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About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.
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DISCLAIMER

This report was propured a3 as account of work sponsared by as ageady of Ihe United Stalm
Coverament. Nelther 1he Unitad Siniea (ivernment nor any agensy Ihereef, aor aay of thelr
employess, makes any waiTssly, sipress or implied, ur asames say legal tiahility or responst-
Sllty for 1he accutecy, completenses, or ysefulnem of any information, apparstus, produst, or
proome disciosed, oF repiesests Ihat its was would ael laliinge privately owned rights. Refer:
oait horeln (o any speific cummercml praduct, process, or sevvice by irede name, rademark,
manalactures, of othirwiie dows mut neomsarily comstitute or Lmply s sadorsement, recum.
meadation, or favoring by the United Mates Governmenl or eny agency theveol. The views
ond opioions of auibors enpressed herein do ot nevessarily Mate of refllect thoss of the

Unitad States Governmemt o1 say ngeacy thersol.

Abntract

Plusina apraying 1 under investigation us a mothod for
in-xitu vepair of domaged hery llium and tungsten plasmin
facing surtuces for tho International Theimonucicnr
axpenmental Reactor (ITERY the next gencration
magnctic fusion encrgy device, nnd 18 also being
comdered o a potentiad fobticntion inethod for bery llium
and tun sten plasmasfucing components for the flest wall
of ITIUR  Investigntors ot the Los Alanmws Nattonal
L.oboraory ‘s lloryllium Atomization and Thennal Spray
Eahity luve conceimimted on i estignting the sinntnre-
pupeny relatiombip  between the  avaleponited
tuic rostructures of plasma spraved bery i coatings and
the 1csuliing theinal propentes of iw comings  Tn tins
stinly, the effcct of the imnal subsiale empemtine v the
tesulting thernal diffusivity of the bery llium contings and
the tharmal diffusivity at the coaung/deryliium subsirale
inteifuce (vo. inteifuce thermal coststange) wm
imventignied  Heanlin fuve sl n that anivial berylhiton
subanie teiperatnren groater than GNCC can inprove the
thermal difluntvity ol the herylltum contings and
ninuize ooy theral remsinnce m 1he tnterfare beimvern
tha bery Heann contong arnd bery i sabattate

CFADBRICATION AND MAINTENANCE OF I'LASMA
FACING RURFACES that are diracth espuased tn the
planina e magoettc fuston eimnns devices will presgm
wdlengimgt prodideis s e developameit amt dosipn ot
the Intermattonal ‘T heonwimclenr Lxpenmantal Reactim
WHM) Masina spraving o curmontly betng consideed an
the prommy techmdogs G i sepans of damaped
Dreos oo nawd tonstens plosmes Lot s b en

which will be subjecied 10 sevese caviionmomnl
conditions as a result of cither normal or off-normal
oporating conditions. Plasma spraying 8 also being
cindered 1 a potential fbncntion inethod for producing
firnt wall bery liunt and tiugsien simor on cusved plasiia
facing componcnis which will be present on the first wall,
dome, divertor. bafflc and limiter rogtons of ITHR .
ln order 10 sjualify bery lllum plusnw spray teclinalug)
fo1 ITTIR applications reacarch hinvestigations have fucuscd
on the following cntical arens:

s  QOpumizing the thormal conductiviy of beryllwm
plninn spruyed comings tn nusintize st innfer
through the thicknoss of the cpsting

¢ Fvaluauing the adhorence between the bervilium
plustn spraed coutings and the underdying surfaces
which i lnde beeyllimn smfaces for inssitn tepan
applications and copper heat wnk sufaces lot hutial
labncation appikcauons

o Motiwds of prepartng the sumfsce of bety g pinn
0t 8 AR npray 1€ patt inpeiliane

o Lvaluating tho structure. properhics. and perluinuise
of the bery ilwin plagma sprayed coatings under non:
sermlented wnd dnnduned condinionn whiich will he
iwpically exparienged i FIER

¢ Lvaluating rcmole imanienane opataling schemes
unatde of the LU rervton and Joevelopg procediies
Tor i viim et npwinioin

o Real tinw inapertton aml prsosas cpntial ol il
plasoun spray aperateon amd thw resniting beas i
(YR TTTLY

o thtn paper, expetiniental results will e presemed
oot 0 elTont of dlwe gmond beey Hiam subntesie iempeiinee
v b resalting thevmal diTunin gty of the ben linn
ihasma speaved ¢coatings  Intormation wWilt alse by
penemed on the shettat dilfuptvats ot the uneifae
ttneen the e Do comvigg ol dlwe ondea b tng



beryllium subsimic ‘The bond mirength between the
beryllinm coatings and the underlying beryllium surface
will also be discussed.

Experimental Procedure

Vacuum plasma spraying (VPS) of beryllium was
peiformed at the Los Alamos National Laborajory's
(L.ANL) Beryllium Atomization and Thermal Spray
(BATS) facility. The VPS system at LANL contains &
commercial SU-10U0 Plasmadvne torch which is mountod
ona 173K EPI two-axis X-Y manipulator. Control of the
processing gascs for plasmn spraying is accomplished
using an MKS 147 mulii-gns flow controller. Details of
the BATS facility and VPS systei at LANL can be
found in reference (1). Opernting parameter nacd for
plasva spay ing beryllinm aro givon In Table |,

‘Table 1. Opcraing parame? .rs tor plasma spraving
beny inm
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Thick berylllum contings 12 mm thick x 25,4 mm
wide wore depositod on four beryllium substrates which
were 254 mm wide x 12 mm thick x 61 mm long.
Negativo transforrod - arc clcaning was usod (o prepsro and
prebeat the berylllum substrates priot to depositing
boryllium  Information on the use of negative tnmafcrred-
arc cleaning of beryllium surfaces can be fousd in
reforence (2). The beryllium substmtos were prehcaied to
$00, 600, 700 and R00°C prior to depositing berylllum
ondo the mbsirte surfaces A !{pc *K” thermocouplo was
placed 3 mm below the beryllium substrale surface in
order 10 monitor the initia) subsirate temporature.
Following the doposition of beryllium on the (4)
beryllium samples, thermal diffusivity specimens ) mun
thick x 12.7 mm in diamcicr were machinod from the
berylhum couting. the intorfacial region (which contained
1.8 wm of the beryllium substrate and | 8 mm of the
coating), and the beryllium substrate. Four-point bend
tests aamplcs ¥ mm wide x ¥ mm thick x 20 mm long
were also mnchuned (rom the (hick beryllmm coatings and
beryllinm subsirates in nrder to evalinte the Interfacial
bond strongth between the coating and the subsrale A
schomatic tllusteating the locaion and specimen
dimensions for the thermal diffusivity and 4-point bend
wumples are piven in Figure |,
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Fig )| Schematic illustroting a) the location. and
specimen dimensions for the b) 4-poum bend and ¢
thennal diffupivity sanphes.

Thermal diffusivity measurcmcnts from room
temperatore in 600 "C were porfoimed m Viigime
Polytechnic Ianstitute, Thermophysical Rescarch
Laboratory. Diacksburg, Virginia. using laser flash
diffusivity.  Four-poim bend testing of the plast
sprayed beny Ning coatings on the bery llium substrates
were performed al room lemperatire at a sirain rate of -
10 /sec. Loadiug of tho test samples was opplicd
pummlic) tn the direction of the: bervilluin conting sulatnue
wierface an llustrated 1n Pignee 1b Assdeopunited
denpinige woro mensured MRING & WOIOF IMMErSION
technique (Archimedes principal)  Denslly meastnements
and microntructineal clinacteilzatiyn nalng polaslzed light
nugroscopy and scanning cluction mictoscopy (SEM)
wero made on the bery titnm coatings, coating’subsirate
Inteefine, und 1he bary lliun subsimite

Resuits and Discussion

The reaulta of the thermal difTustvity incasurenicnts
for the plasma spraved berylltuiv cootings and the
costiny/anbaimte Interfnce sanples a1 the doffesent nutil
subatiale temperatiires ate given in Figuies 20, b, ¢, utwl
d Porthe bervilhnm couting winch was depuatied vn un
itial wbstrate tempemature of M0 C, (Figare 28). the
wenstied thenmnl diffusivioy nf the casling ws
approximately 78% of the thermnl dofTusvaty of the
berviitum substrate over the room teripedature (0 Ay
tempersture mnge  The theomal diffusiviny for the
conting/nitisitate ieifane which corimmed | % i of e
betvlliivm coating and 1 $ nun of the ber llium substrate
hnd thermal diffustvity valies which were betwveen the
beryllinm conting nid the beryllimm subisinte  The
therrua dilfusivaty (or the couting/substrate interlune
ionged from K0%s to M of the bervilium subsimte
thernul diffsty ity
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For the berylliam coating which was deposited on a
bery llium substeate whuch had an initial tomperature of
600°C (Figure 2b), the thermal diffusivity of the
boryllium coating incrensed 1o approximaiely 90-95% of
the thermal diffusivity valucs reported for the beryllinm
suhstratc. Tho thormal diffusivity of the coating/substrate
interface in this case spproached tho reported thermal
diffusivity values for the beryllium substrate. As the
temporature of the beryllium swbstraie was increased to
700 and 80UC (Figures 2¢ and 2d) the tharmal diffusivity
of the beoiyllium coating and the costing/substiate
intorface increased 10 the measured valucs for the
beryllinm substrate over the RT to 600°C lemperature
range. For all cases, the reported thormal diffusivity
values for the conting, coating/subsirate interfoce and
substrak showed very good agreement with 8 coumercial
sradc of S$-65-D boryllium.

‘The as-doposited mucrostructure of the borvihum
coating, interface. and beryilium substirate at the different
wwbeirsie temporiures nto given in Flgurcs 3w, b, ¢, and
d. The baryllium contings which werc deposited on thc
boryllium substratos which had utial emperatures of
S0t*C and 600°C had as-deposied densitics on the order
of Q0% (1.67 gice) of the theareticn) donsity for hery Hinm
(1 88 gicc). The beryllium contings which wero doposited
on the berylltum substrotes svith wnual tempemiures of
M0 "C and R "C had ss-deposited demtties of
approvimately 9% of theoretical (1 82 g/ce) It wan
obscrved (hat as the temperature of the aubstriica
incroased from S00°C to BIN"C the graina becnme more
clongnied In the aprayed ihrection

Room ‘Temperature Testing
_Strain Rate = 8 x 10°4
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Doy Hhnnne corsttons aane beey o suboatrates with sntiol
tumipamtnres a1 S0 C, G Co 0 C ot R

Ieanlta ul the depant bl tests i detenntie the aiwl
atrattth et oo the b r Hotun conting o:d thw Biees g
abartonten are goven o P 0 Fhe bowld soeapth

mnged from approximately 100 MPa for the beryllium
coating doposited on an initial substratc tompemature of
500°C to a bond strongth of 173 to 200 MPa for the
beryllium coating depositod on 8 substrato with an inual
iempenature of 800°C,

Conclusion

*  Increasing the iniial substrate lompomture of the
beryilium from $00°C 1o 800°C rcsulted in an
tncrease in the thormal diffusivity of the bery lium
plasma spraycd contings and the thermal diffusivity
of the oa:lwl::um inlorfaces bov

s [ncreasing the beryllium substrate Wmperature 0
600°C resultod in thormal diffusivity values for both
the coating and coatlng/subsirate intorfuce similar to
that reporied for the beryllium substrate and a
commarcial $-63-B beryllium grade material.

* By increasing the inttial beryllium substrute
iemperatute from 00°C to ¥00°C, » more clongated
microstrnctute was obsorved in the beryllium
contings  This elongnted microstructure has been
shown to subsantinlly improve the through thickness
theral conductivity of plasn sprayed bery inm
contings (2)

* Incrcasing the bervilinm subsimte temperature from
$00"C 10 MN°C also showed nn increase 11 1he bond
strougth botwaen tho plasma sprayod bery llium
coatings and the underlytng borylhum substrute
Four-point bend bond mtrcupths of e
canting/mibstiate tuterfw ennged from 1D MPa 1
0 Mia
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