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Tensile Properties of High Cr-Fe Alloys with Small Amounts
of C and N, Annealed at High Temperatures

Synopsis:

Tetsumori SHINODA and Tadahisa NAKAMURA

Tensile properties of high Cr-Fe alloys with small amounts of C and N were investigated after the
heat-treatments in the temperature range from 800 to 1200°C followed by air cooling (A.C.) or water
quenching (W.Q.). The yield strength, a,, and the tensile strength, ¢ 3, showed considerable scatter-
ing with heat treatments even when the same condition of annealing was used.

However, dagy defined as the difference between ¢, of A.C. specimens and o, of W.Q, ones where
those specimens were heated at a time in a furnace, was uniquely determined by the annealing tem-
perature. 4¢, was primarily explained by the difference between the K, -d-1/2 term of Hall-Petch eq.
for A.C. specimens and that for W.QQ. ones, but some part of 4¢; explained by the difference in the
friction term, was present. Small difference in contents of C and N significantly affected the respon-
ces of ductility and of grain size in these alloys to the change in annealing temperature.
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Table 1. Chemical compositions of alloys examined (wt%;).
Alloy Cr Mo | Si | Ma | C N | o Ca*
26-3 a 25.82 | 2.9 0.56 0.02 0.011 0.0053 ' 0.0024 § 0.2
26-3b 25.82 3.10 0.72 0.02 . 0.013 0.0050 ; 0.0032 0.5
24-2 24.09 2.12 0.06 J 0.53 0.003 0.0041 r 0.0016 0.1

*  Amounts of addition for deoxidization.
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Fig. 1. Annealing temperature dependences of yield
stress, oy, and of tensile strength, ¢p for
alloy 26-3a. The marks O, A and ¥
denote water quenching, air cooling and
furnace cooling respectively, and the sym-
bols in the marks indicate difference in the

time and date of heat-treatment.
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Fig. 2. Annealing temperature dependences of o,

of ¢p for alloy 24-2. Meanings of the
marks and simbols are the same as in
Fig. 1.
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Fig. 3. Changes in do,, defined as (g, of A.C.

specimens-g, of W.Q. specimens) and of
do p, similarly defined for o¢p, as a
function of annealing temperature.
The symbols in marks are used in com-
mon with those in Figs. 1 and 2.
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Fig. 4. Effects of annealing temperature on total

strain at fracture (¢/) and on uniform
strain (e,).
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Electron mxcrographs (a) for alloy 26-3b, annealed at 800°C for lh, followed
by W.Q., (b) for alloy 24-2, at 1000°C for 1h-A.C., (c) for alloy 26-3a,
at 1100°C for 1h -A.C., and (d) for alloy 26-3b, at 1000°C for lh -\‘\’.Q.
Photos. (a),(b), (c) and (d) are identical in magnification,
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Fig. 6. Changes in average grain diameter as a
function of annealing temperature. In
the top of figure, the marks ©, () and
® (or &, and %) denote the data of
F.C,,A.C. and W.QQ. specimens, respec-
tively.
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Fig. 7. Grain size distributions for alloy 26-3a
annealed at various temperatures for lh.
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Fig. 8. Annealing time dependences of ¢, and of
¢ p for 26-3a annealed at 1100°C.
The mark O or ¢ denotes the data of the
specimens heat treated with 3 specimens
bundled, and the mark @) or ¢ the data
of those with 10 specimens bundled.
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The marks are used in common with those
in Fig. 8.
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Grain size dependences of ¢, for the 26-
3a specimens, variously heat treated.
Data marked as A and B are for the
materials cold rolled by 5% and 309,
respectively. The other data are for the
standard one, cold rolled by more than
909, and treated by the twosteps method.
Temperatures shown here are the final
annealing temperatures with heating
period of lh.
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L, ¥z, o WESDNE,
46y=0i(AC) —6:(W.Q) + 4K, -d-12
=dg;+ 4K, -d- V2
Eleb. —F, W—ERBETOWRNGH o7 ldivb9
% Ludwick o=
O =AM e (4)
TIRENS S, ZZTeRLVTATHS. (4)R&
I TR D L DER 0 =Ee OB R TDIGIT “04”
V5, o CEELRBEGENRHDY, RERT dga=0gita/d
(ZZTCalXEBE) L BBRBRIT2Evbila®. L
ToB DT, dBHEMXKEVESIE, di=g; :FE XD
ns.
(4)EEEITXD, oa 13,
log ag=(log A—n log E)/ (1 —n) -+ -reeen (5)
LLTKEDL. ZZTERY A IRTHD. EBRIICK
BHhhi A4, nEXOCE=21000 kg/ mm? % (5) Ric
A, o4 kB E, Table 2 X 5icied. dog=
0i(A.C)—0s(W.Q.) THYH, £XV 404=0.6~1.2
Xdop THBZ Lrbrdb. LihDT, doiza-dos
(772l et 2/3~1 BE):FE, ()RR ATBLE
doy=a-dop+A4Ky-d=12 cooeiiiniiiinnn (6)
L7cB. Tig. 10 X sk 4K, (obs.) &, Fig. 3 @
doy BXU dop ZFV, (2)RXT (6) KX DFHE

LTked/z dKy(cal.) #H#g$5 L, Table 3 X5
ks, Reh, (6)RHET S 4K (cal) 13 a=2/3
L1 oBE&EWELTHD. X, 800°C pnEicii
(2)Ric X5 4Ky »3, 1000 35X 08 1100°C nghcla
(6)Rie XD 4Ky 73, FE(H 4Ky(obs.) L —FT 5
T EDBDS. BlEr b, 1000~1100°C mZATHE o
CHENREL, 0 o WW.Q. B X b AC ztic
RKEWEYETIND. Lo LisH s, Photo. l iz i h
X5 EHMABEERER» O, AC e WQ. #
D o; ODEZHATED XS EOBEALZERIZEE
Dohhisrokel, £2CkXONRF X % EEEL
NFEE» L LTHETD o OEZBHPTEIE L.
LZAHT, Fig. 10 28T d- V220 E L&
EDGEHE 1000°C T AC. & W.Q. LDHETE
% 0.7kg/mm? 0Lk, ZOfEX Table 2 o
1000°Cx1h ¢ doa(=da;) 2 kg/ mm? » |3 —%
Ligv. ZOR—HOX ZOMMBIEER2EET S &
doi FAHREHNTHEKFELHEOELTH Y, B DIE
LOEDFH Ky {Hé LTHDEN EIE S 2227z
7eDELADDLIFELLNE. do; #EUEES g
DG % ARWILER COBEBE,L STV EEL gia &
B, oiq B HEECKETIETIESEM, £0
BREOE LVERIZES KRS BOMESLETCH S &

Table 2. Parameters for Ludwick equationV, (n and A4), dos dep and 4o,

for alloy 26-3a.

Heat treat for A aq? dag®
Ex. specimens " (kg/mm?2) (kg/mm?) doq? (kg/mm2) day®
1100°C (—A.C. 0.184 89.21 26.01
L. %1 h {——W.Q. 0.182 83.81 24.53 1.48 2.50 6.01
1100°C (—-A.C. 0.175 91.13 28.76
2. x 1 h {—W.Q. 0.184 87.96 25.56 3.20 3.08 6.41
a 1000°C ({—A.C. 0.190 92.11 25.79 2.03 1.74 4.85
e Xx1h [—-W.Q. 0.200 90.32 23.76 : ) )
Note 1. Ludiwick equation defined as g=4Aen,
2. doy is defined as (g4 for A.C. specimens—oy for W.Q. ones), where g; approximates the friction stress
term in Hall-Petch equation.
3. dag= (oz for A.C. specimens —op for W.Q. ones), do,=(o, for A.C. specimens —a, for W.Q. ones)

3. Comparison of 4K,’s calculated by Eqs. 2 and 6 with 4K, observed, for allloy 26-3a.
Annealing Ky(obs.) doy dog _ 4Ky (cal.) | 4K,(cal) by Eq.6
temp.(°C) | A.C. w.qQ. | 4Ky(obs) ( kg/ mm?) -2 by Eq.2 |(a=2/3) (a=1)

800 1.71 1.04 0.67 4.5 3.7 7.5 0.6 0.27 0.10
3900 — — — 4.0 2.0 8.5 0.47 0.31 0.24
1 000 1.26 0.53 0.73 5.0 1.7 5.2 0.96 0.74 0.64
1100 2.89 1.71 1.18 6.2 2.7 3.3 1.88 1.33 1.12
1200 — — — 3.5 1.2 2.5 1.40 1.10 1.03

Note. K : Coefficient of Hall-Petch equation (kg/mm3/2),
4K, =K, (A.C.)—K,(W.Q.)
d : Average grain diameter (mm).

The meanings of dog and of 4, are the same as those in Table 2.
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