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Table L. Chemical composition of sample.

Composition C Si Mn P S Ni
w.t. % 0.17 0.004 142 0004 0.003 098

Composition Al Cu Cr Mo A% Fe
w.t. % 0.003 0045 022 058 0003 Bal

A ZAREE 107, 107, 10", 107, 10%, 10", 10" n/em®
ojc}.

Méssbauer ¥4 A8 4L AL 25l AXs)
R spectrometer 7SR S AMSSFI O, yray
source™= 6 um F72] Rhodium matrix®] 10mCi *Co &
9 &old). Linear drive motord] S71ET 50 9%
Doppler & HAL o-Fed] 7488 A3t A3l
A3 Doppler =% +10 mm/sec®|™, y-ray source$}
detector A}°)¢] AE= 120 mme]c}.

X-ray g Age, generator tensionr 40KV, generator
current= 20 mA, AHEE X-ray sources Cu-K,290)3L, 24
H9] 205 5°~120°0]1 FAF £E¥ 0.1%seco|}.
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Fig. 1. X-ray pattern of specimens owing to neutron fluence (n/cm?).
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E5 Mossbaver 7 A3 o Ad2olA Xray 3H AF
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Bo 231 9it). F8 3AAe) 20 gOoERE AIEE bee
oI, AR} A a=2.86(2) Aolrh.

Fig. 1914 Bi=ule} 220] as-received A1B FA442F ZAL
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A Az o] Wl A9 glth & 5497 A
10% wemZHA Z7VHEEE A87) beed) TTRE X85}
A7) W2, TR ZAWI st A} £ ot Aoz
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- peako] UERIH, ol FAx} FA] osle AlH9
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AEA Az} wido] AR FHoZ Az

3.2. Maéssbauer Spectra

WA AL L9} Lo ZA3) as-received A)ES T4
g AR A|EE59) Mossbauer spectrac= Fig. 29+ Fig. 3
o JeRSIT). Fig. 29 Fig. 3914 B ulel 2o) spectra
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Fig. 2. The Mossbauer spectra of sample for various neutron fluence
at liquid nitrogen temperature.
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Fig. 3. The Mossbauer spectra of sample for various neutron fluence
at room temperature.
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3.3. Isomer Shift(I.S.)

As-received A|E& SRR} ZAME A5 1S, e
Table I3} Table ol RIX]3l Ut} Table MM B
Hle} o], A AL &5oA as-received A 59 LS. FHS
S1, 82, S39IM 04 mm/sec AL S 7Y AR F
AlEko] 102 n/em®Ql ABdMe 3719 sextetolA] 0.4 mmy/
sec L2 AR} ARl 10 n/em®@Me 43719 9
E9& 4R F gilen, 2] 107, 10" nem™] Al
oM S10] 0.6~0.8 mm/sec AL o2 Z7)3}

Table IIPIA B nvle} o], A200|A] as-received A1 8.2]
LS. & S1, 82, S304 04 mm/isec A= FEE 7HAGE
ZAAF ZARFO] 102 nlem®] AlFoME 3709] sextetol| A
0.6 mm/sec =2 AFCZ} ZAFF] 10 n/em®™iA 10
nfem®] ABAME zero A9 kS 7HAH ZALEO] ST
3ol met 1S, A= FTIe BEE Rk S92 A
o] 107 n/em? o)A AlBYAM= W] sextetdl]A] Thih =
7¥3td 0.3 mmisec HES) 7S 7™, 10® niem®] AlE
2] S3IME 0.6 mmisec =2 FAZILE o] LS. FhollA A
5o FAE A A= Fe(high spin) FEHZ EASHH,
OE v ez} 23Eo] Ja-g & F Aok AHA Hol
1.S. gto) ¥sl= d YA s-electron density?] WH3LE A
Hol12).
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3.4. Quadrupole Splitting(Q.S.)

A Ar 259 LA as-received AFES} FAR}
ZAVE A1E2] Mossbauer spectradilA] 73+ Q.S. - Table
I, e B uiel o] ZE A|gE9] QS. 32 zero
A9 & T {EHAH] ¥dle HolA] getk 28y
FA} ZALRO] 107-10"% wem’E Z718) wlel 44 2
A 204 $39] Q.SFE 0.3 mm/secE WS}, 420
AE 0.6 mm/secE R} o] TR AR 25l
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3.5. Magnetic Hyperfine Field

Braver et al[10} 252] SA7tolA] Ee] 3709] 7} sextet
oA Wi Aol oF 300 kOeE E3IHTE Table I, I
oM Henlel AF) Ah 29 ALoA as-received AlE
o} AR ZAKEFO] 102-10' n/em®] AlE91A4 magnetic

Table I1. The Mossbauer parameters of RPV steel as a function of neutron fluence at liquid nitrogen temperature.

Neutron fluence LS. (mm/sec) Q.S. (mm/sec) Heff (kOe)
(n/em’) sl 2 S3 S s2 S3 S S2 S3

0 0416 0419 0.499 0.050 0.450 -0.090 346.4 337.6 3234
10" 0.566 0.511 0.566 0.063 0.056 0.013 3454 336.1 3145
107 0.196 0.192 0.232 0.060 0.045 -0.037 348.2 3393 318.6
10" 0.551 0.489 0.745 -0.066 0.062 -0.462 3429 337.0 3184
109 0.202 0.184 0.242 0.038 0.066 -0.031 348.01 338.7 317.3
101 0.141 0.150 0.201 0.011 0.053 -0.049 350.3 3382 3155
107 0.641 0.183 0.231 —0.006 0.108 -0.276 5194 336.6 317.5
10'8 0.839 0.279 0.325 —0.285 -0.018 0.009 472.1 3343 311.6

Table ITI. The Mossbauer parameters of RPV steel as a function of neutron fluence at room temperature.
Neutron fluence (n/em?) LS. (mm/sec) Q.S. (mm/sec) Heff (kOe)
Sl S2 S3 S1 S2 S3 S1 S2 S3

0 0.403 0.373 0.429 0.006 0.069 -0.047 3376 329.1 313.9
10" 0.588 0.592 0.618 0.039 0.035 —-0.038 3359 327.8 306.2
10" 0.091 0.093 0.109 0.601 0.056 0.023 3342 3255 307.7
10t 0.674 0.377 0.431 ~0.540 0.033 -0.021 336.2 330.1 305.9
10 0.167 0.157 0.204 0.017 0.047 -0.061 3412 3315 307.3
10'6 0.162 0.149 0.194 0.031 0.055 -0.060 3374 328.6 308.9
10" 0.338 0.325 0.343 -0.016 0.009 —0.665 507.7 3284 302.5
10'8 0.343 0.247 0.677 —0.023 0.197 —0.606 483.7 328.2 303.1
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hyperfine field g2 S1oAE= ¢F 340 kOe Aol o]RAL
o-Fe®] magnetic hyperfine field RtETF ¢F & FhelH, o]
= AR AR FoNA Cr, V, Mo°] o-Fe matrixol] 83]€
Ao 71481, olelgh datEo] &4 AXEA 288 o)
He] YR A7 1S S7H7Ie ReE geA Uri{13-16].
S20llA= magnetic hyperfine field gt0] 330kOe FEo]H,
S3ME 310k0e HE9] 7t& UERATH S1, S2, S3¢lA
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3.6. Absorption Area
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AEA ofatd HHo] F71gHt. o|RL $437} 2AM 93t
o AlgolA] Mno] ¥*Mn > *Mn -> *Fed} ¥Fe -> Fe&
g% Wl o d AR M, ¥Fe > TFeE HF
wglof] ofsled I ARSI TFe UARS] Sl 2 Ao
2 Azt geiv Mool Fe 9Ab] #F SRS vile
oFs}l7) witel] F5HAH] TV F2 Fe > FeR HAF
3] 7RI Ao g AlFH S1eAe A2 $iXol U
Ehbe F54dell st AR F B3] 15% F7HRITh
Tet 2494 2ARFR] 10" n/em®) AlBANE A2 &
Fae] BAe] 2AEe] 10V nem®Q) AlFO HISk] 743}
€8, 0|32 X-ray 32 FHIME 2RIE A o] F47
ZAll oJsle] Al HIFE AEE WHela =E At
RIeE ¥ &5 WHo| AL He RAeE E F
ATH19]. ESH BA Ad: 2EoM F FH FF WIS A
202} I F5 WAl nlsle] FAPAR oF 2-3% F7}
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S & g Tt ol 57t Ui AR FA) ZE0)
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The embrittlement of fast neutron-irradiated reactor pressure vessel (RPV) steels was investigated by X-ray diffraction patterns at
room temperature and Mossbauer spectroscopy at room- and liquid nitrogen-temperature. Neutron fluence on the samples were 102,
1013, 104, 10'%, 10'°, 107, 10" n/em?. The X-ray diffraction patterns showed that the structure of the neutron unirradiated sample was
bee type, where as but the neutron irradiated samples with the fluence higher than 10" n/cm?® were so severely damaged, that bec type
structure disappeared. The Mossbauer spectra of all samples showed superposition of two or more sextets. In this paper all Mossbauer
spectra were fitted by three set of sextet. The isomer shift and quadrupole splitting values were found around zero. At liquid nitrogen
temperature, magnetic hyperfine field and absorption area increase rapidly S1 sextet in the samples of 10'"~10'® n/cm* neutron
fluences. And at room temperature, magnetic hyperfine field and absorption increased rapidly at S1 sextet in the samples of 107~10"
n/cm? neutron fluences. This rapid increase of magnetic hyperfine field and absorption area were inferred to be caused by the change

of *°Fe, *Mn into *’Fe due to by neutron irradiation.
Key words : Mdssbauer, neutron, RPV



