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Research on development of high-purity iron-based alloys

- manufacture, analysis of small amount of element and property tests-

Kenji Abiko* and Seiichi Takaki*
Shoichi Kato*¥, Yuji Nagae**, Kazumi Aoto** and Jun-ichi Saito**

Abstract

The purpose of this study is to understand the material properties of manufacturable
high-purity iron and high-purity iron-based alloy in present technology and to get an
applicable prospect for the structural and functional material of the frontier fast reactor. Then
the about 10kg high-purity iron and iron-based alloy were melted using a cold-crucible
induction melting furnace under the ultra-high vacuum. Subsequent to that, the compatibility
between the melted material and the high-temperature sodium environment which is a special
feature of the fast reactor and tensile property at room and elevated temperatures were
investigated using the melted materials. Also, the creep test using the high-purity 50%Cr-Fe
alloy at 550°C in air in order to understand the high temperature creep property. In addition,
the material properties such as thermal expansion coefficient, specific heat and electrical .
resistance were measured and to evaluate the outlook for the structural material for the fast
reactor. The following results were obtained based on the property test and evaluation.

(1) It was possible to melt the about 10kg high-purity ingot and high-purity 50%Cr-Fe alioy
ingot using a cold-crucible induction melting furnace under the ultra-high vacuum.

(2) The tensile tests of the high-purity 50%Cr-Fe alloy were performed at room and elevated
temperatures in order to understand the deformation behavior. From the experimental results,
it was clear that the high-purity 50%Cr-Fe alloy possesses high strength and good ductility at
elevated temperatures.

(3) The physical properties (the thermal expansion coefficient and specific heat etc.) were
measured using the high-purity 50%Cr-Fe alloy. It was clear that the thermal expansion
coefficient of high-purity 50%Cr-Fe alloy was smaller than that of SUS304.

(4) From the corrosion test in liquid sodium, the ordinary-purity iron showed the weight loss
after corrosion test. However the high-purity iron showed the weight gain. And the grain
boundaries of the ordinary-purity iron were attacked remarkably, but the grain boundary
corrosion did not occur in high-purity iron.

(5) The creep tests were performed using the high-purity 50%Cr-Fe alloy at 550°C in air.
From the experimental results, the creep strength of the high-purity 50%Cr-Fe alloy was
higher than that of Mod. 9Cr-1Mo steel in short time range, but that of the high-purity
50%Cr-Fe alloy resemble to that of Mod.9Cr-1Mo steel in long time range. In the other hand,
the creep fracture elongation and reduction area of the high-purity 50%Cr-Fe alloy decreased
slightly compared to those of Mod. 9Cr-1Mo steel.

*Visiting Researcher (Institute for Materials Research, Tohoku University)
*%Structure Safety Engineering Group, Oarai Engineering Center
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0.1 Hix OEFREOILESIT 5 (mass ppm)
Starting iron Iron ingot
IFe-1 Fe-2 [Fe-3
EFe-1 EFe-2 EFe-1+EFe-2 EFe-14-EFe-2 EFe-3
CCIM, >4 x 10~%Pa CCIM, >2 x 1075 Pa 'CCIM, »8 x 107 Pa

C 32 35 1.0 0.7 0.6
N <Q.1 0.1 <0.1 ’ 0.8 <0.1
0 24 12 12 6.0 19
8 13 1.1 0.5 0.7 08
H 1.3 1.0 0.7

Al 31 <0.2 0.2 <0.4 <04
As 1.2 0.8 1.1 1.6 1.4
B 0.6 0.3 0.03 0.38 0.12
Ba <0.1 <01 <0.1 <0.1 <0.1
Bi <0.1 <0.1 <0.1 <01 <Q.1
Ca <02 <02 <Q.2

Cd <0.001 <0.001 <0.001 <0001 =0.001
Co 0.3 <0.1 0.7 <01 0.6
Cr <03 <03 0.2 05 <0.5
Cu 04 0.2 0.5 02 0.2
Ga <0.2 0.3 0.2 <03 ’ <0.3
Hf <0.06 <0,06 <0.06 <0.07 <0.07
Mg <0.01 <0.01 <0.01 <0.02 <0.02
Mn <0.01 <0.01 <0.01 <0.01 <0.01
Mo 0.1 <0.1 0.1 <03 <0.3
Nb <0.05 <005 <0.05 <0.03 <(.04
Ni <0.1 0.1 0.1 <(.1 0.2
P 0.1 0.7 0.1 0.3 0.3
Pb <0.01 0.12 0.04 <0.03 <0.03
Sb <0.3 <{0.3 <(.3 <=0.3 <0.3
Se <0.04 <{.04 <0.04 <0.04 <{(.04
Si 1 1 1 1 1
Sn <04 <(.4 <0.4 <{.5 <05
Ta <0.6 <0.6 <0.6 <09 <0.9
Te <003 <0.03 <0.03 <{(.02 <0.02
Ti <0.2 <02 <01 <0.2 <02
v 0.03 0.03 0.05 <0.03 <0.03
W <1 <1 <1 ' 1 1
Zn 1.6 14.2 0.6 <0.1 <01
Zr <2 <0.2 0.2 <0.07 <0.07

Purity =99.996% =>099.996% =09,9932% >00.9083% >06.9988%
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%22 BHESORC-EEEED{LESHE (mass ppm)

C N S O Al B Co Cu Mn NI P Si Ti

Cr30-1 82 13 44 71 1.9 028 07 3 39 74 6 9 37
Cr50-11 21 10 1 54 <10 <10 <10
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2.3 ) — 7ERBS HEME soCr-#k & &4 > Ty b DL IRR

mass %
Cr 50.6
mass mass mass mass
ppm ppmt ppm ppm
C 12.1 Al 2.4 Si 20 Mo 1.5
N 10.8 B 0.46 Sn 5.3 Mn 2.64
O 73.9 Co 0.5 Ti 2.5 Ni 6.7
S 6.2 Cu 6.9 \' 1.08 Nb 0.39
Ga 3.6 Zn 0.6 P 4.3
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3.1  BHEES0%Cr-EkE % L SUS304D W B E D bk

Cr50-11 Type 304
density (kg m™3) 7.53 x 10° 7.90 x 10°
Young’s modulus (N m~2) 2.36 x 10! 2.08 x 101
total thermal expansion (%) _
29310 373K 0.073 0.137
293 to 1273 K 1.230 1.926
thermal expansion coefficient (K~!)

293 to 373 K 9.10 x 1078 1.71 x 1073
293 to 1273 K 1.26 x 1073 1.97 x 1078
specific heat (J kg™! K~1) 4.52 x 102 4.44 x 107
thermal conductivity (W m~! K1) 17.9 14.4

heat transfer rate (m?s™!) 1527 % 107° 4.02 x 1076
electrical resistivity (Q m) 5.54 x 1073 7.27 x 1073
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3.0  BHES0RCr-EE S OYEEE OREKEHE

Temperature (K)

293 373 473 573 673 773 873 973 1073 1173 1273

specified heat

(102 Tkgt K™Y 452 490 527 561 - — — - - - -
total thermal expansion

from 293 K (%) 0.000 0.073 0.166 0270 0.379 0497 0.622 0.743 0.888 1.049 1.230
electrical resistivity

(1074 Q m) 554 673 787 884 946 996 1042 1073 1103 113.0 1155
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#£3-3 )T ARRERRIZH L2 OLSEEEL

specimen Fe C Si Mn P S Al C Cu N N O
HFe bal. 09 1 0025 11 52 <01 04 12 <01 20 90
CFe bal. 80 170 2800 130 112 720 320 140 230 36 17
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SERANo. | RSB | ZEK | REST | REEH | BN | BEG0 | B BB |sEr ) - TEE | BrcE | mEsy -
[T] [kg/mm2} |  [MPa] [hr] [%] [%] [%] [96/sec] F4ERERICh 1)
THFC-02 550 K&HF 42.06 412.47 3.7 25.5 48.1 0.237 . B -
THFC-03 550 A& 36.46 357.55 19.4 318 58.4 0.233 1.56E-01 B 1.9
THFC-04 550 AEH 30.85 302.54 106.2 27.3 41.1 0.177 1.31E-02 B 11.5
THFC-05 550 K& 22.00 21575 1473.0 10.9 22.1 0.134 1.10E-03 B 446.9
THFC-01 550 KEH 15.00 147.10 2790.0 it - 0.079 - - -

6G60-000¢ O0V6NL ONI



JNC TN9400 2000-059

1.0E+03 - ;
{
| sggiREE : 550C |:
I 1
Q
o)
1.0E+02 A
magn —
o
A,
=
R
E
1.0E+01
[ O50%Cr-Fe
1.0E+00
1.0E+00 1.0E+01 1.0E+02 1.0E+03 1.0E+04
B BREER (hr) ' '
R4—3 HEES0%Cr-Feaans ) — Fidim
1.0E+03 :
HEREEE ; 550°C E
— _
" A 37373\@
R UITS v
1.0E+02 ‘\:
‘ e
6
=
.R
B
1.0E+01
—JO50%Cr-Fe
| APZ R ICr-1ModH
1.0E+00
1.0E+Q0 1.0E+01 1.0E+02 1.0E+03 1.0E+04 1.0E+05
R (hr)
B4—4 Cr-FeR@OH —THER




JNC TNG400 2000-059
100 I
HERRE : 550TC
80
S
~ 80
»
E
b4
=
™
| 40
=
» O
o @)
20
O 50%Cr-Fe| O
0 i Lytl L L.J 1 111 . 1
1.E+0Q0 1.E+01 1.E+02 1.E+03 1.E+04 1.E+05
HEETESRE Chr)
Bd4-5 FHHEESO%Cr—FeSSn s U—FHHR#s
100
AR - 550C [
80
% 0
6
k)
&
g
T 0 .
JAY
= AN
N O—n— £ AAE—A-A——A‘LA——-—W
0 2N o
20 TAY
O 50%CrFe A
—| A B ARCr-1MosH Q
0
1.E400 1.E+01 1.E+02 1.E+03 1.E+04 1.E+05
BhERRER Chr)
E4-6 Cr—FeFRfBd oY) — Fihpnfher




JNC TN9400 2000-059

By (%)

100

a0

60

40

20

0

1.E+00

HEERE . 550C

Q 50%Cr-Fe

1.E+01

1.E+02

EERERR (hr)

1.E+03

1.E+04

HE4-7 SHES0%Cr—FeSadiy

1.E+05

BY (%)

100

80

60

40

20

o

1.E+00

1A A

%

O 50%Cr-Fe
A HEAIC-1MoH

1.E+01

1.E+02
iR (hr)

B4-8 Cr—FeRB\ORY

1.E+03

1.E+04

1.E+05




JNC TN9400 2000-05%

5.0
>f StEGREE : 550C
30.0 | -
TENo. : THFC-03
/ f5# :357.55MPa
25.0 | X
ey TPNo. : THFC-04
s, TPNo, : THFC-02 A :302.54MPa
200 | SAh 412{47MPa
@ 20
o \s
S
?l\ 15.0
—
EN
10.0 ¢
50 |
0.0 .
0.0 20.0 40.0 60.0 80.0 100.0 1200
HEEEE (hr)
H4-9 BHESO%Cr-FeS&n s U -3 Mg
12.0
10.0
HEBE - 550°C
g 8.0
3y TPNo. : THFC-05
g 6.0 B :215.75MPa
h
= \
D 40
TPNo. : THFC-01
Bh :147.10MPa
50 mawi
0.0
0.0 500.0 1000.0 1500.0 2000.0 2500.0 3000.0
BgeE  (hr)
F4-10 BHESO%UCr-Fe&@2n s U—F0hiis




JNC TN9400 2000-059

1.00E+01
1.00E+00 i SELERBEE : 550°C Ml
1.00E-01 O
=
S,
S ¢
B 100602
i
h
= 1.00E-03 : O
o
$E
1)
1.00E-04
1.00E-05 E_L_,l O50%Cr-Fe |
1.00E-06
1.0 . 10.0 100.0 1000.0 10000.0
MR BRI (hr)
#E4-11 50%Cr-FeSe&DER S V-7EE
1.00E+01 ===
1.006400 L o [HEAE : 550C b
~ 1.00E-01 A
L
;\a 75
B8 1.00E-02 Ml omT- LI
i
‘ﬁl R
| 1.00E-03 =l Ol ==
=
Q ‘--“ﬁ
%’3 1.00E-04
n . H

, O 50%Cr-Fe

1.008-05 =In %AoCr-Fed

1.00E-06

1.0 10.0 100.0 1000.0 10000.0 100000.0
B R B RSl (hr)
®4-12  CrFeRB0ERy V—FEE




