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“Helium gas cooled FBR” is one of attractive core concepts, so that the design studies have
been performed in the Feasibility Study on Commercialized Fast Reactor Cycle System in
Japan. Authors consider the coated particle fuelling core is promising as the helium gas
cooled FBR core, thus studies of the core are advanced. One of the key points of the coated
particle fuel is the coated layer material, for whom ceramics is considered as a candidate
because of the superior refractory. Existing knowledge shows that TiN is one of possible
materials, therefore, authors have conducted tests and evaluations to reveal characteristics of
TiN layer. In this study, tests about TiN coating methods and gaseous nitriding of Ti metal
to obtain thick layer were conducted. Results of these tests bring the following conclusions.

[TiN coating tests for thick layer]

- Authors contrived a method that TiN (ceramics) and Ti (metal) were layered by turns to
relax the inner stress in PVD (Physical Vapor Deposition) coating. As a result, 30 z m of
the layer is attained with integrity. This method was found to have capability to form 100
u m of the layer that is the target of the practical design.

- Authors conducted multi-layer coating tests of CVD (Chemical Vapor Deposition) with a
large number of coating times in using TiN/TiCN/TiN. As a result, the thick layer up to
100 u m was formed without defects. This method was found to have capability to achieve
the equivalent thickness for TiN single layer.

[Gaseous nitriding test of Ti metall

- As an alternative method to form thick layer of TiN, authors contrived the method that Ti
metal was firstly coated, after that nitrided by nitrogen gas, and conducted tests of the
gaseous nitriding of Ti metal. In theses tests, the 100 u m thick Ti metal plate was used as
specimen. As a result, the specimen was found to be nitrided entirely in conditions of
1,200°C and 48 hours and be composed of mainly TiN. On the other hand, the nitrided
specimen has tendency to be brittle, which is considered to be future issues.

Keywords : Helium Gas Cooled FBR, Coated Particle Fuel, TiN, Coating, PVD, CVD,
Gaseous Nitriding, Feasibility Study, FS
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T ORRIZ, MR LRSI &0 EHIRENE Y O FEF IR VRS . RIS B NI IREE T
ENTWNWD Z ENFED NI,
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4.1.2 FFAfh
(1) PVD#

PERD PVD TIENEBIC I DR E S BEOHHILINEE L OFE#TH Y . 10 m FEEDBE
IO TE Tz, SRIORBFER O, TIN (2739720 EORIZEN e Ti (&J8) MEHnd s
FEEHAND Z LT 30umFEEDRE E TR TERTE 5 Z Ehbh ol A,
EPMA 55 CHAEOIREZFHMICHET 2 L E X H 50 (TiSBIEITEORRRRETHET S
D), RFEERWD Z & T, 1R ORI A fEAE/DIRIEE TR TE 2 /ERH L Z LN
RE Tz,

AElX, ~FT7—27 PVD REBEEEICL D57 ET30 um OFEEENWHIFERTH
ZOZEND 16~1T [FIFRE DA T 100 pm OFEE £ TEMRAREL E2 65N 5, HIFAIC
L~ /VF 7 — 2 PVD ZAELEE % 2~3 HiEfiiT 5 2 & THULAIRE & b, 4%, BRI X
DWEREAT O T EMMETH D,

(2) CVDZ A&

Al oL, TiN/TiCN/TIiC O LB I L 2R TIEH 528, CVD RAEEET ¥
NI RHIRAGE L, 22 [EIOZAEZEERT 5 2 & T 100 um BREDER E THIC
SR WENPRSND Z R o7z, TIN HgdD CVD ZEIZON T, FRRE
THEL TS 100 pm FEDER £ TRAEITRE TE D MREMEN I T 4%, BRI
LOMEREITHO ZENMELEZ NG,

7272 L, BUTO CVD &35 Tld, ZREHRESHD TELS (BRIORBRTIE, 1 3y F Y472
D OFEEIRSH 4.2 pom (TR UK 2.5 ), FEHEREI~0@E %25 2 258121,
RAEREOW LA eGSR OMAE, EHEOHBLED LZVLERH 5,
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4.2 Ti&EOEIEN A bR

4.2.1 RERAE R
Ti%EREHZ OV T, AR, B A2 T A — & & UT=@iR T A 2 bikBR 2 5206 L
71—\_0 ﬁxﬁ'ﬂﬁ?&@ﬂﬁ*/l' \—Ol/\-( ’H_\‘ zgf%ﬁ quﬁ%zgfu? \—ﬂ_\‘ I/f\_o

(S 52
& —A (EAGIRE, AHREH, T ME) OREHZ DWW T, T AT - % OB
% Fig. 4.2-1, Fig. 4.22 \[Z2ZNEiwR Lz, 22T, FAEaioREHITI &F Th
LI TH D0, B#kiL, BREOHEIKRD LT, WThoREloRE b0
22 b L7, TINIZ@ATHY , % TXBREFTOBELBNT 208, FLUOEImE L
TEIZTIN DRI TWNDZ Enbnbs,

Fig. 4.2-2 128\ T, TiMEE LT ITi E¥#ESr—R ) 2 H L7z Cik, BEERKDY
DAELTEY, ZORETSEIE - RRFEMAMTIZERELS R THo72, ZORK
E LTI, EbH e SR TOY Y ZROME, BIERREE IS OERIC L DR RE
2 HID, #%1FE EPMA S OFERZFENT 203, @ik - RRFECIXEiIthnE s 5
MIEICET L TV ARRENEGEONTEY, EHEESRMHOY L 7HOMEIZLD LD
TN EEZXOND, TORD, BHUERNCA U RIS RN ER Tk S iz 2 &
FIZLD MRS D, — ., [T @MEr—R ) 2 L72aECl, B e 234
CCWienotz, OB E LTE, Ti@miE s — 2] OREICIIEIN 500um &, ITi
HUEF—2 ] O 100um EHELEW - LB LD,

[Ti FHer— 2 BREFCIE, —EIEN. RUTEOBRENSZELTWVDHR, ZbiX
EBEORBIEHIFIZAE LD TH D, WEIC SPS BEfE (E Y 7 X~ Befklk
halhisllel) CHUE L 7= TIN 3B CIX FIEORE S THHEIN RKITFETIFEA LT TE LT,
ARIOEMETH AL L TAERKR LI TF ¥ > (FEIC TIN) 3RO S TIEFITE D
YEEATHLDEEZLND,

(5% e BRI B 22
K —A (EAGRE, WEREE, T M) ORBHZOWT, FRAZE(bk ORI FIM
B % Fig. 4.2-3(1)~Fig. 4.2-3G)TR Lz, WTHOREHZBW TS, fEsk Ak
DOFEARDFRD BTz, 7272 L, iR, BRI OHEIC L > TH, WM TiMEr— R L
bR DR & SICBEE R ERITAE U TR o7, ZHUE, WIHIRIEE D B L3 72 s
STl tEZbND,

[X #r[E147]

Ti #E TTi B —2 ) OREHZ OV T, KR (850C. 1,100°C, 1,200°C)xAL#t
KEf (12 h, 24 h, 48 h) TEAL L7=%& 7 —AOREIOFR M X FRETHRE R % Fig. 4.2-4(1)
~TFig. 4.2-4@NZ R Lz, K, FHEMAI2 B2 2 TIN & TisN D A7 M LD 7L % Hig
D= dlz#kE7-,

LI 850°C 7 — Ak (Fig. 4.2-4(1) BWT, WO D 7 — A TH %1k
& L CTIN & TiocN 23 S, 2D 95 TIN OAERRO HF B EEIFIZKE W &R
%, TiegN IZOWTi, WHEFR] 12 h O — A TIEXH HFRERH SN 57, 24h, 48h &
SLEREER 2SN 512 o TR L, 48h 77— A TIIE )2 L~V TH - 7=, LR
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1,100°C — 25kt (Fig. 4.2-4(2) B\ TH, ZWOMEMIL 850°CilE L FETH Y |
TiN O AETH Y BB 51250 T TieN O EIHME T 2 mTh -
Too 7272, 850°CH — AFELE 25 & 1,100C7 — 2B J7 8 TieN O &2 K
VIRV L~V Th o7, ZIRE 1,200°C 7 — 2tk (Fig. 4.2-4(3) TiE, TN I L A
ER ST, WTFILOLBRH TS TIN OA B ST,

L EDOFER NG A RIOEBRSAE O T, SR EMT TIN OERNRETHD .,
TieN [ZOWTiE, WERRFENEL 72513 Eb L, 72, S LEEOBC X - TH
THI ENbNroT,

[SEM #123]
Ti ME [Ti e —2 ) OFEHZOW T, ZEBIEE (850°C, 1,100°C, 1,200°C)xLEf
] (12h, 24 h, 48h) TEL LK —AOREIOEE SEM Bl234E £ % Fig. 4.2-5(1)
~TFig. 4.2-5(Z, Wik SEM #2354 Fig. 4.2-6(1)~Fig. 4.2-6(PFNZEir LT,

1 SEM Bl&E R DT 850°CHr — A0 #E kil £ (Fig. 4.2-5(1)~Fig. 4.2-5(3))
T, Ja}%r”ﬂ%ﬁ@*f (X5 SEM G EAE M) MHIRIZRD v, AR CBlETL L.
BN SRR - CTHIBEL TV D X 2 2EFT 8D b7z, 1,100C 7 — A Dz fLik}
#m (Fig. 4.2- 5(4)~F1g. 4.2-5(6)) Tl KEROBIERETIT 850Cr — A3k L [AFED
R TH LN, BEERTHETD L 850Cr— Akl L K& < EAR 0 | #/h72 M2 21
IZERD BTz, T ORMEZBEN X, BRI N R < 2 212 EBE TR A Th - 72, 1,200°C
r— 2D EREI I (Fig. 4.2-5(7)~Fig. 4.2-5(9)) (2> T, FimzEdEhT 1,1000C7 —
AFEEFRETH O | BUNR MDA REIZFE O BT,

WA, Wil SEM Bl24E B o\ T, 850°Cx12h 7 — 2kt ol (Fig. 4.2-6(1) % R,
L&, REDHK 10 w m PANZ R E & FATISHMI 2 BB RO b D, HrfREREDO N
flE, FEAEEMMPELTHRNTI@BDOE Th oo, ZOMIKROREIL, LERRRHIA &
IR DO CGREFAE R MANCBE L, 2 D7 dWNEORE(BOE S T LTEY .,
48 h 77— A (Fig. 4.2-6(3)) TIIHRITHIRBRTFET 20HTH - 72, XREPFTORER L
B TEZD & ZOHREOARKEENT TieN O 227 MLotifE R s L<—&H LTk
0. HIROEIL TieN B THh 2 rREMESHEI S D,

1,100°Cx12 h 77— 2kt WriE (Fig. 4.2-6(4) TiE., K2 5K 15 1 m Pl ’i‘%ﬁ):
ENEE OBER D L DAL, PEE Tl — 7 IS o 72 3850 72 4 SRR O T R 23 3R 8
iz, JLPEFER 24 h 77— A (Fig. 4.2-6(5)) TlE, Z OFESELIROFKRITRED ST, ﬁ
o TR IR R EIIZ 22 BR8N 4E L T e, ALERIRFR] 48 h 77— % (Fig. 4.2-6(6)) T
E. ZOERORE /NS KO FREBIZEF L TNDZ B85, 1,200C7 — A
B (Fig. 4.2-6(7) ~ Fig. 4.2-6(9)) TH., 1,100°CH — A Al Z DZEENED B, 4
O HE U<, AAEERE NN 5 & & IR NS < P RIiCZEF BRI TH-
7oo BUR, ZOZEEMPRETLIHRKIAHTHY . 5%, sFlAe NV ELE 2D L0 L
Ezohb,

[EPMA 43#7]

Ti M T U —=2 ) Bt H B, 1,1000Cx48 h, 1,200°Cx24 h, 1,200°Cx48 h
3 r—AZOWT,EPMA |2 X 0 3 BHE S ORI 24T - T #E R % Fig. 4.2-7(1)~Fig.
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4.2-T@NI/R Lz, F/2. Ti M8 T @l E 7 — 2 38k 5 5. 1,100°Cx48 h, 1,200Cx12
h @ 27— 225\ T, EPMA #5Hr OfE R % Fig. 4.2-8(1), Fig. 4.2-82)IZ/R L7,

Ti M8 [Ti Heer— 2 ) 3 BHZ OV T, 1,100°C%x48 h 77— 2 ikkt (Fig. 4.2-7(1)) Tl
R CEBRENE VD, WEFRICADICONTERREIETL WD Z ERNbn
Bo ZHUL, BEHRLEE THMCEADEITL DWW LEEZEZLTWDLHLOTH D,
1,200°Cx24 h 77— 2kt (Fig. 4.2-7(2)) TiE, 1,100°Cx48 h 77— & X 0 1 TZ(L3 A T
WBHDOD, FRETHETERBEIIE T L-EETHD (22T, ABAMT T OpREE
MELEFL TR, ZOREBOATRONDFFRARERTH D, Jhux, #othx
1T Tk Z R E L TR0, T DSRFTHINS DI WAL 28I L T L E o 70 2 & 3 HEHI
ENnd), —J. 1,200Cx48 h 77— 2kt (Fig. 4.2-7(3)) Ti%, BHFEDORIEH A DHARH
IFIEHETH Y, REIZDZ > TELPETLTHDZ ERNbhoTz,

ULk, Ti#E TTi B — 2 ) 3EHCIE, 1,200°Cx48 h D A A LAV & i3 = & T,
JE X 100 u m FEEEOFELD TIN (2 L 2 a2mE X, WEIC—HZERAER S v 53, i
ERARETH D Z LAVRENT,

Wiz, Ti & [T @i — 2 3B CIE. 1,100°Cx48 h (Fig. 4.2-8(1)), 1,200°Cx12
h (Fig. 4.2-8(2)) & blAEOZE(LEEZ /R L TE Y Km2 S 1058 pm FREF TlERE 2
BRBEZRLTODEIN, TULEDVNHICAD EFE LK TLTWAEE TH-72 (22
T, ITi @l E o — 2 ] BBHZ DWW TR, BEHE S8 500 u m & JEW 2D il 2~ EPMA
BN 24T 2 72), ZAUL, B2 IER U E - BRI S (1,100°Cx48 h) TH % Fig.
4.2-7(1) & Fig. 4.2-8(D) %R THTYH, Ti MEDO @ [T @i r— 2| 3o hnEE
EDOEITNIEF BN E RN D, £io, BRI O 72 2 sl CERIBE O )
FEECTH D Z D, PIHNCEADEIT L, & HREMEA BB TR Lz b o L H#EH S
b,

ZOX DI OIRE - (LS T L, T AR OME OEWIZ X 0 Z{LRrEITR X
B DFERME O, FREMED Ti 2 L7256 Tk, SlENEL REtoa
HEIITZ L ORMEZET 20 EB2 b5,

4.2.2 FMh
FRBRAE R & LT BRI 7 — Z3RE O 2 (IR IE D B &35 B 4 Table 4.2-1 12
L TE E DT,

SEIDRBHER D, 99.9 URIEOED Ti @I (T3 iy —2) 120V T, IR
CHEBIBRVEE H AELS NPT, o, RS ELT & o0 T TN 23
E R DMEBNE SNz, FEERELE RO A 7y — /L THDHIEE 100w m FEEORE T, %
B 1,200°CxALBERFH] 48 h THERGUEHE S J7mamic b2 1T L TIN 2Bk s o 2
EARENT, 7L, REO LTSRS R A L TE Y. ZOEHICOWTIE
ABPCIRET 5 2 L BLETH S,

Ti &JBDOH ABLEFNCHONTIE, T BBEOMEIC KX HELZITEHZ RN bhoT,
FE0 99.9 UFLEDMEED Ti &J8 17 . i (99.97%F ) 78 Ti 48 Clt. 22l i
RIS . SEIORBREMEOFITIL. FHEAD 10 2 1 m BEE LAZELAETF L2
WRTHoT, o, AEOBLEMAETERSNE TIN (—#, TN bEE5) OREC



JAEA-Research 2006-075
DOWTIE, RO TE (SPS BEfisr. PVD &%) TIE L7z TIN & b LT, #RrE o
RCIHFIZE DRSO N,

PLEDZ L, Ti&REOH A2 HOW T, TIN OFRRICENT RiE L AT 5 221k
KIS LN, FORRAS Sz TIN OFFEICES LT, FEEBIRE~omE iz iz
SOMEEATHLDEEZBND,
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5. £&

(1) TiN EREAEEREIZ DN T

[PVD Z&1%]

- —fREYIZ PVD TIIWNERIS 3R &  JEBTZRITINEE & DF8Tdh - 7223, TiN (t73y/2) &
DOINCHENZR Ti (@J8) AT 2 H5EE WD Z & T, 30 m FREDRE £ T4/
WRBTHERTE D Z LdvRaNTe, KFTEEZHWD Z LT, FERIREZM8E L7z 100w m
PR DJEMAAE DK TE D RN H D Z ENbhroT,

[CVD Z&451E]

- CVD ZBLEE T v N\ —NICER B2 BRI GE L. TIN/TICN/TIC 3 758 a4 2 &
IZE D 100 pm FEE DR F TRAICIET L2 ENEREIND Z LR iie, 202
EMDS . TIN HJBIZOWTE, FERECHE LTS 100 1 m FREOER E CRASIZHA
ETEDLAREMENRDH D Z ERbh ol

(2) Ti&BOEEHT ALz >N T

- TIN BBZESOMERLE LT, TiRBEHE L, ZO%ET 52 L TTINBEFKT
TEaBRL, @il 2B T 2 EHERBR 21T - 72, JES 100 1 m B2E D Ti &R
DERA A ZACARERCIL, S 1,200°C X LHIFH 48 h CRERETIC HILASERT L
Wy E TIN & T B BT 4 L BB TE 5 2 L ibiot,

F AE OGRS TIN (8, TN & ENS) OREBICOVTIE, EROT
1 (SPS BERSH, PVD 7845%) TIEM L= TiN & b LT, MMARIED S TR I 516
FAEDN, TOk DI, ERAAELIC £ S TIN ORHEICE LT MR TE Tk
5. IO TS ORBEEET 5 LD L EX BN,



JAEA-Research 2006-075

6. 5 OE

(1) TiN EREAEREIZ DN T
[PVD 785 14]
« TiN (t73972) JEOMIED 72 Ti (&) BE AN 2 FiEE2Z R L T 30 um FEEDOIRE E
TOWBIEHATRN LT, FE~o@E AT TiE, RFECEIY 100 ¢ m FREORRE
FTCOXKELITV., WEOWREIZOWTHMARBREITI Z NN ETH S,
[CVD #&35#]
- A aloRER Tk, TIN/TiCN/TIC 3 J& Dk L 7R 4 CIEMR G FMERBR 21T - 7223, FEREA~
O AT TiE, TiN BE DMK LAE TH 100 1 m FLE DR £ TRA SRS N ATHE
THdH), RBRICEDMEREZITO ZENRMETH D,

(2) Ti&EDOEiEHT ALz >N T
T & BOEIRT AZIC L0 R S U7 TIN IO T MR D S CIER 124 AE
RBOONTZ, FDT-D, ZOETHRENT TIN ORI ENEIZOWTIEEZITUV,
FEREA~O T RE R EDOR CTRB LAAT 200 HMliT25 Z L BMNETH D,
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ERERT 7 /v o—0F) MEHEREF/ER oAbl FRRRICIZ, B LWA T Y2 —LoH 4

J7DFDINERIT S 2 DR BRI DR NTENWZ721F Tl T &0 T 2 2{bHifico
WCEL DR ZZHIF L CHEE Lz, Z2I0EE0E2RLET,
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#U A b

Comparison of nitriding behaviors for each test case (nitriding temperatures

and periods)

Y A bk

Flow of tests and evaluations in this study
State of specimens in the CVD coating chamber

Visual inspection of specimen before and after coating (PVD coating, Base of
specimen : TiN sintering body)

SEM observations on the surface of specimen (PVD coating, Base of specimen :
TiN sintering body)

SEM observations on the cross section of specimen (PVD coating, Base of
specimen : TiN sintering body) (Near coating layer (X 32, X 320))

SEM observations on the cross section of specimen (PVD coating, Base of
specimen : TiN sintering body) (Enlargement of coating layer (X 3200))

SEM observations on the surface of specimen (PVD coating, Base of specimen :
SUS304)

SEM observations on the cross section of specimen (PVD coating, Base of
specimen : SUS304) (Near coating layer (X 32, X 320))

SEM observations on the cross section of specimen (PVD coating, Base of
specimen : SUS304) (Enlargement of coating layer (X 3200))

Visual inspection of specimen before and after coating (CVD coating, Base of
specimen : TiN sintering body)

SEM observations on the surface of specimen (CVD coating, Base of specimen :
TiN sintering body)

SEM observations on the cross section of specimen (CVD coating, Base of
specimen : TiN sintering body)

SEM observations on the cross section of specimen (CVD coating, Base of
specimen : TiN sintering body) (Enlargement of coating layer (X 3200))

Visual inspection of specimen before gaseous nitriding (Ti-metal)

Visual inspection of specimen after gaseous nitriding (TiN)

Optical microscope observations of the surface of gaseous nitrided specimen
(Test condition : 850°C X 12 h, 850°C X 24 h)

Optical microscope observations of the surface of gaseous nitrided specimen
(Test condition : 850°C X 48 h, 1,100°C X 12 h)

Optical microscope observations of the surface of gaseous nitrided specimen
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(Test condition : 1,100°C X 24 h, 1,100°C X 48 h)
Optical microscope observations of the surface of gaseous nitrided specimen
(Test condition : 1,200°C X 12 h, 1,200°C X 24 h)
Optical microscope observations of the surface of gaseous nitrided specimen
(Test condition : 1,200°C X 48 h)
X-ray diffraction of gaseous nitrided specimen (Test condition : 850°C)

X-ray diffraction of gaseous nitrided specimen (Test condition : 1,100°C)

X-ray diffraction of gaseous nitrided specimen (Test condition : 1,200°C)

SEM observation of the surface of gaseous nitrided specimen (Test condition :

850°C X 12 h)

SEM observation of the surface of gaseous

850°C X 24 h)

SEM observation of the surface of gaseous

850°C X 48 h)

SEM observation of the surface of gaseous

1,100°C X 12 h)

SEM observation of the surface of gaseous

1,100°C X 24 h)

SEM observation of the surface of gaseous

1,100°C X 48 h)

SEM observation of the surface of gaseous

1,200°C X 12 h)

SEM observation of the surface of gaseous

1,200°C X 24 h)

SEM observation of the surface of gaseous

1,200°C X 24 h)

SEM observation of the
condition : 850°C X 12 h)
SEM observation of the
condition : 850°C X 24 h)
SEM observation of the
condition : 850°C X 48 h)
SEM observation of the
condition : 1,100°C X 12 h)
SEM observation of the
condition : 1,100°C X 24 h)
SEM observation of the
condition : 1,100°C X 48 h)
SEM observation of the
condition : 1,200°C X 12 h)
SEM observation of the
condition : 1,200°C X 24 h)

Cross

Cross

Cross

Cross

Cross

Cross

Cross

Cross

section

section

section

section

section

section

section

section

of

of

of

of

of

of

of

of

nitrided specimen (Test condition :
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Fig. 4.2-6(9) SEM observation of the cross section of gaseous nitrided specimen (Test
condition : 1,200°C X 48 h)

Fig. 4.2-7(1) EPMA analysis of gaseous nitrided specimen (Test condition : 1,100°C X48 h,
Standard-grade Ti)

Fig. 4.2-7(2) EPMA analysis of gaseous nitrided specimen (Test condition : 1,200°C X 24 h,
Standard-grade Ti)

Fig. 4.2-7(3) EPMA analysis of gaseous nitrided specimen (Test condition : 1,200°C X48 h,
Standard-grade Ti)

Fig. 4.2-8(1) EPMA analysis of gaseous nitrided specimen (Test condition : 1,100°C X48 h,
High-grade Ti)

Fig. 4.2-8(2) EPMA analysis of gaseous nitrided specimen (Test condition : 1,200°C X 12 h,
High-grade Ti)
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Fig. 3.1-1 State of specimens in the CVD coating chamber
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X 32 X 320 ]

X 3200 X 3200

Fig. 4.1-2 SEM observations on the surface of specimen
(PVD coating, Base of specimen : TiN sintering body)
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Fig. 4.1-3(1) SEM observations on the cross section of specimen
(PVD coating, Base of specimen : TiN sintering body)
(Near coating layer (X 32, X320))
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Fig. 4.1-3(2) SEM observations on the cross section of specimen

(PVD coating, Base of specimen : TiN sintering body)
(Enlargement of coating layer (X 3200))
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= 3200 X 3200

Fig. 4.1-4 SEM observations on the surface of specimen
(PVD coating, Base of specimen : SUS304)
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188 um

Fig. 4.1-5(1) SEM observations on the cross section of specimen
(PVD coating, Base of specimen : SUS304)
(Near coating layer (X 32, Xx320))
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Fig. 4.1-5(2) SEM observations on the cross section of specimen
(PVD coating, Base of specimen : SUS304)
(Enlargement of coating layer (X 3200))
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Fig. 4.1-6 Visual inspection of specimen before and after coating
(CVD coating, Base of specimen : TiN sintering body)
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Fig. 4.1-7 SEM observations on the surface of specimen
(CVD coating, Base of specimen : TiN sintering body)
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Fig. 4.1-8(1) SEM observations on the cross section of specimen
(CVD coating, Base of specimen : TiN sintering body)
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Fig. 4.1-8(2) SEM observations on the cross section of specimen

(CVD coating, Base of specimen : TiN sintering body)
(Enlargement of coating layer (X 3200))
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Fig. 4.2-3(1) Optical microscope observations of the surface of gaseous nitrided specimen
(Test condition : 850°C X 12 h, 850°C X 24 h)
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Fig. 4.2-3(2) Optical microscope observations of the surface of gaseous nitrided specimen
(Test condition : 850°C X 48 h, 1,100°C X 12 h)
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Fig. 4.2-3(3) Optical microscope observations of the surface of gaseous nitrided specimen
(Test condition : 1,100°C X 24 h, 1,100°C X 48 h)
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Fig. 4.2-3(4) Optical microscope observations of the surface of gaseous nitrided specimen
(Test condition : 1,200°C X 12 h, 1,200°C X 24 h)
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Fig. 4.2-3(5) Optical microscope observations of the surface of gaseous nitrided specimen
(Test condition : 1,200°C X 48 h)
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Fig. 4.2-5(1) SEM observation of the surface of gaseous nitrided specimen
(Test condition : 850°C X 12 h)
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Fig. 4.2-5(2) SEM observation of the surface of gaseous nitrided specimen
(Test condition : 850°C X 24 h)
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Fig. 4.2-5(3) SEM observation of the surface of gaseous nitrided specimen
(Test condition : 850°C X 48 h)
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Fig. 4.2-5(4) SEM observation of the surface of gaseous nitrided specimen
(Test condition : 1,100°C X 12 h)
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Fig. 4.2-5(5) SEM observation of the surface of gaseous nitrided specimen
(Test condition : 1,100°C X 24 h)
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Fig. 4.2-5(6) SEM observation of the surface of gaseous nitrided specimen
(Test condition : 1,100°C X 48 h)
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Fig. 4.2-5(7) SEM observation of the surface of gaseous nitrided specimen
(Test condition : 1,200°C X 12 h)



JAEA-Research 2006-075

=
E‘v_-!
X
|
188um
Fn s Ve 1 Bm
" ‘
5]
o
e

L mme—— o

ot STRLEA

Fig. 4.2-5(8) SEM observation of the surface of gaseous nitrided specimen
(Test condition : 1,200°C X 24 h)
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Fig. 4.2-5(9) SEM observation of the surface of gaseous nitrided specimen
(Test condition : 1,200°C X 24 h)
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Fig. 4.2-6(1) SEM observation of the cross section of gaseous nitrided specimen

(Test condition : 850°C X 12 h)
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Fig. 4.2-6(2) SEM observation of the cross section of gaseous nitrided specimen

(Test condition : 850°C X 24 h)
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Fig. 4.2-6(3) SEM observation of the cross section of gaseous nitrided specimen
(Test condition : 850°C X 48 h)
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Fig. 4.2-6(4) SEM observation of the cross section of gaseous nitrided specimen

(Test condition : 1,100°C X 12 h)
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Fig. 4.2-6(5) SEM observation of the cross section of gaseous nitrided specimen

(Test condition : 1,100°C X 24 h)
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Fig. 4.2-6(6) SEM observation of the cross section of gaseous nitrided specimen
(Test condition : 1,100°C X 48 h)
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Fig. 4.2-6(7) SEM observation of the cross section of gaseous nitrided specimen

(Test condition : 1,200°C X 12 h)
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Fig. 4.2-6(8) SEM observation of the cross section of gaseous nitrided specimen
(Test condition : 1,200°C X 24 h)
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Fig. 4.2-6(9) SEM observation of the cross section of gaseous nitrided specimen
(Test condition : 1,200°C X 48 h)
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Fig. 4.2-7(1) EPMA analysis of gaseous nitrided specimen
(Test condition : 1,100°C X 48 h, Standard-grade Ti)
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Fig. 4.2-7(2) EPMA analysis of gaseous nitrided specimen
(Test condition : 1,200°C X 24 h, Standard-grade Ti)
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Fig. 4.2-7(3) EPMA analysis of gaseous nitrided specimen
(Test condition : 1,200°C X 48 h, Standard-grade Ti)
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Fig. 4.2-8(1) EPMA analysis of gaseous nitrided specimen
(Test condition : 1,100°C X 48 h, High-grade Ti)
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Fig. 4.2-8(2) EPMA analysis of gaseous nitrided specimen
(Test condition : 1,200°C X 12 h, High-grade Ti)
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