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In situ Dislocation Substructure Analysis of Fe-30mass%Ni Martensitic Alloy

K ok B

i I

Mitsuharu YONEMURA  Tomohiro NISHIURA

4

%

Fe-30mass%Ni L > XV ILT ¥4 NAEDOEEEETRE TOERMESH 2T S /-0I12, Y70
WIBL AL 5B XRENTICE ) ZOBATEL, EERAMEERB LA TOT7 71 IVERICE-
T, BRBREROEMNRE CGEUMEDTLE TEMICERIL =, E5IC TEMEZEE ECCIIC & B8A48
BOMEIL & EBSD BIE CORFEA D EXBT Iz, ZDIRER, BERBFEOYILTHA MEDLS
F—2FF 4 MEANDEERE THUBREHNZ THIN, GAEEIESBEARD» S TREAP EICE B,
T/, BERETIIEE yHEBEORBIERFEAEHRENHE L THABET SRIEM,» H 5,

Abstract

In order to observe the recovery and the phase transformation of the Fe-30mass%Ni lenticular
martensitic alloy quantitatively, X-ray line profile analysis in consideration of elastic anisotropy
was applied to the high temperature X-ray diffraction pattern of the sub-zero treated alloy, and
observed the behavior of the dislocation density and character at the elevated temperature. It was
collaborated with an observation of the dislocation substructure by TEM observation, the ECCI
and the local lattice strain by EBSD pattern. Consequently, the dislocation density is inherited in
the reverse transformation from a’ phase to y phase during recovery, and the dislocation character
changed from screw to edge. Furthermore, the grain boundary might move by driving force of the
local lattice strain around the residual y phase in the reverse transformation.
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£1 HEEL2OHMHE (mass%)
Chemical compositions of Fe-30mass%Ni alloy

C Si  Mn P S Ni N Al 0} Fe
0001 007 002 <0001 0001 3006 00008 <0.001 0012 Bal

Melting Hot-forging

1150°Cx2h

Hot-rolling
1150°Cx2h

Solutiontreatment
1000°C x0.5h

Sub-Zero
-196°Cx 0.5 h

1 Fe-30mass%Ni &£DFHETOEX
Manufacturing process of Fe-30mass%Ni alloy
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Hbo TIT, CBO-fIZHE L THEAL, ZORBRIIHEHT
7z, SiHE SO (220} B3 O FHEIE (Full Width at
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574 9T A7 T Ko, #E Ka, #2>H ORI 57 HEL 720
T/ o' MEyMEGEEL T, KD Ko, #.0 FWHM %
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O AL HT O F§5€ & TSL #1484 OIM T GROD (Grain
Reference Orientation Deviation) f##T% %Ejiti L 72c GROD
SR BN TR R & L 725 O TR IR 3 % 2 A
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AK =0.9/D + (zM*b2/2)"2- p'2 KC'2 + O (K2C) (1)
22T, M& OIFERNEREEC I {ER, b 1E Burger’s
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1) 7'M ECCI (b)

Microstructure of lenticular martensite (a) and ECCI of

mid-rib (b) in the sub-zero treated Fe-30mass%Ni alloys
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ZEigE s, FENEOMEL# 200nm TH Y, BifEL7:
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DOEEIRZRAHT) o I ~ZAET B &, B o FIETHR L y HL
MHE% %o

B4\ ZHI5E SNz kT 88 — > % BTINCRE G L9 A
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FEAIER L W U2 ThH D 0, FIZ & 0 EILFT
bee-a’ M 5 fec-y D Bain B L, #Edi& 0%
LT, BFERIIRE BT 50 o HTIIBRAQERAIC
ZALT BA%, BRI O y MBI O T EBZELE R L
7t ERBIEILT B Fe-Cr 84T, BWIREIT, o
By HNOZEREMI IV T 4 NEREIZ X 520
HEEFBIISNTBY, ZOROILFERIZL ) T
LHED B D,

Fe-30mass%Ni 54D~ IVT A4 NEREIX, {ZikHEE
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4 Fe-30mass%Ni DEfT/ S — > DBEZEt
Temperature dependency of X-ray diffraction intensity of Fe-30mass%Ni alloy
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FE (4) \ZBCPEEHIRE S R —EL# 400C TH %,
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C D o' HOWAHEI IR R CE LRI~ VT~
AN OMBEEDLD S,

WIZ, SZIMDOXNT VWA NERBIZL S o HOBAE
FEIE 6.2X10%/m2 Td 1), 7.21/mol Dk O AT AL F—
AN 50 < IVT v A NEREORE) 1134 10°]/mol &
KEWD, EREZRIZICT DT A~V T 4 A b LR
OEEDTARALANTF—ThH D D, /2, K3ITRL7SZ
MK 2% AFAET B 5558 y M ORAL 1L 8.0X 104 /m2 T
#5720 TEMIZ L5 Fe-30mass%Ni & & D75 EHIE
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X6 MHEHROBEEREE
Temperature dependency of measured and calculated
fraction of a' and y phases

+£2 STHE SZMOERMNEE (FiR)
Dislocation density of ST and SZ alloys at room temperature

Thermal treatment ST Sz
Phase o' y o' y
Dislocation density (/m?) |6.8x10"2.2x10%]6.2x10"|8.0x 10
Rate of screw component (%)| 0.92 0.55 0.92 0.59
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WA X A in situ B XLPA OfEHFZ B 712177
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Debye-Waller [KlF 0 502 T A BN S RIHToR EE ST 9
% ¥, —7J, FWHM &, X fREHRER O PElFE $F 2 —
Y CREEICHE S, BRI, L72>TC, &
it X AREPFTC o XLPA Tld, [\ AR & gk L 75 o
CTIGAT Y ADRERIEDSTEE 2 D

7 (a) [T SHmE R ORA R EZ L L D, 400TC Tz
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Dynamic change of dislocation density (a) and character
(b) at elevated temperature

EEIRECIETL, BIEHOMBET o H25 y DM

104/m? O 55 % JE 7 Bn i & Sz LT AR W 72AREE Ty B RET 5o
FLTEREADRELE 2 SND y O E O
%, EACRMEAA L, ST My tHORAIEEE L FARED 1.2
x1083/m? ¥ TIKF§ 50 Fe-Ni-C &4:%° Cu-Zn B4 DW%E
RECHBEARBBIONIZ, o S S B S BRI BT
HENEET IV SNEBRIYIZ D MEES L TB Y 230
AR 2 B C o FH 5 y AHANBRALEE DS 2 VT Mk 2SI 5 1T
REMEDSD 5 6

COMERETERMBE LT ZIT SN TD, mAEE TS
CEp D, ZOFBET, K7OITRT LIS, @Y
(& o/ TR E5A-T 400C F TIIREREIIZELS, &
0%IELFARIT Th b, WATERED y FHTIIHN IR
HEi% <, #175% D 58 AT H 5 BB TR 90%
FCTHEINT A, SHUIE2ITRT SZ M OBEAEE ISR K
THEEZOLND, DF D, MHOERE y HO MK X
¥ 40% T DA, 1B FRIES TR L, [\
T ho I, HHAA LY /NS N IREES O
Peierls RT ¥ ¥ v Vv DI L LEMORELSEEICLDD
DEWRET B T, MMBHEORTEME) 720, EIZ,
HIREEAL O _EFEE) 2 & 2 AR T-OEEK, SR O
HHEFETH Do

3.5 STEM & ECCI OF—fRHE=

WICHR A ORI D 7212, TEM HoRE% 3
ECCI TEiZf%, [F—#HE% TEMEZL72, M8IcL ¥ X
<IVT A N EOHULERD STEM 1 (a) & ECCI (b) 271
Fo Fe-Ni L Y A~ T ¥ A &ML TEM 8% T
(&, RO I B ZIEEEEO (112) BLET, I RYT7HE
PRIL (112) AL & &8 ABRALCHERL S AL, o #HE O FRTH T B
TIIIRAL DM RGBTl & 72 B 19,

M 812779 STEM Ei%t: ECCI OfERTH RO I N

K8 LrXwITrHA D STEM K (a) & ECCI

Screw dislocation

300 nm

(b)

STEM image (a) and ECCI (b) of same lenticular martensite in the sub-zero treated Fe-30mass%Ni alloy
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75 50° FEEEEREL L 72 (112) BT, Z OEBIZ 59 AR
fLeZEz2 N5 0 MT AL TE D, BECCl DA
GORSNT Y N T A MEESF v ) VT EET S
LEZOMN, STEMBREIETLE, HEZWHIRI Y T
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