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ABSTRACT

Low-alloy carbon steel for the manufacture of seamless
plipes having 1improved resistance to corrosion, particularly

the Y“Ysweet corrosion” that occurs 1n the media rich in CO,,

for using 1n exploration and production of o0il and/or natural
gas. The steel contains: 1.5 - 4.0% by weight of Cr, 0.06 -
0.10 % by weight of C, 0.3 - 0.8% by weight of Mn, not more
than 0.005% by weight of S, not more than 0.015% by weight of
P, 0.20 - 0.35% by weight of Si, 0.25 - 0.35% by weight of

Mo, 0.06 - 0.9% by weight of V, approximately 0.22% by weight

of Cu, approximately 0.001% by weight of Nb, approximately
0.028% by weight of Ti, not more than a total wvalue of O of
25 ppm, with the balance being Fe and unavoidable 1mpurities.

The process to manufacture seamless pilipes comprises the

stages of elaboration of a primary melt, followed by a
secondary metallurgy stage with a strong desulfurization,
addition  of ferroalloys and chromium, and then the
modification and flotation of the 1inclusions until the
specified formulation 1s achieved; followed by casting,
continuous hot-rolling, and optionally by normalizing,

austenizing, quenching and tempering,
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LOW-ALLOY CARBON STEEL FOR THE MANUFACTURE OF PIPES FOR THE
EXPLORATION AND THE PRODUCTION OF OIL AND/OR GAS HAVING AN
IMPROVED CORROSION RESISTANCE, A PROCESS FOR THE
MANUFACTURE OF SEAMLESS PIPES, AND THE SEAMLESS PIPAKS

OBTAINED THEREFROM.

FIELD OF THE INVENTION

This invention relates to certain kinds of steel
having a higher —resistance to corrosion for their
application in the manufacture of pipes used for oil and/or
gas exploration and production in the petroleum 1industry.
Particularly, the invention refers to a low-carbon steel
having an improved resistance to corrosion, which 1s
suitable for applications in the o0il industry and

particularly in environments containing CO;.

BACKGROQUND OF THE INVENTION

Corrosion has a wide range of implications on the
integrity of materials used in the oil industry. Among the
different ways in which corrosion may appear there 1is the
so-called “sweet corrosion” that occurs in the media rich
in CO,. This is one of the prevailing ways of corrosion
that must be faced when producing oil and gas.

The damage produced by corrosion caused by CO, has an
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impact on capital and operational i1nvestment, as well as on
health, security, and environmental 1mpact. In general
terms, 60% of the failures occurring 1n the 01l wells are
the result of the corrosion caused by C0O,. This 1s mainly
due to the poor resistance depicted by the low-alloy carbon
steel commonly used 1in the o0il producing 1industry when
faced to this kind of attacks.

It has been shown that, despite the extensive research
carried out during the last vyears 1in connection with the
poor resistance to the corrosion caused by CO, observed 1in
the low-alloy carbon steel this has only led to the over-

specification of materials, adversely impacting on the o1l

and gas production costs.

Carbon steel 1is usually used 1in tubes for the
production of oil, for example J55, N80 or P110, having the
following typical composition ranges: C: 0.20 - 0.45%; Si:

0.15 - 0.40%; Mn: 0.60 - 1.60%; S: 0.03% maximum; P: 0.03%

\O

maximum: Cr: 1.60% maximum; Ni: 0.50% maximum; Mo: 0.70%
maximum; and Cu: 0.25% maximum.

Corrosion inhibitors have been generally used toO
of fset the corrosive influence of the fluid medium present
in an oil exploration and production facility. These
inhibitors may be added to the fluid or to the injection
water. To that end, filmogenic amines are commonly used.

They act by generating a protective film over the metal
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surface, which protects such surface against the aggressive
fluid. They are applied at constant doses of 8-20 mg/l or
in weekly batches of 100-200 mg/l. However, these additions
largely 1increase production costs.

As an attempt to counteract the corrosive 1influence of
the fluid media present in an oil production facility, low-
alloy carbon steel provided with different kinds of linings
such as epoxy-type polymer resing or ceramlc linings have
been used.

Apart from their cost, these linings are severely
damaged by the different tools used while working 1in the
installation inside the well.

Due to the reasons mentioned above herein, the search
has recently focused on the production of corrosion-
resistant materials, which would make 1t possible to avoild
the addition of such inhibitors and to eliminate pipe-
linings.

A proposal was made to use high-chromium steel
containing 10% by weight of Cr or more in the manufacture
of production tubing. This kind of stainless steel,
particularly stainless steel such as AISI420, AISI31l6, and
Duplex (Cr: 22%) with a Cr content going from approximately
12 to 22%, regardless of the fact they have a desirable
behavior against corrosion, have a high cost as theilir main

disadvantage. This cost varies between 3 to 15 times the



CA 02376633 2002-03-13

cost of conventional carbon steels.

Therefore, 1t would be desirable to rely on a steel

suitable for the manufacture of cost-effective and
corrosion-resistant pipes for the production of o0il and/or
natural gas.

It is known in the art that a low Cr content (of
approximately 3%) 1s effective 1in improving the resistance
to corrosion of low-alloy steel by means of the creation of
a stable protective chromium oxide film. Nevertheless, such
beneficial action resulting from the use of chromium could
be offset if the carbon concentration and the micro-alloy
elements are not modified. Furthermore, said composition
should not only be useful to resist corrosion but 1t should
also need to be suitable for the process of manufacturing
seamless pipes and to provide high resistance and high
tensile strength whenever mechanical stresses are applied.
In addition, it should provide good weldability properties,
without substantially increasing the cost when compared

with conventional carbon steel.

SUMMARY OF THE INVENTION

Therefore, it is an object of the present invention to
provide a low-alloy carbon steel having a chromium content
ranging from 1.5 to 4% by weight for the manufacture of the

seamless pipes to be used in corrosive oil media, both for
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exploration and production in the well.
Furthermore, it is an object of the present invention

to provide low-alloy carbon steel for the manufacture of

seamless pipes for the exploration and the production of
0oil and/or natural gas having an improved resistance to
corrosion, where said steel comprises:

1.5 — 4.0% by weight of Cr, 0.06 - 0.10% by weilght of C,
0.3 - 0.8% by weight of Mn, not more than 0.005% by weight
of S, not more than 0.015% by weight of P, 0.20 - 0.35% by
weight of Si, 0.25 - 0.35% by weight of Mo, 0.06 - 0.9% Dby
weight of V, approximately 0.22% by weight of Cu,
approximately 0.001% by weight of Nb, approximately 0.028%
by weight of Ti, not more than a total O of 25 ppm, with
the balance being Fe and unavoidable impurities.

According to a preferred embodiment, the steel 1s
produced following a process that comprises the stages
stated below:

the elaboration of a primary melt in an ultra-high
power electric furnace, followed by a secondary metalliurgy
stage with a strong desulfurization, addition of
ferroalloys and Cr, and then modification and flotation of
inclusions until the specified formulation is obtailned;

casting, preferably by continuous casting, followed by

hot-rolling in a continuous roller;

optionally, such hot-rolled steel 1is subjected to a
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normalizing thermal treatment;

optionally, said normalized steel 1s subjected to
austenization, followed by quenching and tempering, with a
minimum tempering temperature of 490°C;

optionally, such rolled steel i1s directly subjected to
austenization, quenching, and tempering.

Preferably, the hot-rolling comprises:

a first heating stage conducted at temperatures
ranging between 1200-1300°C for a period of approximately
60 minutes in an atmosphere of combustion gases with an O,
content from 1 to 1.5%;

an optional second heating stage conducted at a
temperature ranging between 850 and 1100°C for a period of
approximately 30 minutes, in an atmosphere of combustion
gases with an O, content from 1 to 1.5%;

Preferably, the hot-rolling of seamless pipes 1s
carried out 1in a continuous roller of the floating or
restrained mandrel type (Multi-stand Pipe Mill -MPM - or
Continuous Mandrel Mill, respectively).

According to one particular embodiment of the present
invention, low-alloy carbon steel 1is provided for the
manufacture of the pipes used in the exploration and the
production of o0il and/or natural gas with an 1improved
resistance to corrosion. This steel contalning:

3.3% by weight of Cr, 0.08% by weight of C, 0.47% by weilght
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of Mn, 0.001% by weight of S, 0.014% by weight of P, 0.28%

by weight of Si, 0.29% by weight of Mo, 0.52% by weight of

V, 0.22% by weight of Cu, 0.001% by weight of Nb, 0.028% by
weight of Ti, not more than a total O of 25 ppm, with the
balance being Fe and unavoidable impurities.

Surprisingly, 1t has been found that a higher
resistance to the corrosion caused by CO; can be obtailned
with respect to the conventional grade carbon steel
recommended for the o©il industryy, alsco having suitable
mechanical properties 1in terms of tensile strength and
weldability.

An aspect of the invention consists of providing low-
alloy carbon steel for the manufacture of an o0il well
casing with an improved resistance to corrosion, wherein
such steel contains,

1.5 - 4.0% by weight of Cr, 0.06 - 0.10 % by weight of C,
0.3 - 0.8% by weight of Mn, not more than 0.005% by weight
of S, not more than 0.015% by weight of P, 0.20 - 0.35% by
weight of Si, 0.25 - 0.35% by weight of Mo, 0.06 - 0.9% by

O

weight of V, approximately 0.22% by weight of Cu,

approximately 0.001% by weight of Nb, approximately 0.028%

by weight of Ti, not more than a total O of 25 ppm, with

the balance being Fe and unavoidable impurities.
Furthermore, another aspect of the invention consists

of providing steel for the manufacture of a corrosion-
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resistant oil well production tubing which 1s made of a
steel containing: 1.5 - 4.0% by weight of Cr, 0.06 - 0.10%
by weight of C, 0.3 - 0.8% by weight of Mn, not more than
0.005% by weight of S8, not more than 0.015% by weight of P,
0.20 - 0.35% by weight of Si, 0.25 - 0.35% by weight of Mo,
0.06 - 0.9% by weight of V, approximately 0.22% by weight
of Cu, approximately 0.001% by weight of Nb, approximately
0.028% by weight of Ti, not more than a total O of 25 ppm,

with the balance being Fe and unavoidable impurities.

In addition, another aspect of the present 1nvention
consists of providing steel for the manufacture of
corrosion-resistant casing for injection well, where said
steel contains: 1.5 - 4.0% by weight of Cr, 0.06 - 0.10 %

by weight of C, 0.3 - 0.8% by weight of Mn, not more than

0.005% by weight of S, not more than 0.015% by weight of P,
0.20 - 0.35% by weight of Si, 0.25 - 0.35% by welght of Mo,
0.06 — 0.9% by weight of V, approximately 0.22% by weilght
of Cu, approximately 0.001% by weight of Nb, approximately
0.028% by weight of Ti, not more than a total O of 25 ppm,
with the balance being Fe and unavoidable impurities.

In addition, and for the purposes of the present
invention, the manufacture of accessories such as
couplings, valves, gaskets, as well as pumps, hydrated
hydrocarbons capturing batteries, tanks, etc. -i.e. all

those accessories and devices used in the stages before the
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o1l i1nflow into a treatment plant - should be considered as
1ncluded within the general application concept for the

steel subject matter of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1 through 4 depict  pilctures of the
microstructure of a steel 1n accordance with the 1nvention
(magnification, 2500).

Figures 5 and 6 represent the mean values and the
standard deviation for the cCorrosion rate through

measurements of the Linear Polarization Resistance at 25°C

and 60°C, respectively.

—

Figures 7 and 9 show the curves obtained by means of a

potentiodynamic scan with bare probes at 25°C and 60°C,

respectively.

Figures 8 and 10 show the curves of current versus
over-potential curves obtained with bare probes at 25°C and

60°C, respectively.

Figure 11 shows the effect of pre-corrosion in a trial

measuring current versus time.

Figures 12 and 13 represent the mean values for the
corrosion rate from the measurements of the Linear

Polarization Resistance at 25°C and 60°C, respectively

using pre-corroded probes.
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DETAILED DESCRIPTION OF THE INVENTION
The 1low-alloy carbon steel of the present 1invention

comprises: 1.5 - 4.0% by weight of Cr, 0.06 - 0.10% by

weight of C, 0.3 - 0.8% by welght of Mn, not more than
0.005% by weight of S, not more than 0.015% by weight of P,
0.20 - 0.35% by weight of Si, 0.25 - 0.35% by weight of Mo,
0.06 - 0.9% by weight of V, approximately 0.22% by weight
of Cu, approximately 0.001% by weight of Nb, approximately
0.028% by weight of Ti, not more than a total O of 25 ppm,
with the balance being Fe and unavoidable impurities, being
such steel produced in accordance with a process comprising
the stages of melting and casting said steel, preferably by
continuous casting.

The steel of the invention 1s made, on a first step,
by preparing the primary melt in an wultra-high power
electric furnace. The feeding line of the electric furnace
is made up of a high percentage (over 40%) of Sponge Iron
produced by direct reduction, thus guaranteeing a minimum
content of residual elements. The elaboration 1n the
electric furnace relies on a swollen slag process and a
slag-free drain-out. Then, this initial steel is refined on
a secondary metallurgy stage, inside a ladle furnace. This
second stage 1s carried out wunder a continuous argon
bubbling, with a strong desulfurization first, followed by

an alloy stage with Cr and the remaining ferrocalloys, then
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modification and flotation of the inclusions. The secondary
metallurgy stage must be carried out maintalning a sultable
level of agitation and avolding re-oxidization to obtain
the best anti-corrosive properties 1in steel. The steel 1is
then cast with continuous casting uslng a maximum
overheating of about 35°C and a controlled superficial
cooling of the bars in the continuous casting cooling-plane
that should not exceeding an average of approxXximately
10°C/min at a temperature comprised between 900°C and
500°C.

The Cr content present in the steel must be more than

1.5%, preferably about 3%, and more preferably 3.3%. The Cr
present in these concentrations acts by promoting the
formation of a stable protective chromium oxide film, thus
of fering an improved corrosion resistance to the low-alloy
carbon steel of the invention.

In order to enhance the effect of the Cr added, 1t 1is
necessary to maintain a high fraction of the Cr in solid
solution as such. Thus, the formation of chromium carbides
is minimized. Therefore, one of the outstanding features of
the steel of the present invention consists of 1ts low
carbon content.-A carbon content of less than 0.10% assures
a lower formation of chromium carbides. However, a carbon
content below 0.06% has proved to be inadequate when trying

to reach the desired mechanical strength levels.
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Preferably, the C content in the steels of the i1nvention 1is
of 0.08% by weight.

Furthermore and in order to minimize the formation of
chromium carbides, the addition of micro-alloys (V, Ti, Mo,
Si, Cu) with a strong tendency to create carbides 1s
included. Consequently, such elements will compete with
chromium in the formation of carbides, leaving a sufficient
concentration of Cr free in the solution and, therefore,
providing an improved resistance to corrosion. To that
effect, the V content should range between 0.06% and 0.9%,
preferably it should be of 0.52% by weight and, the
suitable Mo content should range between 0.25 and 0.35%,
and preferably, it should be of 0.29% by weight.

Even though Ti also has an important tendency to form
carbides, its concentration should be kept below 0.028% by
weight. Higher Ti concentrations would hinder the toughness
needed for the common uses found in the o1l 1ndustry.

Again, Si can be used to compensate a possible
reduction in the strength due to the carbon loss. However,
its concentration should be kept between 0.20 and 0.35%,
and preferably it should be of 0.28% by welight. A
concentration exceeding 0.35% should be avoided in order to
prevent the formation of high adherence oxldes on the
surface of the pipes since it produces defects resulting

from incrustation.
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The S content should be below 0.005% and, preferably
it should be of 0.001%. A low sulfur content 1s necessary
to avoid the localized corrosion assocliated with non-
metallic particles and/or segregation.

The P content must be kept within ranges below 0.015%
to prevent an excessive segregation that could be harmful
in the event of being used 1in corrosive environments. If
the P values are kept low, the tendency to cause structure
banding i1is reduced.

It is necessary to keep a total O level below 25 ppm
to reduce the presence of oxides and non-metallic
inclusions acting as localized corrosion points.

Mn in concentrations comprised between 0.3 and 0.8%,
preferably of 0.47% by weight, improves the mechanical
strength of the steel.

The results of the comparative examples described
below herein show that the steel of the 1invention has an
improved resistance to corrosion. Without being fully bound
to any theory in particular, we consider that we are faced
to the formation of a stable protective chromium oxide
film. This film with an adherent nature would constitute an
effective barrier against localized attacks.

The steel of the present 1invention 1s produced
according to a process comprising the stages of casting a

steel that contains: 1.5 - 4,0% by weight of Cr, 0.06 -
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0.10% by weight of C, 0.3 - 0.8% by weight of Mn, not more

than 0.005% by weight of S, not more than 0.015% by weight

of P, 0.20 - 0.35% by weight of Si, 0.25 - 0.35% by weight
of Mo, 0.06 - 0.9% by weight of V, approximately 0.22% by
weight of Cu, approximately 0.001% by weight of Nb,
approximately 0.028% by weight of Ti, not more than a total
O of 25 ppm, with the balance being Fe and unavoidable
impurities. Preferably, this process 1s performed by
continuous cast, followed by hot-rolling in a continuous
roller for seamless pipes, of the floating or restrained

mandrel type (Multi-stand Pipe Mill -MPM- o C(Continuous

Mandrel Mill, respectively); subjecting said hot-rolled
steel to a thermal normalizing treatment; and then
optionally, by subjecting such normalized steel to

austenization followed by quenching and tempering, wilth a
minimum tempering temperature of 490°C.

The continuous rolling, according to the process ot
the invention, comprises a first heating stage conducted at
temperatures substantially ranging between 1200 - 1300°C

for a period of at 1least 1 hour in an atmosphere of

combustion gases with an O, content ranging from 1 to 1.5 %
and a first rolling and drilling stage of the 1initial
material. Subsequently, the resulting drilling is rolled 1in

the continuous roller until a variable reduction rate 1s

obtained based on the desired final product. This reduction
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rate stands for approximately 70% of the initial drilling
thickness at the roller inlet. At the end of this rolling
stage, the steel temperature 1s substantially comprised
within the range of 950 - 1150°C.

Optionally, the steel is heated agalin at a temperature
comprised between 850 - 1100°C 1in an atmosphere of
combustion gases with an O; content ranging from 1 to 1.5%
for a period of approximately 30 minutes. Then, this semi-
processed product 1is subjected to a further reduction 1n
its thickness and diameter until it reaches a reduction
rate of up to 60% of the initial thickness recorded at the
inlet of the second rolling stage.

The rolled material is then subjected to a normalizing
thermal treatment and, optionally, to an austenization,
quenching and tempering treatment in order to obtain a
material having the mechanical properties of a product
Grade J 55 and Grade N 80, respectively. The austenization,

quenching, and tempering treatment can be also directly

applied to the steel after rolling.

The rolled steel normalization 1is ©performed Dby
subjecting the steel to a temperature comprised between
about 850 and 950°C for a period of about one hour,
followed by cooling. Optionally, the steel can Dbe
subsequently heated until reaching the temperature at which

it can be austenized. During that heating process, the
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steel preferably reaches a temperature level comprised
between 850 and 950°C. The austenized steel 1is then
preferably subjected to a fast cooling process. Such
process can be carried out using water or oil, whereby it
1s possible to obtain a substantially martensitic
structure. Finally, 1t 1s heated at a temperature that
should not exceed the eutectoid point temperature, AC;
(tempering). Preferably, the tempering temperature will
range petween 500 and 720°C. The heating processes may be
performed following any well-known method commonly used in
the art.

In order to clearly 1illustrate the nature of the
present invention, the following examples for preparing
low-carbon steel to be used in the manufacture of seamless
pipes according to the present 1invention that meet the
mechanical requirements demanded by the exploration and

production of o0il and/or gas, are presented.

In addition, the comparative examples described below
herein depict the enhanced response to 1localized and
generalized corrosion found for the steel according to what

is claimed in the present invention when compared to a

steel usually applied in oil wells.

EXAMPLE 1: Preparation - Composition

A chromium steel according to the invention and
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generally called 3% Cr steel, was made pursuant to the
chemical composition specified in detail under Table I. A
melting process was used to make the steel bars with a
diameter of 170 mm in an ultra-high power electric furnace.

The steel of the invention was made, on a first stage, by

preparing the primary melt in an ultra-high power electric
furnace. The feed of the electric furnace was made up of a
high percentage (over 40%) of Sponge Iron derived from
direct reduction, whereby a minimum content of residual
elements was thus ensured. The elaboration in the electric
furnace was conducted using a swollen slag process and a
slag-free drain-up. Then, this initial steel was refined 1in
a secondary metallurgy stage using a ladle furnace. This
second stage was performed with continuous argon bubbling.
First, and at this point, a strong desulfurization was
carried out, followed by an alloying stage with Cr and the
other ferroalloys, modification and flotation of the
inclusions. The secondary metallurgy stage must Dbe
performed keeping a suitable level of agitation and
avoiding re-oxidation in order to obtain the best anti-
corrosive properties for the steel. The steel 1s cast by
continuous casting with a maximum overheating of about 35°C
and with a controlled superficial cooling of the bars in
the continuous casting cooling bed which should not exceed

an average of approximately 10°C/min, at a temperature
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ranging between 900°C and 500°C.

The cast pieces are then subjected to rolling 1in a
continuous roller for seamless pipes (Continuous Mandrel
Mill). The heating and rolling conditions comprised two
stages. A first stage of rolling and drilling with a
heating temperature ranging between 1200-1228°C for a
period of 60 minutes, in an atmosphere of combustion gases,
and with an 0O, content from 1 to 1.5%, and a second stage

pr—s

with a heating temperature of 950°C for a period of 30

minutes 1in an atmosphere of combustion gases with an O
content from 1 to 1.5%. The rolled pieces were then
normalized (890°C, 1 hour), thus producing a material that

met the specifications set forth by API Standard for Grade

J55 steel with a ferritic-pearlitic microstructure.

Later, the normalized material was austenized (940°C,
30 minutes), cooled in air, and then it was subjected to 15
minutes periods of tempering at 680°C, 625°C, 650°C, 680°C,
700°C, and 720°C . This enabled the obtainment of a steel
that met the mechanical requirements set forth by API
Standard for Grade L80 steel. The N and O contents stood at
70 and 18 ppm, respectively.

Table I includes, in addition, the chemical
composition of the steel commonly used for oil wells, which

is designated as L80 (quenching and tempering, Grade L80}).

This steel was subsequently used in the comparative trials,
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as described below herein.

Table I Chemlcal Com.031tlon

Material

lcr 3%

Note: The percentages (%) are expressed as w/w.

EXAMPLE 2: Microsgstructural Characterization

The microstructural characterization of the 3% Cr
steel of the invention obtained according to Example 1 was
made using an optical and scan electronic milicroscopes
(SEM). The rolled steel microstructure is shown 1n Figure
1. This Figure shows the material is ferritic-pearlitic. In
addition, it was proved that it had a minor presence of
non-tempered martensite and bainite.

The microstructure of the normalized material 1is
illustrated in Figure 2. This Figure shows that the
material is ferritic-pearlitic. The pearlite is laminar,
and the ferritic grain size is of approximately 10 microns.

The steel microstructure 1in a “as quenched”, and
quenched and tempered (at 680°C, 15 minutes) conditions 1s
shown in Figures 3 and 4. These figures show that the

resulting material is mostly martensitic.
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The observed microstructures correspond Lo the

microstructures expected for normalized steel of the J55

and Grade N80 type.

EXAMPLE 3: Mechanical Properties

The mechanical properties for the chromium steel of
the invention were determined according to Example 1. These
determilnations were made using API probes. The results are

summarized 1n the following Table II:
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Table IT

Mechanical Properties

Heat Treatment | YS | UTS ALIL | YS/

: Hardness

|

[ Temporedat720| 905 | 10247 | 248 | o883 | 223

) As rolled

Normalized

| 0899 | 230

Temperedat700 | 99.2 | 1103

| Tempered at 680 | 103.3 109.1

| 1275

| Tempered at 625 | 1379 16.7

- o o “ma - L ) = N 3 e -

The results reflect that the 3% Cr steel of the

| Tempered at 600 | 135.2

invention has mechanical properties simllar to those seen
for the other kinds of steel commonly used 1in the relevant
grades.

In addition, Charpy assays were conductéd (impact
strength assay). To conduct this assay probes having a
dimension of 10mm x 5mm were used. All the probes were LC
probes. The results have been summarized in Table III.

These results indicate that the materials assessed have

toughness similar to those seen for the other kinds of

steel commonly used in the relevant grades.
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Table TII

Tenglle Strength

| Heat Treatment | YS | Charpy Assay (LC10xSmm)

AsRolled | 559 |CVN(J)| 1203 | 1426 | 136.0 | 123.3

|SA (%)| 1000 | 1000 | 100.0 | 100.0

Normalized | 59.0 |CVN(J)| 853 | 543 | 343 | 100

|sA.%)| 260 | 50

Temperedat | 90.5 | CVN (J) | 1080 | 930

720,15 |  [SA(%)| 1000 | 1000 | 1000 | 930 |

CVN(J)| 1006 | 1040 | 1050 | 92.0

sacp| 1000 | 1000 | 1000 | 1000

|CUN(J)| 946 | 1026 | 933 | 766

Tempered at

700°C, 15" |

Tempered at

680°C, 15

86.0

EXAMPLE 4: Corrosion Assays in the Laboratory

The corrosion assays in the laboratory were conducted
using glass cells and a static and rotating electrode.

The probes used in the rotary electrode system were
cylinders having an external diameter of 12 mm and an
internal diameter of 6.63 mm. They were used so0o as to
establish a good electric contact with the system metal

axis.

As the assay medium a synthetic aqueous solution
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simulating formation waters was used under high-purity CO,
continuous bubbling. Tables IV and V summarize and show the
maln assay parameters, joilintly with the composition of the

solution.

|Flow equivalent speed (m/s)

lemperawire ()

Total pressure (bar) | _ 1

_Gs Cortinuous bUBbIng

AL o o4

Table V

Bring Lomposiion

_ mght | Compound | @ o4

NaCl _ 119.1
MgS0O, 7H0

N CaCI2f2H20.... e

Na* + K* ~47500
Following, the corrosion performance assessment for
the chromium steel of the invention was conducted. This

steel was obtained according to Example 1. To that effect,
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different techniques were used: A) Linear Polarization
Resistance (LPR), at 25 and 60°C; B) Potentiodynamic Scans
for bare probes; CC) Current versus Time Potentiostatic
Assays; and D) Linear Polarization Reslistance for pre-

corroded probes.

A. Linear Polarization Registance

The results of these assays appear in Figure 5 (assays
at 25°C) and Figure 6 (assays at 60°C).

In the LPR assays conducted at 25°C, the mean rate
corrosion value (for a minimum of five determinations per
material) of the 3% Cr steel of the invention was lower
than the value found for the L80 steel of the previous art.
The 3% Cr steel corrosion rate stood for about 0.6 mm/year,
while the rate for L80 steel reached 0.74 mm/year, with a
Veurr, CYr 3/ Veurr. L80[zs°c ratio = 0.81.

As expected, in the assays conducted at 60°C, a strong
increase in the corrosion rate for all the materials was
observed with respect to the values determined at 25°C. The
lowest rate was, again, seen for the 3% Cr steel of the
invention (approximately 1,56 mm/year). On the other hand,
the corrosion rate of the L80 material stood for 2.2

mm/yvear, having a Veyrr. Cr 3/ Veurr. L8O lgooc ratio = 0.71.

B. Potentiodynamic Scans using Bare Probes
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Figures 7 through 10 illustrate the curves obtained
using bare probes. In all these cases, scans were made
until a current density of approximately 0.005 A/cm® was
obtained. The currents measured during the scanning were
generally expressed in terms of the potential applied (to
compare corrosion potentials) as well as 1n terms of the
over-potential applied to  them (allowing a Dbetter
comparison against the current values obtained ©per
material, at constant over-potential). No localized
corrosion was detected by the observation under the optical
or the scan electronic microscope.

Figures 7 and 8 illustrate the results obtained for 3%
Cr steel of the invention tested at 25°C. In both graphics,
a comparison of their performance was made against that ot
L8O steel. A shift in the corrosion potential toward more
noble values was observed for the 3% Cr steel. The anodic
currents (dissolution of the material) grew nearly 1in a
continuous way when there was an increase in the potential
(Figure 7).

When drawing the current based on the over-potential
applied during the assay (Figure 8), it could be seen that
the anode branch of the 3% Cr steel was below that of the
material of the previous art. This is an 1indication of a
lower dissolution rate for the chromium steels of the

invention.
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Figures 9 and 10 depict the results of the scans
conducted at 60°C for the 3% Cr steel of the invention.
Furthermore, this includes a comparison of 1ts performance
against that of the L80 steel from the previous art. Figure
9 shows that high-chromium steel (Cr 3%) appears to be
nobler when compared with the L80 steel. As 1t could be
seen at 25°C, the anode branch of the high-chromium steel
was below that of the 1L80 steel (see figure 10). Thus, this
indicates a lower dissolution rate for the chromium steels

of the invention at a given over-potential.

C. Potentiostatic Assavs: Current versus Time

The current vs. time potentiostatic assays consisted
of applying an initial given over-potential (1n this case
of +40mV) to a bare probe (polished up to a sandpaper 600)
maintaining this potential constant within the resulting
value and recording the current based on time. This kind of
assays made it possible to analyze the behavior of the
materials as corrosion developed, that 1i1s, 1n the presence
of corrosive products, and consequently, to assess the
possible protective nature thereof. The results obtained in
the assay conducted at 60°C are shown in Figure 11.

Figure 11 depicts the curve obtained for the 3% Cr
steel of the invention. The results obtained 1ndicate a

lower corrosive feature, being more passive than the steels
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with no Cr or the steels with fewer alloys.

D. Linear Polarization Resistance (LPR) for pre-
corroded probes
After the current versus time assay that has been

described in the foregoing 1i1tem, the materials depict a

corroded surface with deposits of corrosive products. It
they are to be subjected to an LPR assay 1n such condition,
the behavior of the material could be affected by the
changes experienced by its surface during the corrosion
process, and also by the presence of corrosive products.

The results of these assays are depicted in Figures 12
(assays at 25°C) and 13 (assays at 60°C).

From the results obtained with the LPR conducted at
25°C (figure 12) it could be seen that the mean corrosion
rate for the pre-corroded probe is considerably lower (0.42
mm/vear) than the mean corrosion rate recorded for the bare
probe (0.60 mm/year) in the case of the 3% Cr steel of the
invention. In the specific case of the steel used 1n the
previous art, i.e. L80, no differences were detected 1in the
corrosion mean rate between the bare and the pre-corroded

probes (0.72 mm/year). In addition, such rate was

significantly higher than the rate found both for the bare
and the pre-corroded probes made of the Cr material (3%) of

the invention. The rate ratio between these two pre-
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corroded samples was: Veurr. CTr 3/ Veurr. L8O lysec = 0.59

As 1t was to be expected, 1n the assays conducted at
60°C a strong 1ncrease 1n the corrosion mean rate for all
the materials was observed with respect to the measurements
determined at 25°C. Again, the lowest rate was found for
the 3% Cr steel of the invention, which was of
approximately 1.56 mm/year for the bare probes and of 0.85
mm/year for the pre-corroded probes. The corrosion rate of
the LL80 material stood for 2.2 mm/year for the bare probes
and of 2.0 mm/year for the pre-corroded bars. The rate
ratio between these two pre-corroded samples was: Vgurr. Cr
3/ Veurr. L80lsoec = 0.44

It can be concluded that the steels of the invention,
with 3% Cr content, offer a better performance to carbon
corrosion when compared with the steels commonly used 1in
the o0il industry. In addition, it could be seen that they
meet the mechanical requirements (creeping, break and
elongation strength) of the API standard for Grades J55,
1L80. N80. C95 and P1l10.

The foregoing are some particular embodiments of the
invention. However, it must be understood that many changes
and variations may be introduced without departing from the

scope of the accompanying claims.
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CLAIMS

1. Low-alloy carbon steel for the manufacture of
seamless pilipes for the exploration and the production of
0il and/or natural gas having an improved resistance to
corrosion, wherein said steel contains:
1.5 - 4.0% by weight of Cr, 0.06 - 0.10 % by weight of C,
0.3 - 0.8% by weight of Mn, not more than 0.005% by weight
of S, not more than 0.015% by weight of P, 0.20 - 0.35% by
weight of Si, 0.25 - 0.35% by weight of Mo, 0.06 - 0.9% by
weight of V, approximately 0.22% Dby weight of Cu,
approximately 0.001% by weight of Nb, approximately 0.028%
by weight of Ti, not more than a total wvalue of O of 25

ppm, with the balance being Fe and unavoidable impurities.

2 . Low-alloy carbon steel for the manufacture of

seamless pipes for the exploration and the production of
0il and/or natural gas having an improved resistance to
corrosion according to c¢laim 1, wherein said steel
contains:

1.5 - 4.0% by weight of Cr, 0.06 - 0.10 % by weight of C,
0.3 - 0.8% by weight of Mn, not more than 0.005% by weight
of S, not more than 0.015% by weight of P, 0.20 - 0.35% by
weight of Si, 0.25 - 0.35% by weight of Mo, 0.06 - 0.9% by
weight of V, approximately 0.22% by weight of Cu,

approximately 0.001% by weight of Nb, approximately 0.028%
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by weight of Ti, not more than a total 0 of 25 ppm, with
" the balance being Fe and unévoidable impurities, being such
steel produced according to a ‘process comprising fhe
followiﬁg stages: -

elaboration of a primary melt in a ultra-high power
electric furnace, followed by a secondary metallurgy stage
with a strong desulfurization, addition of ferroalloys and
Cr, and then the wmodification and flotation of the
inclusions until the specified formulation is achieved;

casting, followed by '

hot~rolling in a continuous roller;

optionally, such hot-rolled steel 1is subjected to a
normalization thermal treatment;

optionélly; sﬁch.-normalized steel 1s subjeéted. to
austenization, followed by quenching and tempering, with a

minimum tempering temperature of 490°C;
optionally, said rolled steel is directly subjected to

austenization, gquenching, and tempering.

3. 'A steel according to c_:laim 2, Wwherein thé hot
rolling comprises:

a first héating stage conducted at températures
substantially comprised within a'fange of 1200 - 1300°C for
a period of approximately 1 hour in - an atmosphere of

combustion gases with an O; content going from 1 to 1.5 %,
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and

a second. heating stage _conducted -at a Cemperature
.substantially comprised within the range of 850-1100°C for
an -approximate period of 30 minutes in an atmosphere of

combustion gases with an O; content from 1 to 1.5%.

4. A steel according to any one of claims 2 or 3,
wherein the hot-roll is performed in a continuous roller of

the floating or restrained mandrel type.

5. A low-alloy carbon steel according to any one of
claims 1 through\4, wherein said steel contains:
3.3% by weight of Cr, 0.08% by weight df C, 0.47% by weight
of Mn, 0.001% by weight of 8, 0.014% by weight of P, 0.2@%
byfweight of Si, 0.29% by weight of Mo, 0.52% by weight of
V, 0.22% by weight of Cu, 0.001% by weight Qf Nb, 0.028% by
weight of Ti, not more than a total O of 25 ppm, with the

- balance being Fe and unavoidable impurities.

6. ' A.proceés for the manufacture of low-alloy carbon

steel seamless pipes for the exploration and the production

of oil and/or natural gas having an improved resistance toO
corrosion according to any one of claims 1 through 5,

wherein such process comprises the following stages:
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elaboration of an primary melt 1n an ultra-high power
electric furnace, followed by a secondary metallurgy stage
with a strbng desulfurization; thé addition of ferroalloys
and Cr, and then the modification and flotation of the
inclusions until a formulation comprising 1.5 - 4.0% by
weight of Cr, 0.06 - 0.10 % by weight of C, 0.3 - 0.8% by
weight of Mn, not more than 0.005% by weight of S, not more
than 0.015% by weight of P, 0.20 - 0.35% by weight of Si,
0.25 — 0.35% by weight of Mo, 0..06 = 0\.9% by weight of V,
approximately 0.22% by weight of Cu, approximately 0;001%
by weight of Nb, approximately 0.028% by weight of Ti, not
more than a to_tal O of 25 ppm, with the balance being Fe
and unavoidable impurities, is achieved, -

casting by continuous casting,

rolling in a contlnuous roller, of the restrained or
floating mandrel type following a first heating stage
conducted at temperatures comprised substantially ‘within the
range of 1200 - 1300°C for a period of approximately 1 hour
iﬁ an atmo‘sphere of combustion gases with an O, content going
from 1 to 1.5 %, and a second heating stage conducted at a
temperature substantially comprised within the range of 850-
1100°C in an atmosphére of combustion gases with an O, content.

going from 1 to 1.5% fcjr an approximate petriod of 30 minutes;
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no:rmalizing the rolled pipe by heating conducted at é
temperature comprised between 850 and 950°C for a period of

about 60 minutes and its subsequent cooling in calm air.

7. A process to manufacture low-alloy carbon steel

seamless pipes for the exploration and the production of

0il and/or natural gas having an improved resistance to

corrosion according to any one of claims 1 'through 5,
wherein such process comprises the following stages:

elaboration of the .primary' melt in a ultra-high power
electric furnace, followed by a secondary metallurgy stage
with a strong desulfurization, addition of ferroalloys and
cr, and then the modification and flotation of the
inclusions until a formulation comprising 1.5 - 4.0% | by
weight of Cr, 0.06 - 0.10 % by weight of C, 0.3 - 0.8% by
weight of Mn, not more than 0.005% by weight of S, not more
than 0.015% by weight of P, 0.20 - 0.35% by weight of Si,
0.25 — 0.35% by weight of Mo; 0.06 — 0.9% by weight of V,
approximately 0.22% by weight of Cu, approximately 0.001ls

by weight of Nb, approximately 0.028% by weight cf Ti, not
more than a- total O of 25 ppm, with the balance béing Fe
and unavoidable impurities, ig obtained,

casting by continuous casting, -

rolling in a continuous roller, of the restrained or

floating mandrel type
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followihg a first heating stage conducted at temperatUres
comprised.subétantially'within.the range of 1200 § 1300°C for
a period of approximately 1 hour in an atmosphere of
combustion gases with an 0, content going from 1 'to 1.5 %, and
a second heating' stage conducted at a temperatureﬁ
substantially comprised within'the range of 850-1100°C in'ah

atmoéphere of' combustion gases with an O, content going from

1 to 1.5% for an approximate period of 30 minutes;
normalizing the rolled tube by heating at a temperature
comprised- between 850 and 950°C for a p-eriod of approximately
60 minutes and subsequent cooling in calm air;
austenizing, quenching, and tempering for periods of
approximately 1 hour at temperaturés comprised between 500

and 720°C.

8. A process for the manufacture of low-alloy carbon

steel seamless pipes for the exploration and the production

of o0il and/or natural gas having ar improved'resistance to
corrosion according to any one of claims 1 through 5,
wherein such process comprises the~following stages:
elaboration of thé primary melt in an ultra-high power
electric furnace, followed by a'secéndary metallurgy stage

with strong desulfurization, addition of ferroalloys and
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|
" Cr, and then modificatioq and flotation of inclusions until

a formulation compriSing§1.5 - 4.0%‘by weight of Cr, 0;06 —
0.10 % by weight of C, 0.3 - 0.8% by‘weight of Mn, not more
than 0.005% by weight ofis, not more than 0.015% by weight"‘
of P, 0.20 - 0.35% by welght of 8i, 0,25--\0.35% by weight.
of Mo, 0.06 ~ 0.9% by wq‘ight- of V, approximately O;'22% by
weight of Cu, approximately 0.001% Dby weight of Nb,
japproximately 0.028% by weight of Ti, not more than a total
O of 25 \ppm; where the balance is .gi§en by Fe and
unavoidable impurities, is obtained,

casting by continudﬁs casting

"rolling in a continuous roller, of the restralned or
floating mandrel type following a first heating stage
conducted at temperatures comprised substantially within the

range of 1200 - 1300°C for a period of approximately 1 hour

in an atmosphere of cémbustion gases with an 0, content going
from 1 to 1.5 %, and a second heating stage conducted at a
temperature substantially comprised within the range of 850-
1100°C in an atmosphere of combustion gases with an O content
going from 1 tO 1\.5% for an approx_imate period of 30 minutes;
austenizing, gquenching, and tempering for periods of

apptoximately'l hour at temperatures ranging between 500 and

720°C.
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9. A process according to any one of claims 6
through 8, wherein casting by continuous casting 1is

performed with a maximum overheating of 35°C and a
controlled superficial cooling of the bars in the
continuous cast cooling plane not exceeding an average of

10°C/min at temperatures ranging between 900°C and 500°C.

10. A process, according to any one of claims 6
through 9, wherein the steel contains:
3.3% by weight of Cr, 0.08% by weight of C, 0.47% by weight
of Mn, 0.001% by weight of S, 0.014% by weight of P, 0.28%
by weight of Si, 0.29% by weight of Mo, 0.52% by weight of
V, 0.22% by weight of Cu, 0.001% by weight of Nb, 0.028% by
welight of Ti, not more than a total O of 25 ppm, with the

balance being Fe and unavoidable i1mpurities.

11. Low-alloy carbon steel seamless pipes for the
exploration and the production of o0il and/or natural gas
having an improved resistance to corrosion, wherein such
pipes are manufactured according to the process claimed 1n

any one of claims 6 through 10.
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Figure 11: Potentiostatic Assay, Current vs Time



CA 02376633 2002-03-13

0.3

1.0 e
0.9 -
0.8 - B

. 0.7 -

| -

oy

= 0.6

E \

@ 0.5

& .

- 0.4

A2

¥ )

N

Q

-

Qo

O

0.1
0.0 F

3% Cr/F 3% Cr/P
Material/Surtface

Figure 12: Corrosion rate by LPR, pre-corroded
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probes, 60°C
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