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Thermal Shock Testing of Low-Z Coatings
with Pulsed Hydrogen Beams

Kazuyuki NAKAMURA

Division of Thermonuclear Fusion Research,

Tokai Research Establishment, JAERI

{Received February 23, 1982)

.Thermal shock testing of candidate low-Z surface coatings for JT-60
application has been made by using a pulsed hydrogen beam apparatus which
is operated at a power density of ZKW/cmZ. The materials tested are PVD

{(Physical Vapor Deposited) TiC and PVD and CVD (Chemical Vapor Deposited)

TiN on molybdenum and Inconel 625. The result shows that CVD TiC on Mo

and CVD TiN on Inconel are the most interesting choices for the coating-

substrate combinations.

Keywords : Fusion Materials, Low-Z Surface Coatings, First Walls, TiC,
TiN, Chemical Vapor Deposition, Physical Vapor Deposition,
Thermal Shock Testing, Pulsed Hydrogen Beams, Micro-cracking,

Exfeliation, Melting, Evaluation, Melybdenum, Inconel 625
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Table 1 Summary of the samples for thermal shock testing

Coated Coating methods Film thickness

samples and substrate temp. (um)
TiC/TiN/Mo ~ cvp 1100°C 20/1.0
TiN/——/Mo CvD 1000°C 20
TiC/(Ti} /Mo PVD 300°C,500°C 20/(0.2}

Mo

TiC/TiN/Inconel cvDh 1100°C 20/1.0
TiN/——/Inconel cvp 1000°C 20
TiC/ (Ti) /Inconel PVD 300°C, 500°C 20/(0.2)

Table 2 Summary of the results of the thermal shock testing

Microscope cbservations

Coated
pulse length (sec)
samples 0.1 0.2 0.3 0.4
: | . 1 1 1 1 1 L
TiC/TiN/Moc (CVD) CF SM SM
TiN/Mo (CVD) NF TD TD SM
TiC/(Ti) /Mo (PVD) FE FE FE,SM SM
Mo SM SM
TiC/TiN/Inconel (CVD) NF NF FE,SM
TiN/Inconel (CVD} NF NF,SM
TiC/(Ti)/Inconel (PVD) FE,SM
NF: No failures FE: Film exfoliation
TD: Thermal decomposition SM: Substrate melt
CF: Micro-crack formation
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JAERT- M 82-028

IC/TIN/Mo (CVD)

Fig.5 Photographs of irradiated TiC coatings on Mo

|
|
|

TiC/TiN/Mo(CVD)

Fig.6 Micrographs of TiC coatings on Mo before and after hydrogen
beam irradiation
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Fig.7 Photographs of irradiated TiN coatings on Mo

TIN/Mo(CVD})

Un-irrad. 3A00ms 3HB0ms 400 mS

Fig.8 Micrographs of TiN coatings on Mo before and after hydrogen
beam irradiation
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Fig.9 Photographs of irradiated TiC coatings on Mo

TICATI/Mo(PVD)

Un-irrad, 200ms

Fig.10 Micrographs of TiC coatings on Mo befcre and after hydrogen
beam irradiation
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Photographs of irradiated TiC and TiN coatings
to compare with adhesion of these coatings

on Mo in order
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(C/ TiN/Inconel (CVD

Fig.12 Photographs of irradiated TiC coatings on Inconel 625

TiC/TiN/Inconel (CVD)

L o
e

Un-irrad. !Oms | 200mS

50 pum

Fig.13 Micrographs of TiC coatings on Inconel 625 before and after
hydrogen beam irradiation '
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Fig.14 Photographs of irradiated TiN coatings on Inconel 625

TiN/Inconel (CVD)

PN

“Unirad. 200ms 250mS
S50pm

Fig.15 Micrographs of TiN coatings on Inconel 625 before and after
hydrogen beam irradiation
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Fig.16 Photographs of irradiated TiC coatings on Inconel 625

TICATIV Inconel (PVD)

Undrrad. 180ms 200 mS
Opm

Fig.17 Micrographs of TiC coatings on Inconel 625 before and after
hydrogen beam irradiation
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Fig.18 Photographs of irradiated TiC and TiN coatings on Inconel 625
in order to compare with adhesion of these coatings
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XMA Line Analysis of
TIC/TiN/Mo (CVD)

|G um

Fig.19 XMA line analysis of irradiated TiC coating
on Mo

X-ray Image of Irradiated TiC/ Ti/Mo(PVD)

SEM Mo TC T b

Fig.20 X-ray image of irradiated TiC coating on Mo.
Tne number of white points is proportional
to the concentraticn



TAERI-M 82-026

Juallparquoqg Aq
90RJANS BY1 JO BPPLW 2y} Ul padNpad St UIDBOJILN °"(AD Aq
paonpodd o uo BuLIeod NLL psleLpedal jo sisAjeue aul] yWX AL S

T T T TRl
z “ _ i |W|I ) ﬁ B N 44 R R S B . 1
aE PR VA (RN
_ - - R IS O ) i ) ﬂuﬁ o
| .. .. ANy lIHEE
i A WY AT AT RER |

HﬂﬁJ&__. A

T i

- — - hal .
— N e O @
0 - ! - -
- 427 YR LYO IR vaely

Ao HeARRY.

, S _Ew..__boz\ L aydekes
i : ) . . ” N I i
TOSEN SN luwed E YT SOiiq0 WOULIITI tvdel o o e




L T

KMA Point Analysis of
TIC/TiN/Inconel(CVD)

Fig.22

A
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20 um

XMA peint analysis of
irradiated TiC coating
on Inconel 625. The
material behind the
flaked coating is TiC

Fig.23

XMA Point Analvsis of
TiN/Inconel (CVD )

XMA point analysis of
irradiated TiN coating

on Inconel 625. The oozed
material from the substrate
is Inconel 625



