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Tensile Properties Obtained by Static Tensile Tests in Ultrafine-grained Ferrite—-Cementite Steels

Noriyuki TSUCHIDA, Yo TomMOTA and Kofobu NAGAI

Synopsis : We conducted static tensile tests below room temperature for ultrafine-grained ferrite—cementite (FC) steels with ferrite grain sizes
between 0.47 and 1.5 um. The change in flow stress (o) for the FC steels as a function of ferrite grain size (D) follows the Hall-Petch equa-

tion: o=0,+kD"""?, where o, and k are constants. The effects of temperature and strain rate on flow stress for the FC steels are scarcely in-

fluenced by ferrite grain size and the effect of ferrite grain size on flow stress is almost independent of temperature and strain rate. When the

results of the FC steels are compared with those of the ferrite—pearlite (FP) steels, little difference is found in the effects of temperature and

strain rate on flow stress. However, the effect of ferrite grain size on flow stress and the work-hardening rate are different from each other.

Key words: ultrafine-grained steel; low carbon steel; static tensile test; temperature; strain rate; ferrite grain size.
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Fig. 1. SEM micrographs of ferrite—cementite steels used
in this study; (a) D=0.47 ym, (b) D=0.7 um, (c)
D=1.1 um, and (d) D=1.5 um.
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Fig. 2. Nominal stress—nominal strain curves of the fer-

rite—cementite (FC) steels and the ferrite—pearlite
(FP) steels® at 296K (a), 210K (b), and 77K (c).
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Table 1. Mechanical propemes of the ferrite—cementite steels and the ferrite—pearlite steels” obtained by static tensile tests (Initial

strain rate=3.33X107* s7}).
D (um) T (K) LYS (MPa) | TS (MPa) U.El (%) T.El (%)

296 870 880 — 14.7

0.47 210 952 956 — 16.8
77 1265 1288 — 9.8

296 770 784 7.6 17.8

0.7 210 840 867 10.8 242
77 1200 1214 — 17.1

296 682 699 9.1 17.8

1.1 210 750 756 12.8 26.1
77 1100 1109 — 16.2

296 550 600 12.3 25.0

15 210 633 678 13.8 273
77 970 982 16.9 273

296 430 541 15.1 27.0

3.6 210 500 613 16.8 28.8
77 935 952 16.7 25.0

296 315 504 17.6 28.6

9.8 210 380 591 20.5 32.8
77 770 881 18.8 24.6

296 260 489 20.2 29.2

46.2 210 320 567 20.3 31.2
77 740 843 9.4 10.0

D: Ferrite grain size, T: Temperature
LYS: Lower yield stress, TS: Tensile strength,
U.El: Uniform elongation, T.El: Total elongation
3. FERHER Ferrite grain size (um)
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3. Upper and lower yield stresses (nominal stress) as a
function of inverse square root of ferrite grain size
for the ferrite—cementite steels (solid lines) and the
ferrite—pearlite steels (dashed lines) at 296, 210,
and 77K: (a) upper yield stress and (b) lower yield
stress.



OuysEOWIZ oy &, kE—EMEE LTLTD &K S 128

L7,
296K © Opyg=250+475D7"2  (RZ=0.965):+++rroeeeeer (2)
210K GUYS=36O+475D¥1/2 (R2=0.956) ................ (3)
77K GUYS=720+475D_1/2 (R2=0.966)+++rreeneens (4)
296K : Opyg =175+475D71% (R*=0.986) ++-wweveeeeeser (5)
210K : Oy =245+475D7"7  (R*=0.987):wwweeeevveeeees (6)
77K 1 Oy =605+475D7'%  (R?=0.966)«+-w+-w+oevene (7)

ZZ TR ERE GEMIZXE18%5H) #7-L, D
DHEMIZumTH %, WTHhOBRAEE RP=09513F 51T
B, kE—EELLTETHREIRELWEELLN
%, Fig. 41213, BEE TICHE TN T 5 M - B
IS OB RIS I OREKER A AEREFOTRA L 72,
FetRIS HORARIRIEMIZ DWW TIE, MRz & b 2hDiE N
BROENZBDODTRTD KL THUIEE T
5ZENTES,

BB LR E LT, W O»DFCHIZH T FPH#IE
RREBIICY 2 — &4 — ZHOPBRE S Nz, KRB
& LS IZBEETIZENY 2 — & — 2T 5 dA
ERL7, LA L, D=047, 0.7 umDFCHMDBIRE, &
LT RTOFCMDTTIKTIE, YV a— & —ZERHIC
WMARELGEHRE Lz Bbh, BREETHS LL
3 2= 4= AR BRI EZS2IET LA,
3.2 EHEHICRIZTEE, OFHEEELT 51 MY

gZoxeE

RIZFCHD M AR TOEIG - RITTIRE, O
FTAEEL 7 274 FREOEBIIDNTHRNS, ZIT

Ferrite grain size (um)

50 10 § 2 1 0.5 0.3 0.2
: 1 1 1 L 1 1 1 1 !
2000 ————— — T
® Tsuchidaet al. . .
B Kimuraetal.”
4 Ajhara?
= 1500
o )
-9 Morrison
£
=
?n L
= 1000
o b
E .
7] N
= :
— N
2 - :
> 500 ;
0 Il L I Il
0 0.5 1 1.5 2 2.5

1/2 -1/2
)

(um’
Fig. 4. Yield strength (lower yield stress) as a function of

inverse sc}uare root of ferrite grain size for various
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Fig. 11. True stress versus inverse square root of ferrite
grain size at the end of yielding and for various
true strains for the ferrite—cementite (FC) steels
and the ferrite—pearlite (FP) steels at 296K (a) and
210K (b).
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