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Synopsis :

An ultra—fine-grained SUJ-2 steel was obtained by applying one of thermomechanical processing routes

developed in UHC-steel.

This material showed the high elongation—to—failure values of 400~8409%,

at warm temperature between 650 and 730°C over a range of initial strain rates from 1x 10~4sec™? to 8 x

10—4 sec™1.
mation process in this range.

The value of m=0.33 and the activation energy of 195 kJ/mol was obtained for the defor—
From these results, it could be concluded that grain boundary sliding is not

totally dominating the deformation process of the present material although superplastic flow plays an

important role in the region studied.
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Table 1. Chemical composition of the steel.

(wt9%)
C Si Mn P

SUJ-2 0.75 0.29 0.32 0.015
S Cr Mo O

SUjJ-2 0.014 1.29 0.02 0.0012

» _
Photo. 1. Scanning electron micrograph of the steel
in the as-received condition. (etched by 5% Nital)
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(a) Schematic diagram for the thermomechanical
processing

{b) Schematic diagram for the therma! cycling step

Fig. 1. Schematic diagrams for the thermomechanical
processing and the thermal cycling.
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(a) The as-warm-rolled specimen
(b) The specimen oil quenched from 770°C
(¢ ) The thermally cycled specimen

Photo. 2. Scanning electron micrographs of the
specimens. (etched by 59 Nital)
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Fig. 2. Dimension of tensile specimens.
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Photo. 3. Specimens of the SUJ-2 steel after testing to failure.
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Fig. 3. Elongation to failure as a function
of initial strain rate.
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Fig. 4. Flow stress-strain rate relation for
fine grained SUJ-2 steel.
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Fig. 5. Activation energy for plastic flow calculated
from plots of modulus compensated strain rate as a
function of reciprocal absolute temperature.
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Fig. 6. Activation energy for plastic flow calculated
from plots of modulus compensated stress as a
function of reciprocal absolute temperature,

LT, n=3 DFERHIT S Hikfk =5+ F12 Q=195
kJ/mol LFHiZN5. ThHD Fry PICEEL T,
AR I OB RE ORERFEY a-gko L
NETHLIRWEWSRED D & T, KOsTEr') Hla gk
COWTIRECBKE LTE L EDQfEXHER L.
BRI BT A EAR K DLW TH R EE (L= 2
FofH, Q=195k]/mol ¥, a-gkihTODIEFILED
EHAL =3 ¥ (Qu=250k]/mol®) X bidshwe
XRMETHDHN, a-gPho RNRAEFEO EHb=F 1 ¥
(Qgp=170k]J/mol®) L #ET 5 &, W SAKE (B
ThbH., ZDX5EEERL AWERCRT, ZOMHEE
ToOmDEL, m=0.33CHH, BAER LRSS
BHoBECHEIhD m=0.59 X ihich/ &
xR LI EhDd FRHIEIhS R Ths. Tihb
b, OB RVTL, BENEESNERE L REY R
oL TwB L5300, TOERBRIIRATNDY
CIDTRECTERINTE LT, DX iomfEestisd
HRATD (L7 YV —F) 2ELede, FES
HromiEn, BRGNS SRR TR T B E X
DN icfEd Iy, BHRBOEEL= > AR T
ROEEETHHRABRHO T I D, W BAKE
ExRLicbDEHETIRS.

4. & B

UHC-# @ 2o\T BR S hi- —H o MTENEED
1 o% @M UT, BEmes AR ERE o SUJ-2 &

B ENTEN. DR, 650~730°C DREE
FEEHT 1 x 1074571 76 8 x 1074~ DFEZEFEHIHE T
400~840%; DK E IcHRI{FOEER LA L LT, D
IR T DATHBERIC O\ TE LR ERRZ M 5% m=0.33
DfEL, 195kJ/mol OFH b= ZAFhE bhi-Zh
LORRIZL £S5 &, AP TR T LK
& Te WOV TR U e il 8l oo 1AM TR Bhe Y, FRABRY o
MRS SR BMC R ST A O &k 2 ey, BRR
BCAE I AR RAT DA, ZoERERBICE\WT,
BHELBEY BLTC2b0L R THZLENTE
5.
i, ARPFIRICE A Lo BhsZ 8 o LB,
(BR) #ESERRT p I PreRT o BN X b fThhic
LEfTEEL, RPBTOMBICERFKL T

x 18

1) 0. D. SuerBy, B. WaLser, C. M. Young,
and E. M. Capy: Scripta Met., 9 (1975),

p. 569

2) 0. D. SuerBY, C. M. Young, B. WALSER, and
E. M. Capy: U. S. Patent # 3,951,697, Apr.
20, (1976)

3) B. WaALsEr, E. S. Kavari, and O. D. SHERBY:
4th International Conference on the Strength of
Metals and Alloys, ed. by Laboratoire de
physique du Solid, Nancy, France, 1 (1976)

4) J. WapsworTH and O. D. SHERBY: J. Met.
Sci., 13 (1978), p. 2645

5) E. §. Kavaur: Ph. D. Thesis, Stanford
University, (1976)

6) B. Warser and 0. D. SuerBy: Met. Trans.,
10A (1979), p. 1461

7) C. M. Packer and O. D. SueErsy: Trans.
ASM, 60 (1967), p. 21

8) J. E. Birp, A, K. MUKHERJEE, and [. E.
Dorn: Quantitative Relation between Pro-

ed. by D. G.
BranpoN and A. Rosen p. 255 [Israel Univ.
Press]

9) R. A. Waite: Ph. D. Thesis, Stanford Uni-
versity, (1978)

10) O. D. SuersY, R. D. CaLiciuri, E. S. KavALl,
and R. A. WaiTE: Recent Advances in Metals
Processing, ed. by J. J. Burke, V. WErss, and
R. MeuraBian Twenty-Fifth Sagamore Army
Materials Research Conference (1980) [Syra-
cuce, Press, NY]

11) W. Koster: Z. fur Metallk., 39 (1948), p.1

perties and Microstructure,

— 144 —



