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Effects of Neutron and Electron Irradiation on Low-manganese Steels
Taro TARKEYAMA, Soumei OHNUKI, and Heishichiro TAKAHASHI

Synopsis:

The interaction between solute atoms and defects was studied by means of tensile test and trans-
mission electron microscopy. The defects were produced by neutron irradiation at 200°C to a fluence
of 6.4x108n/cm? (E,>1 MeV) and electron irradiation at 650 kV electron microscope to a fluence
of 7x10% e¢/cms.

Radiation hardening and radiation embrittlement occured by neutron irradiation.
increased and the total elongation decreased with the increase of manganese content. Dislocation loops
were observed on iron, but they were not detected on manganese alloys. Therefore; it will be consi-
dered that the defects would be trapped by manganese atoms and then formed complex with carbon
atoms. On electron irradiation defects were not observed also on the manganese alloys, however, the
defect clusters, presumably interstitial type, appeared above 325°C and grew during post-irradiation
annealing. The annealing behavior was similar for the neutron and electron irradiated specimens.

The radiation hardening could be explained as that manganese atoms trap carbon atoms and
interstitial atoms during irradiation and then form fine complexes, which would act as the obstacles

The yield stress

for dislocation motion.
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Table 1. Chemical composition of specimens (wt2;,).

Specimen Mn C N O Si

P S Cu Ni Cr Al

Iron 0.001 | 0.012| 0.001 \ — \ 0.004

0.001 | 0.006 | 0.00f | 0.006 | 0.002 | 0.001

0.3%Mn 0.31 0.01 0.002 | 0.001 <0-1

0.002 | 0.005 | <0.1 <0.1 <0.1 | <0.01

1 %Mn 1.0

0.01 { 0.002 | 0.001 | <0.1

0.002 | 0.005 | <0.1 <0.1 <0.1 | <0.01

2 %Mn 2.0

0.015. 0.002 | 0.001 | <0.1

0.001 | 0.005| <0.1| <0.1] <0.1| <0.01
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Fig. 1. The change of yield stress in neutron irra-
diated and unirradiated Fe-Mn-C alloys.
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Fig. 2. The change of total elongation in neutron
irradiated and unirradiated Fe-Mn-C al-
loys.
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Photo. 1. The microstructures of iron and manganese alloys after neutron irradiation. (A)
iron, (B) 0.3% Mn alloy, (C) 1%, Mn alloy and (D) 29 Mn alloy.
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Photo. 2. The change of defect cluster in electron irradiated 0.39% Mn alloy. (A) appeared
in irradiated area at 360°C and (B) shrinked at 390°C. The arrow indicates the
limit of irradiated area.
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Fig. 3. The change of defect cluster size and Fig. 4. The relation between radiation hadening
number density in electron irradiated and and manganese content in neutron irrad-
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Photo. 3. The change of defect cluster in electron irradiated 195 Mn alloy.
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Table 2. Estimated diameter and density of loop
or complex.

Specimen d(A) p (1/cm?)
Iron 330 #1.0x 1018
0.3%Mn 70 2.2x 1016
1 2%,Mn 33 9.9xx 1016
2 9%Mn WI 1.2x 107

* Measured value

AHREOBE, N PEEETHR—LEE LRDIEE
HEOKE IR IOHKFEEL Table 2. 3. Mn 5D
e LB LA KRE NIy, BEEILE
iz, DEo z&Xv, BEXMES Mo i HES
h, BHPcRE LCERE CHMEESERPTR S h
Toted, BREIBHENTs0LBhbius.

4-2 BHERBEOEEBRE

BHFE X 0 BERKEOHTIRES RIS & L083F
xbhs. Thbb, FEFREOCBEIIAFr —THY
BEY 50570, KRMORTE L RS BRINS
2, BTHREHOBE I HERNE— 7 v vy AR
BREh%. AEG&OEEERICK\ T, PETRHMN
BORBRIG NP RARZ A TRET Mo Bo@ne &b
CRIBCBIT L, BETHRBHRCTRIEZ 5 A2 2 058
BZINARELIZIT—B L. LieddoT, KEoOBER
Pk X0, Thic X hiBCEEY 51T 2HRMEE ol
BEBPIZIT-KTHZ Enb, BREEHOXKOBEIC
HoL B, REFEROMELBIRE S A— ol
I &FrlELbRAB. (i, PHETEH LAL Mn
A&y, BENREE 3 X0V RETE BER E LIREEVW-THh
b, BEXRHLERED bhish 2tk LT, BTHER
HoBs, BEERERE URREBTRIE? 5 A 2 — T
Shiz. chik, BERME?S, dFRHHLT %
BlrEAXhich®, BleE Uhic+28En kK&
TCRE Lz cBARTAEELDRS. DX
HERERLC, 22 TRFELLTETRERRBHOGERICE
SCTRHRFEOEEBREHRT 5.

BAHREED Mn &40, Mn o $hBic X » TS
FBEOEEERIPITR INSD, BHEBELELICLD,
ThhaEL TEM X b Rz 5 A2 — & LT #H5E
Sha., coBBEIEELT ThboRER X OHEE
CRIEL, Fhekifar 7 A2 —DRERXBEOBE X
DEEIhDEEZDRDID, BB L% 2
AR —DERE 4d) KRR Lich s LREIRS.

(°C)

500 450 400 350 300
\x x 03%Mn
631 \ a1 % Mn
o62f \ . 1500
= 017 eV
g1} 4 '
m ~~
& <
a
:LD_; GO " X o 400 ~
& 4 019 eV
59
& X
58 ‘\ \\
\
57} A\ 4300
3 1 15 16 7

Temperature (1/K,10°)

Fig. 5. Activation energy for the growth of defect
cluster in electron irradiated Fe~-Mn-C al-
loys.
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