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Effect of cooling rate on the microstructure and
impact toughness of Cu-bearing HSLA steels
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Abstracts

The effects of cooling rate on the microstructures, precipitation of Cu-cluster, e-Cu and impact toughness
of high strength low alloy(HSLA) steel were studied using hardness tester, impact tester, DSC(differential
scanning calorimetry), AES(auger electron spectroscopy) and TEM(transmission electron microscopy). Not
only the Cu-precipitates but also the segregation of Cu, As, Sb, P, S, N, Sn along grain boundary were not
observed at the specimens heat treated from 800C to 300C with the cooling time of 12~125sec. The Cu-cluster,
g-Cu are formed by introducing ageing after cooling and the effect of precipitates on hardening increase
after cooling was the same in all cooling rate. The peak hardness was obtained at an ageing of 500C in
all cooling conditions. The impact energy become higher as the cooling time increases. This fact can be
explained to be due to the tempering effect applied on the cooling stage since the present alloy has a

relatively high Ms temperature and the local high concentration of the retained austenite.
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Table 1. Chemical composition of HSLA steel.

(wt%)
Alloy C Si Mn Ni Cr Cu Mo Nb | S-Al p S 0, N,
HSLA
A ton) 034 | 269 | 855 | 35 | 672 | 15 | 363 | 033 | 023 | .008 | 006 | 004 | 001
HSLA
(30 Kg) 031 | 324 | 906 | 355 | 618 | 156 | .385 | .039 | .022 | 003 | 007 | .0012 001
ABIRER G, 5136 $25%, 1995F 64 163
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Fig. 1 Graville diagram showing weldability of a steel
as a function of carbon content and carbon
equivalent.
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Fig. 2 Optical micrographs of HSLA steel
(a) As Rolled.
(b) Quenched from 900C and aged for 1
hr at 650C.
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Table 2. Mechanical properties of base HSLA steels
quenched from 900T.

Inclusion
1 VIM ki
Geometry ton 30kg VIM
Volume fraction of
Inclusion(%) 0.064 0.024
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Inclusion{E/mm?) 367 198
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Table 3. Mechanical properties of base HSLA steels quenched from 900C and aged at 650C.

Y. S. T. S. . .
VE—18C VE—-85C (J)
Alloy: A. Q| (MPa) (MPa) | EL (%) |R A (%) E W g
T T LT LT LT LT
HSLA 84238 8594 19.0 736 2045 1535 59.8 419
(1 ton)
HSLA
' 985. 179 754 236.6 228.8 2316 187.1
(30 Ke) 7889 5.1

Table 4. Inclusion geometry of specimens manufactured with 1ton VIM and 30 kg VIM.

Alloy : Y. s. T. S. VE25C . .

Y : A -18C ~g5¢C
6500 (MPa) (MP2) El R A M VE-18TC () VE-85C ()
Agein (%) (%)
geing T T TL LT TL LT TL
HSLA
(1 to 804.8 8271 257 | 745 1727 239.1 1796 352 218
HSLA 786.0 8140 248 | 776 - 278.1 251.1 253.7 2404
(30 Kg)
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Fig. 3 Optlcal micrographs of HSLA steel.
(a) At,=12sec. (b)) At,=52sec. (¢) At,;=70sec. (d) At,=125sec.
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Fig. 5 TEM micrographs showing lath martensite
in specimens with a cooling time of (a) At
w=12sec. and (b) At,,=125sec.
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Fig. 6 DSC curve of as-Qrenched specimen from
900C and the specimen with At,,=125sec.
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Fig. 9 Change of hardness with ageing temperature
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Fig. 10 Hardness difference between peak hardness
and the hardness of non-aged condition.
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Fig. 12 X-Ray diffraction pattern showing the variation of retained austenite with a cooling time.
(a) base metal, (b) At,,=12sec. and () At,,=125sec.

Fig. 13 SEM fractographs of Charpy impact specimens tested at-18C.
(@ At,=12sec.  (b) At,,=52sec. (c) At,,=70sec. (d) At,,=125sec.
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