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Properties of Low Activation Ferritic Steel F82H IEA Heat 
— Interim Report of IEA Round-robin Tests (1)—

Kiyoyuki SHIBA, Akimichi HISHINUMA, Akira TOHYAMA* 
and Katsumi MASAMURA*

Department of Materials Science and Engineering 
Tokai-Research Establishment 

Japan Atomic Energy Research Institute 
Tokai-mura, Naka-gun, Ibaraki-ken

(Received July 15, 1997)

F82H has been developed by JAERI and NKK Co.Ltd. as a low activation ferritic steel for a 
nuclear fusion reactor, such as prototype reactor and beyond. We have evaluated the 
properties of this material including the neutron irradiation effects using JAERI reactors 
(JRR-2, JMTR) and HFIR at ORNL. F82H also had been chosen as a reference material for 
the round-robin testing planned by the IEA workshop on the low activation 
ferritic/martensitic steels. These round-robin tests are conducted by several research groups 
in Japan, European Union,and the United States.

The results for the Japanese share of IEA round-robin tests have been obtained, and are 
summarized in this report. Several properties, such as microstructure, mechanical 
properties, and physical properties have been obtained. The results are important for the 
estimation of the possible availability as a fusion reactor material and for the improvement 
of this material. Data accumulation and the preparation of the database are quite important 
for the reactor design activity.

Keywords : Low Activation Ferritic Steel, Physical Properties, Mechanical Properties,
IEA Round-Robin Tests, Microstructure, Vacuum Properties,
Corrosion Resistance

* NKK Co.Ltd. Central Research Center
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F82H NKK kV&mto£UzlimMt7x:7'<b&Vlb''L

2S jMTR)-\t>^n ornl <D hfir ^m^tz^^mum^tibtz^mm^iox 

ttzo z^ib(D^ttimictis^6*]4'#ffii^s is
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s^uy^xvvmwzMmiz&v'notztb. Xz>
^4x%\Eim-tz>tzthizizmwm&£%mLtzWL 

m<>&wx&&o £tzM£&£tztbs m

Fig. 1 lz$!SE9fl3fcl,\T:^$LT^^Mmb7x7'rh^lc^r^)9f%lt@^^t"=

c(Diiic^i-j:7iCs mA<DW$tr&mm\t 2030

\z£?&?izx'TV^-)['£tiTi'£a %###&

(Dffifrt>(Dmf&lZ)ja?LX. ti/zL-JU#f$%#Ts 5Smi4^^EfflL7r^El^!lP$ISIif

$YzC(7)F82Hm^B#:(D^#^%#(#rB^6(7)#|5]^)'C^6 JLF-1 m<b#lzlEA 

70>Fabf>sm[c^(t^##m<bLT#m$tbs Fig. 2 \zijkt&z>\zs gi£B*-EUfc 

J:t;^ll(7)^<(7)E%EffllCfcLxTimA<9li6$tLTU^=
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Time Schedule of F82H Development for Fusion Device
f 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040^

____l________ l________l________l_______ l__  J________ I________ l________ I________ l

ITER/Prototype/Demo Reactor

(ITER) Design/]Constructic|n BPP AF?P
Construction j Operation1 1 1 Design <!

(DEMO) Desi qn/Constru ction

IFMIF
CDA EDA'Construction >1 1 III 1 Operation

(C&R) ; ; ;

(1)Material Development
- Standard/Control Properties
- Basic Irradiation Properties
- Compositional Optimization

IEA
|

Collaboration/Round Robin Tests
iHFIR PhaseP :

-------------1-------------------------- 1

(2)Making/Fabrication Technologies
- Large Heat Melting
- Welding/Joining
- Component Fabrication

a. Ej lE i Ef
_____ i TICp/EB/HIP I ;

L-j----------- iBjlanket Module, etc.

(3)Properties under Fusion Neutrons
- Heavy Irradiation
- 14MeV Neutron Irradiation
- Fission & Fusion Correlation

Mission Reactor (HFIFt/Phenix/JC 
§STT---- 1--------------1 ! IFMIF Irr

YO) Irradia
bdiation

tion

Model Simulation j

(4)Utilization Technologies for
- Quasi-Brittle Materials

- Ferromagnetic Materials
- Fusion Environment

j Fracture Mechanism i
i \ i design Cod
; jft-2m : :
i i i iCoating, etc. i

i

(5)Data Accumulation for Designing & 
Construction

1,11 Module Tesi i i < i
1 1 1 | JOYCb/lFMIF Irra1 | 1 1------------1--------------

t using ITE
diation1------------

R J
Fig. 1 Time Schedule of F82H development for fusion devices
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#££ttbtzbcDv&''). tm^z'Di'Titmxzttbri'

<ttT*t>&0 ztc IEA k-^m#(D##(F82H # Pre-IEA#)llH*'‘&RKi6IRl::o 

L'TliSftl/7K-h^fiEit>T*fc*^s mg IEA L-F#&(Dit#(DtAlzSimL-CI,\'5o

iEA^>Kpe>KKicfci'rii, mmtM&wtttmzTiG eb mi

**fc#+a>eai<D9*u &mm. nkk a<h

I'TIts ^tibCD$B^-#A'bfe^^ofc[1,2]o

£T?RB£ffofct©T?fc-60

B*

151

NKK(|)
m#:+mii(#)
$r Btt(»)

ti£ fifc 3t lb:? x -7 d' F 
IEA5 ^ > K □ tf >

(1994-1999)

■MS#**
^HCMgf/NKK)
.JFL1(±^m^)

USA

ORNL-Oak Ridge 
PNL-Richland 
UC-Santa Barbara

----------EU

CEA-Saclay
CIEMAT-Madrid
ECN-Petten
ENEA-Casaccia
EPFL-Villigen
FZK-Karlsruhe
NFR-Nykoping
PSI-Villigen

Fig. 2 Participant of IEA round-robin testing on low activation ferritic steels
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2. m#f:3L\T(F82H M IEA

IEA 2 0CD 5ton

9741, 9753), b—F## 9741 (ZM^dyhfrbl* 7.5mm M.k 15mmS<DSW£, t— 

h#^§- 9753 C7H>=f15mm mt 25mm Fig. 3

Uf^aSTf(il»WEE©^^fTl'. JfrlWEttlifT^Tl'fc 

t'o IEA t-btttLXmtttitz F82H # IEA fc-M*<ZMb9MfiJS£ Table 1 Ic^f 0 $

Table 2 lz*-t0

$F82H#IEAk-F#$mmm#&^,S;.$fz^4'>=i'7FA\6#i$$Wc&#(Dm%m 

E£ Fig. 4 fc«fei; Fig. 5 (C^fo

Normarizing

Melting

Hot rolling

Blooming

Slab cutting

Tempering

Grinding

Plate cutting

Casting

5ton VIF

top:350 x 1410, bottom:250 x 1350, height:2000 mm

temp: 1250 °C
slab size: 1310 x 3820 x 115t mm

slab size: 1310 x 3820 x 107t mm 

Powder cutting

Reversible rolling mill: reduce to 7.5t, 15t, 25t mm 
temp: 1250°C

temp: 1040°C 

750°C x 60 min

Plasma cutting: 7.5t, 15t, 25t mm plates 

Fig. 3 F82H IEA heat production flow
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Fig. 4 F82H IEA heat (Heat No. 9741)
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(Unit: mm)

15t
4000

Rolling direction

RB819-1,2 (15t); x=1 or 2RB820-1.2 (25t); y=31 or 41

RB819-1

RB819-1
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Ingot
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yW-39

xW-10 xW-18

xW-27

Fig. 5 F82H IEA heat (Heat No. 9753)
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able 1 Chemical compositions of F82H lEA heat (wt%)
Heat
No. Roll No. C Si Mn P S Cu Ni Cr Mo

Ladle 0.09 0.11 0.16 0.002 0.002 <0.01 0.02 7.66 <0.01
RB801-1 0.09 0.11 0.16 0.002 0.002 0.01 0.02 7.70 0.003

9741 RB801-8 0.09 0.11 0.16 0.002 0.001 0.01 0.02 7.64 0.003
RB802-1 0.09 0.11 0.16 0.002 0.002 0.01 0.02 7.71 0.003
RB801-4 0.09 0.11 0.16 0.002 0.002 0.01 0.02 7.70 0.003
Ladle 0.09 0.08 0.1 0.003 0.001 0.01 0.02 7.89 0.003
KG819-2 0.09 0.07 0.1 0.003 0.001 0.01 0.02 7.87 0.003

9753 KG819-1 0.09 0.07 0.1 0.003 0.001 0.01 0.02 7.87 0.003
KG 820-2 0.09 0.07 0.1 0.003 0.001 0.01 0.02 7.84 0.003
KG 820-1 0.09 0.07 0.1 0.003 0.001 0.01 0.02 7.82 0.003

Heat
No. Roll No. V Nb B To.N Sol.AI Co Ti Ta W

Ladle 0.16 <0.01 0.0002 0.005 0.001 <0.01 0.01 0.02 2.00
RB801-1 0.16 0.0001 0.0002 0.006 0.003 0.005 0.01 0.02 1.94

9741 RB801-8 0.16 0.0001 0.0002 0.008 0.003 0.005 0.01 0.02 1.97
RB802-1 0.16 0.0001 0.0002 0.006 0.003 0.005 0.01 0.02 1.95
RB801-4 0.16 0.0001 0.0002 0.008 0.003 0.005 0.01 0.02 1.95
Ladle 0.19 0.0002 0.0002 0.006 0.001 0.003 0.004 0.02 1.99
KG819-2 0.19 0.0002 0.0002 0.006 0.001 0.003 0.004 0.04 1.98

9753 KG819-1 0.19 0.0002 0.0002 0.007 0.001 0.003 0.004 0.03 1.98
KG820-2 0.19 0.0002 0.0002 0.007 0.001 0.003 0.004 0.04 1.98
KG820-1 0.19 0.0002 0.0002 0.007 0.001 0.002 0.004 0.04 1.98

able 2 Heat treatment conditions of F82H IEA heat
Heat No. Thickness Normarizinq Tempering

9753
15 mm 1040°C x 38 min 750°C x 60 min
25 mm 1040°C x 40 min 750°C x 60 min

7941
7.5 mm 1040°C x 37 min 750°C x 60 min
15 mm 1040°C x 38 min 750°C x 60 min

- 7 -



JAERI-Tech 97-038

3.

F82H m IEA fc-M**tt(3*3lvC, JaT<0<fc?£K«W<*lfc&tl*:;

&mm. -^nmas. m\s^issf. mtm

toSWtttt: SSs tt&. JM>. Hi|1±$s Et$

««wi#i4: asMtan. i/-v;ue-«»Ka.

isaian. ae#%

ia±(Dsmiz3L\T(D:m^m^mTicm#ici$^.

3. 1. #*SISS*

3.1.1. 7^o$ma#

£IS 7.5. 15. 25mm <7)&M 5-14. 2W-23. 42W-18 <fcy. 50 x 30 x t (Dim ft £

tfL^C^V-^ 100: ^'J>itl)

-e«£L*:&. ism s fg-eT^pfflaaa^ff^fco

3.1.2.

-7<7o#ma#msm^(^<7P$mm#$i)^mL\. Ett^isia^wsu jis g

0555ra<D!E£*ft£fo<B8««SitB;&j£jfc<i:tf ASTM E45-87 rStandard 

Practice for Determining the Inclusion Content of Steelj(7) A ^lz%oT#b^#fb

3.1.3.

7.5. 15. 25mm (7)##% 5-16. 2W-23. 42W-18 cbU. 30 x 10 x t (DtmftZ 

E5i^fS]@$E^. Lfb^m&L. 100 fSte<b[>*400 te"C5 

^pttiassfrot.
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3. 2. ttJStt&tt

3. 2. 1.

EJ1 15mm (Df*m 2W-10<t>16 x 10Lmm

^Biu$siwfc't'T7;u^r>7fx^[c«fcyffijta)*j3e^fTofco

3. 2. 2. J±B

mm 15mm omWL 2W-10 «fcytt*&a<3£ffl&Km<M4x30mm)£S»U sss 

ii sH-3ooo §yj±Mi5eM£ffli\ mmmmmmz&vm&t)'* 8oo°ctzv 
ioo°ct°^«j±Mi>i^^Tofc0 Fig. 6 ic^-f0 zroac

*T<k?lzs KJ»tt»T?R£©MA< A6 ±#^6(D(c

mmtt.
n«b-»- %*:+

K#4

Fig. 6 Specific heat measuring system (isothermal method)

3. 2.3

mm 15mm <Dflm2W-10«ky»BlLfcCCTft||3W5efflKR)n(<|>8xi2L)^n4x 

12L (CWKU KffiSXfi DL-7000

iooo°c$-cao&-#*&m\ ®mmm^Ltz0 

ftfc\ mm&mts&tftfiimmt o.romin tuzQ

3. 2. 4.

mm 15mm #mm 2W-10 *y, m%m$#%rn:m^((()iox2mm)^mmtu b

- 9 -
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sa*'b 8oo°c £-e£ 1 oo°ce

©3«££ffofcoa!£KBI=(iK£giMTC-3000Hf»je»3H£»«££fflLfco

U-H>f-7:7V'>3-%<DlMJM$ Fig. 7 ICtfTo @$(7)#!,'^#

/\-7 a *<3RAbtb

3o fcfc\ J±BI* 3.2.2 TfliJ^L/dfi^ffllX $/_SSl*S;S"C-tDfa 7.89(g/cm3)£ 

fflL't-o

a= 1.37-LVti/2 (1)

CCtF\ a: !%%%($( cm^/sec)
L: l$*4<DJ5£(cm)
ti/2: ATm 0 1/2 (DiSJtlziSf 3£-e<7)B#PB1

(/\-7-5JA)

Z(DJ;ylzLTM6tlt=®%1&&J:ys®&&&(t(2)xi:(DJ:7lzsm£ti$0

(®fc#m)=(mti;Mm) ■(&&)■(&&) (2)

iEiiy^uiEiist

1/2 ATm

S/ili

Fig. 7 Schematic diagram of the thermal conductivity measurement
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3. 2. 5.

SJ*3M5e£fro*:RKK-£ffll\ SSid'b 700°c50°c£lzv 

MBssooo siiawa* i*3H3e»s^fflL', 

iz^m-otzo m^mzommz: Fig. e ic*i-0

oK^lcJSiSLfcliMT-^/^uxWlcIfilgUK^^-e^SSStLfcx^-oi^ra 

iwHi£tmito'S>M£*tf>50 ssa^-tLTii. t55v<7&Em#?&mL\ s* 

saftiifetiz 1 ~iomhz -efe-So mw}*\m:&n£.mtm&n±m(D2mm£m 

L'-So ttz^yvm E. Wtt$Gfc«fci;7K7v>hbi/ii-ttL-€!tL(3)^ic^-riCic<fcy 

ftllfco

tvPi®

E = p
-4^)

y/-y;
G = /,y; (3)

E
l/=l^1"1

E: Young's modulus 
G: Modulus of rigidity 
v: Poisson ratio 
Vc: Sonic speed of 

longitudinal wave 
Vs: Sonic speed of 

transverse wave 
p: Density

a£*uj

Fig. 8 Schematic diagram of Young's modulus and modulus of rigidity 
measurement using super sonic method
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3. 2. 6.

tSff 7.5mm Ofltii5-3j;y% <]>7 x 0.5t <£>&!**(2@)£$®tL. £S. 

200. 300. 400°C(D*Stf5i@Si*-eEM^|S]te<j:VEA^|6l(7)E1b(D;Iij$(-etl^ 

n-y-^uhtflJ)£*7-3^0 ;l'l$lcl* DMS ttSEitiOTEEIbiiJSMCVSM)^ 

fflLVzo $|J$(D®S£ Fig. 9 lc^f= Z(DH®a<bLfcK»£±Tlc«/J'lR

-t©^r*»l!i*<Kfta)IB(zfci^--^3-r;KD«i?Ss3lCW(cE<b«c: 

il3«fcy±-r*S3t*E£JIMBU *0 fcfc. fcTrfUvTJU-

30000e 150000e WT-bUto

Fig. 9 schematic diagram of the magnetic properties measurement
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3. 3. imii 

3. 3. 1. $E£

JIS Z 2244rtf-y*-X@$sS^?SjlC^LNx tf 

‘>*-X@SIt$mLxTE$;liJ$^^o/co sm#m^10kgf(9.8N). 

Rtp&SfltLtzo

3. 3. 2. to/S5I56^14

E@ 15mm (7)#% 2W-10 B

ISUJIS G 0567r^###&U:ilime^(DS;a^l^sm^mjl:%oT. iS;£3l

IS-10T

;£, 50, 100, 200, 300, 400, 450, 500, 550, 600, 650, 700°C<7) 12 7KS<bLfzc

ng. ioiz^t0

R3

4)6+0.02
vw

30+0.1

32+0.1

80+2

Fig. 10 Dimension of the tensile test specimen
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3. 3. 3. v-V-Mztf—

15mm omfa 2W-10

M-(JISZ2202 4^!$Sm @10mm)^m%U JISZ2242

HlJilsmm±E M-50-ICA Mv^Utf-itSrHimE^EfflLTvA' 

$bic, -20s -50s -ioo°c-ets^^^To/io immom 

SEM JSM-T330 IzjcVfg# 200 2000 fSlzfcL'Ts Fig.

11 icTivr&stco^-c sem mm&jotzo

Fig. 11 Positions of the SEM observation of fracture surface after Charpy test

3. 3. 4. 2V—:f#1±

M 15mm (D®m 2W-10 (DES^I^s t'J-71*1* *(*8$ B !*!**)£$&

Ls jis z 2271 w-yum&i -otz0
sm#(zi^mm#mmmRfrmg;a^v-^7^i'-Bm#(2tons 3ton)^f$mLs

ZtzWtfmj£lzlt?'<Jrfr'T-i>£mi'tz0 Table 3 lc^f= 1*1*

i &i*n ft (Fig. 1 o)

Table 3 Creep test conditions

ID Test temp. 
(°C)

Applied stress 
(MPa)

Expected rupture time 
(h)

2W101 600 180 3002W102 650 120
2W103 600 160 1000
2W106 650 100
2W105 600 150 3000I 2W104 650 75

-14-
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3. 3. 5.

25mm <D®fa 42W-18 •tSj'liSifcJn £jfffXU JIS Z 2279F#

emf-ebs

$Mi* o.i %/s T?sf+(«wE$fcicj:<6ftttiu 

yxmzmi\ ±wmmtuz0 ztz. :mi±^m^sim*-cf7o7co tmgkftz

Table 4 Iz, Fig. 12

Table 4 Fatic ue test conditions

ID Gauge length 
(mm)

Test temp. 
(°C)

Total strain range 
(%)

9 <(>7 AT 1.0
7 *7 AT 0.6

Fig. 12 Dimension of the fatigue test specimen
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3. 4.

15 x 15 x0.4t mm IzyjUUjU 2000 #<7O.OSfim 7;U5d"Tv<7

tttii&i-otzo AQA-100MPX MQS&ftS

*NJrtKQMS)£ffifflLfco -fe-r^-fftflia#* Model

STP-300 5-7tt^dL7t<>^(^Sli$®:0.34 m3/s:N2)<h ULVAC ttfin—S'J— 

TypeOMT-050(BStBJt:0.06 m3/s).

Model 929-9119 12 x

10"5 Pa -efcofco »je£Sa>#H&0£ Fig. 131:^

TDSTP^hJKDS'J^&lis *T'SS6'b1000oC^l?EE6<Jl^a^

10 ttlU) 1000°C-e^U -6(7)^B#re1*lctetti$tL€)**X$- QMS V&ttiLtzo 

*<D&m&*vxiitiLtz&s 'W'f^ypT-tzvimLtzo tmsmtDWiSEJtii

0.08s 0.17s 0.33s 0.55s 0.83 deg/s <Z)5fI^(zol^T;Bij$£f7-o;/co £/r QMS (DES 

m/e=1 ~45 tLtz0

Orifice 
Window (10mm«

Transfer Rod
Sample

Heater
(Mop1

Sample
Gate Valve

\ B-A Gauge 

Thermocouple Valve
71 Getter 

Pump
Manipulator

Fig. 13 Schematic diagram of the released gas analysis system (TDS method)
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3. 5. JStefttt

F82H #m#6LT

l*s F82H PCDtelC, it$LfttLT HT-9 «fc\fctf$n^XM(aBfi<DS5*P.Mb4t0! 

m)$muz F82H fllcoi'TKK^ffofco 43wx20Lx6t mm 7?

*y* Hfl*ffili/OffiBtt±lf fcLfc0 Table 5 (c HT-9

able 5 Chemical composition of HT-9 steel (wt%)
c Si Mn P S Ni Cr Mo V Sol.AI W Ta T.O.

0.19 0.22 0.48 0.018 0.001 0.59 12.0 1.00 0.29 <0.0005 0.02 0.51 0.002

KKlzliFig.

*^-3£lcftofcS!;aS!E*^(c-3ei^raiiaiLfcKe)t©KKlHl0fe©SS*<b

imft£*-\-<?Ls-?fa\zw&GiLim£m%nLtz0 mm* Fig. 15 ic^r^a^v

coim/Wi/y-iz# 6 mo
R#4(TP1 ~TP6)tf'J)^-'J72±(D-b/ils-$-£&A;-(:i&ffi£hW. *-h<7ls-

s^iafif^yRR* a>sjtiisfc&0 *-f^u-t^cds 

Jtl*> ;t--h?b-:7©±ffl(TC1)£Tffl(TC2)lzMLfc&e»(3«fcy3W3£Lfco ^

@(7)5S!^XTigllc^rj:ai3s ##

mfr(D*-hvu-3'i*uiLmfrt>mm%&£m%Ltzo co%migm$mmT&z±iz 

ckVlg##(7)amm#1tA<^AbtL6oTable6l:$ij#S@^280°C&Lyz#^(7)#;^ 

^4tiS-e(7)f6;liJSS^^t"o

Table 6 Estimated test temperature of each specimen position
(in the case of 280°C operation)

Thermocouple
(measured) Test piece (calculated)

TC1 TC2 | TP1 TP2 TP3 TP4 TPS TP6
Distance from top 

(mm) 159 343 139 179 219 259 299 339

Temp (°C) 281 220 290 275 260 250 235 220
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&t)< 1 *ttL6'£l'fci&,3f-h^-7©AP«fc-6LM*flPlH©-£L*'MJ£li

tbfcftl'o *0fcttMAPfH£ttlPlH££10y»*TiJJi£fTofco

li» »#«**© ££*lli::<fc<&«»£frofco

1 ppm i*fl)^KK^fifofco ^fca>Rfcl=fci,'Tli;g?F»3fc*tt 

afiffifflLTt'-5KK#*T?li 0.8 ppm g 

JttD^ESSWT'LfrTtfb&lV-tiX -t*iJaT©»#»3|E*-e©KK^ff5l3li 

Ke«©*JS^fr9*\*SLMi»J<D#*^S-rMA<fe5o

«707<X%i#(zoL\-C)

9OO~1OOO°C{cfc'l'T(^0li 920°C), Cr. AI203s NH4CI

m\ cr mitm^±rnt&e®M0 so pm x?

*y* UmMXffl) Cr gJtlifc,*:-*- 40%Cr Vto&o ^nv^XMlzteUxTI*. PJL 

T(D£?ti7nizXVmmWtz Cr •Jyf-BtfMtfLZM;

1. HCI ^04)$: NH4CI <->NH3+HCI (2NH3^N2 + 3H2)

2. CrCI2mm<D±m: Cr + 2HCI -* CrCI2 + H2

3. &MBMV<0 Cr ©S(6: CrCI2 + H2 - Cr + 2HCI

4. Uft&m<DCrt&mtift-t<DW&: CrCI2 + Me -> Cr + MeCI2

5. earner - imfllcffitfe

—18—



Fig. 14 High-temperature water circulation system for corrosion teset
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Fig. 15 Alignment of corrosion test pieces and estimated temperature
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4.

4. 1.

4. 1. 1.

photo 1 fc\m* Photo 2

astm M-e 3.o fsg-efcy. m 1 0 g
(D ASTM SJ1 7.5 t~

tiMbWlc Ta

fey, VhU^X^CDTa *Jt*<fiTLfcfctf)T?(ifi:l'A'^^bti<5[3]o

4. 1.2.

Table 7 lc JIS ;$lz=k€)^#JS^S^sEIS^m$. Table 8 tz ASTM ;£lcj:5

Photo 3 ti&lS

Photo 4 iz^to t*B£jiuy« m^tam

tt'Qfo&tmz.&o

able 7 Non-metallic inclusion ana ysis result of F82H IEA heat(JIS method)

Roll No. Plate ID Thickness
(mm)

fype of inclusion (% I
A type B type C type Total

RB801-5 5-14 7.5 0.004 0.02 0.02 0.05
KG819-2 2W-23 15 0 0 0.02 0.02
KG819-2 42W-18 25 0 0.004 0.04 0.04 I

Roll No. Plate ID Thicckness
(mm)

Type of inclusion |
At'/pe Bt'/pe Ct'/pe Dt\/pe
T H T H T H T H

RB801-5 5-14 7.5 1.0 0 1.5 0.5 0 0 1.0 0.5
KG819-2 2W-23 15 0 0 1.0 1.0 0 0 1.5 0.5
KG 819-2 42W-18 25 0 0 1.5 0 0 0 1.0 0.5

4.1.3. 

Photo s~7
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2mm

Photo 1 Macroscopic structure of F82H IEA heat (x5); (a) 5-14, (b) 2W-23
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5-14 ASTM method x10G 5-14 JIS method x400

A

type

A

type

B

type

B

type

D

type

C

type

The largest inclusion in the scope was photographed | 25|itm |

Photo 3 Non-metallic inclusion in F82H IEA heat (5-14)

-24-



JAERI-Tech 97-038

2W-23 ASTM method x100 2W-23 JIS method x400

B

type

B

type

D

type

C

type

#
A

42W-18 ASTM method x100 42W-18 JIS method x400

B

type

B

type
"# - #

D

type

C

type
#

*The largest inclusion in the scope was photographed | 25|im |

Photo 4 Non-metallic inclusion in F82H IEA heat (2W-23, 42W-18)
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Photo 5 Microstructure of F82H IEA heat (5-16); (a) x100, (b) x400
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Photo 6 Microstructure of F82H IEA heat (2W-23); (a) x100, (b) x400
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Photo 7 Microstructure of F82H IEA heat (42W-18); (a) x100, (b) x400
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4. 2.

4. 2. 1.

F82H ^(D$|$l*SS(20oC)(zfc(,xT, 7.87 g/cm3

'C'fo'otzo

4. 2. 2. j±&&

Table 91 0BCD5 h>iSjS 

Fig. 16IZ7jVf=

Table 9 Specific heat of F82H EA heat
Test temp. 

(K)
Specific heat 

(J/kq-K)
Test temp. 

(K)
Specific heat 

(J/kg-K)

293 448 723 611
323 460 773 644
373 477 823 682
423 494 873 728
473 510 923 782
523 527 973 866
573 544 1023 1075
623 565 1033 1155
673 586 1073 803
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4. 2. 3. Bum

ioic^-r0 1 @

i<D5 Fig. 17(C^f0

800oCjfiia-(?X^<$1bLTL^A<, Ctil^U^+HhtBfr 

6^--XT±^Fm^(Dm^#(Aci)[cf#t(D-e^6o Ehrlich b(7)E%lzJ:^j:s 

Ad ^S<7)^5^aS(Adb)fc'J:^ll7;U®(Ade)l*:etLJE:tL 820°C<h 910°CT!&6

[4]=

able 10 Results of thermal expansion measurement of F82H IEA heat

Test temp. 
(K)

Thermal 
expansion (%) Temp, range 

(K)

Thermal expansion 
coefficient (1/K)

Heating Cooling Heating Cooling*
293 0 -0.137 293-373 10.8*1 O'6 11.5 * 10'6
373 0.086 -0.045 293-473 11.0 * 10'6 11.9*10'6
473 0.198 0.077 293-573 11.2 * 10 ® 11.9*10®
573 0.313 0.195 293-673 11.7 x 10’6 12.0* 10®
673 0.443 0.317 293-773 12.0x1 O’6 12.1 * 10®
773 0.578 0.445 293-873 12.3*1 O'6 12.5*10®
873 0.716 0.586 293-973 12.5*1 O'6 12.8*10®
973 0.848 0.730 293-1073 12.6*10‘6 11.7* 10®

1073 0.984 0.772 293-1173 10.0*1 O'6 10.8*10®
1173 0.876 0.813 293-1273 10.7*1 O'6 12.1 * 10®
1273 1.048 1.049 - - -

‘Coefficient during cooling was calculated with the room temperature after 
cooling (293K).
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4. 2.4.

Table 11 izEfo Wfz. % 1 @ 9 <D 5 h>iS 

Fig. 18 icEf = 6fc\

J£ffi£;txTl'3c<tlc&&0##£T'lc=&^£#JSLfc&E# 

Table 11 (:^t0

Table 11 Thermal properties of F82H IEA heat
Test

temp.
(K)

Thermal diffusion 
coefficient 

(cm2/s)

Specific
heat

(J/kg-K)

Thermal
conductivity

(W/m-K)

Calibrated thermal 
conductivity 

(W/m-K)
293 0.0885 448 31.3 31.3
373 0.0865 477 33.6 32.5
473 0.0822 511 33.1 32.9
573 0.0785 544 33.7 33.4
673 0.0725 586 33.5 33.0
773 0.0656 644 33.3 32.7
873 0.0575 728 33.0 32.3
973 0.0479 866 32.7 31.9

1073 0.0474 804 30.1 29.2
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-Pre-IEA heat
IEA heat

Test Temperature (K)

Fig. 16 Specific heat of F82H IEA heat

-Pre-IEA heat
IEA heat

Test Temperature (K)

Fig. 17 Thermal expansion coefficient of F82H IEA heat
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-Pre-IEA heat
£= 25 IEA heat

0 200 400 600 800 1000 1200

Test Temperature (K)

Fig. 18 Thermal conductivity of F82H IEA heat
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4. 2. 5.

Table 12 Iz^o -V>^fc«*:^iWtt$(i(3)

*(c*:oTl'S©-C, tt&»3§a>tf f£(t/j'£<fcSo s!*^£#JtLf::til£ Table 12 (D 

£/z*<D*£££ Fig. 19(cg]^f^=

Table 12 Elastic modulus and modulus of rigidity of F82H IEA heat
Test

temp.
(K)

Sonic speed of 
longitudinal 
wave (m/s)

Sonic speed of 
transverse 
wave (m/s)

Poisson
ratio

Modulus of 
rigidity 
(GPa)

Elastic
modulus

(GPa)
293 5980 3270 0.29 84.1 217
323 5960 3250 0.29 83.3 (83.3) 215 (215)
373 5950 3240 0.29 82.4 (82.3) 213(213)
423 5930 3210 0.29 81.1 (81.0) 210 (210)
473 5880 3190 0.29 80.4 (80.2) 207 (207)
523 5840 3180 0.29 79.6 (79.4) 205 (204)
573 5820 3150 0.29 87.1 (77.8) 202 (201)
623 5790 3130 0.29 77.3 (77.0) 200(199)
673 5760 3110 0.29 76.i (75.8) 197(196)
723 5720 3090 0.29 75.4 (75.0) 195 (194)
773 5640 3050 0.29 73.1 (72.7) 189 (188)
823 5580 2990 0.30 70.5 (70.6) 183 (182)
873 5520 2950 0.30 68.4 (67.9) 178 (177)
923 5440 2870 0.31 64.9 (64.4) 170(169)
973 5350 2790 0.31 61.4 (60.9) 161 (160)

4. 2. 6. mi±

8m#14<D;lij$$S££ Table 13~Table 21 T^to Fig. 20[clifi*Qi83fcffiKfc\fctf 

14^^-To SfctXx'J vXffi*l£Fig. 21-Fig. 28(cU^-f &0 

l&ftttSSffiSlis SSKfcl'TIft 19500 **17XT:\ S6(D±S<bj:t,IZ®TL>

4oo°c-eij:$t 17500
%L'PLs S;ST?(D 210 400°C(D 170 S;ST?<Z)9E

210 ccDEBEm<7)fcAlcs ;lMlcE5t
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(a) Elastic modules

(b) Modules of rigidity

0.25-

Temperature (K)

Fig. 19 Elastic modulus, modulus of rigidity and Poisson ratio of F82H IEA heat
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20000

19000

18000

17000

Test temperature (°C)

Fig. 20 Temperature dependence of magnetic properties of F82H IEA heat
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Table 13 Summary of magnetic properties of F82H IEA heat
Test

temp.
(K)

File
name Mass

(kg)

Sigma

(EMU/g)

Hmax
(Oe)

Bs
(Gauss)

Br
(Gauss)

SQ S*

O
 l

C
D
 O AH

(Oe)

S(d

300 RTL
RTC

0.161
0.170

1.983E+02 
1.960E+02

1.500E+04 
1.500E+04

1.967E+04 
1.943E+04

2.162E+02 
2.009E+02

1.100E-02 
1.034E-02

4.496E-02 
1.659E-02

4.462E+01
1.473E+01

2.264E+03
2.549E+03

1.549E+02 
1.731 E+02

473 200L
20001

0.161
0.170

1.910E+02 
1.881 E+02

1.500E+04 
1.500E+04

1.894E+04 
1.866E+04

2.080E+02 
1.931 E+02

1.098E-02 
1.035E-02

4.067E-02 
2.941 E-02

1.372E+01
1.417E+01

2.235E+03
2.452E+03

1.629E+02 
1.731 E+02

573 300L
3000

0.161
0.170

1.848E+02 
1.822E+02

1.500E+04 
1.500E+04

1.833E+04 
1.807E+04

1.895E+02 
1.697E+02

1.034E-02 
9.388E-03

1.672E-02 
3.333E-02

1.278E+01
1.250E+01

2.160E+03
2.367E+03

1.691 E+02
1.893E+02

673 400L
4000

0.161
0.170

1.765E+02 
1.740E+02

1.500E+04 
1.500E+04

1.750E+04 
1.726E+04

1.668E+02 
1.697E+02

9.533E-03
9.830E-03

6.216E-02 
-1.272E-02

1.115E+01 
1.214E+01

2.060E+03
2.233E+03

1.847E+02
1.839E+02

Sigma :tetfQ5&1b (EMU/g) 
Hmax (Oersted)
Bs (Gauss)
Br (Gauss)
Hc : (£$82) (Oersted)
sQ -.nmit
S* : A/Hc

Sid : dH/Hc
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Table 14 F82H m iea $$SS(3()0K, RTL)
Oersted Gauss Oersted Gauss Oersted Gauss Oersted Gauss

15000 19670 -45 -469.5 -12000 -19670 50 545.7
12000 19670 -50 -545.7 -9000 -19630 55 624
9000 19630 -55 -624 -6000 -19550 60 704.3
6000 19550 -60 -704.3 -3000 -19310 65 784.6
3000 19310 -65 -784.6 -2000 -18870 70 858.8
2000 18870 -70 -858.8 -1900 -18770 75 935
1900 18770 -75 -935 -1800 -18650 80 1015
1800 18650 -80 -1015 -1700 -18500 85 1094
1700 18500 -85 -1094 -1600 -18300 90 1174
1600 18300 -90 -1174 -1500 -18040 95 1254
1500 18040 -95 -1254 -1400 -17690 100 1328
1400 17690 -100 -1328 -1300 -17210 200 2889
1300 17210 -200 -2889 -1200 -16560 300 4436
1200 16560 -300 -4436 -1100 -15750 400 5989
1100 15750 -400 -5989 -1000 -14790 500 7519
1000 14790 -500 -7519 -900 -13670 600 9041
900 13670 -600 -9041 -800 -12390 700 10540
800 12390 -700 -10540 -700 -10980 800 11980
700 10980 -800 -11980 -600 -9512 900 13330
600 9512 -900 -13330 -500 -8003 1000 14510
500 8003 -1000 -14510 -400 -6466 1100 15540
400 6466 -1100 -15540 -300 -4910 1200 16410
300 4910 -1200 -16410 -200 -3349 1300 17100
200 3349 -1300 -17100 -100 -1783 1400 17620
100 1783 -1400 -17620 -10 -376.9 1500 17980

10 376.9 -1500 -17980 -5 -302.7 3000 19320
5 302.7 -3000 -19320 0 -216.2 4500 19500
0 216.2 -4500 -19500 5 -148.3 6000 19580

-5 148.3 -6000 -19580 10 -74.14 7500 19630
-10 74.14 -7500 -19630 15 6.178 9000 19670
-15 -6.178 -9000 -19670 20 80.32 10500 19680
-20 -80.32 -10500 -19680 25 160.6 12000 19690
-25 -160.6 -12000 -19690 30 234.8 13500 19670
-30 -234.8 -13500 -19670 35 315.1 15000 19670
-35 -315.1 -15000 -19670 40 389.2
-40 -389.2 -15000 -19670 45 469.5
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Table 15

1

n iea t-KSsmmTEttii 3E$ag(300K, RTC)

Oersted Gauss Oersted Gauss Oersted Gauss Oersted Gauss

15000 19430 -45 -425.1 -12000 -19440 50 497.3
12000 19440 -50 -497.3 -9000 -19400 55 565.5
9000 19400 -55 -565.5 -6000 -19330 60 637.7
6000 19330 -60 -637.7 -3000 -19040 65 707.9
3000 19040 -65 -707.9 -2000 -18490 70 780
2000 18490 -70 -780 -1900 -18370 75 852.2
1900 18370 -75 -852.2 -1800 -18210 80 922.4
1800 18210 -80 -922.4 -1700 -18030 85 992.6
1700 18030 -85 -992.6 -1600 -17780 90 1063
1600 17780 -90 -1063 -1500 -17450 95 1133
1500 17450 -95 -1133 -1400 -17000 100 1205
1400 17000 -100 -1205 -1300 -16390 200 2623
1300 16390 -200 -2623 -1200 -15630 300 4029
1200 15630 -300 -4029 -1100 -14740 400 5439
1100 14740 -400 -5439 -1000 -13720 500 6839
1000 13720 -500 -6839 -900 -12580 600 8229
900 12580 -600 -8229 -800 -11320 700 9598
800 11320 -700 -9598 -700 -10000 800 10940
700 10000 -800 -10940 -600 -8643 900 12230
600 8643 -900 -12230 -500 -7262 1000 13420
500 7262 -1000 -13420 -400 -5868 1100 14500
400 5868 -1100 -14500 -300 -4456 1200 15440
300 4456 -1200 -15440 -200 -3038 1300 16240
200 3038 -1300 -16240 -100 -1622 1400 16890
100 1622 -1400 -16890 -10 -347.1 1500 17380

10 347.1 -1500 -17380 -5 -275 3000 19040
5 275 -3000 -19040 0 -200.9 4500 19260
0 200.9 -4500 -19260 5 -138.5 6000 19350

-5 138.5 -6000 -19350 10 -68.25 7500 19400
-10 68.25 -7500 -19400 15 3.9 9000 19430
-15 -3.9 -9000 -19430 20 70.2 10500 19450
-20 -70.2 -10500 -19450 25 142.4 12000 19450
-25 -142.4 -12000 -19450 30 214.5 13500 19430
-30 -214.5 -13500 -19430 35 284.7 15000 19430
-35 -284.7 -15000 -19430 40 354.9
-40 -354.9 -15000 -19430 45 425.1
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Table 16 F82H m iea ^^m(473K, 200L)
Oersted Gauss Oersted Gauss

-45 -490.1

Oersted Gauss Oersted Gauss

15000 18940
12000 18950
9000 18900
6000 18830
3000 18630
2000 18300
1900 18230
1800 18140
1700 18020
1600 17870
1500 17680
1400 17410
1300 17060
1200 16520
1100 15770
1000 14820
900 13710
800 12430
700 11040
600 9568
500 8048
400 6504
300 4934
200 3365
100 1783

10 362.5
5 288.3
0 208

-5 133.9
-10 59.72
-15 -20.59
-20 -96.79
-25 -175
-30 -255.4
-35 -331.6
-40 -416

-50 -570.5
-55 -644.6
-60 -724.9
-65 -805.2
-70 -881.4
-75 -959.7
-80 -1040
-85 -1118
-90 -1197
-95 -1277

-100 -1355
-200 -2931
-300 -4494
-400 -6057
-500 -7607
-600 -9133
-700 -10640
-800 -12080
-900 -13410

-1000 -14590
-1100 -15590
-1200 -16400
-1300 -16970
-1400 -17350
-1500 -17630
-3000 -18670
-4500 -18830
-6000 -18890
-7500 -18930
-9000 -18950

-10500 -18970
-12000 -18960
-13500 -18940
-15000 -18940
-15000 -18940

-12000 -18950
-9000 -18900
-6000 -18830
-3000 -18630
-2000 -18300
-1900 -18230
-1800 -18140
-1700 -18020
-1600 -17870
-1500 -17680
-1400 -17410
-1300 -17060
-1200 -16520
-1100 -15770
-1000 -14820

-900 -13710
-800 -12430
-700 -11040
-600 -9568
-500 -8048
-400 -6504
-300 -4934
-200 -3365
-100 -1783

-10 -362.5
-5 -288.3
0 -208
5 -133.9

10 -59.72
15 20.59
20 96.79
25 175
30 255.4
35 331.6
40 416
45 490.1

50 570.5
55 644.6
60 724.9
65 805.2
70 881.4
75 959.7
80 1040
85 1118
90 1197
95 1277

100 1355
200 2931
300 4494
400 6057
500 7607
600 9133
700 10640
800 12080
900 13410

1000 14590
1100 15590
1200 16400
1300 16970
1400 17350
1500 17630
3000 18670
4500 18830
6000 18890
7500 18930
9000 18950

10500 18970
12000 18960
13500 18940
15000 18940
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Table 17 F82H m iea 20001)
Oersted Gauss

15000 18660
12000 18650
9000 18590
6000 18520
3000 18310
2000 17880
1900 17790
1800 17680
1700 17530
1600 17360
1500 17110
1400 16770
1300 16280
1200 15590
1100 14720
1000 13710
900 12570
800 11330
700 10020
600 8653
500 7278
400 5880
300 4464
200 3042
100 1619

10 339.3
5 263.3
0 193.1

-5 128.7
-10 58.5
-15 -11.7
-20 -81.9
-25 -152.1
-30 -222.3
-35 -292.5
-40 -366.6

Oersted Gauss

-45 -438.8
-50 -509
-55 -579.2
-60 -649.4
-65 -725.4
-70 -795.6
-75 -865.8
-80 -936
-85 -1006
-90 -1080
-95 -1153

-100 -1223
-200 -2644
-300 -4062
-400 -5476
-500 -6880
-600 -8272
-700 -9647
-800 -10990
-900 -12270

-1000 -13450
-1100 -14510
-1200 -15430
-1300 -16170
-1400 -16700
-1500 -17050
-3000 -18340
-4500 -18530
-6000 -18600
-7500 -18630
-9000 -18650

-10500 -18670
-12000 -18670
-13500 -18660
-15000 -18660
-15000 -18660

Oersted Gauss
-12000 -18650

-9000 -18590
-6000 -18520
-3000 -18310
-2000 -17880
-1900 -17790
-1800 -17680
-1700 -17530
-1600 -17360
-1500 -17110
-1400 -16770
-1300 -16280
-1200 -15590
-1100 -14720
-1000 -13710

-900 -12570
-800 -11330
-700 -10020
-600 -8653
-500 -7278
-400 -5880
-300 -4464
-200 -3042
-100 -1619

-10 -339.3
-5 -263.3
0 -193.1
5 -128.7

10 -58.5
15 11.7
20 81.9
25 152.1
30 222.3
35 292.5
40 366.6
45 438.8

Oersted Gauss

50 509
55 579.2
60 649.4
65 725.4
70 795.6
75 865.8
80 936
85 1006
90 1080
95 1153

100 1223
200 2644
300 4062
400 5476
500 6880
600 8272
700 9647
800 10990
900 12270

1000 13450
1100 14510
1200 15430
1300 16170
1400 16700
1500 17050
3000 18340
4500 18530
6000 18600
7500 18630
9000 18650

10500 18670
12000 18670
13500 18660
15000 18660
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Table 18 F82H m IEA t-hSSB5aS^E1±$i|$iHSm(573K, 300L)
Oersted Gauss Oersted Gauss Oersted Gauss Oersted Gauss

15000 18330 -45 -508.7 -12000 -18320 50 589
12000 18320 -50 -589 -9000 -18280 55 667.2
9000 18280 -55 -667.2 -6000 -18220 60 743.4
6000 18220 -60 -743.4 -3000 -18040 65 825.8
3000 18040 -65 -825.8 -2000 -17750 70 904.1
2000 17750 -70 -904.1 -1900 -17690 75 984.4
1900 17690 -75 -984.4 -1800 -17620 80 1065
1800 17620 -80 -1065 -1700 -17530 85 1141
1700 17530 -85 -1141 -1600 -17400 90 1219
1600 17400 -90 -1219 -1500 -17240 95 1299
1500 17240 -95 -1299 -1400 -17030 100 1380
1400 17030 -100 -1380 -1300 -16750 200 2963
1300 16750 -200 -2963 -1200 -16340 300 4535
1200 16340 -300 -4535 -1100 -15700 400 6102
1100 15700 -400 -6102 -1000 -14800 500 7663
1000 14800 -500 -7663 -900 -13700 600 9195
900 13700 -600 -9195 -800 -12440 700 10710
800 12440 -700 -10710 -700 -11050 800 12140
700 11050 -800 -12140 -600 -9580 900 13460
600 9580 -900 -13460 -500 -8065 1000 14620
500 8065 -1000 -14620 -400 -6514 1100 15570
400 6514 -1100 -15570 -300 -4940 1200 16250
300 4940 -1200 -16250 -200 -3361 1300 16680
200 3361 -1300 -16680 -100 -1777 1400 16980
100 1777 -1400 -16980 -10 -352.2 1500 17200

10 352.2 -1500 -17200 -5 -273.9 3000 18050
5 273.9 -3000 -18050 0 -189.5 4500 18190
0 189.5 -4500 -18190 5 -121.5 6000 18250

-5 121.5 -6000 -18250 10 -41.19 7500 18300
-10 41.19 -7500 -18300 15 32.95 9000 18320
-15 -32.95 -9000 -18320 20 113.3 10500 18350
-20 -113.3 -10500 -18350 25 191.5 12000 18350
-25 -191.5 -12000 -18350 30 269.8 13500 18330
-30 -269.8 -13500 -18330 35 348 15000 18330
-35 -348 -15000 -18330 40 428.4
-40 -428.4 -15000 -18330 45 508.7
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Table 19 F82H & IEA t—MlSBSiLgttEtti1 $*S$(573K, 3000

Oersted Gauss Oersted
-45

Gauss
-462.2

Oersted Gauss Oersted Gauss

15000 18070
12000 18060
9000 17990
6000 17930
3000 17730
2000 17360
1900 17290
1800 17190
1700 17080
1600 16920
1500 16730
1400 16470
1300 16100
1200 15510
1100 14700
1000 13700
900 12570
800 11330
700 10020
600 8664
500 7280
400 5885
300 4464
200 3038
100 1603

10 315.9
5 245.7
0 169.7

-5 105.3
-10 35.1
-15 -35.1
-20 -105.3
-25 -175.5
-30 -245.7
-35 -315.9
-40 -392

-50 -532.4
-55 -602.6
-60 -676.7
-65 -748.8
-70 -819
-75 -889.2
-80 -963.3
-85 -1035
-90 -1104
-95 -1176

-100 -1246
-200 -2679
-300 -4101
-400 -5523
-500 -6933
-600 -8331
-700 -9711
-800 -11050
-900 -12330

-1000 -13500
-1100 -14540
-1200 -15400
-1300 -16020
-1400 -16420
-1500 -16690
-3000 -17740
-4500 -17910
-6000 -17980
-7500 -18020
-9000 -18040

-10500 -18070
-12000 -18080
-13500 -18070
-15000 -18070
-15000 -18070

-12000 -18060
-9000 -17990
-6000 -17930
-3000 -17730
-2000 -17360
-1900 -17290
-1800 -17190
-1700 -17080
-1600 -16920
-1500 -16730
-1400 -16470
-1300 -16100
-1200 -15510
-1100 -14700
-1000 -13700

-900 -12570
-800 -11330
-700 -10020
-600 -8664
-500 -7280
-400 -5885
-300 -4464
-200 -3038
-100 -1603

-10 -315.9
-5 -245.7
0 -169.7
5 -105.3

10 -35.1
15 35.1
20 105.3
25 175.5
30 245.7
35 315.9
40 392
45 462.2

50 532.4
55 602.6
60 676.7
65 748.8
70 819
75 889.2
80 963.3
85 1035
90 1104
95 1176

100 1246
200 2679
300 4101
400 5523
500 6933
600 8331
700 9711
800 11050
900 12330

1000 13500
1100 14540
1200 15400
1300 16020
1400 16420
1500 16690
3000 17740
4500 17910
6000 17980
7500 18020
9000 18040

10500 18070
12000 18080
13500 18070
15000 18070
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Table 20 F82H ® IEA SIS*(673K, 400L)
Oersted Gauss Oersted Gauss

15000 17500 -45 -537.5
12000 17500 -50 -613.7
9000 17470 -55 -692
6000 17410 -60 -774.3
3000 17240 -65 -852.6
2000 17000 -70 -935
1900 16940 -75 -1013
1800 16880 -80 -1096
1700 16800 -85 -1174
1600 16710 -90 -1254
1500 16590 -95 -1330
1400 16420 -100 -1411
1300 16220 -200 -3003
1200 15920 -300 -4582
1100 15470 -400 -6160
1000 14730 -500 -7723
900 13680 -600 -9267
800 12430 -700 -10780
700 11050 -800 -12210
600 9574 -900 -13520
500 8063 -1000 -14620
400 6512 -1100 -15400
300 4936 -1200 -15870
200 3351 -1300 -16170
100 1761 -1400 -16400

10 327.4 -1500 -16550
5 247.1 -3000 -17230
0 166.8 -4500 -17350

-5 96.79 -6000 -17410
-10 18.53 -7500 -17450
-15 -61.78 -9000 -17490
-20 -138 -10500 -17520
-25 -216.2 -12000 -17510
-30 -296.6 -13500 -17500
-35 -376.9 -15000 -17500
-40 -457.2 -15000 -17500

Oersted Gauss Oersted Gauss

-12000 -17500 50 613.7
-9000 -17470 55 692
-6000 -17410 60 774.3
-3000 -17240 65 852.6
-2000 -17000 70 935
-1900 -16940 75 1013
-1800 -16880 80 1096
-1700 -16800 85 1174
-1600 -16710 90 1254
-1500 -16590 95 1330
-1400 -16420 100 1411
-1300 -16220 200 3003
-1200 -15920 300 4582
-1100 -15470 400 6160
-1000 -14730 500 7723

-900 -13680 600 9267
-800 -12430 700 10780
-700 -11050 800 12210
-600 -9574 900 13520
-500 -8063 1000 14620
-400 -6512 1100 15400
-300 -4936 1200 15870
-200 -3351 1300 16170
-100 -1761 1400 16400

-10 -327.4 1500 16550
-5 -247.1 3000 17230
0 -166.8 4500 17350
5 -96.79 6000 17410

10 -18.53 7500 17450
15 61.78 9000 17490
20 138 10500 17520
25 216.2 12000 17510
30 296.6 13500 17500
35 376.9 15000 17500
40 457.2
45 537.5
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Table 21 F82H m IEA ^$S#(673K, 4000
Oersted Gauss Oersted

-45

Gauss

-468

Oersted Gauss Oersted Gauss

15000 17260
12000 17260
9000 17210
6000 17130
3000 16930
2000 16620
1900 16560
1800 16470
1700 16380
1600 16260
1500 16110
1400 15930
1300 15660
1200 15260
1100 14610
1000 13680
900 12570
800 11340
700 10030
600 8676
500 7295
400 5887
300 4472
200 3038
100 1603

10 310.1
5 239.9
0 169.7

-5 101.4
-10 29.25
-15 -39
-20 -111.2
-25 -181.4
-30 -255.5
-35 -327.6
-40 -397.8

-50 -538.2
-55 -612.3
-60 -684.5
-65 -754.7
-70 -830.7
-75 -900.9
-80 -971.1
-85 -1041
-90 -1112
-95 -1188

-100 -1258
-200 -2693
-300 -4119
-400 -5552
-500 -6964
-600 -8366
-700 -9747
-800 -11090
-900 -12360

-1000 -13520
-1100 -14500
-1200 -15180
-1300 -15590
-1400 -15870
-1500 -16070
-3000 -16920
-4500 -17060
-6000 -17130
-7500 -17180
-9000 -17210

-10500 -17240
-12000 -17260
-13500 -17250
-15000 -17260
-15000 -17260

-12000 -17260
-9000 -17210
-6000 -17130
-3000 -16930
-2000 -16620
-1900 -16560
-1800 -16470
-1700 -16380
-1600 -16260
-1500 -16110
-1400 -15930
-1300 -15660
-1200 -15260
-1100 -14610
-1000 -13680

-900 -12570
-800 -11340
-700 -10030
-600 -8676
-500 -7295
-400 -5887
-300 -4472
-200 -3038
-100 -1603

-10 -310.1
-5 -239.9
0 -169.7
5 -101.4

10 -29.25
15 39
20 111.2
25 181.4
30 255.5
35 327.6
40 397.8
45 468

50 538.2
55 612.3
60 684.5
65 754.7
70 830.7
75 900.9
80 971.1
85 1041
90 1112
95 1188

100 1258
200 2693
300 4119
400 5552
500 6964
600 8366
700 9747
800 11090
900 12360

1000 13520
1100 14500
1200 15180
1300 15590
1400 15870
1500 16070
3000 16920
4500 17060
6000 17130
7500 17180
9000 17210

10500 17240
12000 17260
13500 17250
15000 17260

— 45 —



JAERI-Tech 97-038

F82H IEA heat (300K, RTL)
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Fig. 21 Hysteresis curve of F82H IEA heat (300K, RTL)
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F82H IEA heat (300K, RTC)
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Fig. 22 Hysteresis curve of F82H IEA heat (300K, RTC)
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F82H IEA heat (473K, 200L)
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Fig. 23 Hysteresis curve of F82H IEA heat (473K, 200L)
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F82H IEA heat (473K, 200C1)
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Fig. 24 Hysteresis curve of F82H IEA heat (473K, 20001)
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Fig. 25 Hysteresis curve of F82H IEA heat (573K, 300L)
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F82H IEA heat (573K, 300C)
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Fig. 26 Hysteresis curve of F82H IEA heat (573K, 3000
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F82H IEA heat (673K, 400L)
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Fig. 27 Hysteresis curve of F82H IEA heat (673K, 400L)
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F82H IEA heat (673K, 400C)
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Fig. 28 Hysteresis curve of F82H IEA heat (673K, 4000)
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4. 3. tt«cn4#i£

4. 3. 1.

Table 22 Ic^fo Hv213~

Hv222 omWn'foVs Hv217 flST'fc^o 25mm

AT'I%$##m@$(Hv220)<!:iaimmS-C&iL IWi:&£l5i:-Clifc

Table 22 Results of Vickers' hardness measurement of F82H IEA heat

Roll No. Plate ID Thickness
(mm)

Hardness: HV10
1 2 3 Ave.

RB801-5 5-14 7.5 216 222 220 219
KGS 19-2 2W-23 15 219 215 219 218
KGS 19-2 42W-18 25 213 218 214 215
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4. 3. 2.

M3l3ftHK<Dl6JR£ Table 23 Fig. 29 Ci^fo Fig. 29 

icfrofcjBfja^IKKKroeiRt^Lrfe^o fcfc\ #m-#U:miEllZ3L\TI#:#$# 
iLT^^lcJjxllLfco IEA fc-M*<D3l3M#ttlilSlitfE**t

ftj£*<DII6l6lc;j-US/±JUtt©ig*£in*T7l^^X?n’yhL*:t.(D£ Fig. 30 1C 

C(DIEIlzm6^6j;3lCs C(7)##-ei*. -100°Cfrb 400°C£-CCD;£geBI 

T\ 450°cw±<Dlitl*;£JtT?l;mtf

JE*©aJSttS14Ji-tnJ5lT<Z)KKSJS«fcytSJt±^l-fliaB«l®*Oi5T^ 
X£<&5= cnti$EtiE(7)@5t^A< 450°C&±T'*£<f£T-f

#I>*lzoL'Tli-100°C^b 4OO^£T?©;S£®HT?li»0«S*<‘:l5l«la)Sltttc??

400oCti±(7);aS'ei*3SSA<SSlc®Tf^(DIC^L, #l>*l*SSl=

XZ<tz&o A<*#<£-5©l;J\ tia-towmtos «*>^2I14©(£T

iSST'(D#wm^iiEt±a)ti 

»]|cJ:-5t<DT?*-5i^x.b4i‘5c £fct?-o©3£14©ffiai-efc£«yii* 15ST? 

(i^^peiifc-SAMSTLro'^o

Table 23 1(ensile properties of F82H IEA heat
Test 0.2% offset Ultimate tensile Total Reduction Break

in temp. yield stress stress elongation of area position
Temp YS UTS Et RA

(K) (MPa) (MPa) (%) (%) (JIS)
2W-10-1 296 548 669 21.7 78 A
2W-10-2 323 534 645 20.0 79 A
2W-10-3 373 553 624 20.0 80 A
2W-10-4 473 500 579 18.7 82 A
2W-10-5 573 480 548 17.0 81 A
2W-10-6 673 458 517 16.3 81 A
2W-10-7 723 437 493 15.7 79 B
2W-10-8 773 413 463 17.7 82 A
2W-10-9 823 363 420 21.3 88 A
2W-10-10 873 296 368 25.0 90 A
2W-10-11 923 219 307 23.7 91 A
2W-10-12 973 160 243 26.3 92 A
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Fig. 29 Tensile properties of F82H IEA heat
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Fig. 30 Temperature dependence of yield stress of F82H
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Jt^BT1 n I* Fig. 31 <Z)«fc9l=l+ff$tLSo

(1 - n)ko„ 
1 =----- -------

g: (W/m)
m: 7h°yv>j± 
k: #e#$ (W/mK) 
ou: SI3ft&£ (Pa)
E: (Pa)
«: mmmm (1/k)

E 6000

E 2000

Temperature (°C)

Fig. 31 Thermal stress factor of F82H IEA heat
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4. 3. 3. v-WUtf—

v-WUtf-ffilESit;i*<D*Sm£ Table 24 lz, Fig. 32 (z^fo £tzs -SBO

RBfi(L1, L5, L6)lz-3L'T©SEMllS*g*^ Photo 8~Photo lOlz^-fo

Fig. 32 [c^f DBTT lifcfc

'k*-500cmmv&>&£*tttl&o &mm<DtZb-e&'<tz&?\z. IEAt-M*<D 

JL'#(kVtm±ikL-CL\'5(ztA\A\6^f\ DBTT l*l$l$|5lCfllfe

fe-So

Table 24 Charpy impact test results of F82H IEA heat

ID
Test

temp.

(°C)

Direction
Absorbed

energy

(J)

Brittle surface 
area

(%)

DBTT
(fractured area) 

vT rsso
CO

DBTT
(energy)

vTrE
(°C)

L6 -100

L

6 95

-44 -48

L3 -80 38 85
L9 -70 58 80
L2 -60 21 90
L8 -55 159 50
L5 -50 186 40
L7 -45 9 95
L4 -40 180 40
L1 -20 258 0
C12 -100

C

5 95

-39 -39

C9 -80 23 90
C15 -70 8 95
C8 -60 85 70
C14 -55 43 85
C11 -50 91 65
C13 -45 9 95
C10 -40 166 45
C7 -20 237 0
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Fig. 32 Charpy impact test results of F82H IEA heat
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4. 3. 4.

Table 25 Fig. 33-

Fig. 35lz^-ro^fcniUa)x-^i:«H±fcl£*-®Bfll#rBlft*Sl^Fig. 36 Ic^f 0

600°Ct 650°C0)t(7)A<3&ALA\%6tl-CL\%L\A<.

Fig. 36ic^-r«fc9l^ ^m#«b*lfcf£*Jb'b, IEA

JU F82H ZfDtzSbt'J-y-ft

%iC3L\T. ^Uv^U F82H (Dii£m^##fC&S<!:#Xb*l5o Fig. 37 lc^Vv± 

;U F82H icol'T^bJtlfc^'J— ^®BTBitK[-Ol'T Larson-Miller/

Table 25 Creep test results of F82H IEA heat

ID Test temp. 
(°C)

Applied stress 
(MPa)

Rupture time 
(h)

Elongation
(%)

RA
(%)

2W101 600 180 401.5 36 88
2W102 650 120 239.0 28 90
2W103 600 160 1581.0 29 88
2W106 650 100 929.5 22 87
2W105 600 150 2862.5 18 85
2W104 650 75 4417.5 27 87
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(a)

Time (h)

Specimen ID: 2W102
Test Temperature: 650°C 
Applied Stress 120 MPa
Rupture Time: 239.0 h

Elongation: 28.4% 
RA: 90.1 %
e ■ 0.04 mm

Time (h)

Fig. 33 Creep rupture test result of F82H IEA heat
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Time (h)

Specimen ID: 2W104
Test Temperature: 650°C 
Applied Stress 75 MPa
Rupture Time: 4417.5 h

Elongation: 26.8 %
RA: 87.0 %
e0: 0.02 mm

: 1.11 x10 3 %/h

Time (h)

Fig. 34 Creep rupture test result of F82H IEA heat
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(a)

Specimen ID: 2W105
T est T emperature: 600°C 
Applied Stress 150 MPa
Rupture Time: 2862.5 h

Elongation: 18.1 %
RA: 85.2 %
e,: 0.06 mm
e' .: 8.58x10-4 %/h

Time (h)

(b)
8

0

Specimen ID: 2W106
7 Test Temperature: 650°C

Applied Stress 100 MPa
6 Rupture Time: 929.5 h

Ip1 Elongation: 22.2 %
c RA: 87.2 %

c
o

o
e0: 0.01 mm

ctiO) 4 - Cm: 4.05x10-3 %/h

c
o

LJU 3

0 200 400 600
Time (h)

800 1000

Fig. 35 Creep rupture test result of F82H IEA heat
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Fig. 37 Creep rupture test results of pre-lEA F82H
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4. 3. 5.

Table 26 lc^f= tXTVv7Jl/-7£ttSI<hL

t^5Kicjixiiuzo Fig. 38 iz, 1$*seisesu

Fig. 39 iz, titzmmmmmtmvmLgKDmmz Fig. 40 iz^r=

s;st?0 2 &tfroft-Qms mmo

tm^vtm^'a-otz^fpmy^bm manet i

Fig. 41

Table 26 Low cycle fa igue test results of F82H IEA heat

ID
Gauge

dia.

(mm)

Test
temp

(°C)

Total
strain
range

(%)

Cycles tc 
rupture 
(rupture 
position)

# of 
cycle

Elastic
strain
range

(%)

Plastic
strain
range

(%)

Stress
range

(MPa)

Peak
tensile
stress
(MPa)

Peak
compressive

stress
(MPa)

9 <fr7 RT 1.0 3028
(B)

1 0.54 0.46 1147 573 -574
10 0.57 0.43 iii'5 559 -556
20 0.56 0.44 1086 544 -542
30 0.55 0.45 1064 535 -529
50 0.54 0.46 1037 521 -516

100 0.53 0.47 996 499 -497
500 0.50 0.50 917 462 -455

1000 0.50 0.50 886 443 -443

7 RT 0.6 10504
(B)

1 0.45 0.15 1068 533 -535
10 0.46 0.14 1039 519 -519
20 0.46 0.14 1027 510 -517
30 0.46 0.14 1020 506 -515
50 0.45 0.15 1005 498 -507

100 0.44 0.16 980 487 -493
500 0.42 0.18 912 462 -451

1000 0.40 0.20 889 449 -440
7000 0.37 0.23 821 415 -407
9700 0.36 0.24 805 400 -405
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Fig. 38 Low cycle fatigue test results of F82H IEA heat
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Fig. 39 Low cycle fatigue test results of F82H IEA heat
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Fig. 40 Low cycle fatigue test results of F82H IEA heat
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Fig. 41 Low cycle fatigue test results of F82H IEA heat and MANET I at room 
temperature.
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4. 4.

Fig. 42 iz F82H TDS o

It H2, H20, CO, C02, CH4 StzZtl^tKD&mz'Dl'XmmUztOZ

Fig. 43 A'b Fig. 47 <C^f0 Fig. 43-Fig. 47 tZftJt^LZ SUS316L «(col' 

TS'J^L/'^t^LTL'€)o ZtiP><D$£MJ:y% F82H

i&Jtli, H20 400K, H2, CO, C02A<$t, 550K Tffeofc0 $7r#*U*<D;V<

^FJI/|Zld:-etLftl2oA\630(D|R|#kf-/7A<KA6tLi,o &lltfg£t0-?<7);£j££ 
Table 27 £fc&sU*<DMS£t-$-SJt 1000°C£TltflL;M££*£«

a<bLT Table 28 Ic^fo

Table 27 Temperatures of desorption peak

Gas Desorption
peak

Peak temperature (K)
F82H 316L

h2
1st peak -650 —600
2nd peak -720 -800
3rd peak -800 -

h2o
1 st peak -460 -

2nd peak -630 -

CO
1st peak -640 -1120
2nd peak -800 -

C02 1 st peak -610 -580
2nd peak —660 -800

ch4
1 st peak -530 -580
2nd peak -620 -1000
3rd peak -690 -

Table 28 Total amount of desorption gases
I F82H r. 16L

Gas Amount of 
desorption 

(1020molec./m2)

Flux in total 
desorption 

(%)

Amount of 
desorption 

(1020molec./m2)

Flux in total 
desorption 

(%)
h2 2.4 16 14.5 88

I h2o 5.0 36 0.97 6
CO 5.4 38 0.62 4
co2 1.2 8 0.34 2
ch4 0.14 1 0.086 0.5

I Total 14.03 100 16.5 100
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Fig. 42 IDS spectrum of F82H IEA heat 0 = 0.17 K/s)
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o F82HSS 
A 316LSS

Temperature (K)

Fig. 43 IDS spectrum of H2 gas from F82H IEA heat (p = 0.17 K/s)

o F82HSS
A 316LSS

Temperature (K)

Fig. 44 TDS spectrum of H20 gas from F82H IEA heat (P = 0.17 K/s)
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o F82HSS c 
A 316LSS )

300 400

Temperature (K)

Fig. 45 TDS spectrum of CO gas from F82H IEA heat (p = 0.17 K/s)

o F82HSS
A 316LSS

300 400 500 600 700 800 900
Temperature (K)

Fig. 46 TDS spectrum of C02 gas from F82H IEA heat (P - 0.17 K/s)
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Fig. 47 TDS spectrum of CH4 gas from F82H IEA heat (p = 0.17 K/s)
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CO > H20 > H2 > C02

H20 t CO 30%m±^AATL\6.

TDS Fig. 48 A'b Fig. 52 Iz^f. Ctlb(7)g|

UBHttr-^SJ* Tp«t^Sii® p CDfPH&A'b.

A»btl6:
/

In
v

f
+ ln

V

EdP 
xv2cr0 ,

CCT\ k: 7ft';U'y7>$$fc 

v2: 
a0:

(5)

1/Tps Etil£ ln(Tp2/p)<tLT7b-OX^P'>hLfct(7)^ Fig. 

53 A'b Fig. 57 Iz^fo CftbCDII]<DIt$<D<tg#frb*a6fcM0;£1t1ti*;U^-£ 

Table 29 Iz^f"70

able 29 Activation energy of desorption

Gas Desorption
peak

Activation energy (eV)
F82H 316L

h2
1st peak 0.56±0.18 0.84+0.07

2nd peak 0.67+0.34 0.62 + 0.08
3rd peak 0.70+0.07

h2o
1 st peak 0.17±0.05
2nd peak 0.48+0.12

CO
1s1 peak 0.50+0.58 3.47

2nd peak 0.38±0.13
3rd peak 0.40±0.10

co2 1 st peak 0.24±0.25 1.23
2nd peak 0.50±0.24 1.17

ch4
1st peak 0.18±0.28

2nd peak 0.44+0.10
3rd peak 0.51+0.20
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Fig. 48 IDS spectrum of H2 gas from F82H IEA heat with heating rate 

variation (P = 0.17~0.83 K/s)
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WtoW**®-1----------- '----------- '----------- 1----------- ‘ ---
400 600 800 1000

Temperature (K)

Fig. 49 TDS spectrum of H20 gas from F82H IEA heat with heating rate 
variation ((3 = 0.17—0.83 K/s)
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Temperature (K)

Fig. 50 TDS spectrum of CO gas from F82H IEA heat with heating rate 
variation ((3 = 0.17~0.83 K/s)

Temperature (K)

Fig. 51 TDS spectrum of C02 gas from F82H IEA heat with heating rate 
variation (|3 = 0.17~0.83 K/s)
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Fig. 52 IDS spectrum of CH4 gas from F82H IEA 
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1st peak 
2nd peak 
3rd peak

Fig. 53 The relationship between disorption peak temperature of H2 and 
heating rate p.

■ 1st peak 
• 2nd peak

Fig. 54 The relationship between disorption peak temperature of H20 and 
heating rate p.
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■ 1st peak 
• 2nd peak

Fig. 55 The relationship between disorption peak temperature of CO and 
heating rate (3.

■ 1st peak 
• 2nd peak

Fig. 56 The relationship between disorption peak temperature of C02 and 
heating rate p.
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■ 1st peak 
• 2nd peak 
> 3rd peak

Fig. 57 The relationship between disorption peak temperature of CH4 and 
heating rate p.
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Si;S7K*lS61SeU* 2 0<D5/'J-Xlzoi'-CKB£frl\ 2 0-foIft

UtitiLTS5;l'l$^m's a«*<b©WIWtt#tt^l»»Lfco imSSl* 220°C~ 

290°C"C\ 1 ppm T?ft-6o AS7k*l&:£litgt<DjiiS££ Table 30 fc<fc

LF Table 31 fz^f= $7cCtlb(D$^m$f^ftUgl^L7zt(Z)A< Fig. 58 t Fig. 59 7? 

&&„ Fig. 58 <*= Fig.59lClilS^lccfc^aaa)^1k<!:lg^jSS$jfvLTfcUs Fig. 58 

it 1 Is] @ (D;!iJ$lzoi\Ts $7z Fig. 59 Izl* 2@B CD;IiJ£lcoUT^LTl'&0

F82H HT9 #COL\Tlj\ 260°ca±<7)Iit!*SJST:"l3:&] 2 Ms

ICfc'OxTs nm.(Dmmtf‘&6bhtltz0 Z^I*Mm@IC^REUrE1bSElCck^t,(7)«h 

#Xb;fi5o ^tUilT(Dl^;aj$-ei*eS(7)M^A<sSibbn,

220°CICfcLNTBt,lS6fiA^#^b7ro ^PTTXll^ 

mLtz F82H fflT?lia*lcl5<hA.^1bli^<> £mMt,te&<t:LT&JSfe£WL 

Tl'fco C(D<7PV-rXi?T?[i^;a(26OoC)fc'J:l>*1g;a(22OoC)01S^lcfcL'T^lc^ 

Ibtf&C mtltz®-k&£*LTl'&0

F82H HT9 #IC3L\TftLftKD$Sm^#^^IC^LT^avFLfzt(7)^

Fig. 60 fc=fctf Fig. 61 Iz^o MiM0WB1&#t£fi'b. £><£-£ 1 Ms Jil

^/dSSiSSl* 16;SI$^'X^<

&5fgf6]£^LTl'50 $^miS6A<S^LTLx^,^#xbn^) 1.5 Ms 

Bfc£mS6ilJ££Fig. 60fc=blFFig. 61 frbJil'IU KKSJSI^LT^P‘yhLfct 

©*<Fig. 62 7?&5= CCD0l^$4lTl'-6«fc9l^ 250WF<DRKSJt‘ei*s MBs 

MM<i:^lCs$!^;S®l3|$lEJt^jLrtiA0LTL>^ck^T'$)5o $/dSSS(coi,xT 

8%CrT?fc^) F82H #«b12%Cr?&6 HT90l::li[S£A/£Slifcl'J:9‘efc6o 260°C 

Jjl±<DKK;aa^li**lci«JiDA<Btf>bn‘5*^ cftl*K***ffil::£fiRLfc|jMbJK 

SlcJ:^,SS(7)tS*DT-fc^<b#XbtL>E)0 ^1bSM(7)B$lcol,x-CI*$7-r;li|5£l*e-3T 

I'&l'o

F82H0<DfcS**'C<7>«£HKl-O(,'Tld\ Ml- NKK

l'6[6]0 NKK (DsSI^Tri&s ISifcSJttf 250°C, K0MM^O.9 Ms T\ »#»*!* 0.2 

ppm-efcbfctfs -ecD)S6Sl*4-@(Dl^SSl3jt^ 5 feteEXtfr'otzo NKKOK
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Table 30 F82H IEA heat corrosion test in high emperature water (1st batch)

Surface
area

Test
temp

Each run Total

Test run Alloy ID Volume DO Test Initial Weight Weight Corrosion Test Weight Corrosion

(cm3)
period weight after test change rate period change rate

(cm2) (°C) (ppm) -(Ms) (g) (g) (mg). (g/cm2s) (Ms) (mg) (g/cm2s)
F82H F82H-2 24.62 5.118 290 0.8 0.659 40.3944 40.3958 1.4 8.632E-11 0.659 1.4 8.632E-11
HT9 HT-9-2 24.68 5.109 275 0.8 0.659 39.5460 39.5476 1.6 9.843E-11 0.659 1.6 9.843E-11

1 st Run
Chromized F82H Crmz02 24.34 5.000 260 0.8 0.659 39.0551 39.0552 0.1 6.237E-12 0.659 0.1 6.237E-12
F82H F82H-1 24.61 5.117 250 0.8 0.659 40.3733 40.3728 -0.5 -3.084E-11 0.659 -0.5 -3.084E-11
HT9 HT-9-1 24.55 5.066 235 0.8 0.659 39.4329 39.4321 -0.8 -4.946E-11 0.659 -0.8 -4.946E-11
Chromized F82H CrmzOI 24.32 4.991 220 0.8 0.659 39.0386 39.0387 0.1 6.241 E-12 0.659 0.1 6.241 E-12
F82H F82H-2 24.62 5.118 290 1.0 0.639 40.3957 40.3958 0.1 6.357E-12 1.298 1.5 4.695E-11
HT9 HT-9-2 24.68 5.109 275 1.0 0.639 39.5477 39.5482 0.5 3.171 E-11 1.298 2.1 6.558E-11

2nd Run Chromized F82H Crmz02 24.34 5.000 260 1.0 0.639 39.0555 39.0556 0.1 6.431 E-12 1.298 0.2 6.333E-12
F82H F82H-1 24.61 5.117 250 1.0 0.639 40.3730 40.3723 -0.7 -4.451 E-11 1.298 -1.2 -3.757E-11
HT9 HT-9-1 24.55 5.066 235 1.0 0.639 39.4324 39.4315 -0.9 -5.737E-11 1.298 -1.7 -5.335E-11
Chromized F82H CrmzOI 24.32 4.991 220 1.0 0.639 39.0388 39.0391 0.3 1.930E-11 1.298 0.4 1.267E-11
F82H F82H-2 24.62 5.118 290 1.1 0.688 40.3958 40.3952 -0.6 -3.541 E-11 1.986 0.9 1.841 E-11
HT9 HT-9-2 24.68 5.109 275 1.1 0.688 39.5482 39.5486 0.4 2.356E-11 1.986 2.5 5.102E-11

3rd Run Chromized F82H Crmz02 24.34 5.000 260 1.1 0.688 39.0556 39.0561 0.5 2.985E-11 1.986 0.7 1.448E-11
F82H F82H-1 24.61 5.117 250 1.1 0.688 40.3723 40.3718 -0.5 -2.952E-11 1.986 -1.7 -3.478E-11
HT9 HT-9-1 24.55 5.066 235 1.1 0.688 39.4315 39.4310 -0.5 -2.959E-11 1.986 -2.2 -4.512E-11
Chromized F82H CrmzOI 24.32 4.991 220 1.1 0.688 39.0391 39.0391 0.0 0.000E+00 1.986 0.4 8.281 E-12
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Table 3 F82H IEA heat corrosion test in high emperature water (2nd batch)

Surface Test
temp

Each run Total

Test run Alloy ID Volume DO Test Initial Weight Weight Corrosion Test Weight Corrosion

(cm2) (cm3)
period weight after test change rate period change rate

(°C) (ppm) (Ms) (g) (g) (mg) (g/cm2s) (Ms) (mg) (q/cmzs)
F82H F82H-3 24.63 5.122 290 1.0 0.397 40.4729 40.4745 1.6 1.639E-10 0.397 1.6 1.638E-10
HT9 HT-9-3 24.68 5.112 275 1.0 0.397 39.6261 39.6279 1.8 1.844E-10 0.397 1.8 1.839E-10

1st Run F82H F82H-4 24.62 5.117 260 1.0 0.397 40.3432 40.3450 1.8 1.849E-10 0.397 1.8 1.843E-10
F82H F82H-5 24.63 5.124 250 1.0 0.397 40.4193 40.4198 0.5 5.109E-11 0.397 0.5 5.119E-11
HT9 HT-9-4 24.58 5.087 235 1.0 0.397 39.3739 39.3733 -0.6 -6.220E-11 0.397 -0.6 -6.155E-11
F82H F82H-6 24.61 5.110 220 1.0 0.397 40.3856 40.3850 -0.6 -6.217E-11 0.397 -0.6 -6.148E-11
F82H F82H-3 24.63 5.122 290 1.0 0.654 40.4745 40.4743 -0.2 -1.242E-11 1.051 1.4 5.408E-11
HT9 HT-9-3 24.68 5.112 275 1.0 0.654 39.6279 39.6279 0.0 0.000E+00 1.051 1.8 6.941 E-11

2nd Run F82H F82H-4 24.62 5.117 260 1.0 0.654 40.3450 40.3435 -1.5 -9.337E-11 1.051 0.3 1.159E-11
F82H F82H-5 24.63 5.124 250 1.0 0.654 40.4198 40.4187 -1.1 -6.813E-11 1.051 -0.6 -2.318E-11
HT9 HT-9-4 24.58 5.087 235 1.0 0.654 39.3733 39.3720 -1.3 -8.169E-11 1.051 -1.9 -7.356E-11
F82H F82H-6 24.61 5.110 220 1.0 0.654 40.3850 40.3829 -2.1 -1.319E-10 1.051 -2.7 -1.044E-10
F82H F82H-3 24.63 5.122 290 1.0 0.650 40.4743 40.4740 -0.3 -1.876E-11 1.701 1.1 2.626E-11
HT9 HT-9-3 24.68 5.112 275 1.0 0.650 39.6279 39.6284 0.5 3.126E-11 1.701 2.3 5.481 E-11

3rd Run F82H F82H-4 24.62 5.117 260 1.0 0.650 40.3435 40.3434 -0.1 -6.268E-12 1.701 0.2 4.776E-12
F82H F82H-5 24.63 5.124 250 1.0 0.650 40.4187 40.4176 -1.1 -6.860E-11 1.701 -1.7 -4.058E-11
HT9 HT-9-4 24.58 5.087 235 1.0 0.650 39.3720 39.3711 -0.9 -5.694E-11 1.701 -2.8 -6.698E-11
F82H F82H-6 24.61 5.110 220 1.0 0.650 40.3829 40.3808 -2.1 -1.328E-10 1.701 -4.8 -1.147E-10
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Fig. 58 Corrosion test results (1st batch)
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Fig. 59 Corrosion test results (2nd batch)
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Fig. 61 Corrosion test results (HT-9)
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Fig. 62 Weight change and corrosion rate after 1.5 Ms (temperature dependency)
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Fig. A-1 Load-Displacement diagram of tensile test at room temperature (2W-10-1) Fig. A-2 Load-Displacement diagram of tensile test at 50°C(2W-10-2)
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Fig. A-3 Load-Displacement diagram of tensile test at 200°C (2W-10-4)
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Fig. A-4 Load-Displacement diagram of tensile test at 300°C (2W-10-5)
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Fig. A-5 Load-Displacement diagram of tensile test at 400°C (2W-10-6)
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Fig. A-6 Load-Displacement diagram of tensile test at 450°C (2W-10-7)
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Fig. A-7 Load-Displacement diagram of tensile test at 500°C (2W-10-8)

#15 (%)

Fig. A-8 Load-Displacement diagram of tensile test at 550°C (2W-10-9)

JA
ER

I-Tech 97-038



o
7

2

1

° 1

«

0

#i7 (%)

Fig. A-9 Load-Displacement diagram of tensile test at 600°C (2W-10-10)
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Fig. A-10 Load-Displacement diagram of tensile test at 650°C (2W-10-11)
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Fig. A-11 Load-Displacement diagram of tensile test at 700°C (2W-10-12)
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Fig. B-1 Stress-Strain hysteresis diagram of fatigue test at room temperature

(Specimen ID:6, Total strain range: 1.0%, Cycle number: 1-10)

r * (X)

Fig. B-2 Stress-Strain hysteresis diagram of fatigue test at room temperature

(Specimen ID:6, Total strain range: 1.0%, Cycle number 20)
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Fig. B-3 Stress-Strain hysteresis diagram of fatigue test at room temperature

(Specimen ID:6, Total strain range: 1.0%, Cycle number: 30)
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V- f * (X)

Fig. B-4 Stress-Strain hysteresis diagram of fatigue test at room temperature

(Specimen ID:6, Total strain range: 1.0%, Cycle number: 50)
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Fig. B-5 Stress-Strain hysteresis diagram of fatigue test at room temperature

(Specimen ID:6, Total strain range: 1.0%, Cycle number: 100)

is

Fig. B-6 Stress-Strain hysteresis diagram of fatigue test at room temperature

(Specimen ID:6, Total strain range: 1.0%, Cycle number: 500)
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Fig. B-7 Stress-Strain hysteresis diagram of fatigue test at room temperature

(Specimen ID:6, Total strain range: 1.0%, Cycle number: 1000)

& f * (%)

Fig. B-8 Stress-Strain hysteresis diagram of fatigue test at room temperature

(Specimen ID:7, Total strain range: 0.6%, Cycle number. 1-10)
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Fig. B-9 Stress-Strain hysteresis diagram of fatigue test at room temperature

(Specimen ID:7, Total strain range: 0.6%, Cycle number: 20)

Fig. B-10 Stress-Strain hysteresis diagram of fatigue test at room temperature

(Specimen ID:7, Total strain range: 0.6%, Cycle number: 30)
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Fig. B-11 Stress-Strain hysteresis diagram of fatigue test at room temperature

(Specimen ID:7, Total strain range: 0.6%, Cycle number: 50)
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Fig. B-12 Stress-Strain hysteresis diagram of fatigue test at room temperature

(Specimen ID:7, Total strain range: 0.6%, Cycle number: 100)
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Fig. B-13 Stress-Strain hysteresis diagram of fatigue test at room temperature

(Specimen ID:7, Total strain range: 0.6%, Cycle number 500)

Fig. B-14 Stress-Strain hysteresis diagram of fatigue test at room temperature

(Specimen ID:7, Total strain range: 0.6%, Cycle number: 1000)
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Fig. B-15 Stress-Strain hysteresis diagram of fatigue test at room temperature

(Specimen ID:7, Total strain range: 0.6%, Cycle number: 7000)
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Fig. B-16 Stress-Strain hysteresis diagram of fatigue test at room temperature

(Specimen ID:7, Total strain range: 0.6%, Cycle number: 9700)
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