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Abstract

JLF-1 steel (Fe-9Cr-2W-V-Ta), reduced activation ferritic steel, is one of the promising candidate materials for fusion
reactor applications. Tensile properties of JLF-1 base metal and its TIG weldments has been investigated at the room
temperature, 400 C and 600 C. The tensile strength of base metal (JLF-1) showed the level between those of weld
metal and the Heat Affected Zone (HAZ). When the test temperature was increased from room temperature to high
temperature (400 C and 600 C), both strength and ductility decreased or base metal, weld metal and the HAZ. The
longitudinal specimens of base metal represented similar strength and ductility at room temperature and high
temperature, compared to those of transverse specimens. Little anisotropy for the rolling direction was observed in the
base metal of JLF-1 steel.
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Table 1 TIG welding condition

Current 230 ~ 250 A
Voltage 105V
Travel speed 10 cm/min

Heat input 14.5~15.8 kd/cm
Preheat temp. <200C
Interlayer temp. <200T
Number of passes ~ 20
Wire diameter 1.2 mm
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Fig.3 Dimension and shape of tensile specimen

(Standard ASTM E 8)

Table 2 Chemical composition of base metal (JFL-1). weld metal and filler metal (wt %)

C Si [Mn| P S

Cr | W Vv Ta N Ti B

JLF-1 base metal | 0.10|0.05|0.45|0.003/0.002{0.003|8.85]1.99| 0.20 | 0.080] 0.0231 | --

0.0002

F82H base metal | 0.09 [0.11}0.16]0.002,0.002]0.003}7.71}1.95| 0.16 | 0.02

0.006 | --_ 10.0002

Weld metal (JLF-1) [0.061]0.13|0.43]0.005[0.003/0.003| 9.16|1.91 | 0.25 | 0.081 | 0.0259 | 0.019|0.0001

Filler metal (JLF-1)[0.061|0.10|0.4510.003|0.003|0.003| 8.96 | 1.82| 0.25 | 0.084 | 0.0332 | 0.028 | 0.0001

88

Journal of KWS, Vol. 21, No. 1, February, 2003



A% Ak ARAR TIG SHYY FEsy

89

4 2 400 T 600 C ol 242 QAN ES 5+
o A% 8559 Wk (L-T) &

AEE HietE 10tonf o BAFY FA2A-7) (MTS
Model 810) & AHE3l9ley, 54 %E 0.1 2 1.0
mm/min &2 AAFA  Aolsle] 5
(400 C, 600 T)ollAe AZAE S £l8) xm@noﬂ

AEEE A F APH F99 Chromel -
Alumel €AHE FA5l] AP FRZEE 1 C

9 QxS oA A3t Micro-Vickers A%
+ 10N9 3522 Akashi it MVK-HVL ZEA]
A715 olgsle] St I g & Zzte] =4
Eo] A9 sehi e FAEAERA (Scanning Elect
ron Microscopy: SEM) & o]-&ak] #akalict.

3]

| T

w
2
ot
N

1}

=
3.1 8MFe 4z EHM
Fig. 4+ Table 19 ZZAdA TIG £43 A&dw

(WD) o A=REE Yepd Zlojtt, T”lex & &
Aol EAA sl 8HFEANA AEAIL ol FA
JePTE 2Ale] Bxe oFHv 190 Fxo|w, &HF
Go] 9% o Hy240 4= 2Aie] A v
3 & geg AeHUTE & & Atk ol TIG 44
Al ERHAA Y JHd 39 2 FEAE] gane Qg
A=A /2 A9 13, Iy (HAZ) 9 =
AH-<Q 14 mm AR A QFsdo] HQed], o] ¥
¥o| "lE hardness - valley ©]t},

260 |- HAZ , HAZ
240
220 |-
200

180 —

Hardness (Hv )

160 |—

140 |
-20 -10 0 10 20

Location (mm)

Fig.4 Hardness distribution near the weld interface
of TIG welded joints

RasmEeaic 218 $15%. 2003F 28

32 7|AH &4

JLF-19] B¢t 83 59] 4 P m2oxe] QA
g 435 Fig. 5 ~ 79 Jeidct
Fig. 5 & 3F4% 0.lmm/mino]A9] JLF-1 24
o} 8HEe] sk Azpigk] tigt AdeAe
S8 A2~ FS(cross-head) ¥9sle] #AE
Eligich e SHE(WL) Ald#e] -JFH°7é}
=(UTS)& 727 MPa& 7V & S B9y, %
AE&L 23.8 %2 Hzhe LHE(WT) E‘:} }'n':f;”
Bt BAle] Z, shelwek(ML) AlgEe & o
& 278 %= 71 =9kon, UTS & 630MPaZ WL
Hr} gopAlet g2 AsER AR xS 2y
WTe Hu1A7=x 590 MPa, 0.2 % offset %%
445 MPa, ?ﬂﬁ 21% 2 veht A 9 835
H]OH WTY 2= % d4lgo] 71 @A yelhdo
ZAML, MT), WLe €22 Zx=rt S718s
°£ T AUt WTY 4% 3 D9 (HAZ) A

ol

> R

rq_l;:}gc)dotq o] WT9Y AAFEAM 0] HAZS &9
gl ola ARHE Aoz YEY. AFEES
1000

Room temperature o ML
- hCrosshead Speed 0.1mm/min . T
—@—wL
o L —A—wr
S 600 Q
© (@)
w | e
o 400 A O

n

200[&

% 1 1 n 1 - L n 1 1 s
2 4 6 8 10 12 14
Displacement & (mm)

Fig. 5 Relationship between stress and displacement
of JLF-1 at R.T.

1000 Temperature ; 400°C

—O—wM
Crosshead Speed 0.1mm/min
—L—MT
- —@—wL
<
aN —&— wr
=
)
v
w
4]
LY
pa]
w2
1 n 1 L 3
8 10 12 14

Displacement ¢ (mm)

Fig. 6 Relationship between stress and displacement
of JLF-1 at 400C

89



©
o

—
(=]
o
o

Total elongation
—w— 0.lmm/min {25
-4 - 1.0mm/min

o

Temperature : R.T.
v v

800 |

0.2% Offset yield stress el
v

415

410

Total elongatione (%)

[\*)
o
[&]

45

0.2% Offset yield stress ¢ (MPa)

(=]

MT

. -. .
ML
Materials

600 I M 0.1mm/min
(x Symbol Crosshead speed)
Fig. 7 0.2 % Offset stress and total elongation at

B | Omm/min
BN BN |
WL WT
room temperature

1000
| HI : 400TC 0.lmm/min —w— : R.T., 0.lmm/min

N : 100C 1.0mm/min * - :R.T., 1.0mm/min
soof ¥ ¥ ——w

) . l l .
200

(* Symbol Temperature, crosshead speed

800

Ultimate tensile strength ¢(MPa)

MT L WT

Materials

Fig. 8 Ultimate tensile sterss at room temperature
and 400T

0.1lmm/mine2 dAsA Aojgd 31 (400 T)lA
o] wAet &xFo zb W] digk I cross-
head 9] ¢le] BAE Fig. 6ol et 120lA
o) Ald#e] Wsld 249 oJ#-g-2& cross- head
Hel Wals 2ygory i HaE shsdt
st Fig. 79 82 Al¥¥ A3 W& cross-head
&e7t vAe 9 nFdr] 48 ¥y EAAE
Hwg Aolck, 2AMT, ML)+ &85 (WL, WT)9
AT AL wdle AA FAEA LUAT,
WL MTY £ aXN&e 47 18.3 %9 239 %= 3%
3] 72Hasigtt & 3228 (crosshead) %71 WHE<T
2 ANE(Fig. ) Z71RI%, 0.2 % offset 3572
=(Fig. )¢ HAA A= (Fig. 8)¥ cross- head £%9}
AP Wk g dFgS Ao BA eskrh WL Al
A& ML ¢ MT ol Hal &2 Z=s Astd dde
< JeERNTE. cross-head =9 2o wE FHu)
AAAEE ERH Fig. 894 400 Tol =49l &4
Bo| AUdAees 4o FHuFAAE vla) tha
W Jehdod, oA dwtEd] AEst nRRiiRR
%ol Pk 93 Azl Aoz YAt
JLF-13+ F82H” =Ale &%o] we A4NE 2

90

800

600 |-

400 F

0.29% offset yield stress ¥Pa)

200 M s
A FscH
0 I i
0 200 100 600 800

Temperature (T)

(a)

800

600

400

200

Ultimate tensile stress Mpa)

0 i i |
0 200 400 600 800
Temperature{(TC)
(b)
S
8
§
s
)
©
2
S ‘
10 ‘
0 200 400 600 800
Temperature (T)
(c)
Fig. 9 Ultimate tensile stress at room temperature
and 400T
#}Z Fig. 99 JelIATh. Fig. 9(a)E &&xo uigt
0.2% FEAEZE Yehd Zolx, Fig. 9(b)= Al
A7}wd Y3 JLF-13 F82H 79l wiw ZAdo|th

£33, Fig. 9(c)e 94& Azt HUJAAES
FEATE FR2HAT A9 #Abeh dilee H2,
400C, 600TCoA F82H 7Rt} 3=l Aoz o
Ebgth. Aldemrt S7HEeE Aee Aslehke W,
400 T F-2olA dXlgo] 71 B vebted, o&
Aol B 2ol Uehlis AEFH Y (blue  brittleness)
o] Gl o3 Ao AlsE}

Journal of KWS, Vol. 21, No. 1, February, 2003



91

ddutT el diEA 4l cup and cone 7} =
AldA M FRHJAT} Fig. 10 (a) & €859 ¢
W] gt 4 Algwe] nla 2] ARE JeR)
Atk 2A (Fig. 11 (a) ¢ ¥lwele] & of o & &
WAPEe] ejdisfgde] FEAA vYeidan e A&
Atk ole FEFEY olddF TIG &4 o
st2 Qla] Az F7ke A AFA=E L7718t
A @ Aol o 7)4\,& 400 C oA
d AlEH (Fig. 10 (b)9 4% 247183 2
T 5T #EE 5 Uk Flg 10(c) & (d) =
AZprgkel L3k 400 C AlEH
Az ARRlE Uerz Utk SR A e
AlREH o] FoMe WAV ousli e
gdo]l vehT, 400 C A1gHe A9+ dAZ =
(dimple) #4& JYehllz Ut} Fig. 11 ()2 =4
o] fAutake] et e AEHEY mAxF] ARzle®
AAE T gt FE9 #go] TAF Fo2 44
A e ofeislabde] Al el Sl
< 2 4 ok 28y, Fig.o 11 (b) 9 400 T "]ﬁ
94 FHE i FeEA dAXFT dZ I4E
T Ut &t dested ouidliake g A
H%H FHe] Hol7} WA wgt f-5-gFol 23t
ool d4ds Holu e AL AlgH

kR orin

0.

m}m FE

4.2 B

A= L *% % Aol AHEEE AL w2t
2 (JLF-1) & |4 T 2ZAe SHA e
42 2 "rﬁ&oﬂﬁ«l LJ AEE FY5] da 22
% A},
oA HUAZ AT 459 A4 Ay
Jd(WT—588 MPa), EA}(MT - 600MPa, ML - 630
MPa), $HFE(WL-727MPa)e] «o& Z718k%3
3, A& WT(21.7%), WL(23.8%), ZA (ML -
27.8%., MT-27.9%)¢ «oZ 78] AHikdo=
Ao e FEe FAIE it WL £35-9
AAYEE 2AHET 13.3% E1, FNEE 144%
Al VrERskCE
2) 400 ColA BA(MT -519MPa, ML-519MPa)
o} £4%(WT - 588MPa, WL -646MPa)el i<l
A}t FEAEE A2 Hla ozt @A e,
600 CellX= F73] Asgitt.
3) dAnae] diEd el HAZ (cup and
cone) 7} BE AFHAAM #FHOH 2 A
A goidldr e nl&d F5 A o3 dF

E
A

mbl

}..

(dimple) #¥& RFTh a8y, 42 AdHNME
APl e s 7Rl ¢ e g 2de 4%
pit=g

10mm

Fig. 10 Fracture surface of tensile test. (a) WL, R.T. (b) WL, 400 C (¢) WT, R.T. (d) WT, 400 C

KRR Est B218 B1%, 20034 2H

91



92

#317] - o] - 4E4d - A, Kohyama

Fig. 11 Fracture surface of tensile test
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