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A== A R —H4r (Fe-32mass%-5Smass%Co) 130D TIRWBMEIRE 2 B35 2 L0 D, Hkade
RS I STV D, TFE T, BEEGOER 5 EE R JOEEED ZL—7"y |
) L& BAE LIS R B RO REUE IR L TR Y, BEHOFBENEE > TW0D. LoLRins, R
= N BRI TR R R TR T D HLR R <100>4E AR 1T K o T, ARV BREE 72 B ONTR VL v
THRERL, HERE L TRERRREZRZ TS, KL THE, 7€ Lils L0 0% OB
PRINORLD 7 T A FT == VW% A —r—A 3= S8, ZAUT X Dk & Rtk
DA A A LTz

B1E [Fiml T, KXo EZOERER L

F2E [T oA NEERBICHEREIND A — AT A PEFSEFIH LIz A—/3—o 3 —5
ORI E] TIE, V7 ErABIZLD feebee LT A MERER L O OB O BRI X D
bee-fec VLT A NHAERRABBLEE, ZOMERRIZ Ko TAELDMBEE ZhUtEd Yo o
DEAt % FHA L7z (fce: face-centered cubic, bee: body-centered cubic). H~7 ¥ mLER#%, Ni fRATIZEA
LT, KA —ATF A MEERFEKF OT > K714 Mo TL U AT oA SRR 125
MLl ZORNT YA N EREREA—ATFA Frbilcd 2 MRk E A RE LoD 873 K TRESI L
T2, WARRRIOR KA —AT F A MAEIC L7, 2 EEDO~ T A NERRIC K - THiZEReA
— AT A MHIIEEBEOWMINER SNJo. —F T, BEERES XV &IERO 1103 K T, #HARE
F—AT A MR ERER L, R A — AT A MAASTER L. ZOFEMSEAS— AT A Mk
EIREAR R L - R AR A AR L, RS T OBEMHE A SN e, ZORER, MM T AWML L
WEVLER D 75T A — 73— A NI DY o 7SR B L S £ CHET L 2 LIS L.

F3E A=A UN—FIC BT D~ T YA PRSI SN2 A— AT A R A
H=AL] TIE, AT oA MEERICHEE LA —AT T A MR A N =X LOMRHADTD,
B T BELETE 2 WO SRR 2 B L. 7 A 47 =— IS Ko TR L T2
WAL E 2 7 D ERRA— AT T A b LRV EDOREREA — AT F A S OEEMETIE




W EAZRE ) & LT, IBA—AT A MIRBANVD 745 2 L CHfbid Lz, £0BE, &
BRI T DENLD AR — 725 L - T, RERMIMOREEREPTEMR S, (L TO/IERTIC
BESIOD TR R S 7. BLEDFER LV, NP FEREEICIE O BB ORIZ L D A — R
T T A D OBHIRAL & KT OB 2 N D 2 ERHAL ML IR T.

Hawm [T YA NFERRZIEH LI A —S— o X —ERE ORI & 58 O RIRE R L) CiE, 1
FEDY FAFT =— VAR TIEY o 7R L BEDRIRFWENER CTERNWCD,2ED Y T4 4T =—
N EHEDE DT TNV FTAFT =— VAR ERE L. ZORET R AT, BPDO7 T
A FT == VBB W THREMIEE 2 BRIICELS T5 28T, w7 oA MERRICHE L=
—AT A NERERERRISEY L S EEUET L L L BIT, B —AT A hORREAEREL
7. ZLTC, 2EHDY AT =— VBT, BESREZ 4 8B E (873K) ICRETHI LT,
WAL SN mRE DY ERA — AT T A Ve L RICERSETZ. EOX TV T4 FT =—
B XD, A== = O Y o 7R LB, $FEE EM LI L TEREN 30% & 90%
R L7z,

95 F TEBELAMONTHZFIE Lic A — S—A U =B @EMIEL) TiE, A—/S—of 3
FFOIZ 2mass%Ti 35 £ O 3mass%Si Z# CAVENIRIIL, 7 T4 47 =— VALBRIZ IR BL 28 N+ 5 2
& T, R BRIklc X 2B e 5 miREAL 2 T Lz, 7 B r Bl g o 723 K REIUERIZ LY, #%
R A R, RE BT OBRE) ) L EVEBORE A2 S & LT, LU AT oA RS Ll O
NisTi 36 & OF NisSi O @@L EMAHHICESETH Lz, £ LT, BRI X > T=LT A b

EERNPAELTZHD, LA~ AT oA Mo LIz BRbEMITT LR A — AT A Mk
BL, WERAS—AT A NOEEE(LEE 2. Orowan 3 X ' Ashby-Orowan #7205 RS Hi
DMEREA—AT A FOBIEEITFERME LV RE L, kY, HERI—ZXT 54 M O&R
LS K L CHWEESD & UTERT 5 2 Emme S, R oiosbic X v &k
LW A— AT T4 ML, EEMBEAT 54 —A7 74 MO TiEbFEEL K& < m L,
800 MPa UL b 5IiRFREZ/R$ Z E R L N E R0 T,

BT TH53m) TIE. RO EDOREREIZ OV THRIGLZ.
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Super invar cast steel, Fe—32%Ni—5%Co by mass %, with excellent low coefficient of thermal expansion
has disadvantages in the both of Young's modulus and strength, because of coarse columnar solidification
structure having <100> texture. To overcome these disadvantages, the variations of microstructure and
mechanical properties through the novel heat treatment referred to as cryo-annealing, which is consisting of
subzero treatment and subsequent annealing, were investigated in a super invar cast steel. The
cryo-annealing promoted fcc-bee martensitic transformation and then bee-fec martensitic reversion. The
bidirectional martensitic transformations led to the formation of duplex austenitic structure consisting of
untransformed and reversed austenite having a coarse-grained structure. Furthermore, it is found that the
austenitic structure was varied depending on the annealing temperature of the cryo-annealing; reversed
austenite was remained at lower annealing temperature, while it recrystallized to fine-grained structure as
increasing annealing temperature. These recrystallized austenite grains were formed due to the bulging of
the prior austenite grain boundaries at region where untransformed austenite was in contact with reversed
austenite. The recrystallized austenite grains preferred growing toward the reversed austenite due to the
high dislocation density. In addition, annealing twins nucleate at the growing interface due to fast migration
and high density of dislocation, resulting in a complexly oriented fine-grained austenitic structure. The
high-density dislocations in reversed austenite and the complex orientation of recrystallized austenite
contributed to the development of strength and Young’s modulus, respectively. Thereafter, it was proved
that the simultaneous development of rigidity and strength is not achieved by single cryo-annealing, but
can be achieved by two-cycle cryo-annealing. Moreover, for further strengthening, aging was added to the
cryo-annealing process using Ti and Si bearing super invar cast steels. Consequently, the improved super
invar cast steel has high tensile strength over 800 MPa, while maintaining low thermal expansion

coefficient.
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