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Flow Stress at Low Temperatures and Strain Aging of High
Cr-Fe Alloys with Small Amounts of C and N

Tetsumori SHiNODA and Tadahisa NAKAMURA

Synopsis :

Mechanical properties and aging responses of 1 mm thick plate specimens of 24-269, Cr-Fe alloys
with small amounts of C and N were studied in the temperature range from —196 to 200°C.

The thermal components of the flow stress at low temperatures (< —20°C) were found to be
independent of the heat treatmernts employed for the specimen preparation. However, in the specimens
solution treated above |200°C and subsequently quenched, the solid solution hardening due to
interstitial atoms was identified to contribute significantly to the flow stress increases at higher tem-
peratures. The air cooled and the aged (1 h at 400°C) specimens were identical in the yield stress
and the tensile strength, while they were different in the Luders elongation. Some of strain aging
characteristics of the aging at 200°C were similar to those of the aging of the pure iron. Water

quenched specimens showed the highest low-temperature ductility.
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Fig. 1. Changes in vyield stress, oy, and

tensile strength, ¢p, as a function
of testing temperature.
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Fig. 2. Changes in total strain at fracture, e,
uniform strain, ¢,, and n-value as a
function of testing temperature.
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Fig. 3. Change in flow stress, dg, due to the

strain rate change at a given plastic
strain, ¢, for alloy 26-3.
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Fig. 4. Dependence of dg (at ¢ of 0.02) on
testing temperature for variously heat-
treated alloys.

The marks are used in common with
those in Fig. 1.
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Fig. 5. Temperature dependences of the flow
stress at ¢ of 0.02.
& is 0.0105/ min and &, is 0.105/ min.
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Table 1. Athermal parts of flow stress, ¢4, at
strain of 0.020 and temperature 77,

All o

plloy & o400 (kg/mm2) | T,(°K)
26-3

1000-A.C. 37 .2%* 470

1000-W.Q. 34.5 450

1 000-F.C. 32.5 465

1100-A.C. 35.5 475
24-2

1 000-W.Q. 29.7 450

E3

¢4 1s defined as the flow stress at the tem-
perature of T, ’
**  This value is the ¢4 at ¢=0.03.
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Fig. 6. Rlation between the apparent activation
volume for deformation, V*, and the
thermal component of flow stress, o*.
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Fig. 7. Relations between the apparent activation O 1 [ L N oo ]
energy for deformation, U*, and ¢* at o y
plastic strains of 0.02 and 0.053. OLo~n—r—t 13 4w |
The marks are used in common with W.Q 20 300 400 AC.

those in Fig. 6.
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Fig. 8. Comparisons between the values of o,
op and Liuders strain, ¢; for the speci-
mens after annealing at 1000°C followed
by air cooling(A.C.) and those for the
specimens aged for various times at 200°C
after annealing at 1 000°C followed by
water quenching (W.Q.).
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T LTHdI ¢ =0.053 ¢ U*—o* BRE RN T
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3.2 DITLEME

Fig. 8 iz 26-3, 1000-W.Q. % 200°C —CEh=+
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ZhEFfiC D &3 Efk%E, 1000-AC. ToLhHD(EE
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EFTCIILELTWEWZ EB8bd 5. o8 IAADEE
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Aging temperature (°C)

Fig. 9. Comparisons between the values of ¢,,
ap, and ¢ for A.C. specimens and those
for the specimens aged | h at 200~400°C
after annealing at 1000°C followed by
water quenching (W.Q.).
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BIGED 0y, 08, ¢ B doy (L% Fig. 10
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DEIME VKD N5, o OIELEDIT doy
DENIHVRELEIY, ZOHEMISHDREDRVTE
RETHD. op SEITHEMEEPHEEDT LT
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Fig. 1l 0X5TdH5. HrSEhcXDoC 4do-¢ B
BT EAERILLEVWERLEND.

Fig. 12 13 26-3, 1000-w.Q., 1100-W.Q. Lt
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Fig. 10. Changes in oy, o4, ¢; and 4o, with aging
time at 150~195°C after annealing at
1 000°C -W.Q. and subsequently straining
by 0.5%, at —25°C. '
doy is defined as (g, after aging - flow
stress at ¢=0.005 just before aging).

3 T . WQ @ 36sec
- e 10sec v 108sec -
) © 18sec * 360sec |

;:&&Q&ﬁ@%ﬂﬁﬂ@@353~

11 26-3, Agedat 195°C 7

T
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1 ! 1 1 1 1 1

0 002 004 006 008
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Fig. 11. Change in Jg by the same aging treatment
at 195°C in Fig. 10, as a function of
plastic strain e.
de¢ is the change in flow stress due to
strain rate change as shown in Fig. 3.
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Fig. 12. Changes in do, and ¢ with aging time

at 150°C after annealing at 1000, 1100
and 1200°C-W.Q. and subsequently
straining by 0.5, 1.37 and 1.739;, respec-
tively, at —25°C.
Full marks ]l and ¢ are the ceses of
annealing at 1200 and 1 100°C respectively,
with an equal subsequent straining of
0.5%.
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Fig. 13. Temperature dependences of pre-exponen-
tial factor, &, in the equation, §=¢, exp
(—U*/kT).

The marks are used in common with those
in Fig. 14.
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<, GHAR (100~150K) 0 & #5 < DKE L DTH
FOEMRLEVZ &L, FEAHIT o BELLAWI E
THRTEL5TH5-

(DRXTHE2HNRE VFizonTdh, (1)~()&FE
R GEREShLGE, V PERORARO TN
IR o ITHBILa LS. (V) ~(i)H5
ENBLEEDL LTI, *=kT (Blne/oc¥)r THHI~
», EBERALOBITE < THRILREEG D « (= o *+
4) BRGS0 L o =M * OBGETEIN, »o
oA BIRBRIES T T DIRFIEA R T & 558, do=
M-dc* Lig Y, RO

v*=kT(amé)
T

or*

Jing
do

:MkT( )TEM,V* v (5)

DY FeD. RERTE (dIné/do)r (i) DFEH%RT

BN RD LR TWE Z EIEWSI ETHA V.
DIk 0, HEER (<250K) ek bh

7o U BIXU MV* iixhth B 5X0 v* 255

BELECEDLLALDOTHLZ EBRHENL. ZOXS

BRAIDOZEEOTEM BRI TR L, om HENET
ETELSHTNIE * THEREURWT EPHERT
5.

Fig. 1 &£V, /KBETD oy%(=0y—0ayd) BIFHRE
HETOENGHIILTEHEFRENZ b0 DD, D
HiE LT (a) C N OREBROEC X Bh, (b)FH)
BNEEDOEIT L DPOONELILNS. 8HiKk(FH)D
BCC &RBEoRBIEHLERD wiEtx, «* BEBERCX
DTXDOZALMBHFTE, MIBHITToZEbITha L,
BRI T L OE LR K EVLEEINTWS. ZOBEKICE
WT, () Wk Fig. | wklT 5 X 5 IKBM Toy* D3
DAL B % B BRI 7 D v, —J5 Fig. 13
TIIREITO & WWBYLHRIZ X 5 %O 5D & DT
L, 7o& 21 26-3 wW.Q. & FC. o & 7211:,@}2-;‘{,
E WO, T/HEL, L & om OFRPMCHBILT
VWHIEERIRT W.Q. @ oy 28 FC ofFn X k&<
B LA CE, Fig. | TOFEELHNGTS. L
TR O CT(D)DREEMNRKEVEE L BN 5.

BIREI(2250K) icovCw i, BIEEOEICLS
o OESMFTE 559, BWIRAICRBIE AV LU
TR OZC X HEEIRDIL T, Fe fip N
BREZZEATV* 2 U* %l Lk Nakaba HOER
TL9, BBBRECLS V* 2 U* oL (L3RBT
Wiy, & T AT Nakaba 5%

~
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Flg 14. Temperature dependences of the strain
rate and stress exponents, m, and m* which
are defined as (d In ¢/d In ¢),, + and
(d In ¢/d Ing*),, 7, respectively, where
o¥ is effective stress.

41ln ¢ |
m:<T. 0)530,7 e (6)

Hmm ) NEFRECIDOTELS ZExEHLTY
59. Fig. 14 @moTEGHEEXRT. (6)RTmER
DB, e=0.021zx ST B do & e HFAV. E
Ih, 263 84iconTtwxif C, NEBROAZL
RSB mpREL, FHMIZ Nakaba 50D%E
BREBLBHSLTVWBZ LN brdb. BRAENLFU
1000-A.C. & 1100-A.C. TmizEMNE VT L HIERHT
x%. Mhm*=[(4dIné/d¢)-6*]:=0, 7 THVH, ZDIHE
2 C, NBEERIC XS WZ 21X Nakaba 5L L
TVv59. PLEOEER, HEMTE SNEEICXS
C, NEBEDOEIZXL DT o DL, LN
nEh e AT HMEREZRELCWD.
4.2 LHRPICETIHHOME

Fig. 8 OER» LFE 2T, LAHPITIR = r%hH3200°
CHBETORENC X5 DO TRV Ebhrd. —F
Fig.9 X ¥, EAOMIIELS BIKIE, KEHH00°C
X1h BEOHMIMNIETH LT E8br5. LrLY
2= F—ROTHRRESOLTNE—F L. Y —F
— AVDTHDK X XH Hall-Petch &, 6y=0;+Kyd-1/2
D Kyd=2 FUTIBIT B L FTRIED, BT K,d1
HEMAE <, 400°C x1h BEHTRAIWI &, o) THIT
ThERFoEEFchstELLRD.

400°C x lh BghTidvpd %5 o' (Cr Bk @
s wEBEbh 50T, o OEMINIOERIC X
55, BEFRD o OED 2E5DT, KAE&TOR
KDL o OEMORRETECTH Y, TOMAIRS
BOBETHSS.
4-3 (EEB¥HEC, NBSRNE

CorTrRELL-BILBY OO OF A RSN X hiE, Bzh)
Wi ~EIT T2 CH B WINDE 7 1T

AD \¥/3
)
THEZLNRS. T2 ng 13CH 5BV NOBZHER D
BEiEE, LEEE, ARRMECHEWIIN LM
Eff=av¥—ckfilT 58, DixChHiWIENDHE
BrlEk, ¢ IRRIEERE], o EHTH L. doy B nlT
HOTDHETNE, D=D¢*¢(—4dH/kT) tB&, T
ha (7)RTRALT
log(1/¢) =C—3/,-logde y— AH/2.3kT ------ (8)

% BBHRESSH. 22 TC=3%/,loga nL+ log(ADy/kT)
Thh, a FitPIEHKCTHS. (8)X% Fig. 100
logdoy,—log ¢t BHtRIZER THid 4dH b LH b 5.
(8)Rw 4oy & LT, Fig. 10. @ doy o fafu{Eo 50
%% ED, THRICHIGT DRHZ . &L, logl/te—1/T
Bifx kot Fig. 15 Ths. ®Mnrb 4H=17.3k
cal/ mol THH, ZOEIX Fe hoo Ch B vid NOTEEL
DicdDFEEIL T AN F - ITIEVLDOTH 5. Fe-Crk
THE ST 5 COPREL = H v ¥ — 30.2k cal/ mol!®
THARB E, ZOHEPR YNNIV ENRFERENS.

Fig. 10 @ logdoy—log ¢ PRy, I EWIEMLAX
SEZEODMEME Do T WS, H2HEEIX doy DL
HEDERST, Z 2Tt BIDSIEIERIL L, Fezhan
MERRE L E 2 b 5. 53 fEIIRRIO HBIABE L v 5
Tl s, HEIRAZ LI Fig. 1l KFEh5 X
SR 72T, do/dlne TELAL W &,
Fbt V¥ e B W EThD. 2okl Feo
IR OT AR (20°C) TRESHVIIHERRE T V'* H3HIn
L, BHREMT—EL L5 LT 2AILLWOREREME
MTdH 5. WiLson 5243 Fe {KIRO T &%) (60°C)
2, Yo~ —XO0Th e L kyd V2 OEfINER & B
5 doy OB COWIERE) &, e iEMET o O
xS doy O (RIERRE) XV HELT
W5, AEBRTH, doy OHEMOYBIERET e Dfaf
BzBELRTED, 05 WiLson 5005 FHIERRE
KRG LWL I TH B,

()R X hiE, BEEELERUEE, TIHEGE
ng BAREWIZY doy, OHED DERMICEKD Z L

n=a_n_L(
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Fig. 15. Relationship between the aging time

necessary for the given value of 4, in
Fig. 10. and the aging temperature, T.

i s, LS o THELRESE LD LT LY 5
BT OTHENE, BHRLIREOEVIILE oy DD
EodRVWTHAS. Fig. 12 33EZOFEMELL
T LREMITCVWS. MERLARC,ES P EVIA
ThH5r5. LOPATFHOTHEFRECHIEET
W5D, —RICERMIZVEZ x ETHhIE, OTAe=a
BLx L3175, LIS 2 TERBED/NS VERET » HHL
BTHAFIT B & THIED, FHOTH e BRFBEITHAZ
FEZEIVLBRRALKAGEEZLNS. EIRC
X 505 2z DR YME McLean LOERBRZERD BEMN
FTws.
FHoTAHrEFAMCIE LT —% (Fig. 12 pRH) %
HEELTSH, 1200-W.Q. Tix 1000-W.Q. ik} 5
Xy doy O3iH EDIERRBIAIC 5 2 LR TSR,
1200-W.Q. TD ny 1357 23 1000-W.Q. Tox
NI DKEWZ LIEHESTHSS. 1100-W.Q. L 1000
“W.Q. Tl 1o OEFKERWZELFEZLNh, ZDZ
iz Fig. 14 TomH: 1000-AC. & 1100-A.C. LT
ENILNZ L ERFET Db AR .
4.4 MBIV nEOREEKFE

WHY T, (C+N)oLisgw 24-2545 (C+N)
DSV 26-3 T H LTESOMAS W T 25 Lo,
AEEBRICH VTS Fig. 2 X0brBE5, 242 0
1295 BMMEIE TOREBERTEEFE LW T LA S.

100°C L ToOREEETIX Z DIRER TOERHIRC,
NEFOREK ELPLATEMLIOTHH T LET
MXHE5.

n (BN L B BRT b TH B, Fig 21T
55 n EOBEREMELRTEY R LcmimnEic

XD n{ERBLT EBHE EIFID»IEMTHS .
h oG, NG FoBRERFoEmeEELizfEoT
RZBEvbhvhiikis 9, HESHT D ~DERES &
WO h O LT 555 ERIEVCHETH 5.

5. &

1 000°C L) FTHnEh L7o4& (C + N)-24~.269, Cr-Te
A4 (1 mmiR) % —196~200°C O FHHTFERER &
¥, BROBAEHI T 2 — 25k, FhoAasie 150
~400°C TR S B 5 IRIEEOELE TN, TS
5.

) KR (£20K) ToZEOLDD Bttt
3V ¥ — 1 X ORBHT S LRI E ek, %
BHDZ VTP EOWHBEIZIZEALIKE Lo
7o

2) HIR (=2250~300K) TClRUOTHEE DS TKRE
Hm»BFEs, EHBICKS, OETKEL L2/
2o OTAHEEEE X Dk C, NoREEEI 1200
°C ipEk>1 100°C fipZh = 1 000°C fnZha lig < H o f-
3) 200~300°C xlh RN TIIARRES oy ML
P, BIE®E eplIZLET, WIFRLELHTOD oy K
E L o7, 400°C X 1h BEhC oy, 08 & DHLESHT
DFENGITER LD, V) a—F—A0THRIIEHTO
X D/hEH D7

4) 150~200°C ToOUOTHEEIMIL, DL DOR
HoFEElbz A v ¥ —2 Fe b CH 5 WA NDERL =
FNEF—EWER, BED oy O “dey” OFE
{bAs 23 BT HES I EDE T, Fe OKIBOT4RzhE
AL L7AoAs, doy OZLAY 2 —F—A0THEEX
DEBNS A, TEEIIS SR, T RO ERE
{LERABZE L Lis Wi DS TIREMTH o7k,

5) {KiRIC BUF BT IS, FSTHECTHY,
AERXVERECE®EZT L. (CHN)DIAIWE
SRKREFNIOTIEL, FUKESTHEETOEMEET
MFHECHO. EMHETIRIOC L EOEHETHED
. .

AR HATHAME S LTERILERZEBETY
HUETERBL-DDOTHS. ERCHAVEBARER
FEWIRIEWR OHRCHERRLET LT 5.
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