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In this paper we studied the behavior of steel 31 VMn12 micronized with V in industrial conditions. In the
experiments it was intended to obtain the mechanical characteristics corresponding to the pipe qualities, in
the following states of the material: from the heat of rolling; with thermal normalization treatment; with
thermal improvement treatment. Experiments have been achieved for two samples made steel and rolled

into tubes @ 219 x 9 mm.
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The most used elements in the microalloying of steels
are vanadium and niobium. Compared with niobium,
vanadium offers steel cost advantages in the continuous
casting and hot rolling process. In continuous casting,
vanadium reduces the cracking tendency. In hot rolling,
the higher the solubility of vanadium carbonates means
that lower temperature reheating can be used before rolling
or forging, to saving up of energy [24]. Higher solubility of
vanadium carbonitrides allow control of steel deformation
microalloyed with vanadium with more some wear of
cylinders [1]. Adding vanadium to steel provides improved
strength compared to standard steels, providing all
requirements for ductility, weldability and tenacity, without
greatly increasing costs and lower energy consumption
[10, 17] The main source of vanadium is the recovery of
used catalysts in oil refining operations [4,6, 26-34].

These catalysts, together with other vanadium waste
are subject processing by recycling [14, 29]. Steels
microalloyed with V are used for metal structures:
containers, bridges, equipment for constructions [15, 16,
18, 19].

Every year, large amounts of vanadium are recycled from
catalysts used. This reduces the need to use vanadium
extracted from minerals, which reduces energy
consumption and pollution generated by mining. Using
recycled vanadium also reduces the energy requirement
normally associated with ore processing, eliminating or
reducing the need for land removal from these waste and
ensuring the supply of vanadium to steelmakers [1, 3,5, 7,
9

When vanadium is used as an alloy in the steel making
process, it requires less steel to meet the same structural
requirements as for standard C-Mn steel. This reduces the
amount of energy required in production [20-23]. So it is
possible that the use of V-microalloyed steel will lead to
30-40% less engineering steel reduction to achieve the

same goals, resulting in a low environmental impact [1,
11-13].

Experimental part
Materials and methods

In this paper the behavior of 31 VMn12 microalloed V
steel under industrial conditions was studied. The
composition of the two studied steel batches is presented
intable 1.

Experiments realized aiming at establishing the
parameters of the thermal treatment with the main
objectives: using the steel brand for the production of the
pipe quality; insurance limit of flow corresponding to a pipe
quality for a number as large a sample of the same steel
brand and the same thermal treatment. This is justified by
the fact that, depending on the situation of the supply of
semi-finished products, the realization of any samples not
prejudiced [8, 25].

In the experiments it was intended to obtain the
mechanical characteristics corresponding to the pipe
qualities, in the following states of the material: from the
heat of rolling; with thermal normalization treatment; with
thermal improvement treatment. Experiments were
performed for two samples made steel and rolled into
tubes @ 219 x 9 mm.

Results and discussions

Mechanical characteristics were determined for the two
batches experienced on hot rolled pipes (temperature end
rolling is 900 °C).

The structure of the material was analyzed. The analysis
was performed in a longitudinal section of the pipes and
the structure has the appearance shown in figure 1.

The structure is made of ferrite, perlite and a small
amount of bainite. There is a slight orientation of the

Chemical composition (7a)
Barch ¢ Mo (S [P 3 T
Table 1
1 033 117 133 0019 | 0016 | 010 CHEMICAL COMPOSITION OF THE TWO STEEL BATCHES
31VMn 12
2 031 120 027 0023 [ 0020 011
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Table 2

MECHANICAL CHARACTERISTICS OBTAINED ON PIPES MADE

FROM LAMINATED AND NORMALIZED @ 219 x 9 mm THE STEEL

31VMn12219x 9 mm

Thermal Sample | B [dalNmm?®] | Fu [daNimm | A5 [%]
treatment
Laminated 1 [i#] 36.7 1%

2 0 ER] 18
Mommalize 1 260 TR 20

2 a0 8.7 26

Where: R_is the limit flowing of the experimental samples in different
laminated and normalized steps [daN/mm?], R is the breaking
strength of the experimental samples in different stages: laminated
and normalized [daN/mm?], A, elongation at break [%].

x 100 sample 1 x 100

Atack nital 2 %

sample

Fig. 1 Appearance of the structure of the material in the
laminated state, steel 31 VMn12 pipes @ 219 x 9 mm

2

i~

Fig. 2 Aspect of the structure of the material after normalization,
steel grade 31 VMn12 pipes @ 219 x 9 mm

x 100 sample 1 x 100 sample 2
Thermal Sample . [daNmm?] | B [daNmm<] | As [Fa]
treatment
Lammated 1 0.8 883 k]
Table 3
2 [iE] o1 20 MECHANICAL CHARACTERISTICS OBTAINED ON ROLLED
AND NORMALIZED STEEL PIPES 31VMn 12

Nomalize 1 333 | M4

2 350 737 383

R, is the limit flowing of the experimental samples in different laminated and
normalized steps [daN/mm?], R_is the breaking strength of the experimental
samples in different stages: laminated and normalized [daN/mm?], A, elongation

at break [%].

structure in the strings. Due to its mechanical properties,
this steel can not be used in the heat of rolling.

Mechanical characteristics obtained in the normalized state

The pipes were normalized at 900°C, 30 min in the
tunnel furnace. The values of the mechanical
characteristics after normalization are shown in table 3.

There is a decrease in the limit flow and tear strength
with 10-15 daN / mm? after normalization over the rolling
values.

The properties obtained after normalization are within
the 100% API 5 prescriptions [2].

Metallographic analysis of samples after normalization
p;,l'[ itin evidence a fine-grained ferrite-perlite structure (fig.
2).

The mechanical characteristics obtained after quenching
and tempering

Semi-industrial experiments were conducted to
establish the potential of this mark over a wide range of
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return temperatures. Laminated pipes were sampled and
then recovered from 20 to 20 °C in the range 520-660°C.
From each batch, one sample was taken for each
tempering temperature, determining the mechanical
characteristics: flow limit, breaking strength and
elongation. The values obtained are presented in tables 4
and 5 and the minimum, mean and maximum values in
table 6.

It can be observe that between the two analyzed
samples there are no very large differences in the flow
limit values and there is a small dispersion of the values of
the analyzed parameter at lower values of the return
temperature. This dispersion variation is due to differences
in chemical chemical composition between the two
samples.

The metallographic analysis carried out after the
improvement treatment revealed the existence of rebound
structures with the coalescence of the carbide particles
as the return temperature increased. The characteristic
aspects of the structure are shown in figures 3 and 4.
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Table 4 Table 5
MECHANICAL CHARACTERISTICS OBTAINED ON PIPES & 219 X 9 mm HEAT MECHANICAL CHARACTERISTICS OBTAINED ON PIPES @ 219 X 9 mm
TREATED (IMPROVEMENT) DEPENDING ON THE TEMPERING TEMPERATURE ~ THERMAL TREATMENT (IMPROVEMENT) DEPENDING ON THE TEMPERING

MADE FROM THE STEEL 31VMn12, SAMPLE 1 TEMPERATURE PRODUCED BY THE STEEL 31VMn12, SAMPLE 2
T:"C F: daNmm?® | Fo daimm® | As[%al T: °C F: daNmm® | Fo daMmm® | A3 [5a)
320 1047 11is 151 520 1085 1170 141
340 o031 1038 163 340 1073 1183 16.7
3670 oTs 1053 180 560 1117 1201 173
580 043 1023 163 580 1044 1117 183
600 924 o5 159 (1)) L] o7 158
620 8T 053 154 [i¥] 0E7 1071 182
640 837 EEN 183 B0 37 035 1R
%] R ToE 1832 G50 Ted REIES 06

Table 6

MINIMUM, MEDIUM AND MAXIMUM MECHANICAL CHARACTERISTICS OF PIPE SAMPLES @ 219 x 9 mm DIFFERENTIATED THERMAL
TREATMENTS. STEEL 31VMn12, SAMPLE 1 and 2

Sampl | Chemical composition | T; Charactenistics mechanical
e C IMn v °C P deMimm? Fo daN/mm~ AsTa
1 033 [ 112 010 min. med. max min. med. max min. med. max

20 1059 [T 106T [ 1004 | II1T [ 1154 | 11864 [ 110 13.6 177
30 | 833 030 R 967 015 | 142 [ 120 157 187
360 | 908 083 1060 [ 258 1 | 1120 [ 141 159 158
380 [ %13 73 1015 | %84 4T | 10ed [ 1232 133 175
600 [ 832 012 088 L] 901 077 1151 169 200
620 | 813 857 8e1 913 933 o733 153 171 196
80 723 813 853 833 1.1 930 16.7 18.8 216
660 | 625 09 831 763 837 503 17% 204 334
L 398 627 66.8 86.5 85.6 o0 158.0 107 230
N 329 354 374 T0.1 734 778 15.0 220 230
2 031 [ 1.20 OI1 [ 320 [ 162 [ 1128 | 1206 | I163 | 1200 [ 1270 [ 133 151 173
SEVN IR IS [ IS 124 TI085 | 1183 | 143 159 185
360 | T01S | I05S [ IILT | 1083 | 1134 | 13539 [ 153 174 200
380 [ 961 04 [IdL JTI62 JTI075 | 1117 | 1489 178 20.8
600 | 383 LEN] 10T | %% 017 | 1083 | 1&83 101 2132
[¥] 823 016 6.7 oo 020 [ 1071 [ 177 104 210
&0 [ 72T R REX S 851 904 RER 177 218 244
] 674 758 803 803 833 912 1583 2218 267
L 61.8 670 T84 912 G938 965 15.0 108 240
N 348 36.6 61.0 39 758 80.8 210 230 270

T - tmpering temperature, °C, L - mechanical characteristics of the rolling heat, N - mechanical characteristics on normalized
specimens T, =900° C, T, - normalization temperature

MECHANICAL CHARACTERISTICS MINIMUM, AVERAGE AND MAXT?/I?JIEII \7/ALUES OBTAINED ON TWO STEEL SAMPLES (1 AND 2) 31VMn 12

T:°C F.: dal/mm? Pl dal/mm? As

min. med max min. med max min. med max
320 1030 10090 1306 | 1117 11683 13732 110 1440 177
540 853 08 073 | 987 105.43 1183 130 1514 187
360 90.6 10.90 IT17 [ 938 108,73 1330 141 1570 200
350 913 9898 1015 | 9848 105.80 1117 133 1570 208
600 853 92160 1001 [ 923 10011 1077 151 1507 213
620 BL3 25.68 967 913 arTs 1071 153 1538 210
&40 713 §0.60 Bd6 851 9133 a5 1587 2033 244
660 623 7340 831 763 g414 913 204 2141 287

Fig. 3 Aspects of the structure of
the material after improvement,
steel 31VMn 12 sample 1

x 3500 Tr=520%C x500 T,=580°C x3500 T:=640°C
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x 500 T:=580°C

x 500 T; = 520°C

Conclusions

Experiments realized they followed establishing the
parameters of the thermal treatment with the main
objectives: using the steel brand for the production of the
pipe quality; insurance limit of flow corresponding to a pipe
quality for the largest number of samples within the same
steel brand and the same thermal treatment. This is justified
by the fact that, depending on the circumstances of the
supply of semi-finished products, the realization of any
assortment is not prejudiced. It was intended to obtain the
mechanical characteristics corresponding to the qualities
of the pipe in the following states of the material: from the
heat of rolling; with thermal normalization treatment; with
thermal improvement.

A decrease in the yield limit and breaking strength of
10-15 daN/mm? after normalization over the rolling values
is observed.

Metallographic analysis performed after the
improvement treatment highlighted the existence
tempering structures with the coalescence of the carbide
particles as the tempering temperature increases.

The steel brand 31VMn 12 corresponds to the
manufacture a wide range of qualities of oil pipes, which
can be obtained by heat treatment of normalization,
guenching plus tempering.
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