EREF—ATFAPATVVRABMOFLEREFTOBBIEDN S EEWE 1297

p. 728~731 p. 528~536
6) H. L. LocaN and J. M. WEHRUNG: Corrosion, 8) W. J. BaRNETT and 4. R. TroiaNo: Trans.
22 (1966), p. 265~269 Met. Soc. AIME, 209 (1957), p. 486~494
7) H. H. Jounson, J. M. MorLET and 4. R. 9) H. NeuBteR: Kerbspannungs Lehre, (1958),
Tro1aNo: TRrRANs. Met. Soc. AIME, 212(1958), p. 101~105, [Springer-Verlag]

HEREA—ZAT A4 bRF UV AFOMERE &
Z DiBEIE LN 5 ZEER
S | - S

The Reverse Transformation and the Accompanying Anomaly in Dilatation

on Heating of Meta-stable Austenitic Stainless Steel

Toshio SAITO

Synopsis:

An anomalous expansion in the dilatation curve of cold-rolled 18-8 stainless steel was incidentally
found at about 530°C. The present experiments were made in order to clarify the cause of the ano-
malous expansion observed in the dilatation curve of some meta-stable austenitic Cr-Ni steels cold-
worked at various temperature, and also to clarify the behaviour of the reverse transformation of mar-
tensite to austenite in these steels, mainly by the thermal dilatation method and the micro-structural
observations.

When a cold worked 18-8 steel was heated at constant velocity of heating, the martensite in the
steel transformed to austenite reversely step by step at the temperature range of 400-900°C. The first
transformation began at 400°C, and the greater part of martensite transformed to austenite martensit-
ically at 500-650°C, and the second at 680-760°C, the third at 800-900°C, respectively. However,
the amount of transforming martensite decreased less and less as temperature raised. In such reverse
transformation, the diffusionless process occurred at early stage and the diffusional process continued
in after the first stage. The lath type martensite was separated along {111} plane, by growing austenite
nucleated at that plane, and gradually thinned off. The second anomalous expansion was newly
found in this experiment at the second reverse transformation temperature range, in addition to the
anomalous first expansion previously found at the first reverse transformation range. The anomaly
appeared in two phase steels consisting of the predominant martensite and retained austenite in proper
phase ratio, regardless the steels were cold-worked or not.

It was considered that the anomalous expansion is related to the martensite which transformed
diffusionally and to the reverse transformation character of textured martensite to the certain oriented

austenite.
(Received May 22, 1968)
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Table 1. Chomical composition of steels tested T 7
(%) - 18-10 50% rolled RT -
§ C 0076 (7<C)
Steel C Si | Mn [ Ni |Cr | N |Others & Si 049 dry
Mn 102 /
18-10 | 0°076/ 0°49 | 1-02 | 9-97/1850 Srigse ///’ -
18-8 | 0-093( 0-51 | 0-96 | 8-42[18-53/0-010) //’ @;//
17-7PH| 007 | 0°72 | 0-82 | 6-841650 A10-93
17-7 | 0°033| 0°26 | 046 | 7-18]17-54/0-021 //’ 74
17-5 | 0°022 0°17 | 046 | 4-80{17-36/0-030 /
20-5 | 0-027| 023 | 0-46 | 489(19-660°039 // ///
£
) . 3 ~
OB LFAROREEES 17-7 PH @9, 329% 5 avi VA
[~
%%\ 349% Ni 899, Ni-Co vix— L 58D 3 A / %
K ECSRbIG £ LABESh, Mo 7 BEREOHE p // / A
CEETLEERBRREEXIDEERVI 52T 2 / // //
& ABIATRICT EREMIH DV IIBHCI IM 5 /’ //‘//
ey s - . ]
BAETD XS5 LEREEROEERT v L AWOAELRE 2 7 j%/ \ // /

LXDBERCELNDIREERECOVTHANLER R
&T5.
2. FRBLURBRAZE

#3441 Table 1 RT#ERKOTEE 18-10, 18-8,
XU 17-TPH §OEMH, KSR CERSHERDLIT-T,
17-5, 20-5 7t ¥'®d Cr-Ni 25 v v A RW&FES7. Zh
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IREETHINTIER 50% WHEED 3V iik% omEHEYic
FERMIL, Zhpd Smmé X70 mml OFREBRF %>
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HEGEERRE Lok, BUEREHC XD Ni-70%Co &
xR E LT 2~3°C/ min OFEETH 1000°C %
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bz BREEC X VERRIEL 2. ¥z 500°C, £&8:RH
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Thermal dilatation curves of 18-10 steel,
50% rolled at various temperature, and
the relations between hardness of rolled
steel and rolling temperature.

Fig. 1.
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Fig. 2. Thermal dilatation curves of 18-10 steel,
50% rolled at —10°C.
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Thermal dilatation curves of 18-8 steel, 50%
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Fig. 4. Thermal dilatation curves of 17-7 PH steel.
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Fig. 5. Thermal dilatation curves of some unstable
austenitic Ni-Cr steels.
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b

10 min 100 hr

450°C

550°C

600°C

Photo. 1. Effect of isothermally holding temperature and time on microstructures of subzero
treated 17-7 PH steel.
Etched by aqua regia glycerin solution, oblique illuminations. X 1200 (9/10)
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Photo. 2. Electron microstructures of 17-7 PH steel,
subzero treated and heated isothermally at
500°C.
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Photo. 4. Transmission electron microstructures of
17-7PH steel, subzero treated and heated
isothermally 10 min at 500°C.

Photo. 5. Transmission electron microstructures of
17-7PH steel, subzero treated and heated
isothermally 50hr at 500°C.
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THEDZLDEIREVIEEE L THRDN, FETLIMD
KEIE 2T 1 EbD. FEREOBIGIRE T/ & 2
I 17-7PH BTV 570°9, 580°C®) jp LS X T
V% hs, Krauss and AVERBACHRD X 4§ data Tl 426
°C ITREETAMICED X 57 r ot E MO H
&SN TE D, Fig. 4 OZFREE T H IFEILT 400°C
POBESTVA. 7z, 18-8 Tk 400~600°C

B Dm0 BV EF OIREE 2R & TS X AT B 1D

). Fig. 1,3 /¢ EOMBTIE MEDO A7 W FERE
5 ETIEHY 540°C FHEA HILEEL TV 543, MEDS
VELE T OIE E 01T 18-8 5 410~430°C, 18-10
25 400°C THH, THhEFEROBED EHLTNE
ThbHEHELSL. RENITRINTWHHEAIT Ni &
W L TEREICGEVWEL LD TWw 5050, HMED Ni
BOBIRIC X D EREBGIEE I TN ODBUATHD.
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3rd
contraction

- ist controction
(o) Normal dilatation curve

(b) Abnormal dilatation curve

2nd expansion
Ist expansion

(c) Anomalous

expansion >

(d) Extremely anomalous
dilatation cur:

P L . i . ! .
0 200 400 600 800 1000
Temperoture  (°C)
Fig. 9. Thermal dilatational behaviour of 18-8 steel
at reverse transformation.

2Bk 18-10 SRTIIE 1 RiCaE gk %49 680°C 5
15E 09 760°C 2 ToORMIREbh TV, SHILH
R 800~850°C fHiEic 8 3 R/ S VIRMES b
LEMDE. BERXME»OLL5 LE KRIXH 250°C o
BV#Eifichiz b, F2ER34 80°C, H3KII#y 50
°Cit/sd. M BOHVIEERE ROKTIRE® ik
DEIBRICAS DB 2R L ERL TRERCEDNS T
E: 5. ¥£22, SERORFIBEOEVRFTITET
LEBBETHRLAZEDDY, WMOMK, MIOFE,
MIEOFHE, MOE, MEEEL SIS TZORMIR
Ho¥h5.

R THE I EXOR EVIRMEOR T HAS I XBEES
X OBEMBMEBITII B ) OB OMOBFEENRED L
n, hdoBWIcRELMIZ 750~850°C oD 2
BIERICE D r CERETHZ EERELALD. KHTRR
MO 1 XL E 2 & oo 680~760°C DFEFHIC
Fle—DoD/NREE, Tirb b LSRN, T DD
BIREIOESERIIEDLD TN LD LEZDRET
B55. Lich D THZERIIE 1 ROk &V IEET k¥
PEB D, BOCREEMIBESEG L ThHE 0 EVE
BRI THEBIRICERTS L4k Sh3.

WERRORKIBER ZR I OFRIC X 5SS LE
TH5HH, BERMBRTEEREREZEOLGAIIER
fLLTr & LTOREVWARZ LHRETHS. Fig. 1,
3, 4 % FOREERSICE VW TEIREOEB{LIZFI900
°C MMEXROLND»D, ThAEELROKRTIREL A
BLTEZZRVTHA . 18-8 WMOWERE OKTIR
B oW Tix THomas 522 755°C, CiNa and La-

VENDER®)(D 850°C, T DOh23d 353, ik XHEIEC
X% Cmnva SO RIEEENL LI EAOLVEEX
5. Lo LXgllE crflERE SRR L Ridh
B blevrh, BIEREIED X 5 &k ingt Tkt
T5 X5 SR ETAMAMEREL CEXOLER
FTHLBEINS30TRAEVREEZLNS. WO
S SIBEE X 950~980°C D& IBIHIC & 52 HIEERE
DIREX I 400~900°C fHif ¥ TORVKREICbHT
5LHEEIND.

EIRIRIC 31 B MR OB CHERREE S b
TEBGELEREE DD TLICTERVY, FERBOLEE
K %8 U TR e R ET A2 T % - 500°C fa{miR
BFoMOEGENINEER R S5h, ¥/ Photo. 2 II/RT
X 5z massive 7t lath M BSEFH L THRHEM ZELL
TV ZEMLHELATHSE. Z0Xd LiEBFEIFCX
% M— y B>\ TiEh L Az 17-7PH DIsLic, Ni
MOFLRETHECTEI NI BBROFEDD, kXU
BREFCIBRE r OERPPBESHLTEY, %
BT VT — o  FRMOB{LEECREEL T 2, 3 O
;&%:7)26)27)75;35 Z) .

Photo. 1 {Z77 L 7= 600°C ﬁ%#@j‘t@ﬁ%ﬂﬁmm 10min
THETAOMLER USRI AZ DB SRS bh
5. ZOWNEMITr oz < ME d DRIERFICHF
TETHD, d 0EFFIExbd TEMLdI I TEHEL
LTMEZOWTEX S Z LTS, NEOMpSIEEL
L UTHEAKEER LD a! OWESRE XN TN510
9, a' HFOKREIHHFALUTTRABETIILS TV
#ET a0\, 100hr 275 & M, 8 &b ICH L
<M, »oMiE {111} B> THE SR TE UKD
JREREF L TV5. LAd>T 600°C X 10min T
7 OBARE LORE EMOSR, TibbM— 3 +Ik
MO >R DTWELDEEZLND. |
BOMOEFTCER L7 1 W TFh R U HLZ 2
FeEER Lo T4 —1, Fig. 10 @RLAX S
BT MEHC EHoT LAV ORIk MicZfbg L

V7.

Fig. 10. Schematic reverse transformation behaviour
of martensite.
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T phase

1000 E Recrysiallization. roi

e
LT TR TH T T T T T S DT T S SR R T S e

BB NT LS. LB o THOSRER*
TREREEPEL, ML tx
Z %8BT 5 Evx diffusionless itMo

M =¥ tronsformation

2
7

Diffusionless

7

0

KESDEREBL TE 1 ROKEVHEZE
RRNFESBEDLNS. ZOEEERD
umklapp FEIDOHBFERLEHIEL TX
WTHDHS. LILERBAED LIEGHE
KXV EEEEOBVEHEICASL. C
OEHEIEERERXENEYL, 2R
TRAEEPEL TR 28E &%

Diffusional

400

Tronsformation begin

xbhb.

ZREKBATHEEOH VI r &
WBEL, TNEFHET S aDBHIBE
CEhREDSTLB. TibbZrEE

3 °C/min
200 - “?.,’,‘32 M+FR phose
1 ! | !
0 o 2 3 4
Time {hr)
Fig. 1l. Schematic relations between reverse transformation range

and isothermally holding time of subzero treated 17-7PH

steel.

—F, MIR{tHERHL T wEbY, WHHLLR
L r KB TR L Bl Eh 5. 550° 3 XXk 600°C
X 100hr {RERRAEI OB TMAS D ¥ LBE D X 5 1T&5)
Xhazd, X6 % diffuse LTLEWIMERT
BRIGEL BTV E L L KDL DM LS.

BV THRIAMII L WIiZ@ AR b LENTL B, C
DIRE R T 5 FEMRT a + 7 +RILD & B Sh b
b, TDERBRILEVWICEML T~ ES
{THAHS. BElicr LD Tr LOBSERFIIED
bIRVH D, FMUEEFLEZ 2TV TE—LEdD
EEZBND. LSO TMBCEL TR EITE K
INHRIEEE T martensitic LB Lz r dFERIILT
BT, BEFLOREEZHEFITER TR &5—1L T 950
°C fhETVWoRWIEEERZR I T.

DX 5 M- 7 FERIIRE BT X B BER—K
EOWEER 525, Fig. 10 K RLZKEDBEIZE>
7o < diffusional 7¢ 4 DTz £, /NX V> martensitic /¢
LREARMZ I B bR A LIS LS IKEPN 5.
X DiEfY: Fig. 6 OfEiRSAREIREOERMAICK T
SAHRANEZLT, EbHT/HEV burst T X BERST
DEOIRBNOESE LR TS EEx 5.

Fig. 11 1 17-7PH 24| L fEREFICL S M-
TERORE—REBERETT. SBECRIEED
EITVE—KR 101378 T, FEL'DGANDLERS® D& D
LD WA DABCETT B2, LEVICAEC

s PROBBEETIHEELY EFLELVER
DX DBECKILEEROa B LR
BOMEL T ICHZERRILET L
L7232 C athermal HZEETIIH 5
MIEETELC X W ERBIC H D EBE O
MALERD, EEMBOEENRETEDL L X ORE
CHEIDEEHEGELEV S bICBESEREL, oh
RV ERTRCHH SN A ZES S BERMTE L &
DTETT D0, Bl OFEREE»OH 5 REME
BEVTHEUHE?2, B3RS RIS L ke
BLBT LD EEZOND. BEERS+SETS
X5 EDDTROL VMEAL 72 AL | XML AR
CHIE SRR L 72/ burst OEZEBERELNTELSEDS &
R ELD ZENTHRINS.
42 RERERORHM

BT L 2 REBIROBE 1l Ti34y 350~600
°C oAVERECE DN, B ROFEEXML Lich
o TwW5. 20O%IEHD 18-8 fHIT OV TN A3/
HBOX S BBEELRELTTHORBERTE L2 O
UL OFEEE D X 5 CHREh, =5 18tox
SITHZIT TI0~T50°C LR E~ 2 LT E20RE
BROFHEEZRBVH L.

IhoDREWLE | KR, 8 2 KR L, Fig.
IR L7. R (b)IIEE SRR (a) I EW
R (c)Bnbod DA EIn5d ), BREEOKE
W B RTIRICHRE LR (d) OB L s, B1K
ARV | R ZEREDL X 5 EhflicEbh, £7052
RERITE 2 P L RO EE 2R & —FL Ty
5.

* 24|#iz FEL'DGANDLER Y, KRAUSS5 8 D7 — 5 28E L
LT2<{{ 1.
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ERERPLINETHLLRZTEZENTERLEY
BROFMEAEE TS LIROXITKS.

(1) EEBROBREBEEIRE, NLOoFEL ST
LDBLOEBSHY, TRREEOEDLDTREVES
WERWIBE» SIEE 525, B 1RERIZIZE A E500°C
Z—ELTED, 530~550°C % ¥ — 4 & LT 570°C f}
TS, E7FE 2 RIESEIX 660~680°C »5IEE D
710~750°C fHE% ¥ — 2 LTHE 2 BEEBoE ¥
7k aRMicE X 5.

(2) BHRCLABEOMLIIEFHORETH L T
FLILEZFHETIRL, 7 PARRELERTY Tt o
WEE LB, E RSB CLERIET MO SV M+
T 2HABPBOLND LI BRBATEZS. ML r LOMEE
13 6:4 F712 7:3 OTHOEIFELL, Thid
M 234 ThH, Pl THEFEHT HELIRY, 3
WIRE DR BEbhia s,

(3) MTOBEE Ma iIREXD 30~50°C &\ im -

EBETMIEYEL, EEEOMESELND X5BE
WWIRECHDbNIS.

(4) REBROBES 500°C i E@RRI(2 hr BATF)
L THELL 23, 100hr BEOERRIET S
EREHREOLEETS. ThbbERFROMIC
FEIEOLD CEVSEHBCRERRSETTS LA
5.

(5) FEBEFIVCEHBOXBEETCIIRMZOMDER
HVT SRERR S D7z

DEOREHORKE,»D, ZORRRILDL EOR
FCEET SRR TIILL, FETHIHACEFSEILT
HY, FEREKUMCELNSG ZELOHFETHAIMELD
VEZREHHE L RIS b L L EALND.

4.3 REREORHA

Cr-Ni =27+ 4 FRO MITIIEREHIK XD a-
thermal 7tM, isothermal M3 XX hep De M D 3
BE®RH Y, EBEBICLOT lath M, plate M kX
CeDIBHHEELDS. ThLOEMIIERERD S
WIS ERZR DD, BERBIRTIERRRTh IR
HHEDOBURTHS. 18-8 WTR I LOTX THE
T D EERERVH, RAWKHFEEESAL, »o
MR R BRI S 5 FoddE REMI &> TR
AR E 2% :

¥4 hep @ e M RBLofE ORERMR = A V¥~
DAEIHKEL, KIBTHE/NIWENS D VIEE
KaE2IBETCERINOTVA, 18-8 D e—7
SEZEREIREEVY 120~350°C DXt 0 1®, fnIick
e BEBENLIE L THIE I REEREOBERIETEDH»

SEEN BT IV

isothermal [T K S BAMIX 18-8 D FTIEE bR
mvds, BERO X S CHRRIC B S h 5 AR RAR 0FF
T 5 LE8Y{BRTV. FLTEEROZEL VS
BIIHELREDOWFEITE S K I {BEERERIZ I TH B
&, BX® 17-7PH ofilo X 5T 500°C T &b
BRI T L RESSEAD 2L Ep D, ather-
mal 4K L 7z Modhiz athermal C6EZERET S M
isothermal iZJZEET 5 M L 33h D, BEERIEE
@ isothermal [TJHZERET 2 MBI A EFTHD L A4
T ENTES.

martensitic [CZFET S 2 FBESDHELEFET, KL
I BEMBRRINAFNT 2, 3 5. EncLisn
and PoweLL2®3 7Al-3Cb-Ti 44D a—> B RS, T
bb hep—bee ZRETEE LRMER R TIHELIMNIED
EEARLITY, HEVIIEORLLZEROBREbNL VW
ENBBETERRVHELE. ZOREIERTa+B2
HBHEBTH D, B ZOREEREY 4 5 VEITEX
$HIRD a KD D B BRI FRLZ & B e L, #{FT
% BHAV: grain growth LT a lHOBRFRABIET
LTS, AEOERERLoM 2, 3 @ Tif£iICd
RwlEhTwa.

18-8 MOBEB IUOCMIC Lo TERINSE M D
RIERIMERR, InIEs, MIER XV E(LT 55,
— NI X 0 AT E5MIE 110y, WE TR, @
X W EbhaM {111}, 1A lath kT EHEMH
V3 {225}y E7oiE {259}; D2 OA3E L 7L HOTIO

ZeLpovICH and SOROKIN 5O HIBT 92% JEREL
7z 32% NiROWERET I WV TAER & RO RFRT
AL, FEEASHEGEY D OMM r KELETHHEIC
BIWOH2reBELE. ThbbELENO M &
<110y, Tr v <111) H3KERST <100) HF DL TH
EAMBR £ O TVB P, FERERIE TR BEDEET,
MAhBZREL -7 b Tr AU (111)+{100) O#E#E
L5z D, (110)4texture—{111>; DBARIE,
{110 texture—<100); DFEII A o<tEZEbEEL R
FhuE o E Lis. LEd o THETAMMBEDT
R 7@ ENFETERET % 21 X o TEME SRR OB X
BB 5EE, WHENREELTks.

AT X 5BE R APBEET HHEP LRSS
TREWLTTC & M+TR O 248 Ni g8, Co™%
Efﬁ%éhfwé.wam%ﬁwlawgﬂmﬁﬂ
BN X ) RE SR L TV b DIREIE iKY
OEEHEBbnb Y, ZREEI»EIEL SO
BEACE2 DREEEL BVHIN TR, BELCIY
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i)

BRI 35 L L CHBAMRRREEE X 5h
(AN

18-8 SMOMZEEED BEFAET 5 Miz Ni R & K{KR
CEREDIDEALEIN, FLATBOL D CHEREL -
rix TR ERUFRZ LD EEZDND,D, BEOR
HEiE Bl Ni SHOBE LERICMTIC K VERIHh
7= texture % b OMM y WHEEET 2B CHbIL 5%
BRREZXTIWVTHAS. 7 ¥ oBEBE 3B &
LB TREERSEbNS DX, HEB#HERTHS
bR EEEEEOFERIZX D texture BEEL TWVWE L
EExhsd. BETHMOPT, REECEETSIKEN
AT AMOBRER X OEE IR 1T 5 T OFE ¥
Bk SV S B0 B ERER SRV, E BRE
EAMBHOBERERbIT, LTEED Tr OREY
VELTHZ END, textured Tg HMIFEHFALIC grain
growth L T textured M DHFLRERCTE AL XIET
ZEBEXLNS. Zhb Tr OREHIANTEEED
SBBALPTLETNERLSRVEZATHS.

o

#r

5. =

18-8 MOWEREL XV LD @R TEbL Wb BEER
DORRETSWT, & L TEiEERE, SSBE Lo
TRANEREENTELROZLLTHS.

1. 18-8 MOMELAERRITK TS M—> 1 OFELRIIH
400~900°C FHE DI1ZiE 500°C it p - 5 AVIBER %
bh, ZORTEBARICERT S LS. EEREO
KER L 500~650°C FHETHZ 555, IMBENICEE
My T 680~760°C, 800~900°C DK% & T
BEERCERB L, ZREENERIE ERECNELS.

2. WLERBEIMDD r ~OREMNLETERITHEED
HHOERBEE IR E VAR EIE < 72 D IEANCEST
T5. rORER LB TMIE {111} wiBoTHE X
HRIRICEHL T L.

3. REBRIZNEITEDLhAE ] ROFELERK
RS, F2ROFEEERKMICHEI D 2 EPFI
RoliEh, @4AMEto M+Tr 2HBHEGZET 25
EOM—- r LB I ERERR L LR INS.

4. REMZHEOCGEERETOMIEET2RE L
&Iz S, textured HBFELLLO r WCHEEET BB/
RIDEHEEIND.

FREREE L RIEKXEZEBHEARCIREF» 5
SV TiTiabn/zd DT, MEMCHRELZBbL o5
HBLEEECELEILBL EFBRETHS. E1F
L TR WS H R EDOLA S X UL ICER
EHBAL TRV IohRBEECZ 2Tl L B

7ou. BIEE LA AR TOMATIRERFELIZZIILY,
X@EETRHHAMEEL LOBEWES, BHTRA
HAZEZEE XOCWT MEZED £ THE 2\ 272w
fo. ZIRELSBHTORETHS.
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