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Abstract;

The effect of vanadium and nitrogen on the mechanical properties of 20MnSiV and

16MnV microalloyed steel grades is studied in this paper through the contrast test by adding
V-Fe(51.6%V) and the American priority product NV12 (80%V, 12%N) into the 20MnSiV and
16MnV steel. The savings in content of vanadium and technological economy of the steel is also

discussed.
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1 Preface

By adding trace elements such as Nb, V and
Ti into plain carbon steel or ordinary low
alloyed steel, and applying technologies of
rolling control and cooling control,
microalloying can enable certain steel grades
to achieve finer grain, better roughness, more
desirable comprehensive properties of both
formability and weldability, so as to attain the
improved mechanical performance of the steel
and reduced production cost.

Microalloying elements in steel play an
important role in grain refining and
precipitation strengthening, for these can form
tiny dispersed particles of carbide, nitride or
carbonitride to inhibit growing of austenitic
grain, and the refined austenitic grain will
have an effect on grain refining and
precipitation strengthening. Study in recent
years demonstrates that nitrogen will have
significant effect on solid solution
precipitation of carbonitride in microalloyed
steel. The beneficial effect of nitrogen comes
from the reciprocal action between nitrogen
and alloying elements.

The nitrogen bearing steel is the solution to
reduction of production expenses in N
degassing via degassing facility or other
secondary refinement equipment, and still the
nitrogen pick-up in steel can put
microalloying elements to their full use, save
the consumption of microalloying elements

~ and lower the production cost to the further
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extent.

In order to study the significance of vanadium
and nitrogen in steel, Jianan Iron & Steel
Group Corporation (hereinafter referred to as
“Jigang”) has made a series of comparison
tests in production of 20MnSiV and 16MnV
steel grades by adding American priority
product VNI2 alloy (80%V, 12%N) wvs.
adding FeV (51.6%) and studied the effect of
V and N microalloying on properties of 20
MnSiV and 16 MnV steel grades. The tests
demonstrate that by using VNI12 (80%V,
12%MN) in microalloying of steel, nitrogen
containing in steel can be utilized to the full
extent, and the mechanical performance of
steel can greatly improve, which will bring
about fine economic benefit.

2 Production of Test Steel and Test
Methods

2.1 Production of 20MnSiV
Reinforced Bar

2.1.1 Process Scheme of Test Production
Take VNI12 and FeV as alloying elements to
respectively produce 4 different dimensions
(within ®12mm~32mm) of Class Il
reinforced bar, each dimension with 10 heats
of 20MnSiV (N) and 5 heats of 20MnSiV.
Process flow is 6T Converter Steel Making —
Alloying in Ladle — Wire Feeding and Argon
Blowing — Billet Continuous Casting-Tandem

Rolling Mill-Inspection-Stocking.

Class III



2.1.2 Steel Making

Use 15T oxygen top blowing converter to
produce 10 heats of 20MnSiV(N) totalling
approximately 150 tons and 5 heats of
20MnSiV totalling approximately 75 tons.
During the steel making process, oxygen
pressure keeps constant with different lance
positions, target temperature is 1674-1712 °C,
and steel tapping amount 14-16 tons. Oxygen
removal and alloying procedures are fulfilled
in ladle furmace. Oxygen is removed by
adding aluminium, and addition of VN is 7-
20kg/heat and that of FeV is 30-45kg/heat
according to the requirement of rolling
specification. Wire feeding and bottom argon
blowing are adopted in Ladle furnace steel

refining. The section of billet produced is

120x120mm and analysis of molten steel is in
conformity with GB1499-91.

2.1.3 Steel Rolling

Rebar products are produced in four
dimensions (®12mm, ®20mm, d25mm,
®32mm) via tandem rolling mill. Starting
rolling temperature at the first 500mm rolling
mill is 1110-1200 °C, and after 400mm
rolling mill, the final temperature will be 960-
1110 °C.  After rolling, the rebar will go
through various procedures including air
cooling, cutting, sampling and packing. The
chemical composition and air content inside
steel are shown in Table 1.

Table 1 Chemical Compositions of 20MnSiV Steel Bar

Heat C% Si% Mn% P% S% V% Als% Nppm Note
2-11069 0.22 0.55 1.48 0.037 0.023 0.029 0.008 87 VIN12
1-10788 0.22 0.55 1.49 0.036 0.023 0.030 0.007 B0 VIN12
2-11103 0.21 0.55 1.47 0.036 0.019 0.082 0.008 57 FeV
2-11070 0.22 0.60 1.54 0.035 0.024 0.047 0.008 76 WVNI12
1-10789 0.23 0.63 1.56 0.035 0.024 0.063 0.007 103 VNI2
2-11071 0.22 0.57 1.48 0.036 0.024 0.064 0.009 110 VN12
1-10819 0.21 0.50 1.38 0.037 0.017 0.138 0.008 49 FeV
1-10790 0.22 0.58 1.46 0.034 0.023 0.079 0.007 118 VNI2
2-11072 0.22 0.56 1.49 0.034 0.021 0.08] 0.006 112 VN2
1-10791 0.24 0.67 1.60 0.029 0.021 0.090 0.007 113 VN12
2-11104 0.21 0.51 1.41 0.036 0.016 0.132 0.007 46 FeV
2-11073 0.21 0.57 1.41 0.033 0.018 0.079 0.005 123 VN12
1-10792 0.24 0.59 1.46 0.034 0.020 0.089 0.003 133 VNI12

2-2596 0.21 0.58 1.50 0.033 0.017 0.093 0.004 63 FeV
1-2361 0.22 0.63 1.47 0.036 0.019 0.096 0.004 86 Fev

2.2 Production of 16MnSiV(N) Plate
2.2.1 Process Scheme of Test Production
Take VN12 and FeV as alloying elements to
respectively produce 2 different dimensions
of 12mm and 18mm, each dimension with 5
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heats and 1 heat of 16MnV. The process flow
is 25T Converter Steel Making-Alloying in
Ladle Furnace-Wire Feeding and Argon
Blowing-Slab Continuous Casting-3-high and
4-high Rolling Mill-Inspection-Stocking.






