Al,,0, , and the coaLing on Nb-1% Zr (coating #14) was a rcir-rture

of 52.3." SUi.;. 40.5/'.' n&O, 7. ':':• Al,;0^. (The concentrations are given in wt%.)

Dcl.ai.l:. of preparation of thô c- coatings can be found elsewhere." The costings

on HaHf-illoy X substrates had thicknesses ranging from 71 to 130 urn and the



t l ' i cknc ' s s of c o a t i n g s on Nb-1? Zr s u b s t r a t a ' s r.n»>',i'd frof. (>'.' t.> 09 ,.M. The

t h i c k n e s s e s of t h e s e c o a l i n g s a r c about 40 to S'> time;; i a t / e r than t ho p ro j e . t c !

4 +
range (R ) of 250 keV Fe in S i l i c o n (K -• 1.5'J gin) . The coat ing*, v/i-rc i r r a J i a

P P
w i t h 100 keV or 250 keV "l le + i ons i r o n a 2-M.V Van do riraaff a c c e ] n . : l or in hi:;h

vacuum a t a t o t a l p r e s s u r e of '<- 5 x JO l T o r r . The f lux of the inc i .k-n t K l in : . .

] 4 - •'? - ]

j ; > n r : w a s h o l d a t 1 x H > i o n s <JV:. ' s e c . 1 - o r t i n - d t - t • . • r m i n . - i t K > : > i - f t . l ^ - a : ' u . ; . .

u . ' ^ i . - f . ' - r t ! u ' / r r ;:• i . i i i . T I . i f i } ' « - . - • « ' :••..:•:' , : . • • • • . • ' : • i ; I , v i ; . ( ' i . • *-, > • . ; . . ' .

emission for these surfaces vs. those for metal target surfaces were madii. The

t n f n l d o i t o v a l u p . s e . i v e n i n t ' n i . s p : : T . - r . - - . r v • d ' - f . - . - i w i t h i n i ^ n 1 ' " 2 0 " - 1 . !'•:'.• r

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

t a r , : , C ' . t s d e s o r • ? . ' . • • - • • . ! c - a r i i . « - i . N ' 1 c ^ n i r a l o r * > i - : i i ; . ] ; v ' i : - . i i i i - ' o f L h c U . r • . ' - • -

w a s c o n : . ! i d i . : r c ' d n c c e s s a i y b a t a l l i ' ; . > ' t ; i r ; , i . t : - \.-> r i - J o r i i u ' i ! i n ; : ! t i . n o i v i r ]<:-.' :. ^

o l f r i c h l o r o ' i f . L ; - ! . : ' : ) i : , ;'!.•:• I . . m o , >.; i s L i l l o - i l i . - . i i . ; . J . . i C L i i . : i v i , j i r i o i L u i i r . : , . J . -

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

t h e t a r g e t : t e - : i j ) ? r ; i r u r c M w c r < - 3 : : i t \ : : ; ' i ' c j U ) : \ u n i ! r : ;• • c l " - . • - , • : ' . • ! , . ; . '! u • L :

s u r f a c e s V . V U T - . • . a r . ' . i n r d p r i o r t o . ' ~ : i ' ! a f l c r ' ! • • '' r v . .! i T !••> : : •-• •. ! t ) i l i . • : ' ":

a C a i p b r i d ^ L - s l . u r e ; i t ; c a n S - i - . u s c a t i r i i ' j y c . L t - : - - 1 i ; < . . : i r ; i t r o . s c ; , v ' . j , J O c e i ' . < ; ' . : i c , , - . . . .

d u r i n g o b s c r v a c i o : : .in t h e .sc-'inn i : i ; ; o l e . c t r o r : ;: i r : m :•,••!•>;•><.;.

Fi ; . ;ure . i sho i^s s c a n n i n g o U ' d i O i i w i c r u j j . r a p h s o f b i i s i o r s j 'or:i , i 'd on

c o a t i n g s 1 3 ( F i g u r e s l a nnd 1 b ) ^ n J 14 ( r e t i r e s ; l c a n d I d ) d u r i n g ron - i fc : r r"r , ->: t

i r r a d i a t i o : i w i t i i i W . i : - - : - v . : r i c 2 ! j f ) I ; • - V h u l i n i , L i M i . - . I c - . r ,, l o f . i ! ( . • . > : . • . • o f ' i . 7 y . I ' 1

i o n s o r - ' " . T h e - ;. p p i - a r r . i i ^ t ; d i d o . ' . u 1 o h a j > c d i / t i . ' . l v . :. i i ' h . . ; . . r . • ; • . • : u V c , . t i : i ; " ,

S : i . ; v ; ; i . ; i i . ; . ' - . . ' . i . : . ' • o ; R i n , ; . ' . i ' . ' m i ^ u ' p l a s t i i ' ; i i 1 y «. J - • I • ! i : i > . i i • • •'••.• i ^; . . j i u ' : - :.-. f j M i ^ t

d i . f C e r e n t f r o : - t i i e p i t s o b s e i v c c l in o i h o r c c r a n i c n a l e r i a i s s u c h a s S i C a f t r r



l u ' l i u i i i i i » u i i T ; n l i . i t i o n . T h e ( • • r a m i e . c -o : i t i n ; ' , s u s e d i n r l i e p r e s e n t s t u d i e s i r - v i :

.•in , I : : M : ; . h i : r : : . t r u e t u r t - w i t i i v c i v l i t t l e c r\ s i ; i l 1 i . n i t y . T o r b o t h c o a l i n g s t h e

• • • • • | i > r i I. y . i f t h e b l i s t e r . - ; 11.; v f >' i , - i r , n : t t : r ; . r . i n ^ i i i j ' , f r o ; < i 0 . 0 t o 3 i^m i n r 1 0 0 - k e V l i e . '

i i .m i i i \ i ' : i . i i i o i l , i n n l r . ' i n j ' . i n ^ I r e : ; : 3 t o 5 i .n f o r 2 5 0 - k e Y l i t ; i o n i r r a d i a t i o n .

I n M - v t . r . i i i .• ,-, i . T . s c ! l i s t c - r ; . i v j v h i v . Jsb-..«iil 2 - f i i n t o r c o n r u - r t e d b l i s t e r s h a v e - f ^ r r . t

.'.'•• b ! i :••'• ( i > ' i i - ' i t v ( j .;.-. i l i - ' : ; , ; - i ' r •.')" b 1 : s t (.•]•.-; , i c r u : i i ! n r c a ) i n r b c t h r o i l J :

: ' . • " : • t : > . - . . ' . •• .- ! i . • . ; „ • • • . ' - • : : : • • • ; . . 1 . c : f n . ' i :•: K ) 6

bJ.isLcr.-j ciu ' for both helium ion energies used and for the total dose of

7 8 - ? .',

•;. ' / ' :•: 1 '• i t ' : - . : r " , ' ) ' ( . . - ' • • v v • • • ' • • £ ; d i f • • • r f ' t - - - , v h i ' f / i v c - n i n t i i f : • ! ? • " . " r -

t>f t l i i s i.'.-jpc-r, s ince ;i cf>rrectii>» to the t o t a l doue value due to secondary

I ' i i - a r > • . . ; i . - . - i H I n . u i : i : - i b ^ , , j . . ' ! J ( , ' i J . '- • '•'• • V r . i . - u t : , i i O I . I J H . S i i ; t . i . - > k . f t ! i i . - . . - . v .

. • • • L i u . ••. • • :•• . • ' •. i ' . : : • • • • • : ; ; ; « ; ,; ••: • • . ' ! ' : • • • ! . » , . : ! t 1 . . 1 , ] i s t . o r : ; • ; . . '

18 -2
'i.7 y. 10 v ton? cm " tho b l i s l f r s have not ex fo l i a t ed to a measurable degree

• : • . - • • . • • ! . . • . i . • ' . . - . : • • • • , < : • • • * . • • • • • . ' . . • • . . ' • • : : ; . : : i • • . ' ; • I • - . . . . . M V C J : I - i \ . ^ i . " . ) i :

; . • : " . \ . .. . . • .- .• ' : . . . - . . i ' v • • ) . l i u - i J ; ; . t . T o : : . . . . i - : - . r u

. . . • . • ; . : - . ' • • •

c iii " , ;i -.' Ini- whi . rh >!• ..,iiv.n ;i : , ; i ' i n r e l .'\ h i \ ;h t - i : t h a n i h e o n e f o r ihe . l o v

. I - I > . : 1 i ! '• : ' r : u i ' . : i • :' : : ; r . • I . c ; ' ! " . 1 ; • I ' : >" c • . . i l ; - . ' ! 5 l ! - - . '. l i e i . - - : i - : f o r , ' i t o t . ! '
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