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DISCLAIMER

This report was propured a3 as account of work sponsared by as ageady of e United Staim
Coverament. Nelther 1he Unitad Sinten (iovernment nor uny agensy thereef, aor aay of thelr
employess, makes any warTsaly, sapress or implied, ur asumes aay legal liahility or responst-
Sllty for the accurecy, completenses, or ysefulnem of any information, apparstus, produst, or
proome disclosed. o represssts that ils was would sel lafringe privately owned rights. Refer-
oait horeln (o any speific cummercm] praduct, process, or sevvice by trede name, rademark,
mansiactures, or otherwite dows mt neomsarily cumstituis ov Lmply s eadorsement, revum.
meadation, or favoring by the United Mates Governmenl or eny agency theveol. The views
snd opioioss of auibors expremsed hetsin do mol nevessarily Mate of reflet thoss of the

Unitad States Governmemt o1 say ngeacy thersol.

Abntract

Plusina apraying 13 under investigation us a mothod for
in-situ vepair of domaged hery llium and 1ungsten pinsma
facing surtfucces for the International Thermonucicnt
Eapenmiental Reaclor (ITER) the next gencralion
magnctic fusion encrgy device, nnd 13 also being
commdered us a potenthad fobticition method (or bery llium
and tun jstién plasmadiscing componcents for the flast wall
of ITIU Investigntors ot the Los Alanmws National
L.aborarory's igryllium Alomization and Thermal Spray
Faaluy June concermmted on anvestignting il stnrlure-
propetty  telatiomhip  between the  avdeponted
i rostructures of plasma spraved beryilim coatings and
the resulting thermal propertics of thwe contings  In {lus
stdy, 1w effect of the imhial subsirale lcmpeisinee on the
tesulting ermnal difTusivity of the bery llium coatings and
the tharmal diffusivity at the coaung/deryilium substrate
interfuce (1o, Imeifuce thormal tesistange) wm
snvestignicd  Heandin Tuve ahown that inirial beey lham
subsnite iemperaturen grosies than (N"C can inprore the
thermal diftusivity ol the heryllium contings and
minize oty thernnl tenisinnce mt the inferfuce between
U buery o contiog aind tery Hain substrate

FABRICATION AND MAINTENANCE OF 1. ASMA
FACING RURFACES th are diracily evposed tu the
planma in magietic fusion gimes devicen will present
allenging problems i e developinot aml dhesign ol
the Intemitiomal ‘1 hermomiclear Lxpenmaental Reactor
(FHEH) Masioa spravingt i curmontly being consideted an
the promney techombopy for snsainn sepane of diiaped
Beos ivne ol tunasten plosmaFacing mafimes

which will be subjected o severe environmeninl

conduions as a resull of cither normal or off-normal

oporaling conditions. Pluama spraying 1 also being
consxlered i a potentinl frbnention iethod for producing
fient wall beryllbum and tungsten srmors on cusved plasa
facing componcnis which will be present on the first wall,
dome, divortor. bafflc and limier rogions of 1TIR

In order to qualify beryllium plaswa spry technology
for ITTR applications reacarch investigations have focuscd
on the following critical arens:

s  QOpumining the thormal conductiviy of beryllum
pluntin spruyed comingn 1o nusimize st immler
through the thicknoss of the costing

¢ Fvaluaung the adhorence between the bervihum
plustmn sprased coutings and the undedying surfaces
whivh include beryllinm murfaces for ineabin repan
apphicahions and copper heal sk surfaces for initial
fabncation appiicauons

o Mctlwds of preparing the surfsce of bery Hiim prws
1 tH a1t PRI wpray scpait apermlone

o DLvaluating tho struclure, propertics, and perfotinuine
of the bery lhwun plasma sprayed coalihgs under non:
srrmdioied md liendisted conditionn which will be
typacally experiensed i I'TER

e Lvaluating remote maimlenance opataling schemes
instde of the ITLR reiwtor and developing proveduics
1o 1n-5 1 tepant opw o

o Real e Ipapection and provesas comttot of i
plasiu spray operaton and tw resulting beis lhivm
(YR {TTTL]

In Qus papet, uapeniental resulls will be presemed
on e efleat of e ymtisd bery thune sudniesie iengensmne
o the pesnltng theomal Jifumivany of the ben Hium
Masma spraved coanngs  Intormation will alvoe be
prenented on the thermal ditfupivaty ot the anerfae
between the e dhinm contimg o e adeads by



beryllivm subsimte ‘The bond smirength between tho
beryllium coatings and the undetlying berylliun surfuce
will also be discussed.

Experimental Procedure

Vacuum plasma spraying (VPS) of beryllium was
performed m the Los Alamos National Laboratory’s
(LLANL) Beryllium Atomization and Thermal Spray
(BATS) facility. Tho VPS system at LANL contains a
commercial SU-10V0 Plasmadvne torch which is mountod
ona 173K EPl two-axis X-Y manipulatos. Contro! of the
processing gascs for plasmn spraying is accomplished
using an MKS 147 multi-gns flow controller. Details of
the BATS (acility and VPS system at LANL can be
found in reference (1). Operating parameten uscd for
plasina spray ing beryllinm are givon In Table 1.

Tablc 1. Opcmting parame? .rs tor plasma spraying
beny llium
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Bervilium pinama sproyed depostin were prodiced
from -WRpm +1h  sphetical atomized beryllimm
powder purchased from Beush Wellman tine A typical
chemistny of the bervihum powder uacd e this
ivestigation s grven in Table (1

Table I Chemicn) analynia of «Wum ¢ 14 aphencal
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Thick beryllium conings 12 mm thick x 2%.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 beryllium substrates prior to depositing
boryllium  Information on the use of negative tnmfemred-
arc cleaning of beryllium surfaces can be fousd in
reforonce (2). The beryllium substmtos were prehcaied to
$00, 600, 700 and R00°C prior to depositing beryllium
onto the substrmie surfaces A type "K” thermocouple was
placed 3 mm below the beryllium substrale surface in
order (0 monitor the inilia) subsirate (emporature.
Following the doposition of beryllium on the (4)
beryllium samples, thermal diffusivity specimens ) mun
thick x 12.7 mm in diamctcr were machinod (rom the
berylhum couting., the intorfacial region (which contained
1.5 wm of the beryllium substrate and | 8 mm of tho
costing), and \hc beryllium subsimmic. Four-point bend
tests samplcs 3 mm wide X 3 mm thick x 20 mm long
wore also machined from the thick berylimm coatings ond
beryilium subsirates in order to evalunte the interfacial
bond strongth between the coaling and the subsrale A
schomatic 1llustrating the location and specimen
dimensions for the thermal diffusivity and 4-poimt bend
wmples nre piven in Figore 1,
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Fig | Schematic illustroting @) the location. and
specimen dimensions for the b) 4-poum bend and ¢€)
thermal diffunivity samples.

Thermal diffusivily measurcments from room
temperiture 1o 600 “C were porformed wi Viegine
Polytochnic lnstitute, Thermophysical Rescarch
Laboratorvy. Blacksburg. Virginta. using laser flash
diffusivity.  Four-poim bend 1esuag of the plasim
sprayed heny inm coatings on the beryllium substrates
were performed al room temperature at a sirain rale of -
10 /sec. Loodiug of tho tem samples wns opplicd
pumilel w the direction of the: bervilium conting subatie
iterface an illustrated a0 Migure 1b As-dopusited
denpitig woro measufed uRINg A wator (mmersion
techimque (Archimedes principal)  Densily measuremeids
and miciontruciual chaactcilzation waing polatized light
mucroscopy and scanning clectton mictokopy (SEM)
wero mude on the bery llium coatings, coating’substentc
intesfione, und the baryHium substrute

Resuits and Discussion

The resulis of the thermal diffunivily imeanuremets
for the plasma spraved berylliuih coolings and the
contingaubmimie interface samples at the different nutnl
subalrale lemperatures are given in Ffiguiea 20, b, ¢, und
d For the bervitium couting which was deposited on un
uutial substraie tempemture of o0 C, (Fgure 2a), the
meannred thenmnl diffusivity  of the conting was
approximately 78% of the thenmal duffusivaty of the
berviium substrase over the room teripesature 0 ()
tempersture ange.  Thw theimal diffusivies for the
cosling/aubsttate inteifae which commmad 19 mm of the
tutvilim coating and 1 % nun of the bery llium subsrate
hnd thermal diffunivity values which were between the
beaylinm conting tnd the bery il sabaiinte  The
Uk tuat diffusivity for the coating’subsiate interfuce
tented from KO%s 1o 2P of the bervilium subatraig
thermual diffus iy
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For the berylliam coating which was deposited on a
beryllium substeate which had an initial lomperature of
600°C (Figure 2b), the thermal diffusivity of the
boryllium coating increased 1o approximaiely $0-95% of
the thermal diffusivity valucs reported for the beryllium
substrate. Tho thermal diffusivity of tho coating/substrate
intorface in this case approachod the reported thermal
diffusivity values for the beryllium substrate. As the
lemporature of the beryllium suwbstratc was increased to
700 and 800'C (Figares 2c and 2d) the thermal diffusivity
of the boryllium coating and the costing/substiate
interface increased to tho measurcd values for the
beryllium subsirate over the RT to 600°C temperature
range. For all cases, the reportcd thormal diffusivity
values for the conting, coating/substrate interfoce and
substrak showed very good agreement with & cojumercial
gradc of S-65-B boryltium.

T as-doposited microstructure of the borvilm
coating, interface. and beryilium subsirato at the different
wbeimie (empormiures nto given in Figurcs 3w, b, ¢, and
d. The baryllium contings which werc deposited on Il
borvilium substrates which had utial temperatures of
S00°C and 600°C had as-deposited densitics on the order
of 0%, (1.67 gice) of she theoreticn! donsity for hery Hinm
(1 88 gicc). The beryllium contings which wero depomited
on the beryllium substiates with uuual tempemiures of
100 °C and RO *C had se-deposited densnnies of
approvimately % of theoretical (1 82 g/ice) Tt wan
obscrvod that as the temperature of the aubstriica
incroased from $00°C 10 K0O°C the grains became more
elongnied in the sprayed direction
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esulin of the deproint bead tests 10 determimne the bomd
st tth bretw g the ber Hiin coating and the ber ham
wibrtesten are given (v Fagiire 4 The bond strength

mnged from approximately 100 MPa for the beryllium
coating doposited on an initial substratc tompemature of
$00°C to a bond strongth of 173 to 200 MPa for the
besyllium coating depositod on a substrate with an inual
tempenature of R00°C,

Conclusion

*  Increasing the inivinl subsiratc lompomituro of the
beryllium from $00°C to 800°C rcsulted in an
increase in the thormal diffusivity of the berylhium
plasma spraycd contings and the thermal diffusivity
Increaiag 1 berylira bl wov

¢ [ncreasing the bery wmpentun ¢
600°C resultod in thormal diffusivity values for both
1he costing and coating/subsirate intorfyce similar to
that reporiod for the beryllium subsirate and a
commarcial $-63-B beryllium grade material.

¢ By increasing the imttial berylllum subsirute
icmperature from 00°C to 800°C, » more clongaicd
mictostructuge was obsorved in the beryllium
contings This elongnisd microstructure has been
shown to subsantinlly improve the through thickness
thermal conductivity of plasimn sprayed berytlinm
contings (2)

e Increasing the bervilinm subsinite tempersture (rom
$00°C 10 RN"C also showed an increase 1n the bond
strongih botwaen tho plasma spraycd berytlium
coatings and the underlying boryllium subsimte
Four-point bend bond wmirengths of the
conting/mbsitale interfacy innged from 100 MPa 10
200 MPa
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