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Atmtmd

l’AllNl(’A’l’lf)N ANI) hlAINTl~NAN(.’l: (W I’I. ASMA
IIA(’INU NUIWA(’M thnl mu dlroclh tqwwd hI Iha
Oldnllla m nlc~lmllb’ Iu,lwl Qlurp} Llt’vwum\till plcmunt
blwllctl~inl~ plohlumt III Ik dtvthqwruol ,IIMI IIVWMIIIII
l)m’ lnkvrummwl ‘1hclmomrtlcnr I;xpcnmcrthl lttiwh)l
t 1’1I’M ) I%IQIM qwrwrrlt mwronth’ticItIMcorwrttwd M
Ilw prlmnly Im.hlwd!qp 1111111.411!! Iqhlll !11 dmlllq!rll
hcl\ Ilhllll ruhl Illl)tidcll pllIm4.f,hM~ Mrrtlh I’h

which will k mrbjwtrd to MCVCIUrwvlmrrrwurrl
COtiIIIOIt4 04 a MdI of GtIhOt IKWIMI Or Orr~~l
opomllrq COndlllON Plrtma qwqlng IS aloo bcm~
COIUULIWWIM ● ICIWalMmwkm mtrhodfrrrpmthttnq

r’fiml wII heryll um HurlluIqrdciI motor un curd plasma
frrcmgarnqxmrmm whichwll bc pmDCIUon thu W will,
dornc,dwonor.Mi’lc andUmucrmwru or 1“1’I!II

III ortkr 10qrdifv bcryIlium plmow apmy IWIUUIIOJD
r!M ITI!R @irAoM mcarch imwd.igatkmsIwc fwwd
on M folbwna cnucnlarms:

Opumizm~ h thcrmsl conductivity U( burylhum
phmnrrrrqwnycduunlin~ti 10 numImIm IwM mrrndvr
through W lhrdtm~ M Ihc wwr~
Rvoluallnp W cdtwmnco Mwearr Ihc bcrvlhum
phwntl tp~od colrli~ ad M urrdcflylnssur’kwr
tvhkh IILhdC hvrylliutll mrfmm for In=nhu qrntr
,Ipplk-itrmrMIand kopfur hml *N4I mnfixxn 1“01Imlilll
lalmcmuonoppkworu
MUIIWJ9of prup9rhI#dw mrfmwd burylhumplrw
10or.*/tM pkmm Mpmyqmh tqwrdwna
I :t ;IIIIAIIW,h drumrm, p~ruct ml prrlotrw+x
O( du berylhumpMnM spmyedCWIIW trrukrnow
Itmrlrolbvlml ilnxhlrlcd Wlrdtliolrn wh+bh wN IN
wpicrrllyckprkrucd m I’llIll
tit alwung rcmob IIWMMMC oprnrlna mdwmcs
IIWtJ Of Ih ~l’~![t IWWJI Old dCt’dO@Jl# Pfosdurc$
kw vr.tm tqwt opmlhmt
Nt’ill Ilnw htbpb’(lmll And pIwbL~h LMII)I d 11X



kryilium sutmrrttc Iltc bond strcnglh bctwccn Iho
Iwrylliwm coatirqp and Ihc uruhxlying beryllium wwhcc
WIII alsobe dwusscd

Exprritmcntnl Procedure

Vacuum plsamaxpmymg (VPS] of bcrylhuat was
pdomncd a! h Los AIMws NadONl Laboratory’s
(I,ANL) Bmyllium Atomization and Ttwnurl ~prn)
(UATS) facilily. Tk WS s)uom at LANL oontamsa
cmunarmxlS0=10IJPkmartyna torchwhich is mwuod
011a 173N WI IWO-UWSWY m@lUhllOI CO181UIof lk
processinggascafor plmmn opmyingIs occompliahod
IUUNEan MKS 147 rnulli.gttsIlow controller.Dotolh of
drn BATS facility and VPS sysmmal LANL can bo
found in mferenc%(l). Operating pomrrwtcrsused
ptmmaspmylngberylliumam glwm In lhblc I

t “hAa5!liEw”’:
,,
I )4

71{vl#J I

for

hplhm @IWIMI~RI@ dCpWtlSWCIC pNdlK’d
rfolll -M}l n! + Iqllll I@b”dbvd nhmli ml Itaylllum
lh)\bd#l pufb’lwd [mm nflld~WdlnllmIlw A l\IWl
uhcntislrt of lhc hcrylhum powder u#cd m lhI#
IIIW!IIWUOII It gtvcuIll Tnbk II

TAIc II (’hcnkml imnlyai.aor .l~mt I IIHIIU npticnd
momtmd Ixr) Ilmrnpuwdm

Thick bcrylllum matings 12 mm thick x 25.4 mm
wide womdcpodtodon row bwyllhmt substmtoswhich
worn 25,4 mm wide N 12 mm thick x 63 mm long.
No@w lmlMfO’tRd@CC- WM USOd10 -m Ud
praheat tho beryllium aubslrmtes pdor to dspoaillng
Imryltlum Infomdon on k uaoof n@ve lmtnfarmd-
arv doaning of boryllhun surlbca can bo fouxd in
mforalw9(2), Tlla borylutmlatktrwa Waraprow m
500, 600, 700 and MO”C prior to dspoaithts borylllum
-thembstmtsmufhcca A F“K”hmMMM@ownB

Yplacod5mm MOwllmb oryliUrnWMtMto Surrmin
odor to momlor ho MM mbswato tampomotro.
Following tbc doprdtion of bmyllium on lhu (4)
bcrylllum san@m, Ilwmal dMf’usivilyspachnsna3 mm
Wck x 12.7 mm in dianwlcr waro rnschmd from lho
bcrythumcotrtin&dmtntorlhcix!Won (wtWh cmuahwd
1.5 mm of Itw Mrylllum dslmto ml I 5 mm of Ik
coating), and trc borylllum subsmntc,Pottr-pomtbend
Iotis namplcs3 mm Whlc N 3 rmn thick M 20 mm long
womalsooxtcinrudfmm tk thickbarylhumctiim and
bcryllhlm subslrxtosIn urdor to wnh~ he huarkial
hnndMrongihhelwsar tho coaling sd tlm SLMmto A
scboutnttc tllustrxlmx W Iooation and spochnan
dtrrmnslomfor NWlhcrmaldiffudty nd 4-point band
umtpb IIrt ~lvcn in Fi~urc I.
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Fqr I Sohcmancllhmrwing a) tk Iocauon rind
whrundlmmiom fortho b) 4.pomIbcndnrrdc)
UwrmtIdMTuhivityswt~b

Tkmml diftusivlly rrm:mrrcmcrutfrom mom
ienrfcnrturu m 6(KI ‘“~ Mera porfortned MI ;’hglm:i
Polylochnlu Insthrilo. Thcrmophytmml Rccaarch
hbOMIOm. Biacksburg. f’uuiru~ ~~W Imcr Vwh
r,llffusivhy. Fottr=poinl bend Iesung of ihe plaamrr
qrnqed hcq IUIIIII codh~a cm Ilw huryllhim suhuralan
were pctiormod m room Icmpcmrura m a Umhr rate of -
10“ face. LowdhIRof ho ICSI sampltisWM opphcd
pmnllclm tlw dlmbn of !Iw bwyllkmr ctmtht~udwhntt
mlerfhce m illu~lrtitcd m Ihaurc lb Awlapmlld
dcnmmr warn menmwod nsmp a w’alor Immaraton
ltchmqw (Archhrrcdcspritw 1) I)ertmk)’ mensurcnrcms

rdud micldrumld Clwlclcl Mm udll~ polal Iml ll@l
nwmcopy rrnd acrnnnlntickclron mtcloscopv (SEMI
wcm muck on the bcryillum mmn~s. coarin&’mhurnlc
htietfwctunrlk Iwryllhnububbtntte
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Forlhaboryllhuncoatingwhich mm dcpositodon a
beryllium aubamlo whtch had an indlal lamporaluroof
6t)0”C (Figurg 2b), Iho thermal diffusivity of dto
borylliwncoali~ lfmoa9edto approxhrtalely90=95%of
theihcrttmldiffhaivily valucamporlcdfor the beryllium
$uMrato. ‘flM thonrutldMfuatvMyof lb 000th#@bSIMIO
imdbco in tiai8 Caao appmachod tho repotted thortnal
diffbaivity values for the hyllium tubstrata, As Iha
lcmporaluroof thohoryllium stdmrttlcwa9 inoreaeod 10
7(KJti U~ (F@uma2CW 2d) h tJurnal diflimivhy
of the beryllium coating and tho coathg/subswato
intorf~ immati to Iho maasured values for Iho
berylllnrnaubstmmovor M RT 10600%?”lo~rnlura
raqo, For all caaaa,ho WOrlad Ihorrnal diffitsh’ily
valuesfor tha coati~ coaungl.uoslrmaInlorfaoaand
atbabatodmwod vary* a~ment whh a couuuardal
#ra& of S=tM”llboryluum

“f’hoaadopostmdmtcroatructwoof lho borvlhurn
cond~ Wrfbco, md boryllhtmaubmatoUIIhed~crwnt
mbMntlelqtomltttw nro~ivcn in Fi@um4In, b, c, WY
d mta b@Uunt ccMn#s which Wm depo~Iadon IIW
be@lmrn oubmrataswluoh had uutial temporaturwof
300*C atd 6u@Chndu=dGPodIcddunailkson tlroordw

c
of W% ( I .47 ‘c) or o~ Ihctlmllcd &~ity fbr Yqllinm
{I S5 @’c) ‘1’ bcrylltutnCoalln$c whichworodopmcd
on tha berylhum substrateswith uuual tampermurwof
700 ‘(’ nmj Moo ‘C hod ttwdc@lcd dcngtlics of
qtprotim+ 9R% of Ihemdcnl ( 182 @cc) It wos
obervod Ihat as tho tompomturc of tho nubstnrlcs
mcmawd fhtm MO%’ to IIOO”Cthe ~rnnu bwtme ntoru
elongnwdin thequaywl dwrtitlwl

Room ‘1’empertiturcTesting

mngcd horn approxinmtoly 100 MPa fbr tJMbctyliium
Watiw dopo$hcdon an initial whlrab Iomporawcof
WI*C to a bond amangthof 17S to 200 MPa for lho
borylJiumcoatingdapWhadon a aubarmtowith M ioltlal
temparaturaof tUK)Y.
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Conclusion

Inorwtningth initial suhntralc tomporaturoof tho
beryllium from 5{Mt*C [0 WN)*(! romtltad in an
mcraaaoin tba tiwrmal dUXuawuyof the beryUmm
pkna ttpraycdcoathqp and tbo thonnalWuwwry
nfllm OmttmghlbatmtoilWlhccs
Incma,irlgma batyllhlmStMmta tampomtumabove
600’C tcmdtadb tlmrmalWXbaivky vahoa for both
Iho coalingmd ooatinglatdtdmtcittbrfboasimilar to
that repofiad for the bo@lium ttubstmto●nd *
oomntaroialS-WE botyllium@a mnwrial.
By htcreamtg the tnmal boryllhtm aubsmtte
kn~mhttO frotn 5000Cto NOO”C,a mom alongwod
ntiolo$wncmto was obwrvod in Iho boryIlhmt
coaltn~ Thm don#ttl#d micro.lruontm hat been
shownto snbatanonylyIrnprovothathro~h Ihtcltruaa
drertntilconductivity of plahtunsprayedhwyIlium
Wtlmga (2)
Irwrcasht tho ban Ihum subwnto IenuteralureOwn


