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Abstract In development of non-destructive method using thermoelectric power for
evaluating irradiation embrittlement of low alloy steel, an expression for predicting the
influence of additional elements contained in low alloy steel on thermoelectric power was
investigated using binary alloys composed of iron and one of the additional elements, and
tested using multi component alloys composed of iron and a few of them. It was found that the
influence of adding manganese and another element such as silicon, nickel or copper to iron on
thermoelectric power was not the same as adding the individual element to iron. Therefore a
correction term for influence of a mixture of manganese and another element was introduced
into the expression for predicting the influence of additional elements on thermoelectric
power. The difference between thermoelectric power calculated on the basis of the chemical
composition and the measured thermoelectric power became smaller in low alloy steel due to
the correction.

Keywords thermoelectric power, iron-based alloy, additional element, low alloy steel

1. EU&IC

JEFIRARE L RS EHM OETI N ¥ 5 KK
THEERETHY, AT VL AMENEY LK
BEMP SR D, S ETREICE ) BB
WEDO LA L LMW ANF - TFIELLZ L
(FPEFRHERL) BmshTsh Y, Ho5rLn
NI A S NS & 6l — oM E D & B
SN & BT R IZHO D L O &
EL, BEWIHREINTVWE L ZMHERL T
2@ W Lal, BHBHOERICHE, FRicLE
fili S N EEBLEABR R ISR U B W eMED S 1),
T G R HRBRF D F 2 SR D Wf g At S 72O O

*1 (MR B H%4 Y A7 20580 Heli ¥ 2 7 2 0P980Tt

F 72, ERRERR O o IEREER 72 3R T 2 o i
HHEBENTNE DB 201238 EN %
R L7226 a bl 12" cdp b, (KA 408 o 24
HiE (REZE1CTH) 0BEET)) 2HHHITLD
BURICEALT A2 2L 2FHT 5. ThFETIZ, W%
RPN TS SNBAEEMRZOETVESE
2BV, BERPEENRICGbETCEATAZL
DHE SN T WS 12709 A S o BEHkILo &
HHRD 1212, P OAMITHL CuzZad
B oFEZEF 5T B 25V, Acoste 19
IS AE WA S B BVERE D ZLIZ DWW, 1]
SHZ X DAL ANHEYO-0IZ< M) v 7 ZAHO
CuSBV 3T 50xWZTVEEHEEL TV,



FeCu &&l2BWVTix, Fe FIZHEBELTW5S Cu b’
BRI EIC X DTS % & Fe-Cu &0 BEREDIE
OFET 2 MG TH Y 190 1]
FHIHE D IREEMoEROE L L T DK A —3K
LTwa., LaL, BEITHEWA L2 MWICIE
Cu DALz Ni % Mn &0t #E b aThTsy V),
HAGHCAE O RG-S OBEROZLZ I L 2~
M) w7 2 S OEEE O XL D F L X
I)&THE, CulMDILHEITONT S EBEREIIH
TAHREZRLTBLIEPLETH .

ZIT, BAEMICEINLILEIIOVWT, KT
R TNENHMTFe ITBWML7Z22CETVES
MEEEL, AEOMERIINT 2 ZNENOTRM
THEOFEEWE L. FLC, MEkird el
L 2BV R I3 A IRINTT 3R O R B BE O Rl 2
ALY 5720, HHOILHEE Fe limL 7%t
ETNEEMZBEL, ZOMEHIEL SHEE S
LEEREME SN BERE 2K L2 $72,
FEHHFNZ DT b AR e % S0 L 7-.

2. EBTE

21 #HEH

211 2TTETIVEEM

2IETFNVEEMIE, REEHICE TN RINC

FBLOAMPITHED ) BD 1LH % Fe ITRML
7eHMETH Y, wHEL7ZFEIFC S, Mn, P,

229

Ni, Mo, Cu, Cr ® 8 TETH 5. £KILHFEIITOWVT,
TR EE ARG 82 BT IR 2 B e 5 X
L, 2~ 5HBOMEZEMEL 2. ARG
KIOLBYTHL. &b, £ho [-] TWEz
FEhaL TWRWI L 2RT. TRHOBEIINSZD,
Fe-Cu &4 & FMnl3 % Bx < &M OB MLHIL,
fD¥—Ibd 72, 1000C T 1 BRERIPRFE L 7288, 22
e L7 Fe-Cu&&o#BHHHEIZ, HMML7Cu®
Fe HIZHEE 45 728, 850C T 2 IR PRFE L 722
K& L7z, FMnl3 3%k 3 5% ICE 7V EEM
ORI U720, ZICETIVEEM & F— OB
L CTwa.

212 ZELETINEEM

ZIETIVEEMIL, Fe FICHEOITLHEEZRML
ZMETHY, WL LLHEIE S Mn, N
CuD4ILHETH5. IhbookiE, KEEHO
HPE BRI ISR T AT I A L L T B otk
THbh. HEELT ZEMEEL Si:03%, Mn:1.25%,
Ni:06%, Cu:02% LtHBIZHEL, 2~ 4D
WITCEPRET S LI L7 MEHEIEE 2 O
EBNVTHE. THOEOBEITNLY, M LELD
2IEETFNVAEEMITTEDLEEZRINT A% & >
7. Mn % &H5 % 7THEOAEM (FMnl3—---)
IZ2WTIE#E 1 ® FMnl3, Cu%#&4A LT Mn &8
ALAZWIHEOAEEM (FCu2---+) 122w Tid
F1DOFCu2, Mnk Cu%&hH LAV 1 EEHOASE
B (FSi3-6Ni) IZ2WTid¥E 1 D FSi3 2 thEh

F1 2ICETVEE OMEHHRLL

e Bk 55 (wi%)
ki C Si Mn P Ni Cr Mo Cu
Fe—C FC20 0.17 | 0.02 [ <0.01 [ 0.001 — — — -
FC40 0.36 | 0.03 | <0.01 [<0.001 — — — -
FSi3 [ 0.001 [ 0.28 [ <0.01 [<0.001 — <0.01 | <0.01 —
Fe-Si Fsi6 | 0.002 [ 0.58 | <0.01 [<0.001 — <0.01 [ <0.01 -
FSi10 [ 0.001 | 1.00 | <0.01 [<0.001 - <0.01 [ <0.01 -
FMn6 | 0.003 | 0.01 [ 0.55 [ 0.001 - - -
FMn10 [ 0.003 [ 0.01 [ 0.94 [ 0.001 — — -
Fe-Mn [ FMnl13 [ 0.001 | <0.01 [ 1.25 [<0.001 — — -
FMn15 | 0.005 | 0.01 | 1.45 | 0.002 — — -
FMn20 [ 0.002 [ 0.02 | 1.87 [<0.001 - <0.01 [ <0.01 —
FP2 0.002 | <0.01 | <0.01 [ 0.021 — — —
Fe—P FP4 0.001 [ <0.01 [ <0.01 [ 0.041 — - -
FP10 [ 0.001 [ <0.01 [ <0.01 [ 0.1 - - -
FNi3 [ 0.002 [ <0.01 [ <0.01 [<0.001] 0.30 — -
Fe-Ni FNi6 | 0.001 [ <0.01 | <0.01 [<0.001] 0.62 — -
FNil10 [ 0.001 [ <0.01 | <0.01 [<0.001] 1.01 — -
FoCr FCr3 | 0.002 [ <0.01 [ <0.01 [<0.001 — 0.28 [ <0.01 —
FCr6 | 0.002 [ 0.01 [ <0.01 [<0.001 — 0.58 [ <0.01 —
FMo3 [ 0.002 [ 0.01 | <0.01 [<0.001 — <0.01 ] 0.3 —
Fe—Mo FMo6 | 0.001 | 0.01 [ <0.01 [<0.001 - <0.01 [ 0.61 -
FMo10 | 0.001 [ 0.01 | <0.01 |<0.001 - <0.01 1 -
Fe—Cu Fcu2 | 0.001 | <0.01 [ <0.01 [<0.001| <0.01 | <0.01 | <0.01 | 0.19
FCu5 | 0.001 [ <0.01 [ <0.01 [<0.001] <0.01 [ <0.01 [ <0.01 [ 0.48
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B2k Sy (wth)

PR C Si Mn P Ni Cr Mo Cu
FMn13-6Ni 0.001 [ <0.01 | 1.21 |<0.001| 0.60 - - -
FMn13-3Si 0.001 | 0.27 | 1.17 |[<0.001 - - - -
FMn13-2Cu 0.001 | €0.01 | 1.20 |<0.001 - - - 0. 20
FMn13-2Cu—6N1i 0.001 | <0.01 [ 1.20 [<0.001] 0.60 - - 0. 20
FMn13-2Cu—-3Si 0.001 | 0.27 | 1.17 |[<0.001 - - - 0. 20
FMn13-6Ni—3Si 0.001 | 0.27 | 1.16 |<0.001| 0.60 - - -
FMn13-2Cu-6Ni-3Si | 0.001 | 0.27 | 1.17 |<0.001| 0.61 - - 0. 20
FCu2-6Ni 0.001 | <0.01 | <0.01 | <0.001| 0.60 - - 0. 20
FCu2-3Si 0.001 | 0.18 | <0.01 [<0.001 - - - 0.13
FSi3-6Ni 0.001 | 0.27 | <0.01 [<0.001| 0.60 - - -
FCu2-6Ni—-3Si 0.001 | 0.19 [ <0.01 [<0.001| 0.60 - - 0.14
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MR C Si Mn P Ni Cr Mo Cu
(KE400) S 0.19 10.30 [1.45 [0.01 |0.56 [0.25 [0.59 |0.09
(K E44) A 0.25 10.25 [ 1.20 [0.01 |0.58 [0.08 |0.54 |0.12
(EE4:400) B 0.17 10.29 | 1.45 [0.01 |0.55 |0.11 |0.50 |0.16
(R FEEH) S45C 0.45 | 0.18 | 0.68 [0.02 |0.08 {0.09 [0.03 |0.16
(JR358H) S50C 0.50 [0.17 [0.64 [0.02 [0.07 [0.06 [0.03 [0.13
(Z o LEY 7F ) SCM440[0.39 [ 0.17 [0.62 [0.02 [0.07 [1.02 [0.16 |0.15




729, [FFED Mn 2 5H T 2GS IV THE
T, IR Mo 2EHET S RFEMTIIEYT
LrolzbdEZONED, SREIOMKRIETTIEH
Wic&w., 20iE) 77 /HIZOVWTIE, Mn
ECr DIRAT HHE, BIUY, MnOESHEWD
WA OIRMMITHE ORIEDREIIMA T, Crik
IOFEENZ DWW THEE L T\ 2 IR HLPH % 88 2 C ol
M 2R, sHEMBREMERRIELT SR
LWL, DEaBEZLE, SNES
NIRRT EOBEREICH 3 2 BB, 4% LD
% OMFHIEH L TZDORZEMEIZOVTE ST
AET S 2 ENRETH .

4. FEO

HAHCPE S RGO BEREZ L 2 BT 2 56
CEEE e D REEWCE A SN A RMICEDOETE
REICR 3 2 EHE ORI Z, 2o 0itHE % Hpl
TFe ML 2 TETFVEEMOMEREE D
CAZHEM L wg e L2t #EIE C, S, Mn, P,
Ni, Cr, Mo, Cu TH» A. LT, EHLEM
TCHDOBEREII T 2 W BE ORI %, DI
F % Fe ISR L 724508 7 V&4 DM E RS 12
FLCHGEL 72 ZOHE, Mn Lo (Si
Ni, Cu) ANRIET 2556 OB 25281,
ZNENOTLEPHMTHET 256 ORE L INA
L7zfRE—FK L edolz. 22T, BE0OBERE
xS AR RIMO R R T2 BIEL, Mo &
Si, Ni, Cu2%iRTET 2% A OBEREICH T 508
RFETHIFEZEA L. ZORMIFEOEAZRA
S OBFEREOFH R 2 WM I DV 7225, KHE
FOBERICOVWTIIHEOR R LY, X5R5HM
AP ETH 5.
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