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Precipitation Hardening Effect on Controlled Rolled HSLA
Steels Containing V and/or Nb

Kazutoshi KUNISHIGE, Tamotsu HAsuiMOTO, and Teruo YUKITOSHI

Synopsis:

The purpose of the present study is to investigate the effect of precipitation hardening on the prop-
erties of HSLA (high strength low alloy) controlled rolled steels containing vanadium and/or niobium.

Laboratory tests were carried out under various conditions of controlled rolling and heat treatment.
Also, thermomechanical treatments such as direct quenching and tempering, rolling and tempering in
conjunction with rolling conditions were studied.

The results revealed that there were two types of precipitation hardening. That is, the one which
is called “secondary hardening” is accompanied by a large loss in toughness and the other called
“dispersion hardening” is accompanied by little loss in toughness. The secondary hardening is attribut-
able to fine coherent precipitates formed in the lower temperature range of ferrite region. On the
other hand, the dispersion hardening is attributable to fine incoherent precipitates induced by strain in
the lower temperature range of austenite region and/or in the high temperature range of ferrite region.
The controlled rolling is supposed to accelerate the latter, while suppressing the former.
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Table 1. Chemical compositions of vanadium and/or niobium bearing steels (wt. 9;) used.

Steel c Si Mn P ] S v Nb | Sol. Al N ] Remarks
PC 0.10 | 0.34 1.34 | 0.008| 0.011 | <0.01 | <0.01 | 0.040 | 0.0075
v 0.10 | 0.30 1.31 0.007 | 0.011 0.11 | <0.01 | 0.039 | 0.0087 | 1st melt
Nb 0.11 0.30 1.32 | 0.007 | 0.010 | <0.01 0.030 | 0.040 | 0.0091
PC 0.10 | 0.30 1.25 | 0.008 | 0.010 | <0.01 | <0.01 | 0.039 | 0.0046 | o . .
V-Nb 0.11 0.29 1.30 0.009 | 0.011 0.08 0.029| 0.037 | 0.0047 me
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Fig. 1. Various thermomechanical conditions
for V- or Nb- bearing steel.
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Fig. 2. The effect of normalizing condition on tensile
strength (TS) and Charpy transition temper-
ature (vTrs) of plain carbon steel, V- or
Nb- bearing steel.
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Photo. 1. Microstructural changes in 3 mm thick steels with normalizing conditions.
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Fig. 3. Variation in tensile strength and Charpy transition temperature
with precipitation hardening in V- or Nb-~ bearing steels.
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Photo. 2. Microstructural changes in 11 mm thick steels heated at 1100°C with finishing
rolling temperature (FT).
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temperatures on the mechanical properties
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Table 2. Quantitative analysis of microstructure

in directly quenched and tempered

steels shown in Fig. 6.
HT 1100°C HT 920°C

Steel

FT 970°C FT 700°C | FT 700°C
PC 20.0*(100**) | 14.3(22.0) 6.8(18.0)
\% 21.0(100) 13.0(20.0) 7.2(22.0)
Nb 16.1(100) 11.9(31.8) 5.0(20.5)

* Shows mean grain diameter (g). As for 970°C finished roll-
ed steels, large angle grain boundaries of low temperature
transformation product were measured.

**  Shows volume fraction of low temperature transformation
product (%).
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Table 3. Classification of V and/or Nb precipitates formed during hot rolling process.

Behaviour and morphology of precipitates

Effect on mechanical

Type v properties Notes
Temperature Sites with a Y Size Strengthening | Embrittling
Undissolve at . Large
I slab soaking Matrix (7) No (=10004) No No
1T High temp. .Sga;r::laries No Large No No
(r region) 'Di;llocations (~ 1000A?)
Low temp. . . Small
m (7 region) -Dislocations No (100A7) Weak No . .
S — | Dispersion
. - Dislocations ) hardening
High temp. Small
- . N N .
V| (a region) Tnterphase © (100A?) Weak ©
-Matrix (a)
Low temp. Small S Secondary
. . t St .
v (a region) i’r:g*phase Strong (<100A) »rong rong hardening

* 1 Austenite

a : Ferrite
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