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Abstract Mechanical preperties of HSLA dast steels alloyed with 0.15% Nb, Ti or V were tested as variations of
austenizing temperatures and tempering times. The test results are as follows. The hardness of HSLA cast steels
austenized for 2 hrs at 1150°C was shown the highest value regardless of alloying elements and then decreased as the
temperature decreased below 1100°C. The hardness of HSLA cast steels with 0.15% Ti austenized for 2 hrs at 1150C
was higher than that of any other HSLA cast steels, and which was mainly attributed to the relatively high amount of
bainite, and solid solution hardening. Charpy impact energy of HSLA cast steels was comparable to the C-Mn cast
steel except HSLA cast steels with 0.15% Ti austenized at 1150°C. The hardness of HSLA cast steels austenized for 2
hrs at 1150°C increased at a ten-minute tempering, and after that, the hardness kept almost similar level except
HSLA cast steels with 0.15% V.
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Table 1. Chemical compositions of used materials,

#iNb, Tt 2 VE A7)% HSLA F7Fe] 93 wgel g2 749 84 o7 761

(wt. %)
C Mn Nb \Y Ti Mo S/P Si Ni Cr
HSLAZ-5 0103 | 0642 ; 0.146 - 0.049 - 0.5 <0025 05 0.1 .35
HSLA 2-10 0.101 0.655 - - 0.050 | 0.147 0.5 <0.025 05 0.1 0.35
HSLA 2-12 0.114 | 0.652 - 0.161 0.050 - 0.5 =0.025 05 0.1 0.35
Austenizing 280
1150°C - 950°C —&— 0.15 bb (2.5
Homegenvins o ml o o R
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Fig. 1. Various heat treatment cycles for HSLA cast steels.

HSLAFZre] dxe] 27 nj2
H| FAEhAc).

714 54& Wrlstn

2 HHYH

HSLA 7o} dx7] 2706 u}2 542 vlat %r}slr)
&t ¥ 13} o] microalloying element ¢l Nb, V g
Tig 242 0.165% 4 Argt 3F2 Mo 2 AFF=2
F 28 1 Ae} 3Fe] G188 AAslda wtete]RA)
W4 s 1T /sec. 2 stgo). A3z e2Hubold &
= gzt AR 546 mlAe Qi 47198 1050
ToAlA 2212 #3235t H2BE 1150°C-950C F=bol 4] &

AEE 2A12HY dHelE slgler o)y %‘Jfﬂi‘é 23
BO0C M AAERE FAEA FRetAn). w7k
ol 71AA 54 ol vlAE d%E PR 8 e

vheld 2EE 1150T 9 950°C F2AdM §4% 102
—102412F R34 glsa] A2 d3fel nj2 B4 24
stanh. 1A BA4S relr) 97 se @ ajHA
= g A= FHEARE pEtg e 2AHE e A 2
Jaﬂnlﬂ 3 SEM& Abgsldar TEM & o

o

o
il

r-|:r
JA.‘
oy
A
_ﬂ

3. DEdEI_ ol TIxb

SAHUo1E 2re Wt
HSLA F74& F82] HAL ¢lell7] Hall 228 2.~

_D:l ZE3h) Nb(CN) &

220 +

200

180 r

Vickers hardness (Hv, 30kg)

160 +

140

" L " s 1 :
as-cast 1150-2 1100-2 1050-2 1000-2 950-2

Austenizing temperature

Fig. 2. Effect of austenizing temperature on hardness for vari-
ous HSLA cast steels.( Tempering : 800°C, 2hr.)
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Fig. 3. Effect of austenizing temperatuze on charpy impact en-
ergy for HSLA cast steels at room ternperature.(Temper-
ing :600°C, Zhr.)
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Fig. 4. Comparison of microstructures by various heat treatment for HSLA 2-5 (0.15 Nb)

a) H:1050C 2hr./A:1150°C 2hr,/T:600°C 4hr.
c) H:1050°C 2hr./ A:1050°C 2hr./T:600C 4hr.
e) H:1050°C 2hr./ A:950°C 2hr./T:600°C 4hr.
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Fig. 5. Cemparison of microstructures by varicus heat treatment for HSLA 2-10 (0.15 Ti)

a) H:1050°C 2hr./A:1150°C 2hr./T:600C 4hr.
¢) H:1050°C 2hr./ A:1050°C 2hr./T:600°C 4hr.
) H:1050°C 2hr./ A:950°C 2hr./T:600C 4hr.
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Fig, 6. Comparison of microstructures by various heat treatment for HSLA 2-12 (0.15 V)

a) H:1050°C 2hr./A:1150°C 2hr./T:600°C 4hr.
¢) H:1050°C 2hr./ A:1050°C 2hr./T:600°C 4hr,
e) H:1050°C 2hr./ A:950°C 2hr./T:600C 4hr.
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b) H:1050°C 2hr./A:1100°C 2hr./T:600°C 4hr.
d) H:1050°C 2hr./A:1000°C 2hr./T:600°C 4hr.
( H:homogenizing A:austenizing T:tempering )
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Fig. 7. SEM micrograph of Fig. 4 a) showing ferrite and bainitic
structure,
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Fig. 8. TEM micrographs of extraction replicas illustrating the effect of austenizing temperature on
the precipitation behavior for various HSL A cast steels.

a) Austenized at 1150°C (2-5, 0.15 Nb)
¢) Austenized at 1150%C (2-10, 0.15 Ti)
e) Austenized at 11507 (2-12,0.15 V)

b} Austenized at 950°C (2-5, 0.15 Nb)
d) Austenized at 950°C (2-10, 0.15 T
f) Austenized at 950 (2-12, 0.15 V)
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Table 2. Influence of austenizing temperature on vickers
hardness of ferrite for HSLA cast steels. (Hv, 5g)
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Nb 150 181
Ti 165- 180 | 248-280
v 150-180 | 161-190
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Fig. 9. Effect of tempering times on hardness for various HSLA
cast steels austenized at 1150°C.
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Fig. 10. Effect of tempering times on hardness for various
HSLA cast steels austenized at 950C.
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Fig. 11. TEM micrographs of extraction replicas illustrating the effect of tempering on the precipita-
tion behavior for various HSLLA cast steels austenized at 1150<C.

a) Without tempering {2-5, 0.15 Nb)
¢) Without tempering (2-10, 0.15 Ti)
e) Without tempering (2-12, 0.15 V)
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b) Tempered for 10 min. (2-5, 0.15 Nb)
d) Tempered for 10 min. (2-10, 0.15 Ti)
f) Tempered for 10 min. (2-12, 0.15 V)
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Fig. 12. Optical micrographs illustrating the effect of tempering times for 0.15 Nb HSLA cast steels

austenized at 1150°C.

a) Without tempering b) Tempered for 10 mins ¢) Tempered for 4 hrs d) Tempered for 10 hrs
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