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Effect of Deformation Temperatures on Flow Stress and Dislocation
Structures of Low Carbon Steels

Taro TAKEYAMA and Heishichiro TAKAMASHI

Synopsis:

The relation between dislocation structures and tensile properties have been investigated in the
temperature range from room temperature to 400°C using four kind of a-irons with different carbon con-
centration. The grain size dependence of the yield and flow stress have also been studied in the same tem-
perature range.

The specimens showed serrated flow curves with high flow stress and high work-hardening rate. The
higher the solute carbon content was the higher the flow stress and work-hardening rate became, and the
temperatures of serrated flow being observable moved to a slightly higher temperature by decreasing the
carbon content of the specimens. .

The flow stresses of the specimens were analyzed in term of the Petch parameters £ and ¢; .
that k¢ at the temperatures of blue brittleness region was identical with ky, but ¢; showed higher value than
the value at room temperature. These high values of frictional stress well corresponded to high work-
hardening rates. The change of flow stress component, therefore, was almost related to the frictional stress
(¢i). In the temperature range of serrated flow, deformed structures showed high dislocation densities
and very small cell structures. Rapid increase in flow stress and high work-hardening rates were closely
related with high rate of dislocation-multiplication.

(Received Aug. 6, 1971)
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Table 1. Chcmical composition of specimens (wt?;).
Specimen C N Mn Si S O Al
A 0-025 0-0014 0°001 0001 0'004 0-006 —
B 0-006 0-0007 0-005 0-015 0-006 0-0013 0-001
C 0-003 0-0007 — — — = —
D 0-0007 0-00002 000005 0-0010 0-0005 0-00024 0-0020

Remarks : Specimen A, B and C: Re-electrolytic pure iron made by Showa Denko K.K.,

made by Battelle Memorial Institute
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Fig. 1. Typical stress-strain curves observed during

tensile testing; (a) specimen A (grain dia.
20-25y), (b) specimen B (grain dia. 35p)
and (c) specimen C (grain dia. 90py).
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Fig. 2. Effect of deformation temperature on the
siress amplitude at 5%, sirain and the fre-
quency of serration per 19 strain during
2+5-7*59% straining.
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Fig. 3. Flow stress of a-irons with different grain
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Fig. 4. A change of work-hardening rate as a
function of deformation temperature.
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Table 2. The values of Ky and K; at various temperatures.

Specimen | K R-T | 50°C | 100°C | 150°C | 200°C | 250°C | 300°C | 350°C | 400°C
Ky 1:89 129 1-24 252 1-95 2:23 0-56
A K¢ 2-00 1-87 144 25 | 0-19 0-64 1-57 — —
Ko 2-79 3-08 2:09 | 207 1-11 2-91 2-00
Ky 1-43 1-10 0-97 1-01 1-60 1-05 0-68 0-06 0-07
B Kb 0:74 | 0-66 0-91 0-41 0-03 0-45 1-01 0-30 | —0-05
K¢10 1-06 1-10 0-86 0-81 1-07 1-46 1-49 0-39 —
Ky 2:10 | 0-88 1’14 | 079 | 160 2:10 1-96 2:33 1-60
C K 2:29 1:76 194 = 0'50 | 1-29 1-21 1-36 2:72 0-27
K¢io 2:13 205 171 061 | 062 052 1-00 2:22 | —0-25
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Fig. 5(a). The effect of grain size on the yield and
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Photo. 1. Some examples]of transmission electron micrographs of specimen A after 109
strain, (a) at 100°C, (b) at 200°C, (c) at 250°C and (d) at 300°C.
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RIBBIRE OG WHHEE ¢ OERLIF LW, Bk EKHT 5.
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{c) | p ) (d)
Photo. 2. Some examples of transmission electron micrographs of specimen B after 109
strain, (a) at 50°C, (b) at 150°C, (c) at 250°C and (d) at 300°C.
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Photo. 3. Two examples of transmission electron micrographs of specimen D after 10%

strain,

(a) at 150°C,
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Fig. 9. A change of the mean dislocation density as a function of strain at various

temperature for the specimen A and B.
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Fig. 12. The effect of the deformation temperature
on the mean cell size after 109, strain.

< BRNEEEARADIRE THR/AND AR LT
5. THDbLEBARIOB T EEE 05, T
DT 1pg TH5. ZHIIHREX KT W5 2t
B X DNE V. ASTHEO B BN BE & £
CEEEYET2EELRFEEL LN IO LS
ZIBEE & DBARIC DWW T b W D RE X TV 50
. AWIIRIC I\ TRERRLS 1 O E B ML AR T V72 B
DI EWRNCIRE, REREICHE KF LB
DLETR LRI NI/ R SN SN BE OBIL &
EHECHEELTYS. F, ZWIC X5 SO
BT B U T OMHM LI A B ITE OIEN O FEIFEVER &
BHOATERLEXBRETFLL2Tn3.

IRALDOIEFEEI SV B ERFSh DL 5 IR B FHI T O
AR LD VIR LTINS, fERIEEOZL L
AT R PEOEEC OWTEEE L VWikEL H
LN RN R OESE & LCORENEZET 5% 5iF
MRTELVWTH S 53, & LA ORBRAR SR (%
THERNRABISNEROB TH 5 - DERMFEAEEE L
TEHT5EEL2ON 520 OFERMNE REEL &
L. LaL, ZEOHTE & HICESNADITIITE
PITIER SN S. VBT HH R EICERRIIR & L
THERT % :EZE2 005 » LERNROKEIIEREIh
5.

LD X 5 IERFE O MBI O S ELE Ly
LEEE ORILBEEELE X 5 LERENREE S v
THale & LBRT 5 BHOEREIEIS ST o1 Db &k
DTHHEI N, IS5 INLEMOEILIIRIMEDIRE
RECDRELMEKGFT D EBHLITHS.

4. &
L7 bR E A VEIRD» S ERIRE

il

Bk, REZED

— 36 —



@ﬁ%ﬁ%ﬁ®%%ﬁﬂ&%GK@%K%IET%%EEO%% 1065

EHTHER Uiz & & OEREBIC SV THigE LEHk%E
DIRET & B RERFE R S0 Lis. F77,
HavL-PeTcH DBARA 652G IV 2T EE S S DKE
SIEE LMD L LRSI LSRR O E BT 750
RIS DA & RRIEEE T & ORISR
TREMLPIZ Lz, BoNBREENTHLRDLS
it 5. ’

(1) REEFEDSHVHEIAI 50°C st L—3
= RO LA 100°C TLOE (L. (KR ZEE
DFCEBIL 100°C TRYNC £ L— o o wpsEizsxh,
meT%oa%ﬁ%&té.%mbb,fv—vay
DIEEVLRFRIRELE VG SRIEERIC BT+ 5.

(2) ZWEEIAFPL S 100°C 525 250°C
Bl REEOE VG EEFRA, IMTELRIZE -
o IG-EEM ETE DL AL v L—v 22 B
RITREICHIS LCREL B AL LD kAT 100°C,
MBI 150°C, 33 Cix 200~250°C THn TR L=
B ink, HHEA, BTt 224 MFHO%E L
250°C I B W E VLR Z =T

(3) ZERBENCHIETTRSNEOTET HaLL-
Peron OBMRIZHEVW—ZEDEFE LN H5. L LERE
B, REREORERRCOE NEho BES 7T K
DEIT DRI NS v, 2 LTZE BN THE
B IRFRUIREEARTFME V33 D B> TIMEERIE S 1o &
A.

(4) FHEEERTOLRMBIISELT L v e
RAEEEZTT. #BARK LG B arhsh 100°C,
150°C CHEIRBEX L4 5L 4L S0 U 7-BRAL
AL VIRBIREOBE VTS 5L 0 B R EET
WIEEDRLSFEEEL TV, &k, RPATHTEEE
THIVHT 2N AL S sty b b S 8Bz S h 5.

(5) EWEEERIEN &7 5B VIEAEE L/ VL
EEPR SN DIRETERT 2 L EHBEI L 3
RELALD, BREEENIEERZREOE VI X
FETho.

Fedo 0 AT AV 72 3B AV B AR
WASHEEROTIFEI LD, 8 B i3sk At H
R SMBRIF I XD TR LR TH 5 ¢ & 25
L, BRAEMT S, I/, RERCCHATIVE LA
LB IE, ARERS X OBIUBOE LY Hic#E s ET
5.

S

X [
1) J. W. EbingroN and R. E. SMALLMAN: Acta
Met., 12(1964), P- 1313
2) ®F, =i, WF: k4, 16(1967), P- 395

P 266

4) HEE, &k, B BALEYLOME, (1970.10)
P- 61

5) E. 0. HaLL: JISI, 195(1952), P- 331

6) J. S. BLAKEMORE and E. 0. HALL: JISI, 204
(1966), p- 817

7) §. KinosHiTa, P. . Wary, and G. 7. HornE:
Trans. AIME, 233(1955), P- 1902

8) 4. . Ken, Y. Nakapa, and W. C. Lesuie:
“Dislocation Dynamics”, ed. by Rosenfield,
Hahn, Bement and Jaffee, (1968), p- 381
McGraw Hill Co.

9) J. E. Barp: Iron and Steel, 36 (1963), p. 450

10) 7. Tagkeyama and H. TAKAHASHI: International
Conf. on the Science and Technology of Iron
and Steel. PART 11 (1971), P- 1307, The Iron
Steel Inst. of Japan

11) 4. H. CorrreLr:  “Dislocations and Plastic
Flow in Crystals”, (1953), Oxford University
Press

12) T. TAkEvama, M. HacHiNnonEg, and Y. SaTo:
J- ELEcTRON Microscopy, 15(1966), P. 269

13) W. G. Jounston and J. J. GiLman: J- Appl
Phys., 30(1959), P- 129

14) E. 0. Hair: Proc. Phys. Soc., London, B64
(1951), p- 747

15) N. J. Percu: JISI, 174(1953), p. 25

16) D. V. WiLsoN: Acta Met., 9(1961), p- 618

17) A. S. Wronsk1 and A. A. Jounson: Phil. Mag.,
7(1962), p- 213

18) magf, ZMH: gk &M, 49(1963), P- 996

19) A. H. CortreLL and R. M. FisHEg: quoted by
Cottrell in Symposium on Relation between
the structure and Mechanical Properties of
Metals, (1963), P- 456, H.M.S.O.

20) R. ArRMSTRONG, I Copp, R. M. DOUTHWAITE
and N. J. Percr: Phil. Mag., 7(1962), D.- 45

21) A. CRacHNELL and N. J. PeEtcm: Acta Met.,
3(1955), p- 186

22) D. HuLL and I. L. Mocrorp: Phil. Mag., 3
(1958), p- 1213

23) B. J. BriNpLEY and J. 7. BARNBY: Acta Met.,
14(1966), P- 1765

24) J. HesLop and N. J. PEtcu: Phil, Mag., 1
(1956), P- 866

25) H. CoNrAD and G. ScHOECK: Acta Met., 8
(1960}, Pp- 791

26) R. K. Ham: Phil. Mag,. 4(1959), pP- 1183

27) P. B. HirscH, A. HowiEg, P. B. NicHoLson,
D. W. PasHLEY and Af. J. WHEIEN: Flectron
Microscopy of Thin Crystals, (1955), P- 263,
Butter Worths

28) mit, WrE, AHE: £ &8, 55(1969), D. 27

29) A. S. Ken and S. Werssmann: Electron Micro-



1066

B L o9 58 4 (1972) HB

scopy and Strength of Crystals, ed. by G.
Thomas and J. Washburn, (1969), P- 231,

30) J. D. Emeurt, A. S. Keq and R. W. FisHER:
Trans. AIME, 235(1966), P- 1252

31) J. D.Barp, and C. R. MACTENGIE:

(1964), D- 427

JISI, 202

32) #W¥, #WPF: £ g, 56(1970), P- S173
33) D. J. DincLEY and D. McrLean: Acta Met,,

15(1967), P- 885




