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Durability of Alumina Electrical Insulation Films by Plasma
Spraying Coating Method under Repeated Impact Loads

Moriyasu KANARI, Tetsuya ABE, Mikio ENOEDA, Masahiko TOYODA*,
Toshimitsu UMAKOSHI , Katsusuke SHIMIZU', Junji MORI and Hideyuki TAKATSU"

Department of Fusion Engineering Research
Naka Frusion Research Establishment
Japan Atomic Energy Research Institute
Naka-machi, Naka-gun, Ibaraki-ken

(Received May 8, 1998)

Durability of dielectric breakdown (> 2,000 M2, 1 kV) characteristics of alumina electrical insulation
films (alumina films, thickness 228 1 m) has been examined by applying repeated impact loads to
alumina films plasma spray coated on s stainless steel substrate with a Ni-Cr intermediate layer. In
the present experiment, alumina overcoated specimens having flat ended surfaces were impacted
with a stress of 638 MPa. Alumina films have shown high durability of greater than 70,000 cycles
under the repeated impact loads. And local fracture of the alumina films was observed at some
pinholes of about 100 »« m diameter at the maximum, eleven holes in total at 76,828 cycles, and the
local exfoliation of the alumina film was observed between alumina film and Ni-Cr intermediate
layer. To examine the evolutions of the thickness and hardness of the alumina film, cross-sectional
SEM observation and hardness measurement were performed for some specimens after the
predetermined cycles. As the results, the thickness of alumina films of an as-received specimen was
228 1 m, and linearly decreased as the increase of the number of the impact load cycles by the rate of
2.43 nm/cycle. When the dielectric breakdown occurred in a specimen, the thickness of the alumina
film was only about 20%(50 » m) of that of the as-received one and the cross-sectional view of alumina
film exhibited a duplex region of Ni-Cr and alumina layers. While the thickness of Ni-Cr intermediate
layers after the test was alumost the same as that of the as-received one of 50 ~ m, even in the
specimen in which dielectric breakdown occurred. Hardness of the as-received alumina film was
Hy=1119, and decreased with the increase of the number of the load cycles; 76% of the as-received one

at 38,000 cycles and finally 60% at 76,828 cycles, respectively.

* Office of ITER Project Promotion
" Mitsubishi Heavy Industries, LTD.
" Nuclear Engineering, Co. LTD.



JAERI-Research 98-029

Keywords: Durability, Alumina, Insulation Coating Film, Plasma Spraying, Repeated Impact Load,

Dielectric Breakdown



This is a blank page.




JAERI-Research 98-029

L EL»ic 1
2. HABAHE 1
3 ®HRBIUZBER 2
3.1 HEHER 2
3.2 TIIIFEOESMEEA Y 3
3.3 TINIFEELIXOEXDEREL 4
4 FE® 5
H 6
S 3R 6
Contents
1 INErOAUCEION L..oiiiiiiicc ettt ettt et r et ens e 1
2. EXPETrIMENTAL ....oooiiiiiiiie ettt e et e et et et en e 1
3. Results and DiSCUSSIONS .........cccouiuiiiirieiiriieieteee ettt ettt e et et e e e e se e eee e eeens 2
3.1 Repeated Impact Load Test ............ccocoviiiiiiiiiiiicc et 2
3.2 Durability of Alumina Electrical Insulation Coating Films...........c.cccocoevoiniveevnneeieeeeeeen 3
3.3 Elapsed Changing Film Thickness and Hardness ................ccc.ooveerevmeomeereeeseeeeeseeeeeeeosonns 4
4. SUININATY ..ottt sttt et bttt et et eas s b ess s ee s es s e saeetessesesesteneeneeseeeeseessesesseesesesessess s 5
AcknowledZemeEnt ..........ccoouiiiiniiiiiic et ettt ee e 6
REfETENICOS ...o.iiiiiiiiiicct bttt s e st et s e et enesa e et et e ees e s e s see s 6



This is a blank page.




JAERI-Research 98-029

1. FL®HIC

BEMSERE T CEET 2RSH UADERMAFICBNT, FRBERICHEINS T ER
LRAE LS. MEERTAZ LI LV BRARERNBRET D, ZOkD, FFENEEDHEZE
SHC IR L TRERARERS LOEBREL D LBAEBRA BRI T 5 2 LIIFNEEH O
MR OB AN L EERBINHRETSH D,

Bttt s I v 2 ATHBET A I3, MEEICERL., @RBICLLNETEREIBEIZR S,
I RETH DD, BRTCHEASNDE T Iy M LOBESMHBM L LTHETH S,
—F. TAIFE. BT I v ATHEOERBICEANEEME FEERIEE S SRS, T,
BUSENBEREE CH A DEBORICRET 2 Z L RETH D, R EOMErHY . KIS
M oREM & LTHEY b TWahol,

75 e UEEEL. W& (PVD, Plasma Vapor Deposition), {5 #5%&i% (CVD, Chemical
Vapor Deposition) 72 & 0 2—F 4 ¥ ZHEIZH#R L TCRRHF COBOHRBAIRETH S Z & RO
HREENEN S &, a—F 4 ¥ VEMICRT A b2V 2 L SR LR —RNICAV bR
TWB a—F 4V THHTH D, NEHED (1] 13, BRAFFAEED OB L LTT 7 XA~
REIC LTI Fa—TF 4 L VBER% L, ZOESE, RERCEHANCHT SRR
T ORI EE A2 L% ERAYIZEE L7,

HRAF T, EERCEPEEYRENERE L, RECERSWIEER—T « v 7P
BT 5o ERTFRIND, JOD, BYIR UERMEICHT DR —T (- TEOBRE - &
SHTHAKSEEZALNCT D LIIEETH S, FHRTIE. BIELBEABRBZAVT, /b
BFE D (1] OFHRICESOTRYES NI T VI a—T 1 v VEOERFEMAMEEZ R/, S5
2. EREHES o —T 4 v VEOBRERENEE o—T v VRER LU S OO BEEILE
B L. TAMERER & FAT L CREHIERE S JIER L UMBEE L To/, T, 2B TIHARY
. SECIHRBRERELTT LB ENDEBREL AETELDET T

2. REBRAE

Tablel\Z#ig = —7 4 > JWCERENDERWE LTV ITE T I v 7 BEREM ORE(L 2| &
T, TAIFII. BRAMETHY. BRIZBITAZBERIENNEL. BEXERM & LTRIER
WEEPETDZ ERbNE, HRMIZIZ. 80%Ni-20%Cr F 4 () 2 L7V I T (BE 228
pm) & 75 X< Va4 L7 SUS316 4 (AR 1 : ¢ 10 mmx20 mm, R&/T 2 : ¢ 20 mm x 20
mm) % AV iz, Ni-Cr PHBE LOT7T VI FBEDa—7 1 > 7 4MH (1] & Table2il, #EMOE
BFER L ONBE T BN Fig. 18 L UFig. 2(a) IR T, &V iR LERFEIINY DA%
BT ARBFIEIIRFTRBL SN TR\, B TIL, BHERBREE B 1F LRBRICHE
Lic, BRSO % Fig. 31K, RBH 1X, 7AITEERE THE L7223 X5 THEDHE
(FEEEHTRBA 1OER my) KX VIED S, RBF 213, TAITEES ERE L35 &
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IICRBRBERIIAVIEDIN TS, BEER. ABRA 113, L EDOHRBRARIOHEEE A
WRHBETHEH T oK, RRF 2 LIZBHEBETEN, MRARAICa—T 4 7 ENIZT N
IO ECERT S, £, MARAT. #AbREL — IR OO, IHRICEE LT
LENFTNEER L ORBRBICEY (11 b, SEIEREYT A R CXHFSEITBENT S, SEOD
RBETIE, my BLXORIZ, £ EN12 kg, 20 mm —E & LT,

AFRIZBWT, ZHBHEORBRETo7, Tbb, B2, BV LUERIINT AT VI TE
DOBTHBMEOTAMEEZRRB 721, 2EORBHI OV TIERRRENRA T 5 F THERR 24
VIR L7z, E7o. TAIFEOMBEREL B LT B0, BRAEIIZER L&D
EMDTEITo7z, BT, EEREEIIHT 27 I FEORERME, BER L UBROMEEOR
B L ZRD o0, FTE OEEIE (1,000, 38,000, 63,500, 76,828 [F]) F CTHFEARZ 0 K
L7z ORREHIOWT, KEB L OUIMHEROREBRER LOREABEIJEEITo72, T I T
BREEOF T, EEOEREEEICEARN £ B WY S L. ERIESE YIC-321225V %
W, JISHRE (JIS C 1302) iIZfEWHIE L7z, 72, REIORY &R, RB A 2 EiTiX
RERPOEFENVHEET 5 Z L3 TRIS N, JEL. HREY OMERIRERE ~DOREB% 5 <
TeHRBA 1 T o7z, JIEZEWT, BIMEEIX1 KV & L, 7V I FEOEKHSI 2000 MQ
LA U7 T BI04 FRRER A DM BRI ng & HIE UTe, MREEEE OB OITIZILE
FFu—7<wA 2 a7+ 54 % (EPMA, Electron Probe MicroAnalyzer)JXA-86002 %, ki
BT IINREMEE R L O EATE FH%SE (SEM, Scanning Electron Microscope)JSM-54102) %,
BERAEXT Ay I — 2B MESRBREMHT) 2 20 FnA Lz, 72, BSRRIZBIT 3
TEII. 9.8IN & L7,

3. BRBIUEBE

3.1 ZEfEHER

ARBRIZIBNT, FHDHIL, RBRF OEERHIAET DERICS o & BAEEYE - ORI X
V¥ — E; A ABRIBER L Lz, Fig. 8ITFT L O1C, E2ARSNZARK 1(HE m) 25, AR
A2 E~BWM&ET LICREOERAE FId, UTO®RY THD, RBRA 103F T IETRLX—
B, TARTEBT AN —CEREND ERETD L.

migh = dmvi HBWIT v = 2gR, (1)

TZTC, g BAOMBEE, v BHREREETHD, EHEFEO m; OFEBEEIX. m D my I
RiEENDIETHELVWOT,
mi(v1 —vg) = F - t, (2)

VR Bk 2
) B AB A2
REAR L e
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T, ot e, (1) EFX(2)ITARALEEHTD L,

F= ml(’U] - ’UQ)/t

= ma(v2gh —v2)/t, (3)
k5T, oyt
oi= F/A,
= mi(v2gh - v2)/(At), (4)

T IT. A EEEEOEMEE, 7. Eid. m O OB RN X N THE R RLF—
CEB IR D LRET I
E; = mygh/A. ' (5)

K (3BT, HIIEEEIZ AT 2 RBT DRBIOIMEE RS ay & REVF (T V7 VIRBIE
BBN821M?) . FEENNEERIEF BBN508BY)) THIE LRD7z, IR, FIIBRERIIARA 10>
LREA 2IcEESND, Ein. FIIAEMICHE L MEE & OFTRDEND DT, RBRIF
IRHLMBEETTHXICGESH LTV ALt & ARE5, 2B, MEEOHEL. RBRAI
B, EERNEFERMATE 2 EBRRETHS Z 0D, BRBRAGEVWES LTI, Fig4
IR TRENAIIERRE LY., t=150 us B2, R(1) LV vERD, v2=0,m,t,h BLT A
2H(3). R()BLOK(5)KRALHEH LEF, ;B LV EHY. £ LI 50.1kN, 638 MPa
BLU300 J/m2Chd, 2B, REREM (m1 BLO R) I, 0T L > TEMSUSI6233F L <
MEMEZETE L7eW & 512, EKF D 0.2%1W 5 (205 MPa(3]) 22 b IRE L7z,

3.2 FILZSTEOBREEEHANL

SRR T A AR ESEOBEREM AR T A0, F—&G0EEARE, 2EEKE L7,
ZOfRER, mREHT., ThZ176,828. 79,500 [E THEBRAE (& LIER) SRR I, RIFLHEH
MA R LT, RIEESHER S -3kt (76,828 @) 12 oW T, ABB LUKREBE LR %,
%h%nmgXMBiUFmﬁuﬁfoﬁﬁ&ﬁm\%mﬁﬁﬁmﬁwfﬁbw@%%%b\%
OIEXZF11.40 ~ 2.54 mm 3B L 158 mm ~ 2.17 mm Th o7z, ik, M T,
FOENDHERERBCRAL 12270 (T VR 4], BEMICHEENEZ o7 L HRITE 5,
ARERTIL. = OEREE RO RER A O TSR JIE Lz, RBARICBIT2HRBRAR
HOSEMIZ & 5B 8E% . Fig.6lirt, ZI T, (a) T ANM. (b) RBRA 1. (c) ABRF 2(#%
findh) 5 LU (d) RERH 2(FEHERLES) TH D, Fig.6(a) L V. T ANMIL. R Sum AT O7 )V
RN S ER RN B E I NS, L LTRKEE10 ~ 50um DEAMT VI THETD
%, T OSIMMBIT. 7T X< BHBHCEREE TR TV I HHBSBREHC R R IC R
X LIS LT TE L LHMTE 5, —F., Fig.6(b),(c) £ V. RBREDT VI FHEEREIZ

Dy 27 v 7 L
57 47 v HREH
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13, KX 50 ~ 100umBEDIH L OSSN BE S ILD D, FZIFANMTBEEINCZE
LR LRA, $o. BARBRA M COREEROZIR DN 2D T, £, RBRBEOREDHS
Ry 3. =AM D 3.86um A5 1.88um (X Lz, - T, Zh b DML, 743 WA ESS
TOBILMIAEIERDS ., YR UEFERBRICEY, MLOSSNTT A ITBEREICMELILL
HRITx B, Fig.6(a)BLU (d) LY. REE, RB)T 2 OFERLT I3, O AWM TILE
BENRD o0 lum ST OMUMNISBES NS, ZhboMuian, RERE O MR AR T
LERANTBEY., RBRPCAUETAITORENTHS LHRITE 2, RBREOTVITE
ORI, ZORX SHARATH100um OTRIZREAE L, TOFINBEHRTH o, TD I b,
IR, BRRDOT NI TERIER TOHHRENT, Fig. TiZ, MR O FHEKSER
(a). SEM# (b). EPMA EHEHT#EE (Al(c),Ni(d),Cr(e) 3 U Fe(f)) #7779, Fig.7LV. i
BREEEEIL. MO, TAIFREREO AR THES THLNiBLUCr
PRIENTWA, —F., B SUSHDTH D FeldRh &g, oI &ipb, T/IF =2
F 4y THEOFMI. 77/ Ni-CrFERE TE LT Z LB DN D,

3.3 FILSTEESSIUVEZOEREL

FAIFa—F 4 VEEOREELERD 20, 03T AN, (a)), 1,000(b), 38,000(c),
63,500(d), 76,828(e) D& E¥E TR Y B LR EZIT o7 R 1 OYIWTESEM 8% Fig.81Z7
7. Fig.8L Y. ZIFANMICHIT B2 0HEE §; 11228um THD D3, # VIR UEREEAHEIT
BT LD -, BEEB LT LTV, H7o, MREL 2 L7 76,828[F] (Fig.8(e))
IZBWT., RBAOHEBIL. TAIFENCrBOREMERLTND, ZOZLrb, RERF,
FAIFIdh e I OESRED L, BRI, 7V -Ni-Cr BRI T RIBEA 4 CAbRRAE
WES LWETE S, LL, TAITREE L R—ARICHIEE U7 ERr LA Tl Mg
B L2 76,828 BB WTE 2, 7AIF/Ni-Crfic & RiIBIEE D27, Fig.8iZk
WTEBELETAVITE (ZER)BLONCr PHB (=) ORES 248V iR LEHEn I LT
BE kRS, Fig9lornd, £, B0, RBA 2BT L7 AVITR(EA)BLT
Ni-Crfg (£=4) OBEZL L REIRT, Fig.oky, RBH 107 VI BRI #YVIR LE
B E ORI R LT BRI L, 76,828 Bz 1T 5 &1250um(0.21 &) o7z, ETo, &
JERRIT, 243 nm/ETH o, ZOFEEL, Fig8llBi 2BRMERNLHERESNIZL DI
BERR LIS L2 b ERLTRY, Ka—F 4 v TEER VR LERREL T 58ED
BRECERTAIHACEETHD, TAbL, I v AMTHD T A I T, RN
. BEHEICN L CREREK CAEMELE ZTRENH D, L LR bL, ARBRERD
5. 638 MPa DEWWERES FIzBWT, 743 FTEAERE, HBErE - S7. 76,828FF
TREACETDESEZMIT2EME R LD, BYVIELERFNELZ T SBEY ~F =2—
FAUTERERTHENTRETHDIZEETRLTWVD,

T3 Fa—F 1 v TEOBBAIME ORRELEZ 5729, 0, 1,000, 38,000, 63,500, 76,828
D& EHCE TR B UEERTEY A5 LR 1(Zh) OREE S ORIERRZ Fig. 101071,
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F, BEOD, RBA 2(EN) BT ATV I HE I RKCTRT, Fig.1l0kv, %7
AWM OT VI FER S Hy; = 11195, BEREAMIZE A~ 20% K0, F72, B8 EIEL 1,000 1280)
HZREBA 1O L, T Hy B UL, TAITEESIZOWTOBBEMERED LW
LERLTWD, —H. 38,0003 LU63,500 2T HEEIIE. 0.76 Hy 2 LT3, Lo
L. Fig 8LV, 7TAIFTBPRIZIZ v 7R EFBEINTVARY, 2O ML, ZOBS D
P1X. Fig.6(b),(c) CTHEIN-RE LICFET2ERONEYDORBTHE LHETES, T
bbb, ZOMNEYI. ALFICES LTI F TR, £, EHE T FERER
IR H Y, TAITEL VB S BMEWMEDIESRBREOE T2 LIAA 2D B
TE, BEBEDLIEEEZLOND, 76,828 EICBITHEIX, BIZED L0.62Hy 72272, T
i, Fig.8(e) CHEEN LI, ZOEEICET S 7V I FEEH 50um(0.216;) ¥ Tl L
Tt X OEWTHIN-Cr PEE (Hy = 150 ~ 250) DREE2Z ), BARES LEZb0LE
Zbivd, Mulhearn b 4, 5, 6] DBEN L, EBRDOV Ay W —XB LIAZDEGE ., ERTIZER
ENBME L, IREFMCHABRRE S ONISERETHD Z LWWREN TS, FRRD
BSJECBIT DEROMNABRE XL, 40 ~ 50um TH Y, B HANTEMEEH 523 Ni-Cr /&
FCELELELHEAITES,

4. F&&H

T AR ERNC L > TAT LV AH (SUS316) Bbt EIZNi-Cr A2 N LR SN ZT VI TE
KMk —T 4 TE(T NI TR OV R UERS E (RIS 638MPa) \Zxd 2 BB
AME (> 2,000 MQ,1kV) Z LN T B2, T4 I EsiEm oz 4 5 BHERBR %2 VT2
fliL. RoOfRE ST,

1) 0 IR UERFEIINT D T I FEOESHRETAMIZ. 70,000 @ ETH o7,

2) TV FTEOREIL. U R WRICHEST U (BORERR 9 100um, 76,828 Bl Y K L EE
EEGZIB T 1ERT), FIEEIN-Cr TRE & DS RETHRAE L,

T X IEDHGERRAIEICE D F TOBER L UBMAEE ORBFE(L 2 /<5 72Dz, FrER
BOBEFERBRE ORBHZ OV T T A I FROREB L OWHE o SEM Bl£ 1 L UK O/ ME X #i
ExITol, TORR.

3) T BEEIL, 40K UEREIFUTIS U TR4 ICED L, £ OBREERDFEIL2.43nm/[E]
THol,

4) —J7, REEIIL, 38,000 BDFE, ZiF ATMIZELE LT 76% 2 U, MBREERIZIIM
62%IZID Ui, ZHOBEDORBANL, a) TV I FTERAOMNEY OB I OFE, b) 7TV IEE
DWW LD Ni-Cr PR DOEEDRE., TNENICER LTV LD LHEEEND,
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KIFREFITTBICHILY, RREBOBAZHFTLTHEE, ¥ 0EBEHELTHEE
L7 fiE R R, A F KGR EIEHEET Fm LEMRE) 21X 0 &35 ]l &k
MEBRERRED 4, EPMA W ZBh ATHE % U7z NBUINBBIRE K% E3E KIS
BLET, ¥, BERBROFITICTHHEX I LET S0y MIEE REF B K (K) X
PRELZSHESERIERT N ET138). 3BH £ RIS BHB L T, BREAMBILHLY, £<D
SXEFEXE LREMER AR K k. KB ¥ HRER. SRS IE LE BN 8
E.BRERRKEBIOTII Uy FIEMREDH 2 IR EHBELE T,

SEXH
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Table 1: Requirements of Alumina films.

Required Properties

Insulation materials Alumina(Sinter)

Environment Atmosphere and vacuum —
Temperature (K) 623 2323(Melting point)
Electrical resistivity (Q-m) > 2 x 103 3.0 x 10'2(673K)
Dielectric breakdown voltage (V) > 1000 -—

Vickers hardness

> 1400

Table 2: Coating Conditions of Plasma Spraying Method on Alumina film.

Coating Meterials 80%Ni-20%Cr | Alumina
Environment Atmosphere | Atmosphere
Working gas Ar+Hs Ar+Hs
Power (kW) 37 44

Working Distance (mm) 120 120
Traversing speed (m/min) 20 20
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Alumina film

210 \ACr

Interlayer
 — "
Stainless steel
S o
Substrate N
v &«

(a) (b)

Fig. 1: Specific Configurations of Specimens. (a) Specimen 1 and (b) Specimen 2.
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(a) As coated
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7

Weight, m,

Linear guide

r'd
__1— Specimen 1
‘—_____/ p

Alumina film
//

<
Y - )
I_ ¢ / P /Spec1men2
X / /Frame
/]

Fig. 3: Schematic Drawing of Experinientai Setup.
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Time (£5)

(9) ‘v ‘uonerdPIVY

Fig. 4: Measured Datum on Acceleration of Sample.
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Al(dielectric breakdown )

A pinhole
* A2
1.40~2.54mm
S 4
View A
Specimen 1

(a) Specimen 1

Contact area
[P

>

Bl

Contact area J B2(non-contact)
v _T
\—-—/ ©

1.58~2.17mm
View B

75~212 4 m
Specimen 2 i

Section C-C’

(b) Specimen 2

Fig. 5: Sketchs of the Dielectric Breakdown Specimens. (a)Specimen 1 and (b) Specimen
2.
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(a) As-coated

{b) Specimen 1

Fig. 6: Surfacial SEM Micrographs of As-received and Dielectric Breakdown Specimens.
(a)As-received, (b)Specimen 1, (c)Specimen 2, and (d)Specimen 2(non-contact).

(b),(c) and (d) are Corresponding to Parts A2, Bl and B2 in Fig. 5, Respectively.
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(c) Specimen 2

(d) Specimen 2 (non-contact)

Fig.6:(continued)
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Fig. 8: Cross-sectional SEM Micrographs of Specimen 1. (a)0, (b)1,000, (c)38,000,
(d)63,500 and (e) 76,828 cycles.
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