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Argonne National Laboratory, Argonne, Illinois 60439

ABSTRACT

The surface damage and erosion of chemically vapor deposited TIB.

coatings and commercial grade Ti,caused by 40-, 60- and 120-keV D and

He irradiation,has been studied for the "as deposited" coatings and for

the coating surfaces that were mechanically polished prior to irradiation.

+ 4 +
SEM analysis of polished TIB. samples irradiated with D and He to a

18 2dose of. 3.1 x 10 ions/cm reveal significant surface damage due to

blistering and flaking whereas for identical irradiation conditions, the

"as deposited" TIB. coatings show very little damage. For similar

4 +
irradiation conditions the Ti metal sacples showed blistering for the He

Irradiation case but no significant surface damage for the D case. Estimates

of the erosion yields due to blister exfoliation in polished TIB. samples

show an increase with increasing projectile energy for the total dose studied.

INTRODUCTION

Low-Z coatings are being considered for use on first walls, limiters,

and armor platas of controlled thermonuclear fusion devices [1—4]. Use of low-Z

coatings are desirable,because the release of plasma contaminants with large

atomic number (Z) from first wall components in plasma devices can cause

significant increases in plasma resistivity and in plasma power losses due



to electromagnetic radiations. In turn, this can prevent the ignition of

fusion reactions at sufficiently high impurity concentrations. Titanium

diboride (TiB,) is one of the candidate coating materials being considered

for applications in fusion device components [4,5]. It can be readily chemically

vapor deposited on many substrate materials (e.g. stainless steel, kovar,

Cu, Ho and graphite),and has low to moderate Z constituents (Z = 5 and 22).

In order to evaluate the suitability of TiB. coatings for first wall, limiter

and armor plate applications, it is important to determine the effects of

D and He bombardment on these coatings. The authors have recently reported [6]

on the surface damage of TiB, coatings for irradiation with 5— 20-keV and 100 keV

+ 4 +
D and. He ions for different doses at room temperature. The main aim of

the present study is to determine the degree of surface damage and erosion

+ 4 +
of TiB9 coatings and of Ti for irradiation with D and He ions at room

temperature having energies of 40-, 60- and 120-keV. These are the energies

of deuterium particles expected to reach the armor plates during the operation

of neutral beam injectors used for the Tokamak Fusion Test Reactor (TFTR) [7].

EXPERIMENTAL PROCEDURE

The TiB2 coatings were obtained from D. Mattox, Sandia Laboratory.

Their thickness ranged from 15 to 25 urn. Details of the preparation of the

coatings have been given by Pierson et al.[8], The coating surfaces

characterized by scanning electron microscopy (SEM) and scanning Auger

microscopy (SAM) both prior to and after the irradiations. SAM analysis of

the "as received" TiB, coatings revealed the presence of C, 0, Si and Cl

which could be subsequently reduced or eliminated by sputter



cleaning prior to D or He irradiation. One set of TiB- coatings were

mechanically polished with 3 ym alumina powder whereas another set was left

in the "as deposited" condition. The commercial grade Ti (99.5% pure

obtained from Roc-Ric, Belleville, N.J.) was given a fine metallographic

polish prior to irradiation. The irradiations were carried out with mass

analyzed D or He ions from a low energy dc accelerator in a vacuum of

*»1.3 * 10 Pa. The incident ion flux during both the D and He irradiation

was in the range 1 x 10 to 1 x 10 ions/ (cm -sec). Other experimental

details are similar to those described elsewhere [9 ]•

RESULTS AM) DISCUSSION

Figures la and lb show scanning electron micrographs of surfaces

of TiB, coatings on Kovar substrates in the "as deposited" condition and after

mechanical polishing, respectively. For comparison, a polished unirradiated

titanium surface is shown in Fig. 1c. It can be seen that the "as deposited"

TiB. coating surface is very rough (Fig. la) and has many nodules. The size

and density of these nodules varied from one region to the other on the same

substrate. Fig. Id shows an "as deposited" TiB. surface after irradiation

with 40-keV D at ambient temperature for a dose of 3.1 * 10 ions/cm .

For this irradiation no significant surface damage could be detected (cf. Fig. Id

with Fig. la). For irradiation under identical conditions,the polished TiB2

surface showed surface damage due to blistering (Fig. le), whereas the Ti

surface did not show any evidence of blister formation. The results for 40-keV

4 + 18 2
He irradiation for the same dose of 3.1 * 10 ions/cm are shown in Figs, lg,
lh and li for the "as deposited" TiB- coating, the polished TIB, coating and



the Ti, respectively. The "as deposited" TIB, coating does not show any

significant surface damage (cf. Fig. Ig with la) whereas both the polished

TIB. and Ti surfaces show surface damage due to blister formation and

exfoliation (Figs, lh and li). A comparison of Figs, le and lh reveals that,

for the polished TiB, sample the blister diameter for D Irradiation is

4 + +
larger than, for He irradiation. For example, for the D irradiation

4 +blisters with diameters up to 8 p have formed, whereas for the He irradiation

the largest blister diameter is only *>A inn. This result is similar to our errlier

+ +observation on TiB_ coatings irradiated with 10-20-keV D and He ions, and

is most likely related to the greater depth of penetration of D than He and

also to the lower permeation rate for deuterium than for helium in these

ceramic coatings. Quantitative estimates of the erosion yields due to

blistering made from measurements of the blister skin thickness, and the area

lost due to blister exfoliation give values of (4.8 ± 2.7) * 10 and
—2 . j. x

(4.0 ± 0.6) x 10 molecules of TiB, per incident ion for D and He irradiation

of polished TiB- samples, respectively. It may be pointed out the erosion
18 2

yield estimated above is for a dose of 3.1 x 10 ions/cm studied here.

+ 4 +
The results for irradiations with 60-keV D and He to a dose of

18 2'
3.1 x 10 ions/cm' are shown in Figs. 2a through 2f. No surface damage could

be detected for the "as deposited" TiB- coatings for both D and He irradiations

(see Figs. 2a and 2d), whereas; the polished TIB. coatings showed considerable

blister exfoliation (see Figs. 2b and 2e). Irradiation of Ti with D to a

18 2dose of 3.1 x 10 ions/cm did not show any significant surface damage (Fig. 2c)

but He irradiation to the same, dose revealed blister exfoliation (Fig. 2f),

a result which is similar to that observed for the 40-keV irradiation case.

Quantitative estimates of erosion yields for polished TiB_ gave values of

0.16 ± .08 and 0.048 + .016 molecules of TiB2 per incident ion for 60-keV D
+and He +

irradiations, respectively. Thesa yields are comparable to the value of 0.046 ± .005



+ 18
atoms/ion estimated for He irradiation of Ti for the same dose of 3.1 * 10 Ions/cm.

Figs. 3a through 3f show typical results for 120-keV D and He

irradiations. Unlike the case .if 40- and 60-keV D and He irradiations of

"as deposited" TiB2 coatings, these type of surfaces now show for the 120-kaV D

and He irradiations some surface damage due to blister exfoliation (marked

by arrows in Fig? la and Id). In the case of polished TiB, large scale

blister exfoliation is seen for both D + (Fig. lb) and He+ (Fig. le) irradia-
18 2

tions to the same dose of 3.1 x 10 ions/cm , where as many as 5-6 blister

skin layers have been removed from many areas. Irradiation of Ti under identi-

cal conditions shows no detectable surface damage for D Irradiation but for

He irradiation 2 blister skin layers have been removed from most of the

irradiated area. Estimates of the erosion yield for the case of 120-keV He

irradiation of Ti give a value of M..9 atoms/ion.

The estimated erosion yields due to blister exfoliation for polished

TIB. coatings irradiated with D and He are plotted in Fig. 4 as a function

of projectile energy. The value for the 100-keV irradiation has been taken

from our results .reported earlier. It is interesting to note that for both

+ 4 +D. and He irradiations the erosion yield increases with increasing projectile

energy for the dose studied, and at a given energy the yields are higher for

+ 4 +

D irradiation than for He irradiation. The former result may in part be

due to the increased power deposition with increased projectile energy. For

example for 40-keV D irradiation the power deposition was only 2.5 watts/cm
2 +

as compared to 76.2 watts/cm for the 120-keV D irradiation. This, in turn,

causes a moderate increase in surface temperature (up to <v250°C for the

120-keV irradiation) which aids in increased blister exfoliation at higher

projectile energies t3j.



CONCLUSIONS

For a given projectile energy the erosion yield of polished TiB.

coatings due to blister exfoliation is higher for D irradiation than for

4 +He irradiation, for the energy range (40— 120 keV) and the dose studied.

4* +Furthermore, for this energy range the erosion yield for both D and He

irradiations increases with increasing projectile energy. This is attributed

in part to the increased power deposition with increasing projectile energy.

For the 40- and 60-keV D and He irradiations of the "as deposited" TIE,, no

surface damage due to blistering could be detected, while the polished coating

surfaces showed significant blister exfoliation. For the 120-keV D and He

irradiations the observed blister exfoliation of the "as deposited" TiB_

coatings is much smaller than for the polished TiB- coatings.
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FIGURE CAPTIONS

Fig, 1 (a)— (c). Scanning electron micrographs (SEMs) of (a)

"as deposited" TIB coating, (b) polished TiB coating,

(c) polished Ti before irradiation; (d)- (i) SEMs of

similar surfaces after irradiation at ambient

temperature (d)— (f) with 40-keV D and (g)— (i) with

40-keV *He+ to a dose of 3.1 x lo18 ions/cm2,

(d) and (g) "as deposited" TiB, coating, (e) and (h)

polished TiB2 coating, (f) and (i) polished Ti.

Fig. 2 (a)— (f). SEMs of TiB2 coatings and Ti irradiated at ambient

+ 4 +
temperature with 60-keV D and .He to a dose of

3.1 x 10 ions/cm2: (a) "as deposited" TiB coating,

(b) polished TiB^ coating and (c) polished Ti irradiated

with D ions; (d) "as deposited" TiB, coating, (e)

polished TiB^ coating and (f) polished Ti irradiated

4 +
with He ions.

Fig. 3 (a)- (f). SEMs of TiB2 coatings and Ti irradiated at ambient

+ ' 4 +
temperature with 120-keV D and He to a dose of

3.1 x 1018 ions/cm2: (a) "as deposited" TiB2 coating,

(b) polished TiB- coating and (c) polished Ti irradiated

with D+ ions; (d) "as deposited" TiB2 coating, (e)

polished TiB» coating and(f) polished Ti irradiated

4 +
with He ions.



Figure 4. Semi-logarithmic plot of erosion yields vs. projected

energy for polished TIB, coatings irradiated at

+ A +ambient temperatures with D and He ions fcr a

dose of 3.1 x 10 1 8 ions/cm2.



T1B2 COATING AND Ti IRRADIATED' AT ROOM TEMPERATURE WITH 10-KEV D+ AND H E + TO A DOSE OF 3.1 x 1OW IONS/CM2

T1B2 (AS DEPOSITED) T1B2 (POLISHED) Ti

?$l$%€J$&r%£

?«Itf"i*o**l&)

mm^mM^sim

UNIRRADIATED AREA



T1B2 COATING AND Ti IRRADIATED AT ROOK TEMPERATURE WITH 60-KEV D + AND H E + TO A DOSE OF 5.1 x 10 1 8 IONS/CM2.

T1B2 (AS DEPOSITED) T1B2 WLISHED) Ti

1>OUJ



COATING AND Ti IRRADIATED AT ROOM TEMPERATURE WITH 120-KEV D + AND H E + TO A DOSE OF 3.1 x 10 1 8 IONS/CM2.

TlB2 (POLISHED) • Tl
T1B2 (AS DEPOSITED)
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