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DESCRIPTION

AGENT FOR FORMING SOLID LUBRICATING COATING FILM, OIL
COUNTRY TUBULAR GOODS, AND THREADED JOINT FOR OIL

COUNTRY TUBULAR GOODS

Technical Field
[0001]

The present disclosure is a technology related to
lubrication of a threaded joint for oil country tubular
goods. The present disclosure is a technology related to
a coating film structure in which a solid lubricating
coating film is formed on a tightening surface
(including a metal seal surface) of a thread portion
instead of a wet lubricating compound, and a threaded
joint for oil country tubular goods. In the present
specification, the metal seal surface is included in the
tightening surface of the thread portion.

Here, the solid lubricating coating film means a
coating film containing a binder resin as a matrix
component and a solid lubricant dispersed and
distributed in the binder resin, and if necessary,
additives added. 1In addition, the present disclosure is
intended to improve lubrication by a solid lubricating
coating film that realizes lubrication of a connection
for oil country tubular goods.

[0002]
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In addition, in the present specification, a
phenomenon described by the term “lubricity” or “high
lubricity” means a slippery phenomenon with a low
coefficient of friction in a broad sense. 1In addition,
the high lubricity means that the number of times of
make-up/break-out (also referred to as the number of
times of Make/Break (M/B)) can be equal to or greater
than a specified number of times in a narrow sense. For
example, galling resistance of the threaded joint for
0il country tubular goods are described in the API 5C5
standard. In the API 5C5 standard, it is required for
the threaded joint for oil country tubular goods to have
a casing size in which it can be made up up to 3 times.
In addition, it is required for the threaded joint for
0il country tubular goods to have a tubing size in which
it can be made up up to 10 times.

In the present specification, a pipe including a
female thread may be collectively referred to as a box.
That is, a coupling is also described as the type of

box.

Background Art
[0003]

In the threaded joint for oil country tubular
goods, the following process has been performed for
lubrication of the thread portion in the related art.
That is, a surface treatment is performed on a

tightening surface (seal surface) of the thread portion
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of at least one component on a male thread side and a
female thread side (hereinafter, also simply referred to
as a “tightening surface”) by a Mn phosphate chemical
conversion coating film or electroplating using Cu or
the like. Thereafter, a lubricating compound containing
Pb, Zn, and the like is applied onto the coating film
formed by the surface treatment to lubricate the thread
portion. In the present specification, in a case where
the coating film is formed on the tightening surface
(seal surface) of the thread portion, the tightening
surface including the coating film is also referred to
as a tightening surface.

[0004]

Meanwhile, in recent years, a non-wet lubrication
technology by “dry dope-free” has attracted attention.
The “dry dope-free” means that a film itself is not a
viscous liquid such as an API-mod compound and does not
contain harmful heavy metals. As the “dry dope-free”
lubrication, there is a technology of forming a solid
lubricating coating film on a tightening surface to
achieve lubrication. The present disclosure is a
technology related to the “dry dope-free” lubrication.
[0005]

Here, in past patent literatures, there are
inventions related to various solid lubricating coating
films. The solid lubricating coating film includes a
lubricant component in charge of lubrication and a solid

film as a matrix component that holds the lubricant
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component in the film. The solid film means a film
having no viscosity and does not mean a liquid film. The
solid film itself also means that it implements
completion of lubrication at the time of make-up/break-
out of a connection. A Mn phosphate film or Cu
electroplated film according to the related art itself
is a solid film. However, since it is premised that
lubrication is achieved by applying a grease-like
compound, the grease-like compound is not contained in
the solid lubricating coating film. In the present
disclosure, lubrication is achieved as a solid film, and
an organic resin film is assumed as the solid film.
Therefore, in the following description, the solid film
is also referred to as a binder resin.

The solid lubricating coating films according to
the related art used in the threaded joints for oil
country tubular goods are described in, for example,
PTLs 1 to 5. 1In addition, lubrication technologies used
for applications different from those of the threaded
joint for oil country tubular goods are described in,

for example, PTLs 6 to 14.

Citation List
Patent Literature
[0006]
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PTL 7: JP 2001-49285 A

PTL 8: JP 2008-38108 A

PTL 9: JP 2011-105831

PTL 10: JP H08-103724

PTL 11: JP H08-105582
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PTL 12: JP 2001-65751
PTL 13: JP 2001-99364 A
PTL 14: JP 2002-348587 A
Non Patent Literature
[0007]
NPL 1: Tsuru et al., Journal of the Japanese
Association for Petroleum Technology, Vol. 61, No. 6

(1996), PP. 527-536

Summary of Invention

Technical Problem
[0008]

The inventors have studied a solid lubricating
coating film by referring to a material of the solid
lubricating coating film described in the known prior
arts such as the patent literatures described above.
Specifically, the inventors have selected a plurality of
solid lubricant candidates, and have selected a
tetrafluoroethylene polymer (PTFE) as a main component

of the solid lubricant from the selected solid
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lubricants. Further, the inventors have selected a
plurality of solid films (binder resins), and have
selected a polyamideimide copolymer (PAI) as a main
component of the solid film from the selected solid film
candidates. Then, the inventors have studied the
lubricity of the film structure of the solid lubricating
coating film containing PTFE as a main component of the
solid lubricant and PAI as a main component of the
binder resin.

[0009]

However, simply referred to the description in the
past, in a case where the solid lubricating coating film
containing PTFE as a main component of a solid lubricant
and PAI as a main component of a binder resin is used
for lubrication of the threaded joint for oil country
tubular goods, the following was found. That is, in a
test for make-up/break-out of the connection for oil
country tubular goods, when the evaluation was performed
by a new test assuming an environment used in an actual
well, it was found that the lubrication behavior was not
enough and the lubrication assumed in the actual well
was not enough.

As will be described below, the inventors have
found that lubricity (galling resistance) cannot be
correctly evaluated in a case where a solid lubricating
coating film is used for lubrication of a threaded joint
for o0il country tubular goods in the make-up/break-out

test according to the related art (hereinafter, simply
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described as a “test”) performed in a laboratory
evaluation test using a short pin.
[0010]

Here, examples of a publication in which PTFE is
described as a solid lubricant include PTL 4. PTL 4
discloses an invention in which a solid lubricating
coating film is formed on two stacked metal or alloy
layers having different hardness. In addition, PTL 4
describes that a preferred solid lubricating coating
film is not particularly limited, and the solid
lubricating coating film encompasses all solid
lubricating coating films. Further, MoS;, WSz, BN,
graphite, PTFE, and the like are merely exemplified as
the solid lubricant. In addition, as a binder resin,
only an epoxy resin, a polyimide resin, a
polyethersulfone resin, a polyetheretherketone resin, a
phenol resin, and the like are disclosed.

[0011]

There are also patent literatures in which PAI is
described as a binder resin. However, in many cases, PAI
is only described as one of examples of all organic
polymers (resins), inorganic polymers, glass, and the
like without particularly specifying a binder resin.
That is, PAI is not described as a preferred binder
resin. For example, in PTLs 1 to 5, examples of the
organic resin (binder resin) include thermosetting
resins such as an epoxy resin, a polyimide resin, a

polycarbodiimide resin, a polyethersulfone resin, a
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polyetheretherketone resin, a phenol resin, a furan
resin, a urea resin, and an acrylic resin, a
polyamideimide resin, a polyethylene resin, a silicone
resin, and a polystyrene resin. As described above, PAI
is merely exemplified as an example of the plurality of
organic resins.

[0012]

In addition, as a technology in which lubrication
is not performed by a solid lubricating coating film,
there is a technology in which a molecular weight is
specified for thread lubrication of o0il country tubular
goods. However, in the technology, a matrix component is
not PAI, and PTFE is added as a solid lubricant to a
base oil-based matrix component. Examples of such a
literature include PTL 9. PTL 9 discloses that a
molecular weight specification of PTFE is about 10,000
to 300,000, and a molecular weight of PTFE is 20,000 to
200,000 as a preferred range. PTL 9 is described as an
invention that specifies that a larger size of PTFE 1is
more preferable.

[0013]

In addition, PTLs 10 and 11 describe that PAI is
as a binder resin. In PTLs 10 and 11, a molecular weight
of PAI is specified for use in o0il country tubular
goods. Each of PTLs 10 and 11 discloses an invention of
an agent in which a powder of molybdenum disulfide
having a specified particle size is selected as a solid

lubricant, and the powder of molybdenum disulfide is
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mixed with PAI having a molecular weight of 15,000 in an
appropriate range. In PTLs 10 and 11, a molecular weight
specification of PAI is described in the description
that the binder resin is formed of one selected from an
epoxy resin of 2,000 to 10,000, a furan resin of 150 to
250, and PAI of 10,000 to 25,000. Each of PTLs 12 and 13
discloses an invention in which PAI (binder resin)
having a molecular weight of 15,000 and molybdenum
disulfide (solid lubricant) having an average particle
size of 1.0 pm are mixed each other.
[0014]

PTLs 12 and 13 show examples including PTFE as a
solid lubricant and PAI as a binder resin. Specifically,
PTL 12 specifies a range in which the amount of PTFE is

1

o°

to 30% with respect to the total weight of a solid
lubricating powder. The invention described in PTL 13 is
an invention in which PTFE may be present as long as it
is contained in a small amount of about 10% or less of
the total weight of the lubricating material. However,
in PTLs 12 and 13, a main constituent of the invention
is composed of a solid lubricant mainly containing MoS3,
WS2, and graphite, and PTFE is regarded as an
additionally additive agent that may be mixed in a small
amount.
[0015]

As described above, in the field of the
lubrication of the connection for oil country tubular

goods, there is no invention that a tetrafluoroethylene
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polymer (PTFE) as a solid lubricant and PAI (PAI
copolymer) as a binder resin film are preferred as main
components, and a molecular weight of each of PTFE and
PAT is specified based on a combination thereof. Even if
it is specified, lubrication is not appropriately
evaluated and described.

Here, the lubrication, which is a target of the
present disclosure, has a unique circumference in which
the main point of the lubrication is a solid lubricating
coating film in the evaluation of lubrication
characteristics. Further, the lubrication, which is a
target of the present disclosure, has also a unique
circumference in which a target of the lubrication is a
connection for oil country tubular goods in the
evaluation of lubrication characteristics.

[0016]

Next, the description of this will be added based
on the new findings obtained by the inventors.

In PTLs 1 to 14 exemplified above, the inventions
of the solid lubricating coating film or the past
findings of the constituent element of the film
structure and the like are described. However, according
to the studies conducted by the inventors, as assumed
from examples of each patent literature, it is often
unclear whether or not the evaluation of the lubrication
characteristics of the solid lubricating coating film is
properly performed as compared with the lubrication

technology at the time of making up of the connection
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according to the related art. Specifically, the
inventors have obtained a view that it is unclear
whether or not the evaluation method according to the
related art performs a test on a connection for oil
country tubular goods (8 to 12 m class) having a length
used in an actual well under a condition intended for a
lubrication behavior assuming that the connection for
oil country tubular goods are made up in the actual
well. In the actual well, an 8 to 12 m class long pin
(male thread) is set on the upper side, a coupling
(female thread: box) 1is set on the lower side, and the
pin is made up and run. In the making up, break-out is
performed depending on the situation, and the make-up is
performed again. In addition, in most cases, marine rigs
are run in a pin unit in which three pins are connected
in advance. Here, 8 to 12 m class corresponds to a
length of Range-2 or Range-3 specified in API-5CT or
5CRA.

[0017]

In the make-up/break-out in which lubrication in
which a solid lubricating coating film is not used is
performed by a compound according to the related art, a
grease-like compound moves in conjunction with the make-
up/break-out of the connection. This is because the
compound is a viscous liquid. Therefore, in a case where
the lubrication evaluation is performed using the
compound according to the related art, the thread

lubrication evaluation may in some cases be performed
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without concern for the evaluation method, either a test
with horizontal tongs (horizontal make-up machine) (also
referred to as a horizontal test), a test with vertical
tongs using a short pin (also referred to as a vertical
test), or the make-up performed in an actual well. That
is, in the case of the lubrication by the compound, the
laboratory evaluation by the thread lubrication
evaluation method has almost the same result as the
evaluation result actually assumed for a well, and there
is almost no concern that the laboratory evaluation will
be evaluated differently.

[0018]

On the other hand, in the case of using the solid
lubricating coating film for lubrication, unless the
solid lubricating coating film is determined in
consideration of the make-up situation in the actual
well, even if it is highly evaluated in the laboratory
test, the lubrication definitely doesn’t work in the
actual well. This is because, structurally, it is
inevitable that the solid lubricating coating film 1is
partially peeled off at the time of make-up/break-out,
and the solid lubricating coating film does not move in
tandem like the compound. Therefore, in a case where a
solid lubricating coating film is used for lubrication,
even a threaded joint evaluated as acceptable in an
evaluation in a situation where no load is applied as in
a horizontal type test does not work in an actual well.

[0019]

12
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The reason can be described as follows.

For example, FIG. 2A is a typical example of a
torque-turn chart when a solid lubricating coating film
is made up in a simulated well using an actual length
pin (often having a length of 8 to 14 m). The actual
length pin is long and is set slightly obliquely at all
times, and the pin connection is not tightened any more
by hand at a place where about half of the pin
connection is exposed. Actually, when the actual pin is
set by being inserted into the box connection and viewed
from below, it looks like the pin is bent. Therefore,
even when an attempt is made to make up the pin
connection, the initial set position can be set only at
a position where more than half of the total number of
threads of the pin connection are exposed from the box
connection (see FIG. 2B). Therefore, although FIG. 2A is
an example, until the number of times of rotations after
setting is about 6, only an irregular spike-like torque
is raised until the threads sufficiently mesh with each
other, and a steady torque is not raised on a daily
basis. When make-up is performed with power tongs from
the position of FIG. 2B, the pin connection moves to a
normal thread position so as to be hidden by the box
connection. However, since the initial set cannot be
straightened, there is play at the beginning of make-up,
and the pin connection does not uniformly hit the box
connection but unevenly hits the box connection. At this

time, as described above, the spike-like torque tends to
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be irregularly raised. After the threads mesh with each
other, the torque is raised upward to the right as
illustrated in FIG. 2A. In an actual well using an
actual length pin, the threads are biased and in strong
contact with each other, and adverse effects generated
by strong contact due to a large load based on the self-
weight of the entire length of the pin are superimposed.
The spike-like torque uniquely occurs when the solid
lubricating coating film is made up until the threads
sufficiently mesh with each other, but it does not occur
when a dope compound according to the related art is
used. Since the dope compound is viscous liquid, an
irregular rise in spike-like torque generated in the
solid lubricating coating film for movement in
conjunction with the make-up/break-out does not occur.
In other words, it means that in the lubrication with
the solid lubricating coating film, the solid
lubricating coating film is damaged to a considerable
extent because the threads are occasionally in irregular
and strong contact with each other, and a large load due
to the self-weight of the pin is applied until the
threads mesh with each other.

[0020]

On the other hand, the evaluation of the solid
lubricating coating film using a short pin, which is
often performed in a laboratory, is in contrast to FIG.
27, of which a torque-turn chart is illustrated in FIG.

3A. FIG. 3B illustrates an initial set position. In the
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case of a short pin, the initial set position is set by
tightening by hand immediately before the start of make-
up, and the pin connection can be made up until about 1
to 3 threads are exposed. As illustrated in FIG. 3A,
there are only 1.5 rotations after setting, and the
irregular torque seen in FIG. 2A is almost zero. That
is, there is no process in which the torque is
irreqgularly raised in a spike shape, and the torque is
raised to the right from the beginning of make-up. That
is, since the connection can be set at the position
where mesh is already performed at the time of initial
setting, lubrication at the time of the make-up can be
started from a level at which the solid lubricating
coating film is hardly damaged. Further, the short pin
is advantageous because the self-weight derived from the
pin is a light load at a level of less than 1/10
compared to an actual length pin.

[0021]

In the lubrication evaluation of the solid
lubricating coating film, it is not possible to
distinguish between good and bad of the lubricating film
unless a lubrication evaluation method is employed in
which a spike-like torque irregularly observed in FIG.
2A is raised, the solid lubricating coating film is
damaged, the influence of rattling (the influence of a
biased load), and the influence of a large load are

simulated. "Acceptable" in the evaluation using the
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short pins as illustrated in FIGS. 3A and 3B does not
necessarily mean “acceptable” in the actual environment.
[0022]

According to these studies conducted by the
present inventors, in a case where a solid lubricating
coating film is adopted for lubrication and make-
up/break-out in an actual well is assumed, the following
two points should be mainly considered.

(1) There is damage to the solid lubricating
coating film due to play of the connection.

(2) In the worst case, i1t is necessary to consider
lubrication when a large weight is applied so that the
total weight of the pin (the total weight of the pin on
the upper male thread side) is applied to the coupling
(the female thread side of the lower box).

[0023]

Then, due to the superimposed actions of (1) and
(2), a phenomenon itself in which the solid lubricating
coating film is partially peeled off, which is
structurally unavoidable, occurs. Furthermore, the
peeled debris is reconfigured at the time of make-
up/break-out, and contributes to lubrication, or
conversely, by being solidified, a situation where a gap
between the male thread and the female thread is closed
to cause galling occurs. Therefore, the present
inventors have found that when such a phenomenon is not
taken into consideration, the lubrication evaluation of

the solid lubricating coating film becomes
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unsatisfactory, and the lubrication evaluation of the
solid lubricating coating film is insufficient.
[0024]

Actually, when lubrication of a threaded joint for
0il country tubular goods using a solid lubricating
coating film for lubrication is evaluated using a short
pin by a horizontal make-up machine, in most cases, the
evaluation of lubrication is determined to be acceptable
and there is no problem. However, when a pin (short pin)
having the same length is erected and a vertical make-up
machine is used to perform a make-up/break-out test for
lubrication of a threaded joint for oil country tubular
goods using a solid lubricating coating film, galling
may occur only under this condition. Furthermore, unless
the solid lubricating coating film is devised, when a
make-up/break-out test is performed with a vertical
make-up machine using the pin with the same length as an
actual pin used in an actual well, galling occurs in
most of the pins in the first break-out. The actual pin
is of, for example, an 8 to 12 m class, and is Range-2
or Range-3.

[0025]

That is, in the case of a test according to the
related art in which lubrication of a solid lubricating
coating film is evaluated with a short pin shorter than
an actual pin used in an actual well, only a threaded
joint that is completely unacceptable in both the

horizontal test and the vertical test can be extracted.
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Therefore, it has not been possible to accurately
evaluate whether or not lubrication in an actual well is
acceptable. That is, the present inventors have found
that, in the related art, the lubrication evaluation of
a solid lubricating coating film cannot be actually
simulated by a test using a short pin. Therefore, the
present inventors have found that unless upper and lower
limit values of parameters for specifying a technology
are accurately evaluated by a test method in
consideration of an actual well, a preferred range of
lubricity of a solid lubricating coating film cannot be
specified. In the evaluation in the vertical test
according to the related art, the evaluation is
performed using a short pin shorter than an actual pin
used in an actual well. Therefore, it has been found
that the evaluation cannot be accurately performed in
the evaluation in the vertical test according to the
related art.

[0026]

Here, as an example of a technology in which a
load is applied to a short pin, there is a technology
published in NPL 1. NPL 1 discloses that vertical tongs
are used, and 500 kg of a weight is placed on an upper
end of a pin to perform make-up/break-out. However, 500
kg of a weight is too light to simulate a load
corresponding to an actual pin. In addition, PTL 5 is a
patent literature intended to lubricate the connection

for oil country tubular goods. In view of the drawings
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and the like described in PTL 5, PTL 5 describes
evaluation using a short pin. Further, PTLs 1 to 4 and
10 to 14 do not describe a specific method for
evaluating lubricity. However, PTLs 1 to 4 and 10 to 14
do not describe or suggest that an actual length pin is
used, and thus, according to the finding according to
the related art by those skilled in the art, it is
estimated that the test and evaluation are performed
using an about 1-m short pin with which the evaluation
can be easily performed at a laboratory level, and that
is used as a standard when the pin is used in the
lubrication evaluation with a compound according to the
related art.
[0027]

PTL 5 describes that a vertical make-up machine is
used to evaluate a solid lubricating coating film in a
severe test in a state where an axis of a pin is
inclined. That is, PTL 5 describes that lubrication and
friction in a severe situation at the initial stage of
making up the connection are evaluated by intentionally
inclining the axis of the pin in the initial set.
However, the method of PTL 5 is merely an evaluation
simulating play, and it cannot be denied that the method
is an unsatisfactory evaluation for the lubricating film
of the solid lubricating coating film. That is, it
cannot be said that the evaluation of the method of PTL
5 is performed in consideration of severe conditions

assumed in the situation of the actual pin. In the
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evaluation of the solid lubricating coating film
described in PTL 5, it is hard to say that it can be
evaluated that it actually occurs in an actual well,
similarly to the evaluation method using a short pin
according to the related art. In addition, a test using
an actual length pin, that is, a make-up test using a
full-length pin and using a vertical make-up machine
needs to be performed using a test site, and the cost of
performing the experiment is significantly high.
Therefore, it is not realistic to repeatedly perform a
test using a full-length pin when determining the effect
of the solid lubricating coating film, and the test is
not always performed.

[0028]

Here, when the specificity of lubrication of the
connection for o0il country tubular goods are discussed
again, as described above, (1) there is structurally
play in the initial stage of make-up of the connection
and the late stage of break-out of the connection, and
(2) lubrication and friction in a state in which a large
weight is applied from above are targeted.

[0029]

According to the findings of the present
inventors, play occurs in the structure of the
connection for oil country tubular goods. That is, in
the male thread (for example, pin connection) and the
female thread (for example, coupling connection), before

the threads start to mesh with each other so that the
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male thread and the female thread can be smoothly
inserted when the pin connection is set, play unique to
the connection occurs. In addition, although make-
up/break-out of the connection for oil country tubular
goods are performed while suspending the pin to be set
above, it is necessary to assume a large load
application condition in which the self-weight of the
pin positioned at an upper portion is applied to the
female thread side to some extent. For example, a pin
(male thread) of 8 to 12 m class (a length of Range-2 or
Range-3 specified in API-5CT or 5CRA) positioned at an
upper portion is set in an upper portion, a coupling

(female thread) is set in a lower portion, and make-up

or break-out is performed. Therefore, in a case of a pin

having a large diameter, make-up/break-out is performed
in a state where a weight of about 1 ton of one pin is
applied per pin. In a well on the sea, as is common,
three pins are connected and used. As a result, in the
severest case, a weight of about 3 tons is applied from
the pin to the female thread portion and made up. This
leads to significantly severe friction conditions. As
described above, since there is rattling at the initial
stage of make-up and the late stage of break-out, a
large load from above is not uniformly applied to the
female thread but is biased. Therefore, the large load
is locally applied to a thread portion. It is required
to realize lubrication corresponding to a lubrication

level realized by a compound according to the related
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art by specifying and optimizing a binder resin and a
solid lubricant as an additive in the binder resin for a
solid lubricating coating film that can withstand this.
However, the evaluation on the solid lubricating coating
film according to the related art has not been made
under such conditions that occur in actual wells.

[0030]

Although it is intended for lubrication
applications other than the connection for oil country
tubular goods (lubrication for applications different
from the present disclosure), there are patent
literatures in which PTFE is described as a solid
lubricant, PAI is described as a binder resin, the
molecular weight, size, and the like of PTFE and PAI are
specified, and a region having excellent lubricity is
exhibited. For example, PTFE as a solid lubricant is
described in PTLs 6 to 9. PTLs 6 to 9 disclose
inventions that realize lubrication by specifying a low
molecular weight. In addition, 1in applications to
lubricants and surface modifiers, PTFE according to the
related art is about 100,000, and there is an invention
that specifies a low molecular weight in terms of
lubrication characteristics with respect to this wvalue.
However, in these prior arts, there is no binder resin
or PTFE is merely sprinkled on the surface to be
lubricated. Alternatively, it should be noted that it is
not used in combination with PAI, which is a binder

resin targeted by the present disclosure.
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[0031]

For example, PTL 6 relates to lubrication in a
bearing member. PTLs 7 and 8 broadly describe
specification as lubricating agents. PTL 6 discloses
that PTFE molecular weight < 25,000, and the PTFE
molecular weight is 7,000 to 15,000 as a more preferred
range. PTL 7 discloses that a molecular weight is 500 to
20,000, and a particularly excellent range of the
molecular weight is 1,000 to 5,000. PTL 8 specifies a
tetrafluoroethylene polymer (PTFE) and a
chlorotrifluoroethylene polymer each having a molecular
weight of 300 to 3,000.

[0032]

However, in the lubrication field for other than
the connection for o0il country tubular goods, two
objects to be lubricated are already in contact with
each other or are close to a close contact state at a
fixed position at all times, such as in lubrication of
bearing steel of an automobile or lubrication of gears
of a machine component. In many cases, lubrication from
this state is a target. Alternatively, the sliding
direction is limited to one direction as in lubrication
such as press processing and die cutting, and
furthermore, lubrication at a fixed position in the dies
with the pressing target material interposed
therebetween is assumed. In these lubrication examples,
the lubricant has already been applied thereto, and is

used on the premise of a close contact state. Therefore,
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a coefficient of friction, wear, and the like may be
intended, and a friction phenomenon in a state in which
a substantially constant stress continues to be applied
is targeted. 1In addition, in order to ensure lubrication
at that time, o0il is simply sprayed, MoS; that is a solid
lubricant is sprayed, or the like is used, or
lubricating o0il is always supplied and used. Therefore,
the conditions of lubrication used in the lubrication
field for other than these connections for oil country
tubular goods do not assume conditions assumed for the
conditions of the connection for oil country tubular
goods at all. That is, the premise in the lubrication
field for other than the connection for oil country
tubular goods are a state in which there is no play or
small play in the two objects, which is completely
different from a situation where a part of the
lubricating film is peeled off due to the play and the
large load application condition and has a secondary
influence. Therefore, it is difficult to simply apply
lubrication for other than the connection for oil
country tubular goods to lubrication for the connection
for oil country tubular goods.

[0033]

The present invention has been made in view of the
above points, and an object of the present invention is
to realize, by using a solid lubricating coating film,
galling resistance equal to or higher than that of a

method using a dope compound according to the related
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art in terms of lubrication characteristics at the time

of make-up/break-out of oil country tubular goods.

Solution to Problem
[0034]

An aspect of the present invention is a technology
for ensuring effective lubrication by a solid
lubricating coating film under a lubrication condition
that occurs in an actual well, that is, under a
condition in which play occurs, that is, under a
condition in which a biased load is applied and under a
large load application condition. In addition, an object
of an aspect of the present invention is to design a
solid lubricating coating film itself by a solid
lubricant, a binder resin, and other specifications so
that a part of the solid lubricating coating film is not
peeled off at the time of make-up/break-out, and the
peeled pieces are not clogged and do not cause galling.
[0035]

The present inventors have considered application
of a biased load due to play specific to the connection
for oil country tubular goods and a large load from the
pin to the box, which occurs at the time of make-
up/break-out of the o0il country tubular goods in an
actual well in the lubrication characteristics at the
time of make-up/break-out of the connection for oil
country tubular goods. Furthermore, it has also been

considered that the solid lubricating coating film
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formed on the tightening surface of the thread portion
is unavoidably partially scraped by the application of a
biased load or a large load. 1In addition, the present
inventors have found an optimal combination of a solid
lubricant and a binder resin and an optimal range of
individual materials, thereby completing the present
invention of a solid lubricating coating film for oil
country tubular goods.

[0036]

That is, an aspect of the present invention is oil
country tubular goods in which a lubricating coating
film including a solid lubricating coating film is
formed in a thread portion, in which the solid
lubricating coating film is formed by dispersing a solid
lubricant in a binder resin, 90 wt% or more of the
binder resin is a polyamideimide resin (PAI), an average
molecular weight of the PAI is 20,000 or more and 40,000
or less, 80 wt% or more of the solid lubricant is
polytetrafluoroethylene (PTFE), and an average molecular
weight of the PTFE is 30,000 or less.

An aspect of the present invention also includes a
condition in which a lubricating auxiliary film is
attached as a part of the lubricating film. However, the
main point of the lubrication is the solid lubricating
coating film described above, and it is also intended to
assist the transition to the stable position when the

coupling and the pin are initially in contact with each
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other due to variations at the time of initial setting
of the connection.
[0037]

In addition, another aspect of the present
invention is an agent for forming a solid lubricating
coating film in a thread portion of o0il country tubular
goods, in which a solid lubricant is dispersed in a
binder resin, 90 wt% or more of the binder resin is a
polyamideimide resin, an average molecular weight of the
polyamideimide is 20,000 or more and 40,000 or less, 80
wt% or more of the solid lubricant is
polytetrafluoroethylene (PTFE), and an average molecular

weight of the PTFE is 30,000 or less.

Advantageous Effects of Invention
[0038]

According to an aspect of the present invention,
by specifying the molecular weight of each of the binder
resin and the solid lubricant contained in the solid
lubricating coating film, it is possible to obtain
lubricating performance at the time of make-up
comparable to that of a connection for oil country
tubular goods according to the related art without using
a compound according to the related art.

For example, according to an aspect of the present
invention, in consideration of conditions corresponding
to an actual well which may occur in an actual well

environment, a threaded joint for oil country tubular
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goods having lubrication performance at the time of
make-up is obtained. The conditions corresponding to an
actual well are conditions such as a situation where a
weight of a pin is applied to a box from above, a
situation where a load is applied obliquely due to a
deviation of an axis, and a situation where a load is

locally applied rather than uniformly.

Brief Description of Drawings
[0039]

FIG. 1 is a view illustrating a threaded joint;

FIG. 2A is a view of a make-up chart in an actual
well, and FIG. 2B is a view illustrating an initial set
position at that time;

FIG. 3A is a view of a make-up chart in a
laboratory test according to the related art, and FIG.
3B is a view illustrating an initial set position at
that time;

FIG. 4 is a schematic view illustrating an example
of a lubricating coating film including a solid
lubricating coating film;

FIGS. 5A to 5C are schematic views illustrating
another example of a lubricating coating film including
a solid lubricating coating film;

FIG. 6 is a view illustrating an example of a
fluorine organic compound of a surface layer;

FIG. 7 is a view for explaining a measurement of a

Vickers hardness;
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FIG. 8 is a view for explaining a weight tong test
(new test method) ;

FIG. 9 is a view illustrating an installation
example of a weight in the weight tong test; and

FIG. 10 is a view illustrating an example of an

initial set position in the weight tong test.

Description of Embodiments
[0040]

Next, embodiments will be described based on the
present invention.

Here, as described above, there is a literature in
which PTFE is exemplified as an example of a solid
lubricant in a solid lubricating coating film applied to
a threaded joint for oil country tubular goods according
to the related art. In addition, there are also
literatures in which PAI is exemplified as an example of
a binder resin. For example, PTL 5 describes that PTFE
is exemplified as an example of a lubricating powder and
PAT is exemplified as an example of a binder. However,
there is no example of using PTFE and PAI in examples,
specifically, there is no preferred combination example,
and it is merely described as an example of a solid
lubricant or a binder resin. Furthermore, in the
lubrication field of a connection for oil country
tubular goods, which is a target of the present
disclosure, there is no description or suggestion in the

patent literatures in which PTFE is used as a main
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component of the solid lubricant, PAI is used as a main
component of the binder resin, and molecular weights of
the respective components are specified based on
combination thereof.

[0041]

Further, the inventors have simply selected PTFE
as a solid lubricant and PAI as a binder resin from the
materials exemplified in the past patent literatures,
have formed a solid lubricating coating film using these
components as main components, and have actually
conducted a make-up/break-out test. In this case, the
inventors have found that a threaded joint for oil
country tubular goods with galling and a threaded joint
for o0il country tubular goods with no galling are mixed,
and a situation that cannot be predicted at all occurs.
For example, when agents having the same CAS numbers are
purchased and the agents are formulated and used to form
a film, the results are not always the same. That is, in
the invention group published in the past patent
literatures, lubrication achieved by the lubricating
compound according to the related art cannot be realized
only by combination. Therefore, excellent lubrication
cannot always be realized by using or analogizing the
past inventions.

[0042]

In addition, in the lubrication technologies for

applications other than the threaded joint for oil

country tubular goods, the specification of the
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molecular weight of PTFE alone and the specification of
the molecular weight of PAI alone are described.
However, since the technology is completely different
from that of lubrication of the connection for oil
country tubular goods, the technology cannot be applied
as it is to the oil country tubular goods field.

In addition, according to the studies conducted by
the inventors, it has been found that in the test and
evaluation of the threaded joint for oil country tubular
goods according to the related art described in PTL 5,
NPL 1, or the like, the evaluation of the lubrication
characteristics specific to the solid lubricating
coating film is not sufficient. In particular, the
evaluation according to the related art fails to
evaluate the lubrication behavior assuming that the
connection for oil country tubular goods (8 to 12 m
class) having an actual length is made up in the actual
well. Specifically, the inventors have found that the
lubrication evaluation of the solid lubricating coating
film is poor, and the lubrication evaluation of the
solid lubricating coating film is insufficient. That is,
in the evaluation according to the related art, the
lubrication of the solid lubricating coating film was
tested and evaluated on the assumption of a test in
which make-up/break-out were performed with a compound
according to the related art, and the lubrication
evaluation of the solid lubricating coating film was

insufficient.
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[0043]

That is, it is necessary to perform the evaluation
by a lubrication evaluation method that simulates an
actual well and to determine detailed conditions of the
solid lubricating coating film. Further, since a dry
solid lubricating coating film is used, there is a new
problem. That is, it was required to solve technical
problems such as preventing a film-derived component
that is inevitably scraped from being solidified and
causing galling, and reconfiguring the film-derived
component at the time of make-up/break-out to transfer
the film-derived component to surfaces of a male thread
and a female thread so as to maintain lubrication.

[0044]

The inventors have considered an evaluation method
for a new test capable of performing evaluation under
conditions equivalent those for the actual well. Then,
the inventors have considered, while performing a test
by the evaluation method, providing a structure of a
threaded joint for oil country tubular goods including a
solid lubricating coating film that has further improved
galling resistance of the solid lubricating coating film
and withstands use in an actual well.

Then, the present inventors have found the optimal
combination of a solid lubricant and a binder resin and
the optimal range of the individual agents in
consideration of the fact that the solid lubricating

coating film is inevitably partially scraped at the time
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of application of a biased load or a large load due to
unique play when make-up/break-out the oil country
tubular goods in the actual well in the lubrication
characteristics when make-up/break-out the connection
for oil country tubular goods, which are the above-
described objects, thereby completing the solid
lubricating coating film for the oil country tubular
goods of the present embodiment.
[0045]

(Configuration)

Hereinafter, embodiments will be described based
on the present invention.

The present embodiment is an invention related to
a coating film structure formed on a tightening surface
and a threaded joint having the coating film structure
as a lubricating coating film in a connection for oil
country tubular goods used for actual oil/gas. The
present embodiment is characterized by the lubricating
coating film including the solid lubricating coating
film formed on the tightening surface of the threaded
joint, and the connection structure itself of the
threaded joint is not particularly limited. A known or
novel connection structure may be adopted as the
connection structure of the threaded joint.
[0046]

As illustrated in FIG. 1, the threaded joint for
0il country tubular goods includes a box 2 such as a

coupling having a female thread 2a and a pin 1 having a
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male thread la. The box 2 and the pin 1 forms oil
country tubular goods.

As illustrated in FIG. 4, for example, a
lubricating coating film including a solid lubricating
coating film 3 is formed on a contact surface
(tightening surface 10) of a thread portion in at least
one component of the box 2 and the pin 1.

[0047]

Hereinafter, in the present embodiment, the
lubricating coating film including the solid lubricating
coating film 3 will be described. The lubricating
coating film is formed in the thread portion of the oil
country tubular goods.

The solid lubricating coating film 3 of the
present invention is formed by dispersing a solid
lubricant in a binder resin as a matrix component. 90
wt% or more of the binder resin is a polyamideimide
resin, and an average molecular weight of the
polyamideimide resin is 20,000 or more and 40,000 or
less. In addition, 80 wt% or more of the solid lubricant
is polytetrafluoroethylene (PTFE), and an average
molecular weight of PTFE is 30,000 or less.

[0048]

The PTFE contained in the solid lubricant is

preferably 20 wt$% or more and 50 wt% or less of the

total weight of the solid lubricating coating film 3.
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In addition, a hardness of the solid lubricating
coating film 3 is preferably F or higher and 4H or lower
in terms of pencil hardness.

As illustrated in FIG. 5A, the lubricating coating
film formed on the tightening surface 10 may include a
base film 4 formed between the tightening surface 10 of
the thread portion on which the solid lubricating
coating film 3 is formed and the solid lubricating
coating film 3. The base film 4 may be formed of, for
example, a phosphate-treated film (phosphoric acid
chemical conversion treated film) or an electroplated
film having a Vickers hardness of 200 HV or higher.
[0049]

In a case where the lubricating coating film is
formed on the tightening surface 10 of the thread
portion of one component of the box 2 and the pin 1, it
is preferable that a coating film not be formed on the
tightening surface 10 of the thread portion of the other
component of the box 2 and the pin 1 or a coating film
having corrosion resistance is formed on the tightening
surface 10 of the thread portion of the other component
of the box 2 and the pin 1. That is, the tightening
surface 10 on which the lubricating coating film is not
formed is left as threaded. Alternatively, it is
preferable to form a film having corrosion resistance
with a paint base film without being subjected to short
blasting. The formation of the film having corrosion

resistance is also effective for assisting lubrication
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as compared with lubrication by contact between the
metal surface (tightening surface 10) and the solid
lubricating coating film 3. The paint base film may be
formed by any method of brush painting, spraying, and
mechanical painting. The paint base film may be formed
into a film by being left in the atmosphere for a short
drying time, or may be formed into a film by being
painted and dried.

[0050]

In addition, in the lubricating coating film
formed on at least one tightening surface of the
tightening surface 10 of the thread portion on which the
lubricating coating film is formed, as illustrated in
FIGS. 5B and 5C, a surface layer 5 may be formed on the
solid lubricating coating film 3.

In this case, the surface layer 5 is formed by
applying, for example, a surface layer coating agent
described below. That is, the surface layer coating
agent contains a solid lubricant, a binder resin, and a
solvent component that does not remain in the coating
film after the surface layer coating agent is applied
and dried.

The surface layer 5 is formed by applying a
compound containing a fatty acid and a metal element,
for example, a lubricant containing a scap and a metal
soap, as a solid lubricant component, and a coating
agent containing a fluorine-based organic compound, as a

binder resin component, to the surface layer in a thin
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and acquired manner. The surface layer 5 has an action
of making the tightening surface 10 of the oil country
tubular goods thread portion slippery, and allows the
threads to shift to a stable position, thereby
supplementing more excellent lubrication
characteristics.

[0051]

The solid lubricant for the surface layer 5 may be
formed of one or a combination of two or more kinds of
compounds containing fatty acids of the following X
group and metal elements of the following Y group. The
binder resin for the surface layer 5 may be formed of a
fluorine-based organic compound. In addition, the
solvent component for the surface layer 5 may be formed
of one or a combination of two or more kinds of fluorine
solvents of the following Z group, which account for 90%
or more of the weight of the solvent component.

X group: stearic acid, isostearic acid, behenic
acid, lauric acid, and 12-hydroxystearic acid

Y group: Li, Na, Mg, Al, Ca, Zn, and Ba

Z group: HFC, HFE, and HFO

A melting point of the surface layer 5 is
preferably 70°C or higher.
[0052]

As an agent for forming the solid lubricating
coating film 3 of the present embodiment, the following

agents are used.
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That is, the agent is formed by dispersing a solid
lubricant in a binder resin as a matrix component, and
90 wt% or more of the binder resin is a polyamideimide
resin. In the agent, an average molecular weight of
polyamideimide is 20,000 or more and 40,000 or less, 80
wt% or more of the solid lubricant is
polytetrafluoroethylene (PTFE), and an average molecular
weight of PTFE is 30,000 or less. 1In addition, the agent
contains a solvent component.

[0053]

In addition, in a case where the solid lubricating
coating film of the present disclosure is formed on both
the box and the pin, a film thickness preferably
satisfies both the following specifications.

- A thickness of each of the solid lubricating
coating films formed on both the box and the pin at a
crest position of the thread portion is 5 um or more and
95 um or less.

When the thickness of the solid lubricating
coating film formed in the thread portion of the box at
the crest position (thread portion) is Al (um), and the
thickness of the solid lubricating coating film formed
in the thread portion of the pin at the crest position
is A2 (um), it is preferable that the following
Expression (1) be satisfied.

Al + A2 £ 110 pum - -- (1)

[0054]
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In addition, in a case where the solid lubricating
coating film of the present disclosure is formed on only
one of the box and the pin, a film thickness preferably
satisfies both the following specifications.

The thickness of the solid lubricating coating
film formed in the thread portion of the o0il country
tubular goods including the lubricating coating film of
the present disclosure at the crest position (thread
portion) of the thread portion is 5 um or more and 95 um
or less.

- A+ B £ 110 um, in which A um is the thickness
of the lubricating coating film formed in the thread
portion of the o0il country tubular goods including the
solid lubricating coating film of the present disclosure
at the crest position, and B um is the thickness of the
coating film formed in the thread portion of the oil
country tubular goods positioned on an opposite material
facing the oil country tubular goods (“0” in a case
where there is no coating film).

[0055]

The configuration of the present embodiment will
be described in more detail.

<Binder Resin and Solid Lubricant Contained in
Solid Lubricating Coating Film 3>

The specification of each of the binder resin and
the solid lubricant contained in the solid lubricating
coating film 3 of the present embodiment is based on

make-up/break-out conditions of an actual well. That is,
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the specification of each of the binder resin and the
solid lubricant is devised so that the solid lubricating
coating film 3 can maintain lubrication even when a
large load or a biased load is applied.

[0056]

Here, under the conditions assumed for the actual
well, it is inevitable that a part of the solid
lubricating coating film 3 is peeled off at the initial
stage of make-up. The debris of the peeled solid
lubricating coating film 3 may be locally clogged in a
gap between the coupling and the pin 1 and may cause
galling. Therefore, it is important that the debris
itself of the solid lubricating coating film 3 after
being peeled and broken has flexibility and does not
aggregate. Further, a composition of the solid
lubricating coating film 3 of the present embodiment is
experimentally determined so that the debris itself is a
film that can be reconfigured by being pressed against
the surface of the coupling or the surface of the pin to
contribute to lubrication.

[0057]

The behavior is determined by the combination of
the binder resin and the solid lubricant contained in
the solid lubricating coating film 3. This can be
realized by softness of the film that makes it difficult
for the solid lubricating coating film 3 to be peeled
off, the flexibility of the debris itself of the solid

lubricating coating film 3 after being peeled off and
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broken, and prevention of the debris itself from
aggregating. In order to achieve this, it is important
to select the binder resin and to control the molecular
weight of the binder resin. In addition, in order to
impart lubrication characteristics, it is important to
select an appropriate solid lubricant and control the
molecular weight of the solid lubricant. When the
composition of the solid lubricating coating film 3 is
not specified in a specific range, there are the
following problems. That is, a material derived from the
partially peeled solid lubricating coating film is
locally clogged in the gap between the thread portions
facing each other, which causes galling. In addition, a
stably burnish-like reconfigured lubricating film
(lubricating film having a kind of glossy skin) cannot
be formed in a seal portion.

[0058]

From the above viewpoint, in the present
embodiment, the binder resin is specified to contain 90%
or more of PAI in terms of wt%, and the solid lubricant
is specified to contain 80% or more of PTFE in terms of
wt%. This is because the solid lubricating coating film
3 contains PAI as a main component of the binder resin
and PTFE as a main component of the solid lubricant as
specified in the present embodiment, such that
lubrication behavior according to the same technical
idea as described above can be maintained. When the

composition of the solid lubricating coating film
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deviates from this range, the influences of another
agent are superimposed, and an optimal region may not be
formed. Furthermore, the main components are specified
within the above ranges by evaluation using a new test
method (a test method described below) .

[0059]

In addition, the solid lubricating coating film 3
is required not only to keep excellent lubrication but
also to have corrosion protection. That is, it is
important that the threaded joint does not rust or is
not deteriorated even in an environment exposed before
being used in an actual well. In addition, heat
resistance is also important, and the solid lubricating
coating film 3 is preferably a film that withstands a
well bottom temperature, that is, a film having a
melting point of 200°C or higher, and preferably 250°C
or higher.

[0060]

“Average Molecular Weight of Binder Resin”

An average molecular weight of the binder resin is
specified from a range of a combination of PAI used as a
main component of the binder resin and PTFE used as a
main component of the solid lubricant in consideration
of evaluation by a new test method. A molecular weight
specification of PAI alone does not affect hardness or
peeling described below.

[0061]
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In the present embodiment, the molecular weight of
PAI is specified to be 20,000 or more and 40,000 or less
on the premise of the above combination.

The reason that the molecular weight of PAI is set
to 20,000 or more is that when the molecular weight of
PAT is less than 20,000, the film itself becomes too
soft, and thus, the solid lubricating coating film 3
tends to be easily peeled off. This is because otherwise
the material derived from the peeled solid lubricating
coating film is clogged in the gap between the thread
portions.

In addition, the molecular weight of PAI is
specified to be 40,000 or less because when the
molecular weight of PAI exceeds 40,000, the film itself
becomes too hard and the film cannot be appropriately
peeled off. Therefore, in a case where a large load or a
biased load is applied, the solid lubricating coating
film 3 tends to be easily completely scraped off.

A more preferred range of the molecular weight of
PATI is in a range of 20,000 or more and 30,000 or less.
This follows the above reasons.

[0062]

In the present embodiment, unlike the related art,
the stable range of the component of the solid
lubricating coating film is appropriately set based on
the evaluation in a new test under load conditions
(large load and biased load conditions) as assumed in an

actual oil/gas well in which the pin 1 having a length
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of 8 to 12 m class is vertically suspended and made up.
That is, in the present embodiment, it has been
confirmed by a new evaluation test under conditions
required to withstand a large load and a biased load in
the actual well conditions or more severe conditions.
Then, upper and lower limits of the molecular weight of
PAT were examined and set based on the confirmation
results. Specifically, it has been considered that the
film is neither too hard nor too soft, and the film is
not clogged and does not cause galling when the peeled
material derived from the solid lubricating coating film
3 is reconfigured at the time of make-up/break-out.
Based on this viewpoint, the combination of the agents
(binder resin and solid lubricant) was experimentally
selected under the condition in which the number of
times of M/B can be increased.

[0063]

“Constituent Elements Other Than Main Component
(PAI) in Binder Resin”

The binder resin may be formed of only PAT.

The binder resin of the present embodiment may
contain impurities or additives as long as they are less
than 10% of the weight of the binder resin.

Here, at the time of the production of PAI,
impurities contained in a hydrogen chloride scavenger in
a polymerization solution and an inorganic salt used as
a neutralizing agent thereafter may remain. Examples of

the impurities include NaCl, FeSO4, inorganic cations
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themselves, and hydrogen chloride (HCl). These
impurities may adversely affect deterioration of the
solid lubricating coating film 3 at the time of long-
term storage. However, a content of less than about 10%,
and preferably less than about 1% is acceptable.

[0064]

In addition, additives such as a glass fiber and a
carbon fiber may be positively added to and filled in
the PAI resin to increase the film hardness. In this
case, it i1s possible to prevent the solid lubricating
coating film 3 from being peeled off more than necessary
due to unavoidable play at the initial stage of make-up
of the connection or at the late stage of break-out in
the make-up/break-out process of the actual well. As
described above, the hardening of the film may
positively work. However, the binder resin having
excessively enhanced film hardness rejects containing
PTFE in the solid lubricant and can contain only a small
amount of PTFE. 1In addition, the binder resin itself
tends to be too hard. In a case where the binder resin
is too hard, the peeled debris is not uniformly
generated, but local peeling tends to be increased.
Therefore, the basic matter of forming a secondarily
reconfigured film having lubricity, which is
reconfigured at the time of make-up/break-out, based on
the peeled debris, is inhibited. Then, as a result of

evaluation based on the experimental results, it has
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been found that 90 wt% or more of the binder resin is
required to be formed of the PAI resin.
[0065]

“Average Molecular Weight of Solid Lubricant”

For the following reasons, PTFE is used as a main
component of the solid lubricant, and the average
molecular weight of PTFE is 30,000 or less.

This is because it is presumed that when the
molecular weight of PTFE is increased, the technical
idea that the molecules of PTFE slide with each other to
maintain high lubrication cannot be maintained. That 1is,
it is presumed that when the molecular weight of PTFE is
increased, the molecules of PTFE are entangled with each
other, and frictional resistance is increased. Further,
the specification that the average molecular weight of
PTFE is 30,000 or less is based on the evaluation that
the number of times of M/B can be increased by
confirmation with a new test under the condition
assuming the actual use of the threaded joint for oil
country tubular goods.

The average molecular weight of PTFE is more
preferably 15,000 or less and still more preferably
10,000 or less. This is to achieve low friction by
reducing the average molecular weight of PTFE. These
specified ranges can be experimentally derived using a
new evaluation test method.

[0066]
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However, the solid lubricating coating film 3 of
the present embodiment does not achieve lubrication of
the threaded joint for oil country tubular goods with
only the solid lubricant. PTFE as the solid lubricant is
dispersed in the binder resin and distributed in the
solid lubricating coating film 3, and serves as the main
point that realizes lubrication as the binder resin is
partially peeled off, broken, or deformed. Therefore, it
is important that the solid lubricating coating film 3
realizes lubrication not only by the molecular weight of
PTFE but also by the combination with the molecular
weight of the binder resin. From this viewpoint, the
molecular weight of PTFE is specified in the optimal
range based on the combination of PTFE and PAI, and
thus, the molecular weight of PTFE is specified by
confirmation in an actual evaluation test.

[0067]

“Constituent Elements Other Than PTFE in Solid
Lubricant”

The solid lubricant may be formed of only PTFE.
The solid lubricant may contain agents other than PTFE
as long as it is less than 20% in terms of weight ratio.

Examples of the other agents include fluorine-
based PFA (tetrafluoroethylene-perfluoroalkyl vinyl
ether copolymer), FEP (fluorinated ethylene propylene,
that is, hexafluoropropylene-tetrafluorocethylene
copolymer), graphite, BN, MCA (melamine cyanurate),

mica, and talc.
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[0068]

The addition of MoS:; and WS> may be a source of H»2S
in an oil/gas production site, and thus, MoS, and WS:; are
not actively mixed. However, MoS; and WS, may be mixed
at a trace amount level. However, in a case where it 1is
determined by future research and development that there
is no problem with MoS»> and there is no limit in
addition, the addition of MoS; and WS; will also be
allowed as long as the amount thereof is less than 20%
as specified in the present invention.

[0069]

“Material Derived from Solid Lubricating Coating
Film Reconfigured at Time of Make-up/break-out”

The solid lubricating coating film 3 contains the
binder resin and the solid lubricant specified in the
present embodiment in combination as described above,
such that even when a part of the solid lubricating
coating film 3 is inevitably scraped or peeled off at
the time of the make-up/break-out, debris thereof
reforms a new lubricating film on the surfaces
(tightening surfaces 10) of the male thread la and the
female thread 2a, and the effect of holding lubrication
is obtained. From the viewpoint of promoting the
additional effects, the optimal ranges of the solid
lubricant component and the binder resin component
described above are effective.

[0070]
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Here, it 1is preferable that a discolored band
having a burnish-1like color tone, a so-called glossy
discolored band, be formed at positions corresponding to
connection seals on both the male thread la and the
female thread 2a for one round without interruption
after the make-up/break-out. Therefore, lubrication in
the second and subsequent make-up/break-out processes is
improved. In addition, even in a case where the solid
lubricating coating film 3 is formed only on the
tightening surface 10 of any one of the male thread la
and the female thread 2a, the film to be peeled off and
reconfigured is formed by overlapping a film to be
formed in the thread portion in which the solid
lubricating coating film 3 is not formed or a
lubrication assist film formed on the solid lubricating
coating film 3, in addition to the solid lubricating
coating film 3. However, the main point of the
lubrication is the solid lubricating coating film 3.
Therefore, a range of excellent lubricating
characteristics can be specified by specifying the
optimal range in the molecular specification.

[0071]

Here, when the solid lubricating coating film 3
that is inevitably scraped or peeled off at the time of
one make-up/break-out is reconfigured, the peeled solid
lubricating coating film 3 may be caught in the gap
between the male thread la and the female thread 2a or

the gap between the seal portions, which causes galling.

49



10

15

20

25

In order to prevent the so-called “scraped debris” from
causing galling, it is preferable to perform control so
that the “scraped debris” satisfies one of a condition
of a thickness of less than 50 uym and a condition of a
band-like shape having a length of 50 mm or less. In
addition, separately from or in addition to these
conditions, in a case where the “scraped debris” is
massive, the thickness of the largest length portion may
be controlled to be 5 mm or less.

[0072]

In a case where the “scraped debris” is band-
shaped, it is important not to make the thickness of the
“scraped debris” larger than necessary. When the
thickness exceeds 50 um, galling tends to easily occur.
In addition, when the band-like length exceeds 50 mm,
possibility of galling at a thread groove is increased
in many cases.

In addition, the case where the “scraped debris”
is massive means that the debris has a yarn or cotton
shape. In a case where the “scraped debris” is massive,
when the length exceeds 50 mm at the time when the
surface of the broken out thread is viewed, galling is
likely to occur. Actually, when the thread is touched,
slight galling may occur in the thread. Galling occurs
because the massive “scraped debris” whose length
exceeds 50 mm is clogged.

[0073]
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The size of the “scraped debris” is experimentally
determined. In addition to improvement of the
lubrication itself by specifying the molecular weight or
amount mixed of the constituent component of the
lubricating film, at the same time, the size of the
“scraped debris” derived from the peeled pieces is not
made larger than necessary. Therefore, galling is
suppressed and lubrication is maintained, and as a means
for achieving the conditions of the “scraped debris”,
the molecular weight or mixing ratio is specified as
described above for the achievement.

[0074]

“Solvent Component of Agent”

The agent for forming a solid lubricating coating
film contains a solvent component.

The solid lubricating coating film 3 is formed by
(co)polymerizing the binder resin component while
dispersing the solid lubricant component. The solid
lubricating coating film 3 can be formed by applying an
agent obtained by dispersing these components in a
solvent to the tightening surface 10 and drying the
agent.

The agent for forming the solid lubricating
coating film 3 contains a solvent-based agent in which a
solid lubricant component and a binder resin component
are dissolved in a solvent. The solvent does not remain
after the solid lubricating coating film 3 is formed.

[0075]
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The solvent used for the agent is not particularly
limited. Any solvent is included in the present
disclosure. Examples of the solvent include high boiling
point polar solvents such as N-methylpyrrolidone (NMP),
dimethylacetamide (DMAC), dimethylformamide (DMF), and
yv-butyrolactone, ketones such as methyl ethyl ketone
(MEK) and methyl isobutyl ketone (MIBK), ester-based
agents such as ethyl acetate, butyl acetate, aromatic
toluene, and xylene, a cyclic ether such as
tetrahydrofuran (THF), and a cyclic hydrocarbon such as
n-hexane.

[0076]

In addition, as the solvent, an alcohol such as
methanol, ethanol, isopropyl alcohol (IPA), or the like,
which is considered to be incompatible with the main
binder resin component: PAI of the present disclosure,
may be mixed as long as it is contained in a trace
amount. When the amount thereof is less than 30% in the
solvent component, the solvent may be mixed or mainly
used.

The solid lubricating coating film 3 is formed by
applying an agent to the tightening surface 10 of the
thread portion by spraying, dip coating, brush coating,
or the like and then drying the agent. The drying method
may be any of sintering, infrared irradiation, far
infrared irradiation, ultraviolet irradiation, and hot
air drying. The surface on which the solid lubricating

coating film 3 is formed (tightening surface 10)
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necessarily has a thread portion, and may be formed on
other adjacent portions.
[0077]

“Surface on which Solid Lubricating Coating Film 3
Is Formed (Tightening surface 10)”

In a case of a T&C type coupling (female thread 2a
side), it is particularly preferable that the surface on
which the solid lubricating coating film 3 is formed be
only an inner diameter surface on which the thread is
formed (tightening surface 10).

In many cases, a single color paint is applied to
the surface of the outer surface side of the coupling,
or a color band is applied for identification. However,
the solid lubricating coating film 3 of the present
embodiment is resin-based. When the resin is painted,
the resin tends to be easily peeled off. Therefore, in
the case of the T&C type coupling (female thread 2a
side), the surface on which the solid lubricating
coating film 3 is formed is preferably limited to the
inner surface side having a thread (thread surface
side) .

[0078]

“Optimal Range of Wt% of Solid Lubricant PTFE in
Solid Lubricating Coating Film 3”

In addition to the specification of the binder
resin and the specification of the solid lubricant, the

weight of PTFE with respect to the total weight of the
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solid lubricant is preferably 20% or more and 50% or
less.

A proportion of the constituent weight of PTFE to
the total weight of the solid lubricating coating film 3
is associated with securing lubricity of the solid
lubricating coating film 3 and is also associated with
the hardness of the solid lubricating coating film 3.

When the constituent weight of PTFE with respect
to the total weight of the solid lubricating coating
film 3 is less than 20%, the amount of PTFE as the solid
lubricant component in the solid lubricating coating
film 3 is too small, such that it may be difficult to
maintain excellent lubrication. In particular, in
evaluation under severe conditions assuming a condition
in which three pins 1 are connected to form an actual
size pin, when the constituent weight of PTFE is not 20%
or more with respect to the total weight of the solid
lubricating coating film 3, a galling risk is increased.
As described below, the evaluation may be performed by a
weight tong test using a weight assuming that three pins
are connected to simulate the lubrication state of the
actual size pin 1.

[0079]

On the other hand, the reason that an optimal
upper limit value of the constituent weight of PTFE is
set to 50% or less is as follows. That is, the solid
lubricating coating film 3 tends to be soft as the

constituent weight of PTFE is increased. When the
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constituent weight of PTFE exceeds 50%, the solid
lubricating coating film 3 is likely to be peeled off
due to the influence of the specified combination of PAI
of the binder resin at the time of make-up/break-out,
which causes an increase in risk of galling.

However, as described above, the condition 1is
specified to maintain high lubrication even assuming an
extremely severe condition with an actual pin obtained
by connecting three pins. Therefore, in the case of the
threaded joint adopted under a less severe condition
than the severe condition in which an actual pin
obtained by connecting three pins is used, the range of
the constituent weight of PTFE can be set to a range
higher than the above range.

[0080]

“Optimal Range of Hardness of Solid Lubricating
Coating Film 3”

The hardness of the solid lubricating coating film
3 is preferably F or higher and 4H or lower in terms of
pencil hardness.

The hardness of the solid lubricating coating film
3 is mainly determined by hardness of the binder resin.
However, a small amount of the solid lubricant is mixed
with the binder resin, and the film hardness 1is
increased. On the other hand, when the solid lubricant
is excessively mixed, the film becomes soft. As such,

the hardness of the solid lubricating coating film 3 can
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be controlled by the binder resin itself and a mixing
method of the binder resin and the solid lubricant.
[0081]

In the present embodiment, the pencil hardness of
the solid lubricating coating film 3 is determined by a
method specified in JIS K 5600-5-4 (1999). It is written
in the corresponding standard that this standard is a
translation of the “ISO/DIS 15184, Paints and varnishes
- Determination of film hardness by pencil test”
standard. However, the hardness applied in the present
embodiment is evaluated based on the JIS standard.
[0082]

The specification of the optimal range of the
pencil hardness is also intended to specify a preferred
range in which high lubrication can be maintained even
under severe lubrication conditions, specifically, under
extremely severe conditions such as conditions in which
an actual size pin is obtained by connecting three pins
as described above.

In the present embodiment, the solid lubricating
coating film 3 contains PAI and PTFE as main components.
Therefore, it is based on the idea that it is important
to maintain the hardness of the solid lubricating
coating film itself to be increased.

[0083]

Here, the pencil hardness of the solid lubricating

coating film 3 is preferably high. However, when the

pencil hardness of the solid lubricating coating film 3
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is higher than 4H and is hard, the solid lubricating
coating film 3 is too hard. Therefore, when a large load
or a biased load is applied to the solid lubricating
coating film 3, the solid lubricating coating film 3 may
be completely peeled off. Therefore, an upper limit
value of the solid lubricating coating film 3 is set to
4H. 1In addition, when the pencil hardness of the solid
lubricating coating film 3 is lower than F, the amount
of material derived from the peeled solid lubricating
coating film 3 is too large. Therefore, since there is a
high concern that the debris is locally clogged in the
gap between the thread portions to induce galling, a
lower limit of the pencil hardness of the solid
lubricating coating film 3 is set to F.

[0084]

“Thread Surface on which Solid Lubricating Coating
Film 3 Is Formed”

In the present embodiment, the solid lubricating
coating film 3 is formed on one tightening surface 10 of
the female thread 2a or the male thread la, or on both
the tightening surfaces 10 of the female thread 2a and
the male thread la.

A part of the solid lubricating coating film 3 of
the present embodiment is inevitably peeled off
according to the make-up/break-out, and a material
derived from the solid lubricating coating film (debris)
is reconfigured and the lubrication is thus maintained.

Therefore, the solid lubricating coating film 3 may be

57



10

15

20

25

formed on one tightening surface 10 of the female thread
2a or the male thread la, or on both the tightening
surfaces 10 of the female thread 2a and the male thread
la. When the reaction of “reconfigured and the
lubrication is maintained” proceeds exactly, excellent
lubrication can be realized when the solid lubricating
coating film 3 is formed on the tightening surface 10 of
at least one of the female thread 2a and the male thread
la.

[0085]

“Tightening surface 10 of Thread on which Solid
Lubricating Coating Film 3 Is Not Formed”

Here, a case where the solid lubricating coating
film 3 is formed on only the tightening surface 10 of
either one of the male thread la and the female thread
2a will be described.

The tightening surface 10 of the thread on which
the solid lubricating coating film 3 is not formed may
be in a state of a surface formed by thread processing
or may be subjected to shot blasting. Alternatively, it
is preferable that the tightening surface not be
subjected to shot blasting, and a film having corrosion
resistance is formed by a paint base film or a film
having corrosion resistance is formed by a paint base
film after shot blasting. The film having corrosion
resistance is used to impart corrosion resistance. In
particular, in a case where a surface of a carbon steel

thread is cut as it is or shot blasted, corrosion may

58



10

15

20

25

easily occur. In addition, in consideration of adhesion
of the coating film, it is preferable to form a paint
base film by shot blasting. Corrosion is prevented by
forming a corrosion-resistant film.

[0086]

In addition, the formation of the film having
corrosion resistance can also be expected to have an
effect of improving lubrication as compared with a case
where a metal surface of the thread is exposed. In a
case where a part of the film having corrosion
resistance is broken or completely scraped off at the
time of make-up of the connection, the debris of the
film having corrosion resistance is solidified to cause
a lump, and the debris sandwiches the gap between the
threads, which inhibits lubrication. However, when an
appropriate paint base film is selected as the film
having corrosion resistance, the lubrication behavior
can be set to be equal to or higher than that of the
film having corrosion resistance.

[0087]

“Surface Layer 5”

The surface layer 5 included in the lubricating
coating film may be provided on an upper surface of the
solid lubricating coating film 3 formed on the
tightening surface 10. By providing the surface layer 5,
more preferred lubrication characteristics can be
maintained. The surface layer 5 as a film of the

uppermost layer is particularly effective for oil
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country tubular goods having a standard of 7'’ or more.
The surface layer 5 is effective for supplementing and
maintaining the lubrication.

The surface layer 5 does not enhance the
lubrication of the solid lubricating coating film 3
itself.

In a case where the male thread la is set to an
appropriate position with respect to the female thread
2a, even when both axes are intended to be set straight,
the axes may be set slightly obliquely in an actual
well. In this case, the surface layer 5 contributes to
sliding the male thread la at the time of make-up and
shifting to the original stable position in the threaded
joint. Therefore, the surface layer 5 contributes to
realizing lubrication that can be originally exhibited
by the solid lubricating coating film 3, thereby
supporting the lubrication by the solid lubricating
coating film 3.

[0088]

The surface layer 5 is developed on the upper
surface of the solid lubricating coating film 3 in a
thin and acquired manner. The surface layer 5 is merely
placed on the surface of the solid lubricating coating
film 3. Therefore, the surface layer 5 is not in close
contact with the solid lubricating coating film 3 due to
a physical anchor effect or the like, and the layer is
not those which chemical composition is changed at the

interface to be gradually shifted.
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One of the features of the present invention is
based on the finding that, as emphasized many times, the
solid lubricating coating film 3 is inevitably uniformly
and partially peeled off. Then, the material derived
from the solid lubricating coating film (debris) is
uniformly reconfigured as a lubricating film, and the
solid lubricating coating film 3 is designed so as not
to be locally clogged, such that the lubrication is
maintained. The surface layer 5 is provided in order to
reduce the amount of the solid lubricating coating film
3 partially peeled off at the time of make-up/break-out
and to make the material derived from the solid
lubricating coating film 3 uniform as compared with the
case where the surface layer 5 is not provided.

[0089]

Here, a coupling on which the surface layer 5 was
formed and a coupling on which the surface layer 5 was
not formed were prepared on the coupling on which the
solid lubricating coating film 3 was formed. 1In
addition, a coupling in which the solid lubricating
coating film 3 was not provided on the side of the pin 1
and the surface simply threaded was subjected to shot
blasting was prepared. Then, a single make-up/break-out
test was performed by a vertical make-up machine. As a
result, in a case where the surface layer 5 was
provided, the solid lubricating coating film 3 formed on
the coupling was uniformly reconfigured and uniformly

transferred. On the other hand, in a case where the
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surface layer 5 was not formed, the solid lubricating
coating film 3 formed on the coupling was slightly
inhomogeneously transferred as compared with the case
where the surface layer 5 was provided. As such, in the
case where the surface layer 5 was provided, the results
suggesting that the solid lubricating coating film 3 was
uniformly peeled off were obtained. As the solid
lubricating coating film 3, a film based on the present
embodiment was used.

[0090]

“Composition of Surface Layer 5”

The agent for forming a surface layer contains a
mixture of a solid lubricant, a binder resin, and a
solvent component that does not remain in the coating
film after coating of the coating agent.

The solid lubricant for forming the surface layer
may be formed of, for example, one or a combination of
two or more kinds of compounds containing fatty acids of
the following X group and metal elements of the
following Y group.

The binder resin for forming a surface layer is
formed of, for example, a fluorine-based organic
compound.

[0091]

The solvent component for forming a surface layer

is formed of, for example, one or a combination of two

or more selected from fluorine solvents of a Z group.
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X group: stearic acid, behenic acid, lauric acid,
and 12-hydroxystearic acid

Y group: Li, Na, Mg, Al, Ca, Zn, and Ba

Z group: HFC, HFE, and HFO

Here, the compound composed of the X group and the
Y group forms solid lubrication by a socap component and
a metal socap (reaction soap) alone or in combination
thereof.

[0092]

The surface layer 5 of the present embodiment is
formed of a quick drying paint in which these solid
lubricant components are dispersed in a binder resin of
a fluororesin-based organic compound to improve
lubricity of the solid lubricating coating film 3 of the
present embodiment.

In an actual well, oil country tubular goods may
be used in an environment in which neutral muddy water
or alkaline water mainly containing drilling mud
coexists. The environment can also be an environment
filled with moisture. Therefore, it cannot be expected
that the oil country tubular goods are lubricated simply
by sprinkling or applying a soap component, a metal soap
component, or the like to the surface, which is common
in other fields. This is because the socap component, the
metal soap component, or the like is washed away, and
further improvement of lubricity cannot be achieved. 1In
addition, when the soap comes into contact with an

acidic chemical solution (water), the soap flows through
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the site and reacts with the acidic chemical solution,
and thus, the soap loses its effect.

Therefore, as the agent for a surface layer, a
paint in which the components described above are
dispersed in a binder resin was used. In a case where
the agent for the surface layer 5 of the present
embodiment is used, it is possible to eliminate the
concern of melting and flowing by taking the agent into
the film and holding the agent in the film.

[0093]

The agent for the surface layer 5 may be applied
onto the solid lubricating coating film 3 in a solid
lubricating coating film production line in a state
where the solid lubricating coating film 3 is formed in
advance. In addition, the agent for the surface layer 5
may also be applied onto the solid lubricating coating
film 3 before running in an actual well that is the
site. In a case where the agent for the surface layer 5
is applied before running in an actual well, the agent
for the surface layer 5 is required to have gquick drying
properties. Therefore, the solvent component in the
agent for the surface layer 5 was formed of one or a
combination of two or more selected from the fluorine
solvents of the Z group.

In addition, similarly, the binder resin for the
surface layer 5 is designed to withstand quick drying,
and is formed of a fluorine-based organic compound.

[0094]
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The fluorine-based organic compound remaining as a
film as the solid content (binder component) of the
surface layer 5 is not particularly specified, and
contains any fluororesin. For example, examples of an
agent containing a fluorine-containing monomer include
an agent heavily associated with an acrylic aid or a
methacrylic acid ester. What is important here is an
agent containing a fluorine-containing monomer, and an
agent itself having a methacrylic acid alkyl ester
structure is more preferable. That is, a resin in which
in the fluororesin monomer 1 of FIG. 6, R3 is a methyl
group (-CH3z) and the number of carbons of an alkylene
group of R4 is 0 to 3 is particularly preferable as a
binder resin that holds a soap or metal soap formed of a
fatty acid and a metal element. That is, among methyl
methacrylate-based, ethyl methacrylate-based, propyl
methacrylate-based, and butyl methacrylate-based resins,
a resin whose terminal is modified with F is
particularly preferable as a binder resin that holds a
soap or metal socap formed of a fatty acid and a metal
element.

[0095]

In addition, it is desirable that the binder resin
for the surface layer 5 withstands a temperature of
220°C or higher and preferably 250°C or higher. 1In the
lubrication of the solid lubricating coating film 3, in
a case where lubricity is poor, the seal portion

generates heat from the thread portion, and thus, it is
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more preferable that a temperature in which the solid
lubricating coating film 3 is usable be higher. However,
in consideration of conditions for use in an actual
well, that is, in a case where the o0il is left in the
well for a long time after make-up is performed and oil
production begins, the o0il is not lifted on the ground
unless a timing of work over or the like or a problem
with the well occurs. However, considering that it can
be assumed that the surface layer 5 formed on the solid
lubricating coating film 3 does not function due to
denaturation when installed in a well in a difficult
environment at a high temperature, it is desirable that
the binder resin withstand a temperature of 220°C or
higher and preferably 250°C or higher.

[0096]

In the surface layer 5 formed on the outermost
surface, the weight of the metal content of the solid
lubricant contained in the surface layer 5 is preferably
2% or more and 25% or less with respect to the total
weight of the binder resin-containing film included in
the surface layer 5 formed on the outermost surface. 1In
addition, it is preferable that the surface layer 5 have
a melting point of 70°C or higher, and have a lower
temperature value of a boiling point and a decomposition
temperature of 250°C or higher. The weight of the metal
content in the solid lubricant contained in the surface
layer 5 is more preferably 5% or more and 15% or less.

In addition, it is more preferable that the surface
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layer 5 have a melting point of 70°C or higher, and have
a boiling point and a decomposition temperature of 300°C
or higher.

The preferred ranges are specified based on the
results of experimental data.

[0097]

It is considered that the specification of the
preferred ranges is caused by the following. That is,
what is important in the surface layer 5 is first a
melting point (softening point). That is, there is a
possibility that the soap and the metal soap are
decomposed and blackened by heat generated by make-
up/break-out, and thus, the function is not performed.
In view of this, the reason that the melting point is
set to 70°C or higher is as follows. That is, even when
galling does not occur at all, the solid lubricating
coating film 3 is slightly scraped as the make-up/break-
out is repeated. Accordingly, this is because a slight
amount of heat tends to be accumulated, and it is
required to consider heat generation to the extent that
a person can touch the pipe with work gloves. Therefore,
the melting point was set to 70°C or higher.

[0098]

The physical property value depends on the metal
element and the fatty acid moiety bonded thereto. Then,
the soap and the metal soap component may be obtained

using components selected from the X group and the Y

group.
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The reason that the weight of the metal content of
the solid lubricant is preferably 2 to 25% with respect
to the total weight of the components contained in the
solid lubricant, that is, the metal soap and the soap,
is as follows. When the content is less than 2%, the
influence of the metal element bonded to the fatty acid
is small, and it cannot be expected to support the
lubrication. In addition, when the content exceeds 25%,
on the contrary, the influence of the metal element is
too large, and it cannot be expected to support the
lubrication.

[0099]

In this case, in a case where the melting point
(softening point) is too low, it is also acceptable as
an auxiliary role to synthesize the metal soap by adding
a carboxylic acid having a short hydrocarbon chain such
as acetic acid or propionic acid to the fatty acid in
order to increase the melting point (softening point).
However, it is possible to further improve and support
the lubrication of the solid lubricating coating film 3
by containing components of the X group and the Y group
as main components.

[0100]

In a case where a carboxylic acid having a short
hydrocarbon chain is used for the purpose of preventing
the melting point (softening point) from being too low
(changing the melting point to be high), it is

preferable to limit the carboxylic acid having a short

68



10

15

20

25

hydrocarbon chain to 20% or less of the carboxylic acid
used. When the content exceeds 20%, it is difficult to
achieve the original meaning of “to further improve and
support the lubrication of the solid lubricating coating
film 3”. For the support for the lubrication of the
solid lubricating coating film 3, a carboxylic acid
having a longer hydrocarbon chain as specified in the B
group is advantageous for the soap/metal soap focused on
slipping. This is because the carboxylic acid having a
short hydrocarbon chain has only the function of
increasing the melting point (softening point), the
boiling point, and the decomposition temperature.

[0101]

In addition, in the surface layer 5, it is
desirable that the content weight of the solid lubricant
contained in the surface layer 5 be 0.1 times or more
and 10.0 times or less the content weight of the binder
resin contained in the surface layer 5 formed on the
outermost surface. When it is less than 0.1 times, the
influence of only the binder resin is strong, and the
effect of improving lubrication is not obtained. On the
other hand, when it exceeds 10.0 times, the solid
lubricant component is too large to be formed as a film,
and when the solid lubricant is exposed to water or the
like, the solid lubricant exposed to the surface begins
to melt, and the effect of supporting the lubrication of
the solid lubricating coating film 3 cannot be expected.

[0102]
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Furthermore, it is desirable that the agent be
applied so that the weight of the agent applied for the
surface layer is 0.01 mg/mm? or more and 1 mg/mm? or
less. When it is less than 0.01 mg/mm?, the effect may
not be expected. In addition, when it exceeds 1 mg/mm?,
the effect may be saturated, and in a case where the
agent is applied in an amount of more than 1 mg/mm?, when
the surface layer is partially peeled off in the make-
up/break-out process, the object derived from the peeled
piece may be clogged. The applied weight is a numerical
value defined by the applied region.

[0103]

In addition, the surface layer may not be applied
to the entire surface of the solid lubricating coating
film 3. For example, the solid lubricating coating film
3 itself tends to be most broken at the time of make-
up/break-out. Therefore, the surface layer may be formed
on only a surface of a portion where an object derived
from the peeled piece is likely to be generated,
specifically, a portion having a region that is mainly
in contact with the pin 1 connection (male thread 1la)
and the coupling connection (female thread 2a) when
being fitted or a potion having a seal portion.

[0104]

“Base Treatment of Solid Lubricating Coating Film
37

It is preferable to perform a base treatment

between the solid lubricating coating film 3 and the
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tightening surface 10 forming the solid lubricating
coating film 3 to form the base film 4 contained in a
surface treatment film.

The base film 4 is formed by, for example, a
phosphate treatment or an electroplated film formed by
an electroplating treatment. By providing the base film
4, the formation and adhesion of the solid lubricating
coating film 3 can be stabilized, and the number of
times of M/B can be improved.

In a case where the o0il country tubular goods are
formed of carbon steel, the base film 4 may be either a
film formed by a phosphate treatment or an electroplated
film. In a case where the o0il country tubular goods are
a stainless steel pipe or a high alloy pipe, the base
film 4 may be formed of an electroplated film. However,
the electroplated film includes, for example, a thin
plating layer called Ni flash plating.

[0105]

The base film 4 is preferably a film having a high
hardness. In a case of a soft film such as a Cu
electroplated film, a risk of galling is increased.
Therefore, it is desirable that the base film 4 have a
high hardness. In a case where the base film 4 is a soft
film, it is preferable that the base film 4 not be
provided. This is because when there is a soft film
under the solid lubricating coating film 3, the solid
lubricating coating film 3 is peeled off completely, and

lubrication cannot be maintained.
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Specifically, the hardness of the base film 4 is
desirably 200 HV or higher in terms of HV hardness. This
is because the number of times of M/B tends to be
increased when the hardness of the base film 4 is high.
[0106]

Even in a case where the base film 4 is thick at
the surface layer, a film thickness does not reach 20
um. In many cases, the film thickness is about 10 um.
Therefore, the HV hardness defined here is assumed to be
a Vickers hardness measured by observing the base film 4
from a cross-sectional direction with an embedded cross-
sectional microscope. In many cases, a pressing load of
the Vickers hardness cannot be measured unless the
pressing load is 1 kgf or less. However, as illustrated
in FIG. 7, it is defined that a Vickers indentation is
calculated from a diagonal length in a direction
perpendicular to a film thickness direction under the
essential condition that the Vickers indentation enters
the base film 4 in the film thickness direction. Here, a
conversion table according to the JIS standard JIS 7Z2244
(2009) dis used. Although an indentation size deviates
from a rule of a distance from the adjacent solid
lubricating coating film 3 or a base material, it is
assumed that the indentation size is defined by the
above method. This is because, when the rule for
separating a certain distance is strictly applied, the
pressing load becomes too low, the data causes

variation, and the accuracy is not obtained. In the case
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of metal plating, the measurement was performed with N =
3, and the average was taken. 1In the case of the
phosphate treatment, the base film is formed of a
granular aggregate having a square shape (cubic shape
and rectangular parallelepiped shape), a hemispherical
shape, and an oval shape. Therefore, since the variation
was large, measurement was performed with n = 5 or more,
and evaluation was performed with an average of n = 3 or
more, excluding data in which HV deviated from 50.

[0107]

In a case where the base film 4 as the base
treatment film is a high hardness film, when the solid
lubricating coating film 3 is formed on the base film 4,
the lubrication behavior is excellent. On the other
hand, when a soft film having less than 200 HV is
provided on base film 4, lubrication tends to be rather
deteriorated. This is because, as shown in Examples,
when the solid lubricating coating film 3 of the present
embodiment is formed on a soft base film 4 (base
plating) of about 70 HV to 150 HV such as a Cu plated
film, the solid lubricating coating film 3 is peeled off
completely and galling occurs at the time of make-
up/break-out. This phenomenon is not a problem in the
method of applying a compound according to the related
art, but it is required to be careful when obtaining
lubrication by the solid lubricating coating film 3.

[0108]
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On the other hand, in a case where the base film 4
is not provided, for example, in a case where the solid
lubricating coating film 3 is formed directly in the
thread, there is no problem in lubrication. That is, in
a case where the solid lubricating coating film 3 is
formed in the thread, excellent lubrication is realized.
Further, in a case where the base film 4 having 200 HV
or higher is provided, further preferred lubrication is
realized by forming the solid lubricating coating film 3
of the present embodiment. However, in a case where the
base film 4 having less than 200 HV is provided, even
when the solid lubricating coating film 3 of the present
embodiment is formed, the solid lubricating coating film
3 is broken at the time of make-up/break-out, and
lubrication tends to be rather deteriorated.

[0109]

“Method of Evaluating Lubrication of Solid
Lubricating Coating Film 3”

A method of evaluating lubrication of the solid
lubricating coating film 3 was performed by a new test
method described below capable of performing a
simulation test in a laboratory using the short pin 1 as
a test pin 1. Test evaluation may be performed using a
pin having a length corresponding to one actual size pin
(8 to 12 m class) to three connected pins. However, in
consideration of performing a plurality of types of
evaluations, the following new test method was

preferable.
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That is, in evaluating the upper and lower limit
ranges of the technical elements constituting the
present invention, the test method newly conceived by

the present inventors was applied.

[0110]

“New Test Method”

Next, a newly conceived test method will be
described.

In the test method adopted in the present
embodiment, a short pin shorter than an actual length of
a pin (pin to be evaluated) used in an actual well is
used as the test pin 1, and as illustrated in FIG. 8,
the short pin 1 is attached to an upper portion of a
coupling (box 2) installed with an axis facing up and
down. This is a make-up/break-out test method of
performing make-up/break-out with vertical power tongs
13.

[0111]

However, in the new test method, the following
conditions A and B are adopted.

(Condition A) A weight 11 is attached to an upper
portion of the test pin 1. A weight of the weight 11 is
equal to or more than a weight of the pin to be
evaluated (the pin used in the actual well).

(Condition B) An initial set position that is a
make-up start position before making up when the test
pin 1 is made up with the vertical power tongs 13 is set

to a looser position than that of the related art.
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Specifically, for example, the initial set position is
set to a state in which the number of threads of the
test pin 1 exposed from the upper end surface of the box
2 is equal to or greater than the larger number among
the number of threads of the test pin 1 of 5 and the
number corresponding to 1/4 of the total number of
threads of the pins 1 (see FIG. 10).

In FIG. 8, a reference numeral 20 denotes a crane,
and a reference numeral 21 denotes a chain.

[0112]

The load by the weight 11 is applied to the pin 1
at the time of make-up, the load by the weight 11 is not
applied to the pin 1 at the time of break-out, and it is
preferable because the conditions become stricter and
are closer to the conditions for make-up/break-out in
the actual well. In a “weight tong test” in Examples
described below, the test was performed by a test method
in which the load by the weight 11 is not applied to the
pin 1 at the time of break-out. This can be realized,
for example, by lifting the weight 11 with respect to
the pin 1 at the time of break-out. The pin 1 may be
broke out in a state of being lifted together with the
weight 11.

In the new test method, as described in Examples,
it is confirmed that the evaluation is performed under
conditions equal to or more severe than the conditions

tested and evaluated using the length corresponding to
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the actual pin (8 to 12 m class) to the length
corresponding to the three connected pins.
[0113]

Here, in a case where a plurality of pins are
connected and made up as in a well on the sea, even when
the actual pin is applied to the actual well, the pin is
suspended in a derrick lane and make-up/break-out is
performed. Certainly, in the most severe conditions, the
weight of the actual pin is applied to the female thread
2a, but in a possible situation, the female thread 2a is
made up while being suspended. Therefore, it is presumed
that the load is reduced to some extent compared to the
case where the total weight of the pin is applied to the
female thread 2a of the box 2. Therefore, there is an
actual state in which a weight of about half of the pin
1 is suspended at a rough estimation. Therefore, even in
the evaluation test in a case where three pins to be
actually used are connected and used, it has been
determined that it is preferable to perform the test in
a state where stress of the actual pins or more is
applied to the box 2.

[0114]

In addition, in the make-up/break-out of the
threaded joint for oil country tubular goods, the solid
lubricating coating film 3 is inevitably peeled off due
to the unique “play” and the “self-weight (large load)
of the pin 1” biased and in contact with the solid

lubricating coating film 3. The peeled pieces (debris)
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of the solid lubricating coating film 3 is locally
clogged, which also directly causes galling. On the
contrary, since the peeled pieces derived from the solid
lubricating coating film 3 are strongly pressed against
the thread surface at the time of make-up/break-out, the
peeled pieces may be reconstructed into a lubricating
film, and rather the lubrication may be improved. The
solid lubricant and the binder resin of the constituent
elements of the solid lubricating coating film 3 do not
function independently, and a combination thereof
realizes high lubrication. Therefore, the specified
range of any one of the constituent elements in the past
literature cannot be applied as it is, and high
lubrication cannot be realized. In order to evaluate the
presence or absence of this preferred lubrication in the
test, the initial set position was set to be loose
without completely made up as in the condition B, and
the test was performed as a condition in which the joint
portion was more likely to be rattled than in the
related art at the time of make-up/break-out.

In the present embodiment, the evaluation of the
number of times of M/B is adopted as the lubrication
evaluation of the solid lubricating coating film 3 of

the threaded joint for oil country tubular goods.

[0115]
“Specific Configuration of New Test Method”
Next, a new test method will be specifically
described.
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In the present specification, the new test is also
referred to as a weight tong test.

As i1llustrated in FIG. 8, a make-up/break-out test
is performed using power tongs 13 on a threaded joint
for oil country tubular goods in which a lower portion
(thread portion) of the pin 1 is attached from above to
the upper portion (thread portion) of the box 2 fixed
with an axis facing up and down. This is because the
actual running in the well is performed by setting the
female thread 2a downward and setting the male thread la
upward. In the case of a T&C type threaded joint, the
lower side is in contact with the coupling (box 2) and
the upper side is in contact with the pin 1. In the case
of an integral threaded joint, the lower side is the box
2 and the upper side is the pin 1.

[0116]

(Test Pin 1)

As the test pin 1, the pin 1 having a shorter
length than the actual length pin to be evaluated is
used. The test pin 1 was prepared by being cut the
actual length pin to be evaluated. The test pin 1 has a
length enough to secure a grip portion of the power
tongs 13.

[0117]

(Load Applied by Weight 11)

The weight 11 is attached to an upper portion of
the test pin 1, and a make-up/break-out test is

performed by applying a load. Under more severe
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conditions, the test was performed in a way that a
weight load was applied at the time of make-up, and the
weight load was applied to zero or not applied at the
time of break-out, which were conditions close to the
make-up/break-out condition in an actual well. The
weight of the weight 11 was, for example, equal to or
more than the weight of the pin to be evaluated (pin
adopted in an actual well).

[0118]

In the make-up/break-out in the actual well, since
the actual length pin is suspended and made up by a
derrick crane, the self-weight of the actual length pin
is not entirely applied to the box 2. Specifically, at
the site, the actual length pin is lowered while the
connection is made up, and thus, in principle, it is not
possible to completely suspend the pin and reduce the
load of the self-weight to zero. Therefore, the weight
of the weight 11 used in the test was determined in
consideration of the weight that can simulate the
maximum applied load. That is, there is a possibility
that a load is applied from one actual length pin to up
to three actual length pins.

[0119]

As described above, the application of the applied
load was performed by a method of applying a weight load
at the time of make-up and applying a weight load of
zero, that is, no weight load at the time of break-out.

The reason for this is to simulate the make-up/break-out
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in the actual well, including the damage to the solid
lubricating coating film due to the large load
application and the biased load based on the rattling,
which may occur in the actual well. That is, at the time
of make-up, make-up was performed so that the weight 11
was not suspended, that is, a suspended chain 21 was not
tensioned, and the load of the weight 11 was applied to
the entire amount of the box connection via the pin
connection. This is because when a set position before
making up a pin connection described below is made up so
that the pin connection is exposed from the box thread
by about half and the loads of the weight and short pin
are applied, it is possible to simulate the adverse
effect of a large load and the adverse effect of a
biased load associated with rattling as in the make-up
of the actual well.

[0120]

Contrary to the intuition of those skilled in the
art, break-out was performed by a method in which the
weight 11 was wound up while tension was applied to the
suspended chain 21, and the load of the weight 11 became
zero, that is, the load of the weight 11 was not
applied. When the load of the weight 11 is applied to
the pin connection at the time of break-out, contrary to
the intuition of those skilled in the art, the load acts
as a kind of balancer and the pin connection is loosened
straight up. In this case, a biased load associated with

rattling cannot be simulated, the solid lubricating
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coating film is not broken, and the number of times of
make-up/break-out tends to be improved. On the contrary,
when the weight 11 is wound up around the suspended
chain 21 using an overhead crane 20 so as not to apply
the load of the weight 11, thereby not applying the
tension, the pin connection is loosened while being
rattled, the solid lubricating coating film is damaged,
and the condition becomes close to the actual well
condition. The load of the pin connection and the weight
applied to the box connection is applied so as to be
zero or close to zero, but includes a non-zero region.
The load is also applied so that a strong tension is not
applied to the suspended chain 21. Actually, an iron
chain or sling is used for the suspended chain 21, but
the suspended chain 21 is linearly suspended downward
due to its self-weight. Therefore, it is possible to
determine whether or not the tension is applied by
determining whether or not the suspended chain is
suspended or loosened with a swivel (free key) at the
upper portion of the weight 11.
[0121]

(Method of Setting Weight 11 and Shape of Weight
11)

The weight 11 is attached to the upper portion of
the pin 1 on the breaking out side of the test pin 1.
This is for simulating a situation close to an actual
use situation of the connection by applying a load at

the time of make-up.
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Next, attachment of the weight 11 will be
described.

As illustrated in FIG. 9, the weight 11 has a
billet-like cylindrical shape whose lower surface is
larger than the diameter of the test pin 1. An upper end
portion of an insertion rod 12 is integrally fixed to
the lower surface of the weight 11 by welding or the
like. A diameter of the insertion rod 12 is smaller than
a diameter of an inner diameter surface lc of the test
pin 1.

[0122]

Then, the weight 11 is placed on the upper end of
the test pin 1 in a state where the insertion rod 12 is
inserted into an upper end opening of the test pin 1
from above.

In this case, the center of gravity of the weight
11 changes eccentrically in a lateral direction
according to the deflection of the pin 1 in the lateral
direction. In addition, the insertion rod 12 makes it
difficult for the weight 11 to fall off from the upper
portion of the pin 1.

In addition, a plurality of types of weights 11
having various outer diameters and weights were prepared
so that threaded joints having different sizes can be
evaluated.

[0123]

(Initial Set Position of Pin 1)
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In this test, the position for setting the male
thread la of the test pin 1 with respect to the female
thread 2a of the box 2 is also important.

In the present embodiment, the initial set
position (making up start position) before make-up is
defined as a state in which the thread portion is
intentionally rattled while the load is applied to the
upper portion of the test pin 1 by the weight 11. Then,
the actual connection make-up condition can be simulated
by making up the connection using the power tongs 13.
That is, in the present embodiment, the pin 1 is
intentionally set at a position where the pin 1 is not
made up to a possible position for tightening.

[0124]

In the present embodiment, as for an initial set
position at the time of make-up in the make-up/break-out
test using the power tongs 13, setting was performed as
follows. That is, the male thread la was inserted into
the female thread 2a so as to avoid mismesh (cross
thread), and then the connection was tightened by hand,
such that even when the connection meshed with each
other to some extent and pulled (even when the pin 1 was
lifted upward), the connection did not come off.
However, the threads not completely mesh with each
other. Specifically, the initial set position is set to
a position where the number of threads of the pin 1
remained exposed from the upper end surface of the box 2

(coupling end surface) is equal to or greater than the
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larger number of threads of the pin 1 of 5 or more and
the number corresponding to 1/4 or more of the total
number of threads of the pin 1 (see FIG. 10).

[0125]

The reason that the initial set position at the
time of loosening tightening is adopted is to realize
rattling at the time of make-up/break-out and simulate
severe conditions.

Here, when tightening by hand is performed to a
position where 1 to 3 threads remain, rattling is not
simulated. In a case of a situation where make-up is
completed by 1 to 3 rotations, the connection is made up
while the pin 1 is simply lowered down, and a situation
where the pin 1 connection is in local contact with the
coupling connection (the female thread 2a of the box 2)
at the time of make-up, which may occur in an actual
well, is unlikely to occur. Therefore, make-up is
uniformly performed while the pin is in contact with the
coupling connection (the female thread 2a of the box 2).
[0126]

On the contrary, simply inserting the male thread
la into the female thread 2a may cause a cross thread
(stepwise make-up of the connection) at the time of
make-up/break-out. Therefore, there is a risk that the
intended make-up/break-out test is not performed. In a
situation where the solid lubricating coating film 3
formed on the thread surface is broken by the cross

thread or the thread itself is damaged, it is impossible
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to evaluate the lubrication characteristics of the solid
lubricating coating film 3. Therefore, the number of
threads remaining at the initial set position before
make-up needs to be 2/3 or less of the total number of
threads.

In the weight tong test of the present embodiment,
it is possible to ideally simulate actual make-up/break-
out by considering not only load application by the
weight 11 but also rattling when the pin 1 is tightened
and loosened. Therefore, it was confirmed that the solid
lubricating coating film of the present disclosure has
excellent lubricity.

[0127]

(Influence of Film Thickness)

The reason for defining the film thickness is as
follows. Since the film becomes more slippery as the
lubricant is applied, there is a common sense of the
related art that it is better to apply a large amount of
the lubricant or apply the lubricant to some extent.
Focusing on the common sense of the related art, even
when a solid lubricating coating film or a film for rust
prevention and lubrication is formed, the film is too
thick and tends to be excessively coated. There is a
case where galling occurs occasionally in an actual well
or a simulated well even with a film thickness that is
not problematic in laboratory evaluation.

[0128]
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In the make-up test according to the related art
with horizontal or vertical power tongs using short pins
in laboratories, the sensitivity is too low to evaluate
the optimal film thickness. That is, even a
significantly thick film thickness can be determined as
acceptable. Again, in the case of using a short pin, the
film is less likely to be broken even when the film
thickness of the solid lubricating coating film is
thick. Therefore, dust derived from the solid
lubricating coating film is clogged in the gap between
the threads, and galling hardly occurs. This is because
the solid lubricating coating film is not damaged at the
time of the make-up/break-out test.

[0129]

Therefore, in many cases, the solid lubricating
coating film on the coupling side is often formed at a
thickness of 50 to 100 um, and the solid lubricating
coating film on the pin side of the film provided for
rust prevention and lubrication is often formed at a
thickness of about 20 to 100 uym. When this is applied to
an actual well, there is a mixture of a case where
galling occurs and a case where galling does not occur.
In many cases, there is no problem with a common film
thickness, but when the film thickness deviates from the
upper and lower limits of the specified range of the
film thickness of the present disclosure, galling may
occur immediately in an actual well. Therefore, when

make-up/break-out the connection for oil country tubular
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goods using the solid lubricating coating film in an
actual well, a stable lubrication behavior is achieved
by appropriately controlling the film thickness.

[0130]

In an actual well, a large load based on the self-
weight of the actual length pin connection is applied to
the box connection. Further, the set position of the pin
connection at the stage of starting make-up cannot be
set so that all the pin connection is completely hidden
by the box connection. Therefore, it is necessary to
consider that the solid lubricating coating film is
damaged because rattling often occurs at the initial
stage of make-up and at the end of break-out, and the
pin connection swings. When the solid lubricating
coating film is thick, the solid lubricating coating
film is broken in a region where the spike-like torque
of FIG. 2A is raised, and a large amount of secondary
products derived from peeled pieces and fragments are
generated. Lubricity is maintained when the threads are
reattached and reconfigured again. However, when the
amount of scraping is large, the gap between the therads
is locally clogged, which causes galling.

[0131]

Therefore, in the present disclosure, the film
thickness (referred to as A um) of a film containing a
binder resin mainly composed of polyamideimide and a
solid lubricant mainly composed of

polytetrafluoroethylene (PTFE) is preferably specified
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to 5 um or more and 95 um or less. The lower limit of
the thickness of the solid lubricating coating film as
the main object of the present disclosure is specified
to the minimum thickness at which lubrication can be
maintained, and the upper limit is specified in order to
avoid local clogging of secondary products derived from
peeled pieces and fragments. The thickness is more
desirably 30 to 80 um, and still more desirably 50 to 80
um. The upper and lower limits are determined from
experimental facts in a weight tong test described
below.

[0132]

However, this film thickness is a film thickness
measured at room temperature before the make-up/break-
out test. Deformation occurs at the time of make-
up/break-out. Specifically, it should be noted that
crush may occur. This film is often used to implement a
film having high hardness due to its agent composition,
and has a pencil hardness of F or higher and 4H or lower
in many cases except for rare cases. Therefore, this
hardness range is also specified. 1In a case where the
pencil hardness is lower than F, specifically, in a case
where the pencil hardness is HB or lower, since the film
quality is soft, the film is significantly crushed at
the time of the make-up/break-out test. In this case,
once make-up/break-out is performed, the solid
lubricating coating film is crushed, and the thickness

measured at room temperature does not make sense. Since
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the film is crushed and has a small thickness, the risk
of clogging in the gap between the threads is reduced.
For this reason, the lower limit of F or higher was also
specified. In addition, the specification of the upper
limit of the hardness of 4H or lower was set because the
solid lubricating coating film of the composition of the
present disclosure could be reached approximately the
upper limit of the pencil hardness except for a
situation where a specific additive was added.
Therefore, an excellent lubrication behavior is further
exhibited.

[0133]

The solid lubricating coating film mainly provided
by the present disclosure is formed on one or both of
the box connection and the pin connection. The film
thickness is specified to A um. Further, a case where
the same or different solid lubricating coating films
are formed on the facing surfaces (the thickness of one
solid lubricating coating film is defined as Al um, and
the thickness of the other solid lubricating coating
film is defined as A2 um), a case where a coating film
for rust prevention and lubrication is formed, and a
case where a film is not formed are included. The film
thickness in this case is specified to B um.

To be precise, local clogging and galling in the
gap between the thread as described above are caused by
a secondary product. The secondary product is a product

in which the films on both sides of the thread are
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peeled off and broken during make-up/break-out. It is
effective to reduce the total amount of the film
thickness of the solid lubricating coating film that can
be a peeled piece or a coating film applied for rust
prevention and/or lubrication to reduce the concern of
galling.

[0134]

It is preferable to specify that A + B < 110 um or
Al + A2 £ 110 um. In the former case, the solid
lubricating coating film of the present invention is
formed only on one of the coupling connection and the
pin connection. The latter is the case where the solid
lubricating coating film is formed on both the threads.
The lower limit of Al or A2 is “5 um or more”, which is
the lower limit value of the film thickness definition
of the solid lubricating coating film described above.
In a case where the solid lubricating coating film is
not formed on the surface facing the solid lubricating
coating film, since the film is not included and there
is a case where the film thickness is zero, B 1is
specified to “0 um or more”.

[0135]

The upper limit specification of 110 um is related
to the fact that the thread portion (crest portion) of
the pin connection and the valley portion (root portion)
of the box connection are 100 to 150 um free in the
design of the connection for o0il country tubular goods,

but the connection design varies from company to
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company. Setting the upper limit to 110 pm is
experimentally determined. In addition, it is originally
important to measure the film thickness at the root
portion of the box connection and the crest portion of
the pin connection. However, since it is non-destructive
and difficult to measure before make-up/break-out, it is
preferable to use a numerical value of the film
thickness evaluated using a value measured by an
electromagnetic film thickness meter at the crest
portion of the thread for both threads. This is because
the film thicknesses of crests (threads) and roots are
often the same. Cross-sectional speculums are accurate,
but a film to be used for the make-up/break-out test
cannot be trimmed before the test. In addition, since
the solid lubricating coating film and the coating film
are made up and broke out by applying a strong torqgue,
the solid lubricating coating film and the coating film
are crushed or scraped after the completion of the test,
such that the solid lubricating coating film and the
coating film do not exhibit a normal film thickness. The
preferred film thickness range is specified by the film
thickness of the crest portions.

[0136]

In addition, the reason that the surface layer
film does not need to be included in the film thickness
specification is that the surface layer film supports
high lubrication by the solid lubricating coating film

as described above, and only functions to shift to the
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stable position. This is because lubrication implemented
by a compound containing a fatty acid and a metal
element is actually slippery, and is reconfigured on the
connection surface when scraped, and thus local clogging
in the gap between the threads and galling hardly occur.
[0137]

(Others)

The present disclosure can also have the following
configurations.

(1) An agent for forming a solid lubricating
coating film in a thread portion of o0il country tubular
goods, in which a solid lubricant is dispersed in a
binder resin, 90 wt% or more of the binder resin is a
polyamideimide resin, an average molecular weight of the
polyamideimide is 20,000 or more and 40,000 or less, 80
wt% or more of the solid lubricant is
polytetrafluoroethylene (PTFE), and an average molecular
weight of the PTFE is 30,000 or less.

[0138]

(2) 0il country tubular goods in which a
lubricating coating film including a solid lubricating
coating film is formed in a thread portion, in which the
solid lubricating coating film is formed by dispersing a
solid lubricant in a binder resin, 90 wt% or more of the
binder resin is a polyamideimide resin (PAI), an average
molecular weight of the PAI is 20,000 or more and 40,000

or less, 80 wt% or more of the solid lubricant is
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polytetrafluoroethylene (PTFE), and an average molecular
weight of the PTFE is 30,000 or less.
[0139]

(3) The PTFE contained in the solid lubricant is
20 wt% or more and 50 wt% or less of the total weight of
the solid lubricating coating film.

(4) A hardness of the solid lubricating coating
film is F or higher and 4H or lower in terms of pencil
hardness.

(5) The lubricating coating film includes a base
film formed between a tightening surface of the thread
portion and the solid lubricating coating film, and the
base film includes a phosphate-treated film or an
electroplated film having a Vickers hardness of 200 HV
or higher.

[0140]

(6) The lubricating coating film includes a
surface layer formed on the solid lubricating coating
film, the surface layer contains a solid lubricant and a
binder resin, the solid lubricant in the surface layer
is one or a combination of two or more kinds of
compounds containing fatty acids of the following X
group and metal elements of the following Y group, and
the binder resin in the surface layer is a fluorine-
based organic compound,

X group: stearic acid, isostearic acid, behenic
acid, lauric acid, and 12-hydroxystearic acid

Y group: Li, Na, Mg, Al, Ca, Zn, and Ba.
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[0141]

(7) A melting point of the surface layer is 70°C
or higher.

(8) A threaded joint for oil country tubular goods
in which a box having a female thread and a pin having a
male thread are connected, in which one component of the
box and the pin includes the o0il country tubular goods
including the lubricating coating film of the present
disclosure, a coating film is not formed on a tightening
surface of a thread portion of the other component of
the box and the pin, or a coating film having at least
one property of corrosion resistance and corrosion
protection is formed on the tightening surface of the
thread portion of the other component of the box and the
pin.

(9) A threaded joint for oil country tubular goods
in which a box having a female thread and a pin having a
male thread are connected, in which the lubricating
coating films of the present disclosure are formed in
thread portions of both components of the box and the
pin.

[0142]

(10) A thickness of each of the solid lubricating
coating films formed on both the box and the pin at a
crest position of the thread portion is 5 um or more and
95 um or less, and the following Expression (1) is
satisfied, in which Al (um) is a thickness of the solid

lubricating coating film formed in the thread portion of
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the box at the crest position (thread portion), and A2
(um) is a thickness of the solid lubricating coating
film formed in the thread portion of the pin at the
crest position.

The film thickness is a film thickness before
make-up.

Al + A2 £ 110 pm - -+ (1)

[0143]

(11) A thickness of the solid lubricating coating
film formed in the thread portion of the o0il country
tubular goods including the lubricating coating film of
the present disclosure at a crest position of the thread
portion (thread portion) is 5 um or more and 95 um or
less, and A + B £ 110 pm, in which A um is a thickness
of the lubricating coating film formed in the thread
portion of the 0il country tubular goods including the
solid lubricating coating film of the present disclosure
at the crest position, and B pym is a film thickness of a
rust prevention and lubrication paint formed in the
thread portion of the o0il country tubular goods on an
opposite material facing the o0il country tubular goods.

The film thickness is a film thickness before
make-up.

Examples
[0144]

Next, examples will be described based on the

present embodiments.
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The present examples are examples that mainly
evaluate whether or not a lubricating film including the
solid lubricating coating film 3 provided on the
tightening surface 10 of the threaded joint for oil
country tubular goods are acceptable. In the present
examples, a make-up/break-out test was performed under
the conditions shown in Tables 1 to 8 to determine
whether or not a lubricating coating film was
acceptable. In the tables, the Dry film refers to the

solid lubricating coating film 3.
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[Table 2]

TABLE. 2

Chemical of surface layer

; ; Ratio of content Number
Film Melting | Proportion of Solvent iolo A Make/Break of times
L u ight of solid A t
Mo component vash‘?::flf?i?r:?s O??SI:ﬁd me;qaellglrekmfnts component resin/weight of a:;il;:l test method of |Acceptance| Reference
: surfacoe layer] formed lubricant in solid net spl:refs:c? o b?:‘:{a?ﬁiﬂg_ {mg/em?2) L
{°C) lubricant (%) componert
1.000kg of vertical weight I .
s tive
1 tongs using about Ztimes |Unacesptabls ompare
1-m short PIN SR Edirple
Horizontal tongs {load is .
¢ Acceptable|Comparative
2 not applied to thread, |=5times
6 blased load) {excellent) | Example
About 1-m short PIN + :
H A cceptable|Comparative
3 vertical tolngs 3 =5times {exce’ﬁent) Exap?nple
{PIN:load of 1m is applied)
About 1-m short PIN + Thvanthe
4 ; £ 3ti Al bl
of vertical weight tongs imes |Acceptable| Example
About 1-m short PIN + 5
A : i Comparative
5 500kg of ::r:tgqscalwelght 2times |unaccsntabls | Example
1.000kg of vertical weight p
i = . Acceptable| Inventive
6 toriex l;i‘:ﬁ?:‘}&”” M |=5times| exoelient) Example
1.000kg of vertical weight|=5t; "
7 tongs using about 1-m |~ .|mes Acceptable C‘E:apafa]twe
short PIN 4times mpie:
8 Test using actual length 7
PIN corresponding to  |=5times ?ec;:eﬁf::!; CoEr;ap;r;teNe
actual well {one 8m class,
1.000kg of vertical weight Tiventtos
9 tongs l::ls‘::rgtal:’bl?\lm 1=m | 3times |Acceptable Example
1.000kg of vertical weight I ti
10 tongs usingabout 1-m | 3times |Acceptable ke
short PIN B Bxarple
3.000kg of vertical weight 3
11 tongs using about 1-m = Btimes ‘?;;:emt:rb‘!)e IE::%;\":
short
3.000kg of vertical weight I i
12 tongs using about 1-m i vantive
<hort PIN 3times [Acceptable| Example
3.000kg of vertical weight A, ble| 1 s
0 tive
13 tongs using about 1-m  |=5times ceeptable| Inven
short PIN {excellent) | Example
3.000kg of vertical weight 3
14 tongs usingtabout 1-m |z=5times ?::ceg}::&l)e IE;’:?:;:
shor
1.000kg of vertical weight I 3
5 tive
15 tongs usingabout 1-m | 4times |Acceptable| faen
short PIN prablel Example
1.000kg of vertical weight| fnGeniics
16 tongs using about 3times |Acceptable mple

1-m short PIN
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[Table 4]

TABLE. 4

Chemical of surface layer
Number
i Melting | Proportion of Ratio of content i
Film PO Solvent Make/Break of times
component Surface on point weight of EM‘:";'LM wexg?t of sh:;hdf Amn‘unt oot eifod s
Ne: e which filmis [ of solid |metalclements| (STROTeI | resin/welght of | applied M/B
surface layer i IOl surface g:rr“k;anlg;gt (mg/em?)
3.000kg of vertical "
17 weight forgs using . | 3times iiventie
about 1-m short PIN 3
Na Formedon | - 3.000kg of vertical "
Dry film on | Z220C 0 i i i Acceptable| Inventive
18] stearate | 2pfmor [= 8% |iycrofivoroether 30 005 | welehtfones using | Sumes) | EERERS ISR
Na Formedon: | S HFE 3.000kg of vertical . |Acceptable| Inventive
19| stearate | 2nfimon | Z220C [ 8% iy ofiorosther 30 005 | weleht tongs usine | Stimes |(CoZicrS | Eample
Formed on 3.000kg of vertical Inventive
20 st;:fatc Dry filmon | 2220C 8% HFE 30 <0.005 | weight tongs using | 3times |Acceptable| Example
OPLG side v =222 | bt T-m short PN
Formed on ;
Na i > 9, HFE 31000Kg bEvenical imes |Asceptable| Inventive
2| stearate | 2RATA | Z20C | 8% nucfioethe] 30 001 | weight tongs using | 7times [(coJient)| Example
Formed on
Na ; o e 3.000kg of vertical PR [
i = 5 ] ptable| Inventive
22| stearate | 2RAmer | Z20C | 8%  |pucuoether] 100 03 | weight tongs using | Btimes (o ient)|  Exampis
Na Formed on 3.000kg of vertical )
Dry fil = 0, HFE imes| Acceptable| Inventive
B stearate | 2y fimen | 2220C 8% |iydrofluorosther 100 03 aeight tongs usirg (2 10tmes|fozclient) | Example
Na Formedon | HEE 3.000kg of vertical W [o—
Gorme =000 5 X C | Acceptable| Inventive
24| stearate | O fimen | = 8% liyrofivoroether| 100 03 | ueighttorgs usig  [210tined| (oo lient)| Example
Formed on 3.000kg of vertical ;
25| 2. | Dnimon | Z220C | 8% HFE at 06 | veight forgs using | 7times [Acceptable| Inventive
CPLG side i about 1-m short PIN Gt
Formed on 3.000kg of vertical Inventive
26 st::raate Dryfilmon | 2220C 8% HEE 0.05 0.005 weight tongs using | 3times |Acceptable| Example
GPLG side e == = | about 1-m short PIN i nseceanant)
i 2times
Na Formed on 3.000kg of vertical Acceptable ;
27 Dryfimon [ Z220C [ 8% HEE 150 20 wieight tongs using | 3times oA e
stearate | GRLG vide hydrof luoroether L 8 el S Al d R S Example
1,000k of vertical e
28 weight tongs using | 4t Acceptable| TVENtive
about 1-m short PIN |+ Example
Test using actual length esssinel e
29 PIN corresponding  |Z5tim, apane E”’;:; "{:
to actual well P
Zn/Ca | Formedon HFE 1.000kg of vertical e
Dry fil 125C 9, ; + " Acceptable| Inventive
30| stearate | 23 fAmen 19%  ysroflorosther| 20 Of [ weight tongs using | 5times [(ZRESH Example
Potassium | Formed on 1,000k of vertical i
31| 12-hydroxy [ Dryfimon | 150C 6% hEe 15 ot welght tongs using [ Stimes |feceptable] Inventive
stearate | CPLG side v about 1-m short PIN P
7n Formed on HFE ) Ouﬁkg of vertical o i
9 ; ceptable| Inventive
32| stearate | 2yfimen 120G 8% |iydrofluorosther 10 01 aeight tongs usire | Stimes |(oxzclient) | Example
Na Formed on - 1,000kg of vertical SO | O
33 Dry film on | 2230C ¥ ). i i i ceptan o} - iventive
behenate | Sopfimen | & 8% pyarofiuorosther 20 01| weight tongs using | Ttimes | (o S| Example
Formed on 1.000kg of vertical i
2 Na Dryfimon | 2230C |  gee [ . HFE 50 03 1000k ot vertiesl | gyimes |Acceptable| Imentive
behenate | GBLG side hyce o e e (excellent)| Example
L Formedon | o 1,000k of vertical .
f = 49 : . i nventive
31 aurate | yfimen [=230G | - 24% | ofiuorooiefin 30 o1 apieight tongs usirg | 6times |(cccllent)| Example
Al Formed on i 1,000kg of vertical il s
36 Dry film on 160C 0 . . ight £ ; » ceptable| Inventive
stearate | CRLG side 8% tyeofiuoroolein gs 01 | weighttongs using | 6times |(csellent)| Example
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[Table 5]
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[Table 6]

TABLE. 6

Chemical of surface layer

i i Ratio of content Number
Film Sl Mpeolitli\r;g Pr:lgiogrﬁ;e;\fof Solvent weight of solid Amount Make/Break of times
No. component | ioh filmis | of solid |metal elements ctomponest rebslla/welght of applied test method of |Acceptance| Reference
3 o : : H not present on inder resin— M/B
formed lubricant in solid it
surface layer C) Jubricant (%) surface cc:m;olgg‘ri {mg/ecm2)
1.000kg of vertical Comparative
« B o R
1.000kg of vertical Gomiparative
ight i f
38 a‘:;:% 1_;”5:;:';[5N 2times |Unaccsptabls mple
1.000kg of vertical o i
ight t i : omparative
» st g | 2tims unscsnn| “EESS
1.000kg of vertical Irwertive
ight t i i {
° B A ] e
HFE 1.000kg of vertical cesprabis| tensi
= 9 weight tongs usin, : cceptable| Imvertive
41 |Na stearate =220C 8% drefluoroether 150 20 Nt tONE: 2 | 5times |exoelient) | Example
—_— about 1-m short PIN
1.000kg of vertical Inventive
42 weight tongs using : Acceptable
about T-m short PIN | 4€iMes Eamnpls
1 Oﬁglt(gt of verti_cal Acceptable| Inventive
43 a::ﬁ 1_;"5'_‘50'::'ng Stimes | {excellent) | Example
Test using actual I.e"gth Acceptable | Comparative
4“4 Pn:::;;i:?&l‘ﬂmg 2 10tines| (excellert) | Example
1.000kg of vertical | gtimes [Acceptable| Invertive
45 weight tongs using
about 1=-m short PIN | otimes {excellent) | Example
46 TESFEI“S;';% re;cst;oar[ dlier':ggth . Acceptable | Comparative!
to actual well 12times | {excellent) mple
1.000kg of vertical i
47 weight tongs using Ttimes Acceptable| Invertive
about 1-m short PIN {excellent) [ Example
1.000kg of vertical .
48 weight tongs using S Acceptable| Invertive
about 1-m short PIN {excellent) [ Example
1.000kg of vertical i
i i Irvertive
“ el mng, | time [sccestatie] Bame
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[Table 7]
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[0152]

[Table 8]

TABLE. 8

Chemical of surface layer

i Number
" Melting | Proportion of Ratio of content v
Film Surface on poirt weight of Solvert weight of solid Amount Make/Break oft;rfnes Acceptance | Reference
No. l:ompofnent which filmis | of solid |metal elements ;ompone;\t "e’?rgr&g"r"'ey'egshf_‘“ applied test method M/B
o . h : not present on i in—
formed lubricant in solid e b3
surface layer] C) Jubricant (&) surface g:]:t;;x::\n% {mg/cm2)
1.000 kg of vertical Tse
50 weight tongs using 3times |Acceptable
about 1-m short PIN Example
1.000 kg of vertical i
51 weight tongs using  |210times|Acceptable | Inventive
about 1-m short PIN |~ {excellent) | Example
1.000 kg of vertical E—
weight tongs using | Otimes |Acceptable
%* about 1-m short PIN pta Example
1.000 kg of vertical Tti y
53 weight tongs using e ?ccemtabg Comparaltlve
about 1-m short PIN | Jtimes |eXcellen mple
1.000 kg of vertical : X
54 weight tongs using Btimes ?ccemtablt)a Coggara'twe
about 1-m short PIN | otimes [(@xcellent mpke:
Test using actual length 2
85 FIN corresponding  [x12times Acceptable | Comparative|
to actual well = {excellent) mple
Test using actual length A
56 PIN corresponding |1 2times Acceptable [Comparative
to actual well = {excellent) | Example
1.000 kg of vertical TR
weight tongs using Ttimes |Acceptable
o about 1-m short PIN £ Example
Test using actual length i
58 PIN corresponding |21 2times|AcCeptable |Gomparative
to actual well {excellent) | Example
Test using actual length i
59 PIN corresponding |1 9imes Acceptable | Comparative
to actual well T {excellent) mple
About 1-m short PIN + C i
- 500kg of vertical weight | Once [Unacceptable | ZOMParative;
tongs mple
About 1-m short PIN + —
61 500kg of ::;tglscal weight | 2times |Unacceptable Exgra}mle
About 1-m short PIN + T
62 500kg of;r:r:tglscal weight | 7ines [Acceptable plka
About 1-m short PIN +
s : s Acceptable | Inventive
= S00ke of;/;:tglscal weight |210tines {excellent) | Example
About 1-m short PIN +
i i 3 Acceptable | Invertive
- POKE oL ::.—r.g:al WEIERE |21 0times {excellent) | Example
About 1-m short PIN + St
65 500kg of ;rsgtglscal weight | Stimes |Unacceptable |~ 5y
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[0153]

<Test Method>

The weight tong test (new test method) described
above was mainly adopted in the make-up/break-out test
adopted in each example. The reason is to prove the
upper and lower limit specification of the solid
lubricating coating film that can withstand make-up in
an actual well.

However, No. 2 is an example in which the test was
performed by the evaluation method using the short pin 1
and the horizontal tongs according to the related art.
In addition, No. 3 is an example in which the test was
performed by the method using the short pin 1 and the
vertical tongs according to the related art (method not
using the weight 11 according to the related art). In
these methods according to the related art, the initial
set position, which was the make-up start position
before making up by the tongs, was set to a position
where tightening by hand was completely performed as in
the related art.

[0154]

In addition, Nos. 8, 29, 44, 46, 55, 56, 58, and
59 are examples in which the test was performed using
the vertical tongs using an actual size pin
corresponding to an actual well. In these examples, the
test was performed by lifting one pin 1 by a crane and
using a compensator. In these tests, the initial set

position, which was the make-up start position before
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making up by the vertical tongs, was set to a position
where tightening by hand was completely performed as in
the related art. Hereinafter, this test is also referred
to as an actual well test.

In the weight tong test, the test was performed
under the condition in which a large load equal to or
more than the actual size pin was applied to the female
thread 2a of the box 2 by the weight 11 having a weight
equal to or more than the weight of the pin adopted in
the actual well. In this test, the initial set position,
which was the make-up start position before making up
with the vertical tongs, was set to a position that was
looser than in the related art, and 1/4 of the total
number of threads of the pin 1 was set to a position
exposed from the box 2.

[0155]

<Acceptance Determination Criteria>

The acceptance determination of the make-up/break-
out test was as follows.

In the case of a casing application material
(outer diameter of 7 inches or more), a case where make-
up/break-out were performed 3 times or more was
determined as “acceptable”. Further, a case where the
make-up/break-out were performed 5 times or more was
determined as “acceptable (excellent)”.

In a case of a tubing application size (as is
often the case, the outer diameter was less than 7

inches), a case where the make-up/break-out were
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performed 7 times or more was determined as
“acceptable”. Further, a case where the make-up/break-
out were performed 10 times or more was determined as
“acceptable (excellent)”. Whether the 7-inch material
itself is used for tubing or casing is on a case-by-case
basis.

[0156]

These criteria are slightly different from
IS013679 (2019). 1In the casing application material, a
determination technology is determined in accordance
with IS013679. The casing size is specified to be made
up again after performing the make-up/break-out 2 times.
Since galling occurred at the time of break-out, a case
where the make-up/break-out were performed 3 times was
considered acceptable. However, the tubing application
material was determined based on the experimental cases
shown in the tables instead of IS013679 specification
(making up again after performing the make-up/break-out
9 times was specified). Here, in many cases, the result
of the weight tong test is evaluated more strictly than
an actual well test using an actual length pin. In
addition, it cannot be denied that lubrication with the
solid lubricating coating film coating tends to be worse
than lubrication of compounds according to the related
art. Therefore, determination was made according to such
evaluation criteria.

[0157]
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On this background, in the solid lubricating
coating film, the lubricating film itself is gradually
scraped as the number of times of make-up/break-out is
increased. However, in the case of a compound according
to the related art, after each make-up/break-out, the
compound is washed away and the compound is applied
again, which may affect resetting of the lubrication
itself.

The 7-inch material can be used for any
evaluation. However, the 7-inch material shown in each
of Nos. 36 to 48 was an example of thick LPF (Lb/Ft.)
294 and 38#, and thus, it was considered as the casing
application material, and a case where the make-
up/break-out were performed 3 times or more was
determined as “acceptable”, and a case where the make-
up/break-out were performed 5 times or more was
determined as “acceptable (excellent)”.

[0158]

Hereinafter, case groups that experimentally
evaluated to explain the claims of the present
disclosure are shown in Tables 1 to 8. In the tables,
the Dry film means a solid lubricating coating film.

Conditions and the like of examples are shown in
Tables 1 to 8. Except for Nos. 48, 49, and 50, in the
results of examination, the thicknesses of the solid
lubricating coating films formed on the box connection
side (coupling) and the pin connection side were 40 to

50 pym for the former, and 10 to 40 um for the latter.
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The reason that it seems that the thickness of the solid
lubricating coating film of the latter formed on the pin
connection side wvaries is that the film thickness of the
overlapped portion is included without uniformly
producing the lubricating film because the solid
lubricating coating film is applied with a brush. The
solid lubricating coating film is mainly composed of a
region having substantially the same thickness at a
level of 10 to 25 um.

[0159]

<Evaluation>

“Reason for Using Weight Tong Test”

Nos. 1 to 3 are results of comparing the
evaluation results of the weight tong test or the test
by the horizontal tongs according to the related art,
and the test by the vertical tongs without the weight 11
according to the related art.

No. 1 was determined as unacceptable in the weight
tong test using a 1 ton weight 11 because the solid
lubricant and the binder resin contained in the solid
lubricating coating film 3 deviate from the scope of the
present disclosure.

On the other hand, the tests performed using the
horizontal tongs in No. 2 and the vertical tongs without
the weight 11 in No. 3 were determined as acceptable.
[0160]

Like the horizontal tongs, the condition in which

the load is not applied to the thread (particularly, the

110



10

15

20

25

female thread 2a side) is a loose condition that
deviates from the use condition of the actual well. 1In
addition, even in the vertical tongs without the weight
11, only the load of one short pin (in the case of this
size, about 100 kg) is applied, this is a loose
condition that deviates from the actual use condition.
Therefore, Nos. 1 and 2 are evaluated as acceptable.
However, in the actual well, galling occurred as
simulated by the result of the weight tong test of No.
1.

From the evaluations of Nos. 1 to 3, it was found
that the upper and lower limits of each component of the
solid lubricating coating film 3 were not able to be
evaluated unless the lubrication of the solid
lubricating coating film 3 was evaluated by a make-up
test or a weight tong test using the actual well.

[0161]

“Whether or Not Determination Conditions Are
Acceptable”

Nos. 7, 8, and 53 to 56 are examples in which the
solid lubricating coating film 3 is not adopted but an
API-mod compound is used for lubrication, and are
results of comparing the determinations of the actual
well test and the weight tong test. Specifically, as
lubrication, a Mn phosphate film, a Cu plated film, a
Cu-Sn plated film, and the like were formed as the base

film 4 on the coupling (female thread 2a), and a BOL-
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72733 compound manufactured by Best-O-Life Corporation
was applied thereto.
[0162]

Nos. 7 and 8 are examples in which 9-5/8” 53.5#
carbon steel (outer diameter: 244.48 mm, thickness:
13.84 mm) is subjected to a Mn phosphate treatment as
the base film 4 for the coupling. Nos. 53 to 57 are
examples in which a 5-1/2” 23# high alloy (13Cr-5Ni-2Mo:
HP2-13Cr-110) (outer diameter: 139.70 mm, thickness:
10.54 mm) is subjected to Cu plating or Cu-Sn plating as
the base film 4.

[0163]

No. 7 is a test result in the weight tong test
using a 1 ton weight. No. 8 is a result in an actual
well test (pipe of Range-2: one pin at 8 m or more).

From Nos. 7 and 8, it can be seen that the number
of times of M/B is slightly higher in the actual well
test than in the weight tong test.

In addition, Nos. 53 and 55 are examples using Cu
plating as the base film 4. In addition, Nos. 54 and 56
are examples using Cu-Sn plating as the base film 4.
Nos. 53 to 56 are results of performing and comparing
the weight tong test and the actual well test.

[0164]

In Nos. 55 and 56, the evaluation was performed by
an actual well test, and a make-up/break-out test was
performed by any plating 15 times or more exceeding 10

times specified in the IS013689 standard. On the other

112



10

15

20

25

hand, in the weight tong test of Nos. 53 and 54, the
number of times of make-up/break-out was smaller than
the number of times in the actual well test.

Also from this example, it was found that the
weight tong test was evaluated under more severe
conditions than the actual well test. In addition, it is
shown that the conditions under which the weight tongs
can be sorted are excellent even when applied to an
actual well.

[0165]

From the results of Nos. 7, 8, and 53 to 56, the
following can be seen.

In the case of the large diameter side (in this
example, 9-5/8” or more (outer diameter: 244.48 mm or
more)), it was found that, in the evaluation of the
weight tong test, it was determined as OK when make-
up/break-out were performed 3 times or more. In
addition, in the case of the small diameter side (in
this example, the diameter equal to or smaller than that
of a small diameter group including about 5.5” (outer
diameter: about 139.70 mm)), it was found that it was
determined as OK when the number of times of M/B of 7 or
more was confirmed in the evaluation of the weight tong
test. At the same time, the number of times of M/B of 5
or more for the large diameter and 10 or more for the
small diameter is used as a criterion for determining

that there is more excellent lubricity.
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In this example, even in an example using an API-
mod compound (Best-O-Life Corporation: BOL-72733)
according to the related art, the number of times of M/B
as described in IS013679 cannot be realized by the
weight tong test. In particular, it is suggested that it
cannot be realized with a small diameter.

[0166]

“Paint for Pin”

The Pl type and P2 type of paint for the pin
commonly used in examples will be described. The film
formed with the paint for the pin is a “film having

4

corrosion resistance (paint base film)” formed on the
tightening surface on the side where the solid order
coating film is not formed.

The Pl type is a paint containing only a
fluororesin. The P2 type refers to a paint having a
structure in which a metal soap is dispersed in the Pl
type paint. Each of these paints is applied to realize
corrosion resistance of the male thread la. In examples,
how these paints were effective in lubrication was
evaluated.

[0167]

Nos. 1 to 16 are cases of using a 9-5/8” 53.5#%
(outer diameter: 244.48 mm, thickness: 13.84 mm) carbon
steel-based Q125 material and a connection for oil

country tubular goods JFELION™., Nos. 1 to 16 show cases

where the surface layer 5 is not provided.
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Nos. 1 to 15 are cases where a Mn phosphate
chemical conversion-treated film is formed on the
coupling as the base film 4. 1In No. 16, the coupling
remains as the shot-blasted skin.

As for the paint of the pin 1, Nos. 7 and 8 are
cases where BOL-72733 is applied, and No. 12 is a case
where a paint is not applied. 1In other cases (Nos. 1 to
6, 9 to 11, and 13 to 15), the Pl type is applied as the
paint of the pin 1.

[0168]

First, Nos. 7 and 8 are cases where a test is
performed by forming a Mn phosphate coating film on the
coupling as the base film 4, and applying a specified
amount of API-mod compound BOL-72733 manufactured by
Best-0-Life Corporation to the skin in which the pin 1
is threaded. 1In addition, No. 7 was tested in the weight
tong test, and No. 8 was tested in the actual well test.
Then, in both Nos. 7 and 8, it was confirmed that the
make-up/break-out were performed more times than those
of the determination criteria. Every time break-out was
performed, the compound formed on the tightening surface
was removed with an organic solvent (isopropyl alcohol:
IPA), BOL-727733 was re-applied, and make-up/break-out
were repeated. On the other hand, in the example of the
solid lubricating coating film, the thread surface was
cleaned by air blowing each time make-up/break-out were
performed, and then, make-up/break-out were repeated.

[0169]
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No. 1 is a comparative example for grasping the
level of the state of evaluation in the related art. No.
1 is a comparative example in which the molecular weight
of PAI of the binder resin is below the lower limit of
the range of the present disclosure, and in which the
molecular weight of PTFE of the solid lubricant exceeds
the upper limit of the range in the present disclosure.
In addition, this is an example in which a weight 11 is
subjected to a make-up/break-out test by applying a load
of 500 kg, which is lighter than a load of a weight in
the weight tong test. No. 1 is a comparative example in
which it is determined as unacceptable in only the
number of times of M/B of 2.

[0170]

No. 2 is a case of performing a make-up/break-out
test using horizontal tongs under the same conditions of
the solid lubricating coating film as those of No. 1
without applying the weight 11. In these examples Nos. 1
and 2, similarly to the following case of the solid
lubricating coating film 3, dust (debris derived from
the peeled piece of the solid lubricating coating film
3) is removed by air blowing for each set of the make-
up/break-out, and the make-up/break-out is repeated. 1In
No. 2 using the horizontal tongs, the number of times of
M/B of 5 or more (the test was terminated after 5 times)
was achieved, and the evaluation results exceeded the
acceptance level, but this is regarded as a comparative

example. As emphasized many times, as can be seen from
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the evaluations of Nos. 1 and 2, in the tests using the
horizontal power tongs or the vertical power tongs using
a simple short pin 1, it also shows that the selection
of the solid lubricating coating film 3 cannot be
performed because a large load received in the actual
well or a biased load generated at the time of the make-
up/break-out cannot be simulated.

[0171]

The case of No. 3 is the result of testing only
the short pin 1 without the weight 11 using the vertical
tongs, and in the evaluation of the No. 3, the number of
times of M/B of 5 or more (the test was terminated after
5 times) was achieved, and the determination exceeded
the acceptance level, but No. 3 is regarded as a
comparative example 3.

Since the weight ratio of PTFE and the film
hardness are also controlled in the preferred ranges,
Nos. 4 and 6 are determined as acceptable and acceptable
(excellent), respectively.

Since the molecular weight of PAI of the binder
resin exceeds the upper limit of the present disclosure,
No. 5 is determined as unacceptable. In addition, No. 5
is an example in which the hardness of the solid
lubricating coating film is 5H, which exceeds the upper
limit.

[0172]
Nos. 7 and 8 are comparison results when the

weight tong test or the actual well test was performed
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under the condition in which BOL-72733 was applied onto
the base film formed of Mn phosphate instead of the
solid lubricating coating film 3. From these comparison
results, it was found that the evaluation and selection
results obtained by using the weight tongs were
evaluated slightly more strictly than in the results
obtained by using the actual pin.

Nos. 9 and 10 are cases where the conditions of
the constituent elements of the solid lubricating
coating film 3 specified in the present disclosure are
satisfied, but the other conditions specified in the
present disclosure are not satisfied. In Nos. 9 and 10,
3 times of the make-up/break-out is confirmed, which is
an acceptance level at a tighten level.

[0173]

As in No. 6, Nos. 11, 13, and 14 are examples in
which the components of the solid lubricating coating
film 3 are controlled within the scope of the present
disclosure, and at the same time, the weight ratio of
PTFE with respect to the entire solid lubricating
coating film 3 and the film hardness are also controlled
with the preferred ranges specified in the present
disclosure. Nos. 11, 13 and 14 are examples determined
as “acceptable (excellent)”.

[0174]

No. 12 is performed under the substantially the

same conditions as those in No. 11. However, No. 12 is a

test result performed in a blasting state without
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applying the Pl type paint (the film having corrosion
resistance) to the pin 1 in which the solid lubricating
coating film 3 is not formed. No. 12 shows that the
number of times of M/B is decreased as compared with No.
11, but falls within the acceptable range. It is
suggested from this that even in a case where a
corrosion protective paint is applied to the side on
which the solid lubricating coating film 3 is not
provided, some lubrication improving effects can be
expected.
[0175]

No. 13 is a case of an inventive example in which
PFA is contained in the solid lubricant in an amount of
5% with respect to the main component of PTFE (80 wt$% or
more). No. 13 is determined as “acceptable (excellent)”.

No. 14 is a case where a proportion of PTFE to all
the components of the solid lubricant in the constituent
elements of the solid lubricant is 80 wt% as the lower
limit of 80 wt% of the present disclosure. In addition,
No. 14 is an example in which fluorinated ethylene
propylene (FEP) (that is, hexafluoropropylene-
tetrafluoroethylene copolymer), melamine cyanurate
(MCA), and boron nitride (BN) are mixed in the solid
lubricating coating film 3 at proportions of 10%, 5%,
and 5%, respectively. The present disclosure is a patent
that specifies an average molecular weight of the solid
lubricant containing PTFE as a main component. However,

as can be seen from No. 14, it was found that when the
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addition (mixing) was 20% or less, the number of times
of M/B was preferably maintained. No. 14 is an
evaluation case of the weight tong test and is
determined as “acceptable (excellent)”.

[0176]

Unlike Nos. 1 to 15, No. 16 is a case where the
solid lubricating coating film 3 is formed directly on
the tightening surface without providing a Mn phosphate
film (base film) on the coupling. In addition, in No.
16, the conditions of the solid lubricating coating film
3 are the conditions specified within a more preferred
range. That is, in No. 16, the molecular weight of PAI
of the binder resin is within a preferred range of
20,000 to 30,000, and the molecular weight of PTFE of
the solid lubricant is within a preferred range. At the
same time, the weight ratio of PTFE and the pencil
hardness of the solid lubricating coating film 3 are
also conditions within preferred ranges. No. 16 is an
evaluation case in the weight tong test, and a case
where the number of times of M/B is realized 3 times.
Even in a case where the specification of the solid
lubricating coating film 3 is in a preferred range, when
the base film 4 is not provided, the number of times of
M/B is also almost the specified lower limit. Therefore,
it can be seen that formation of the hard base film 4
having an HV hardness of 200 or more contributes to
improvement of lubrication characteristics of the solid

lubricating coating film 3. The hardness of the base
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film will be described again in the examination of Nos.
57 to 59.
[0177]

The cases of Nos. 17 to 27 mainly show cases where
the coating film is formed on the outermost layer of the
lubricating film using a 9-5/8” 47# oil country tubular
goods (outer diameter: 244.48 mm, thickness: 11.99 mm)
formed of a carbon steel-based Q125 material while
including comparative examples. However, only in the
cases Nos. 23 and 24, the base film 4 formed of Cu-Sn
plating is formed, and in other cases (Nos. 17 to 22 and
25 to 27), the base film 4 formed of the Mn phosphate is
formed. All Nos. 17 to 27 are evaluation cases in the
weight tong test by a weight 11 of a locad of 3,000 kg.
This simulates a make-up situation in a state where more
than three pins 1 are connected.

No. 17 is a comparative example with respect to
Nos. 18 to 27, and is a case where the surface layer 5
is not formed. In No. 17, since the load of 3 tons are
applied, and the number of times of M/B is 3, but the
acceptance determination criteria are satisfied.

[0178]

In Nos. 17 to 22 and 25 to 27, the Vickers
hardness of the Mn phosphate as the base film 4 is at
substantially the same hardness level, but the hardness
slightly varies. The reason is as follows. The base
film 4 has a thickness of 10 um or less as much as

possible and looks like a uniform homogeneous film at
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the naked eye level, but at the micro level, Mn
phosphate single crystals are densely formed and
deposited. In addition, it is presumed that the base
film 4 is affected because the base film 4 is not
separated from the solid lubricating coating film 3 as
the Vickers indentation is illustrated in FIG. 7.
However, the treatment conditions of the base film 4
were the same in all cases.

In all Nos. 17 to 27, in the solid lubricating
coating film 3, the molecular weight of PAI of the
binder resin is 24,000 and is in a preferred range of
20,000 to 30,000 under the same conditions. In addition,
the molecular weight of PTFE of the solid lubricant is
11,000 and is in a preferred range of 15,000 or less.
[0179]

The weight ratio (%) of PTFE with respect to the
total weight of the solid lubricating coating film is
35% in Nos. 11 to 17, and the pencil hardness of the
solid lubricating coating film 3 is 3H. In only No. 27,
the weight ratio of PTFE was 40%, and the pencil
hardness was 2H. When the surface layer 5 was applied
thereto, the solid lubricating coating film 3 was
applied and then applied as uniformly as possible by
hand coating (brush coating). In addition, the binder
resin contained in the surface layer 5 in each of Nos.
18 to 27 is obtained by polymerizing an agent containing

a plurality of fluorine-containing monomers by drying a
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solvent component in the atmosphere and removing the
dried solvent component.
[0180]

Nos. 18 to 27 are cases where the surface layer 5
is provided. The results of Nos. 18 to 27 are compared
with the case of No. 17 in which the surface layer 5 is
not provided to examine the lubrication performance.

Among Nos. 18 to 27, Nos. 18 to 26 are equal to or
superior to the case of No. 17 in the number of times of
M/B.

On the other hand, No. 27 is an example in which
the number of times of M/B is less than 3 and it is
determined as unacceptable (comparative example) .

[0181]

Nos. 18, 19, and 21 to 25 are cases where the
weight ratio of the component of the solid lubricating
coating film to the total weight in the surface layer 5
is controlled in a range of 0.1 times to 10.0 times
within a preferred range. Furthermore, Nos. 18, 19, and
21 to 25 are cases where the amount applied is
controlled in a preferred range of 0.01 mg/mm? or more
and 1 mg/mm? or less. In Nos. 18, 19, and 21 to 25 are
examples that can be confirmed to be at the level of 5
times or more and can be determined as “acceptable
(excellent)”, and are examples of the present invention.
It was found that the number of times of M/B can be
significantly improved by applying the surface layer 5

in an appropriate amount.
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Among them, No. 19 is a case of lubrication in a
case where a film having corrosion resistance is not
formed on the pin 1. From these cases, it was found that
in a case where the surface layer 5 was formed on an
upper layer of the solid lubricating coating film 3,
even when the coating film having corrosion resistance
was not formed on the side on which the solid
lubricating coating film 3 was not provided, excellent
lubrication behavior was exhibited.

[0182]

In addition, Nos. 23 and 24 are cases where the
base film 4 is a Cu-Sn plated film. Similarly to No. 19,
No. 24 is also a case where a film having corrosion
resistance is not provided on the pin 1. From Nos. 23
and 24, it was found that the effect of forming the Cu-
Sn plated film as the hard base film 4 and significantly
preferred lubrication characteristics were exhibited
when the surface layer 5 was formed on the upper portion
of the solid lubricating coating film 3 in a preferred
range.

[0183]

No. 20 is an example in which the amount of the
surface layer 5 applied is small, and the number of
times of M/B is 3, which is in an acceptable range. No.
20 has no change in 3 times of the comparative case of
No. 17, has no improvement, but is regarded as an
inventive example. No. 20 is an inventive example, but

also means that the number of times of M/B is not
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improved unless the surface layer 5 is applied in a
preferred range.

In addition, in No. 20, there was a possibility
that it was slightly microscopically speckled when the
surface layer 5 was applied too thinly when being
formed. It is presumed that the effect of locally
peeling off the solid lubricating coating film 3 more
than necessary is small until the coupling and the pin 1
mesh with each other.

[0184]

No. 26 is a case where the ratio of the weight of
the solid lubricant component to the weight of the
surface layer 5 deviates from a preferred range to be a
lower level, and the amount of the surface layer 5
applied also falls below the lower limit of the
preferred range. No. 26 has the number of times of M/B
of 3 and is in an acceptable range. However, No. 26 is
an example in which there is no improvement at the same
level as that of No. 17.

[0185]

No. 27 is a case where the ratio of the weight of
the solid lubricant component to the weight of the
surface layer 5 deviates from a preferred range to be a
higher level, and the amount of the surface layer 5
applied is also too large. In the case of No. 27, the
number of times of M/B is up to 2, and it is determined
as unacceptable. The reason that the case of No. 27 is

determined as unacceptable is as follows. That is, the
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amount of the solid lubricant component is too large. In
addition, it is presumed that when the amount applied is
too lager, galling tends to occur because the gap
between the threads is clogged due to the peeled piece
from the surface layer 5.

[0186]

Among the cases of Nos. 17 to 27 described above,
in the case of the 9-5/8” 47# carbon steel-based Q125
material (outer diameter: 244.48 mm, thickness: 11.99
mm) , the surface layer 5 is evaluated by the weight tong
test using a weight 11 having a load of 3,000 kg, and
examination is performed using a Na stearate as a solid
lubricant.

In a case where the solid lubricating coating film
in the specified range of the present disclosure is
formed on the coupling connection, whether or not there
is the solid lubricating coating film on the pin
connection, it is obvious that the lubrication behavior
is improved when the surface layer 5 is formed and in
the preferred range specified by the present disclosure.
In addition, even when it is below the lower limit of
the preferred range, the lubrication behavior is not
deteriorated, and the same characteristics as those in
the state in which the surface layer 5 is not provided
are maintained. On the contrary, it is apparent from the
examples of Nos. 20, 26, and 27 in which when the amount

applied exceeds the preferred range and is large, the
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lubrication behavior in the acceptable range is mixed
with the lubrication behavior in the unacceptable range.
[0187]

The following Nos. 28 to 36 are cases of comparing
the effects of the components of the soap component and
the metal soap, which are solid components of the
surface layer 5. Nos. 28 to 36 are evaluation cases by
the weight tong test mainly using a weight 11 of a load
of 1,000 kg.

In No. 28, the surface layer 5 is not provided
under a reference condition. In No. 28, it was confirmed
that the number of times of M/B was 4. Compared to No.
17 (3 tons of weight tongs) having similar solid
lubricating coating film conditions, in No. 28, a load
is 1 ton (weight corresponding to one pin 1
corresponding to 8 m), which can be interpreted that the
number of times is increased due to the light load.
[0188]

No. 29 is a case performed at the same applied
load as the conditions of the weight tong test as a
comparative condition. That is, it is a result in an
actual well test in a case where one actual size pin is
used. In No. 29, it was confirmed that the number of
times of M/B is 5 or more.

From the comparison between Nos. 28 and 29, it can
be seen that the make-up test using the weight tongs is

evaluated slightly more severely than the make-up
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condition of the actual size pin that is used in the
actual well.
[0189]

Nos. 30 to 36 are examples in which the material
properties of the surface layer 5 are examined in
comparison with No. 28. From the evaluations of Nos. 30
to 36, 1t was found that the number of times of M/B was
improved when the solid lubricant containing the X group
and the Y group was controlled in the preferred range
determined by the present disclosure. In comparison
between Nos. 30 to 36 and No. 28, the cases of Nos. 33
to 35 in which the melting point of the solid lubricant
is high have a further improved effect of increasing the
number of times. In addition, No. 35 is a case where a
film having corrosion resistance is not provided on the
pin 1 as in No. 19 or 24. As in No. 35, it was found
that when the surface layer 5 was applied, the degree of
contribution of the surface layer 5 to improvement is
higher than the influence of the film having corrosion
resistance formed on the pin 1.

[0190]

Cases of Nos. 37 to 49 are examples in which the
pipe has an outer diameter of 7 inches. Nos. 37 to 39
are cases where the pipe is a 7”729%# carbon steel-based
L80 material. Nos. 40 to 44 are cases where the pipe is
a 7”38# carbon steel-based T95 material. Nos. 45 to 49
are cases where the pipe is a P110 material. 1In the

cases of Nos. 37 to 49, it was considered that the
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casing was applied, and in the acceptance determination
of the number of times of M/B, it was evaluated as
“acceptable” in the case where the number of times of
M/B was 3 or more, and was evaluated as “acceptable
(excellent)” in the case where the number of times of
M/B was 5 or more.

[0191]

In Nos. 44 and 46, the evaluation was performed by
the actual well test using one actual size pin. Except
for Nos. 44 and 46 among Nos. 37 to 49, the remaining
cases are evaluation examples in the weight tong test
using a weight 11 having a load of 1,000 kg. 1,000 kg
simulates the weight when two pins of the corresponding
size are connected. Nos. 37 to 43 are cases where the
specifications of the weight ratio (%) of PTFE to the
total weight of the solid lubricating coating film 3 and
the pencil hardness of the solid lubricating coating
film 3 are evaluated.

No. 47 is a case where only the solid lubricating
coating film 3 is formed on the pin 1. No. 48 is a case
where the solid lubricating coating film 3 is formed on
both the coupling side and the pin 1 side. No. 49 is a
case where the Mn phosphate layer as the base film 4 is
not provided, and only the solid lubricating coating
film 3 is formed on the coupling side.

[0192]
First, examples of Nos. 37 to 43 will be

described. No. 37 is a case where the pencil hardness of
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the solid lubricating coating film 3 deviates from the
lower limit of the preferred range of the present
disclosure and becomes too soft. No. 37 is a case where
the pencil hardness of the solid lubricating coating
film 3 is B and the number of times of M/B was only 1,
and it is determined as unacceptable. However, in order
to obtain the hardness, the average molecular weight of
PAT of the binder resin falls below the lower limit of
20,000 of the preferred range, which may be the main
cause to be determined as unacceptable.

[0193]

No. 38 is an example of a case where the weight
(%) of PTFE with respect to the total weight of the
solid lubricating coating film 3 is larger than a
preferred range. No. 38 is a case where the number of
times of M/B is only 2, and it is determined as
unacceptable. However, the determination for No. 38 may
be related to the fact that the average molecular weight
of PTFE exceeds the upper limit of 30,000 of the
preferred range. It can also be said that either of the
former or the possibilities of containing too much solid
lubricant, or both affect.

[0194]

No. 39 is a case where the pencil hardness of the
solid lubricating coating film 3 is within the specified
range, and the weight (%) of PTFE with respect to the
total weight of the solid lubricating coating film 3

also is within the specified range. However, this case
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is a case where the average molecular weight of PTFE of
the solid lubricant, which is one of the specifications
of the solid lubricating coating film, which is the
basis of the present disclosure, is larger than the
specified upper limit of 30,000. No. 39 is a case where
the number of times of M/B is 2 and it is determined as
unacceptable.

[0195]

No. 40 satisfies the specifications of the present
embodiment for the solid lubricant and the binder resin.
However, No. 40 is a case where the weight ratio (%) of
PTFE with respect to the total weight of the solid
lubricating coating film 3 is less than the lower limit,
and the pencil hardness of the solid lubricating coating
film 3 is higher than the upper limit. However, it is a
case where the specification of the solid lubricating
coating film 3 itself is satisfactory. No. 40 is a case
where the solid lubricant in charge of lubrication is
prepared in a small amount although the specification of
the solid lubricating coating film 3 itself is followed.
Therefore, it can be said that the solid lubricating
coating film 3 is hardened. No. 40 is a case where it
can be confirmed the weight ratio (%) of PTFE is up to
18%, the pencil hardness is up to 5H, and the number of
times of M/B is up to 4, which exceeds the reference
value of 3. This case is regarded as an inventive
example.

[0196]
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No. 41 is a case where the surface layer 5 is
formed on upper portion of the solid lubricating coating
film 3 as compared to No. 40, but it has an effect of
improving lubrication and is determined as “acceptable
(excellent)”.

No. 42 is a case where the weight ratio (%) of
PTFE exceeds the specified value and a large amount of
solid lubricant is mixed. No. 42 is a case where the
solid lubricating coating film 3 is softened because of
it. No. 42 is a case where it can be confirmed the
weight ratio (%) of PTFE is up to 53%, and the number of
times of M/B is up to 4, which exceeds the reference
value of 3. The case is regarded as an inventive
example.

[0197]

On the other hand, No. 43 is a case where the
solid lubricating coating film 3 itself is in the
specified range, and the weight ratio (%) of PTFE and
the pencil hardness of the solid lubricating coating
film 3 are also in specified values. No. 43 is an
inventive example in which it can be confirmed that the
number of times of M/B is up to 8, and it is determined
as “acceptable (excellent)”.

No. 44 is a result of an actual well test under
the same conditions as those in No. 43 and using an
actual size pin. In an actual environment, it is
suggested that 10 times or more (test termination after

10 times) is possible. At the same time, No. 44
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indicates that the weight tong test is slightly more
severe.
[0198]

Nos. 45 and 46 are cases where the specification
of the solid lubricating coating film 3 itself satisfies
a preferred range, and are results of comparing the test
results of the weight tong test and the actual well
test. Nos. 45 and 46 are reference evaluation indices of
Nos. 45 to 49.

In No. 45, the number of times of M/B obtained
using the weight tong test was 8 or 9. On the other
hand, No. 46 is an evaluation in an actual well test,
and the number of times of M/B is increased to 12. 1In
the case of the pipe size and the solid lubricating
coating film condition, it can be seen that the number
of times of make-up is increased by 3 or 4 in the actual
well test as compared in the weight tong test. At the
same time, it can be seen that the weight tong test is
evaluated more strictly.

[0199]

Nos. 47 to 49 are cases where the conditions in
which the manner of base treatment is changed are
confirmed at 7”38#. No. 47 is a case where the pin 1 is
subjected to the Mn phosphate treatment as the base film
4 to form the solid lubricating coating film 3 in a
specified range while the coupling is shot blasted as it
is. In No. 48, among the conditions of No. 47, the

condition in which the coupling was not shot blasted but
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was subjected to the Mn phosphate treatment as the base
film 4 was set.
[0200]

In both Nos. 48 and 47, the number of times of M/B
was 8 or more (the test was terminated after 8 times).
These cases are inventive examples, which is determined
as “acceptable (excellent)”. This case shows that even
when the solid lubricating coating film 3 is formed on
the pin 1, there is no particular problem in
lubrication.

No. 49 is also a case where the solid lubricating
coating film 3 is formed on the shot blasting skin on
which the base film 4 is not formed, under the same
solid lubricating coating film conditions as those of
No. 47 or 48. No. 49 is an inventive example in which
the number of times of M/B is reduced to 3, but it is
determined as acceptable.

[0201]

The cases of Nos. 50 to 59 are study cases when
the solid lubricating coating film 3 is attached to an
HP2-13CR-110 material (manufactured by JFE Steel
Corporation, Mod-13Cr, generic of Super-13Cr, 13Cr-5Ni-
2Mo) with an outer diameter thickness of 5.5723#, and
are cases obtained by mainly studying the type of base
film.

Cases of Nos. 60 to 63 are study cases when the
solid lubricating coating film 3 is attached to carbon

steel: P110 with an outer diameter thickness of 3.579.2#
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(outer diameter: 88.90 mm, thickness: 6.45 mm). These
cases are cases where carbon fibers are incorporated
into a solid lubricating coating film. Cases of Nos. 64
and 65 are study cases where the solid lubricating
coating film 3 is attached to a UHP™-15CR-125 material
(martensitic stainless steel pipe containing 15% of Cr)
with an outer diameter thickness of 3.579.2#.

[0202]

Nos. 55, 56, 58 to 60, and 64 are cases of
evaluation in an actual well test according to an actual
well, or evaluation by weight tongs that applies 1,000
kg of a weight equivalent to a weight obtained by
connecting two actual pins.

No. 50 is a case where Cu plating is used for the
base film 4 although the specification of the solid
lubricating coating film 3 is in the specified range of
the present disclosure. In No. 50, the hardness of the
Cu plating as the base film 4 is 125 HV, which deviates
from the preferred standard of the base film. No. 50 is
an inventive example in which the number of times of M/B
is only 3, and it is barely determined as an acceptance
level. 1In No. 50, the solid lubricating coating film 3
was completely peeled off from the Cu plated film in the
fourth make-up/break-out, and galling occurred.

[0203]

Nos. 51 and 52 are cases of studying a Cu-Sn-based

binary electroplated film as the base film 4. A slight

difference between Nos. 51 and 52 is that, in the
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former, the solid lubricant of the solid lubricating
coating film 3 is 100% of PTFE, whereas in the latter,
as the solid lubricant, 90% of PTFE, and total of 10% of
BN and graphite are mixed. 1In addition, in Nos. 51 and
52, the weight (%) of PTFE with respect to the total
weight of the solid lubricating coating film 3 was
specified so that the former was larger and the latter
was smaller. As a result, in Nos. 51 and 52, the pencil
hardness is 3H in the former and 4H in the latter in
conjunction with the above conditions. In addition, in
Nos. 51 and 52, the hardness of the Cu-Sn plating as the
base film 4 is 560 HV in terms of hardness in the former
and 535 HV in terms of softness in the latter. 1In No.
51, the number of times of M/B is more than 10 (the test
is terminated after 10 times). 1In No. 52, the number of
times of M/B 1is 9. However, these two cases are
determined as “acceptable (excellent)” and are inventive
examples.

[0204]

On the other hand, Nos. 53 to 56 are not examples
of the solid lubricating coating film 3. In these cases,
Cu plating or Cu-Sn plating as the base film 4 is formed
on the coupling, and make-up/break-out is performed
under the condition in which a BOL-72733 compound is
applied to the coupling and the pin 1. In Nos. 53 and
54, a weight tong test using 1,000 kg of a weight 11
(actual length pin: corresponding to a weight of about

2.5 pins) is adopted, and in Nos. 55 and 56, an actual
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well test using one actual length pin is adopted for
evaluation.
[0205]

In No. 53, Cu plating was used as the base film 4,
the conditions of the weight tong test were adopted, and
the number of times of M/B was 7 in evaluation 2 times.
In No. 54, Cu-Sn plating was used as the base film 4,
the conditions of the weight tong test were adopted, and
the number of times of M/B was 8 or 9 in evaluation 2
times. In No. 54, Cu plating was used as the base film
4, an actual well test in which an actual size pin was
used was adopted, and the number of times of M/B was 12
or more (the test was terminated after 12 times). In No.
55, Cu-Sn plating was used as the base film 4, an actual
well test was adopted, and the number of times of M/B
was 12 or more (the test was terminated after 12 times).
In an actual well test, the number of times of M/B of
the tubing size specified in IS013679 can be clearly 10.
However, this criterion cannot be reached because the
evaluation is severely performed in the weight tong
test. On the other hand, from the results of Nos. 53 and
54, it is considered that when the number of times of
M/B is about 7 or more under the condition of the solid
lubricating coating film 3 in the corresponding size, it
means that the solid lubricating coating film 3
satisfying the specification of IS013679 can be realized
in an actual well. That 1is, in the case of the solid

lubricating coating films 3 of Nos. 51 and 52, it may be
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estimated that the number of times of M/B of 10 or more
is realized in an actual well.
[0206]

Nos. 57 to 59 are cases where the base film 4 is
Cu-Zn plated. Nos. 57 to 59 are cases where the base
film 4 is plated with Cu:Z2n = 6:4, and HV is 220 to 270.
Nos. 57 and 58 are cases where the specification of the
solid lubricating coating film itself satisfies the
scope of the present disclosure. No. 59 is a case of
using BOL-72733 of an API-mod compound instead of the
solid lubricating coating film 3. No. 57 is a test
result in the weight tong test using 1,000 kg of a
weight 11. Nos. 58 and 59 are results in an actual well
test using an actual pin (corresponding to Range-2, more
than 8 m). The results of Nos. 57 and 58 were, in order,
7 times (acceptable) and 2 12 times (acceptable
“excellent”). From Nos. 57 and 58, it was found that
when the hardness was 200 HV or higher, excellent
lubrication was achieved.

[0207]

Cases of Nos. 60 to 63 are study cases when the
solid lubricating coating film 3 is attached to a P110
material with an outer diameter thickness of 3.579.2#.
Cases of Nos. 60 to 63 are results of mainly studying
the type of the base film 4. All Nos. 60 to 63 are
evaluation cases where weight-equipped power tongs with

a weight having a load of 500 kg were used. 500 kg
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corresponds to a load at the time of connecting three
pins of the corresponding size.

No. 60 is a condition in which 25% of graphite
with respect to the total weight of the solid lubricant
component is mixed into the solid lubricanat of the
constituent elements of the solid lubricating coating
film 3 in excess of the specified amount of 80%. No. 60
deviates from the lower limit of the fraction of PTFE in
the standard of the solid lubricating coating film 3,
and 1s a comparative example in which the number of
times of M/B is only 1. It seems that the lubricity
realized by PTFE is destroyed due to a large amount of
graphite.

[0208]

No. 61 is a case where carbon fibers are contained
in an amount exceeding a preferred range with respect to
the total weight of the constituent of the binder resin
as the binder resin of the constituent elements of the
solid lubricating coating film 3. No. 61 is a condition
in which 15% of carbon fibers are mixed with respect to
the total weight of the binder resin component. No. 61
is regarded as a comparative example in which the number
of times of M/B is 2.

No. 62 is a case where incorporation of carbon
fibers is suppressed to 10%. In this case, 7 times of
make-up/break-out can be realized, and this case 1is an
inventive example. No. 63 is a case where Mn phosphate

is formed on the pin 1 to form the solid lubricating
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coating film 3 in a specified range while the coupling
is shot blasted as it is. In this case, 10 times or more
of make-up/break-out can be realized, and this case is
an inventive example in which it is determined as
“acceptable (excellent)”.

[0209]

Nos. 64 and 65 are cases of a high alloy, and are
evaluations using a UHP™-15CR-125 material manufactured
by JFE Steel Corporation. The evaluation is performed
using a JFEBEAR™ connection. In addition, these cases
are evaluation cases where weight-equipped power tongs
with a weight having a load of 500 kg were used. 500 kg
corresponds to a load at the time of connecting three
pins of the corresponding size.

No. 64 is a case where the coupling is subjected
to Cu-Sn plating to form the solid lubricating coating
film 3. In No. 64, it is confirmed that the number of
times of M/B is 10 or more (the test is terminated after
10 times), and is an inventive example in which it is
determined as “acceptable (excellent)”.

On the other hand, No. 65 is a case where the
molecular weight of the solid lubricant, which is one of
the constituent elements of the solid lubricating
coating film 3, is larger than the specified value. 1In
the case of No. 65, lubricity is not ensured, the number
of times of M/B is only 5, and it is regarded as a
comparative example in which it is determined as

unacceptable.

140



[0210]

<Optimal Range of Film Thickness>

Tables 9 and 10 are used to show examples of
studies on the optimal range of the influence of the
thickness of the solid lubricating coating film. The Dry

film in the tables corresponds to a solid lubricating

coating film.
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[Table 9]
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[0212]

[Table 10]
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[0213]

Among the studies on the coupling connection films
(boxes) and the solid lubricating coating films and the
base films related to the pin connection films which
have already been studied in Tables 1 to 8, only several
thread portions were cut out to examine the optimal
range of the film thickness.

[0214]

First, in Table 9, the same film material as that
of the sample of No. 57 (5.5”23#, JFELION™ connection)
in Tables 7 and 8 was configured, and the film thickness
only on the coupling connection side (box) was
systematically changed. ClearPlate™ plating (Cu-Sn
binary plating) was formed as a base film of the
coupling connection, and a solid lubricating coating
film was formed thereon. In addition, the outermost
layer coating was also performed in the same manner. A
make-up/break-out test was performed using weight tongs
having a load of 1 ton. The experimental methods were
according to Tables 1 to 8. As the samples, samples
having different film thicknesses on the coupling side
(box side) of 10 um, 30 um, 50 pm, 80 um, 95 um, and 120
um were prepared. A lubricating and corrosion protective
paint was thinly applied to the pin connection in the
same manner under all conditions to obtain a thickness
of 10 to 20 um. The reason that the thickness value is
broadly described is as follows. This is because,

although application is performed using a brush, the
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film thickness is close to 20 um at the overlapping
portion with the brush, and thus, in many portions, the
film thickness is 10 to 15 um as viewed with an
electromagnetic film thickness meter.

[0215]

The film thickness on the coupling side is a wvalue
obtained by measuring a crest portion (thread portion)
of the fifth peak from the pipe end portion with an
electromagnetic film thickness meter after applying the
solid lubricating coating film. These samples were
subjected to a make-up/break-out test, and it was
evaluated as “acceptable” in a case where it was 7 times
or more, and was evaluated as “acceptable: excellent” in
a case where it was 10 times or more, based on the
acceptance criteria of the tubing size. The results were
obtained in this order, 7 times (acceptable), 10 times
(acceptable: excellent), 2 15 times (terminated after 15
times, acceptable: excellent), 2 15 times (terminated
after 15 times, acceptable: excellent), 7 times
(acceptable), and 5 times (unacceptable). These results
indicate that the film thickness of the solid
lubricating coating film of the present disclosure is
preferably in the specified range of 5 um to 95 um,
preferably in the range of 30 to 80 um, and more
preferably in the range of 50 to 80 um.

In addition, regarding the thickness, the same

test was performed, and it was confirmed that the effect
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was obtained in the film thickness range as described
above even in other sizes.
[0216]

Next, studies on the sum of the film thickness of
the coupling connection and the film thickness of the
pin connection will be described. 1In Table 10, from
Tables 1 and 2, the sample of No. 6 (9-5/8”53.5#,
JFELION™ connection) was formed on the coupling by
changing the thickness of the solid lubricating coating
film (pencil hardness: 2H) formed of the polyamideimide
resin and polytetrafluoroethylene (PTFE), which was the
subject of the present disclosure. In addition, Table 10
shows that the examination results in which the pin
connection is configured under conditions in which the
film thickness of the rust prevention and corrosion
protection material (pencil hardness: 6B) is changed.
The former film thickness was set to three conditions of
50 um, 80 um, and 95 um, the latter film thickness was
set to 30 um, the films having a total film thickness of
80 pm, 110 um, and 125 um were prepared, and a make-
up/break-out test was performed. In this order of
conditions, the number of times of make-up/break-out was
4 (acceptable), 3 (acceptable), and 2 (unacceptable). As
a result, it was confirmed that the sum of the film
thicknesses was in a preferred range up to 110 um.
Regarding the sum of the thicknesses of the solid
lubricating coating film and the lubricating and rust-

proof film in the coupling and the pin, the same test is
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performed, and it is confirmed that the effect can be
obtained in the film thickness range as described above
even in other sizes.

[0217]

Here, this application claims priority of Japanese
Patent Application No. 2021-91461 (filed on May 31,
2021), the entire contents of which are incorporated
herein by reference. Although the description has been
given referring to a limited number of embodiments
herein, the scope of the present invention is not
limited thereto. It is obvious for those skilled in the
art to modify the embodiments based on the disclosure

above.

Reference Signs List
[0218]
1 Pin

la Male thread

2 Box

2a Female thread

3 Solid lubricating coating film
4 Base film

5 Surface layer

10 Tightening surface

11 Weight

13 Power tongs
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CLAIMS

1. An agent for forming a solid lubricating
coating film in a thread portion of o0il country tubular
goods, wherein

a solid lubricant is dispersed in a binder resin,

90 wt% or more of the binder resin is a
polyamideimide resin, an average molecular weight of the
polyamideimide is 20,000 or more and 40,000 or less,

80 wt% or more of the solid lubricant is
polytetrafluoroethylene (PTFE), and an average molecular

weight of the PTFE is 30,000 or less.

2. 0il country tubular goods in which a
lubricating coating film including a solid lubricating
coating film is formed in a thread portion, wherein

the solid lubricating coating film is formed by
dispersing a solid lubricant in a binder resin,

90 wt% or more of the binder resin is a
polyamideimide resin (PAI), an average molecular weight
of the PAI is 20,000 or more and 40,000 or less,

80 wt% or more of the solid lubricant is
polytetrafluoroethylene (PTFE), and an average molecular

weight of the PTFE is 30,000 or less.

3. The o0il country tubular goods according to

claim 2, wherein
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the PTFE contained in the solid lubricant is 20

wt% or more and 50 wt% or less of the total weight of

the solid lubricating coating film.

4. The o0il country tubular goods according to
claim 2 or 3, wherein

a hardness of the solid lubricating coating film
is F or higher and 4H or lower in terms of pencil

hardness.

5. The o0il country tubular goods according to
any one of claims 2 to 4, wherein

the lubricating coating film includes a base film
formed between a tightening surface of the thread
portion and the solid lubricating coating film, and

the base film includes a phosphate-treated film or
an electroplated film having a Vickers hardness of 200

HV or higher.

6. The o0il country tubular goods according to
any one of claims 2 to 5, wherein

the lubricating coating film includes a surface
layer formed on the solid lubricating coating film,

the surface layer contains a solid lubricant and a
binder resin,

the solid lubricant in the surface layer is one or

a combination of two or more kinds of compounds
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containing fatty acids of the following X group and
metal elements of the following Y group, and
the binder resin in the surface layer is a
fluorine-based organic compound,
X group: stearic acid, isostearic acid, behenic
acid, lauric acid, and 12-hydroxystearic acid,

Y group: Li, Na, Mg, Al, Ca, Zn, and Ba.

7. The o0il country tubular goods according to
claim 6, wherein
a melting point of the surface layer is 70°C or

higher.

8. A threaded joint for oil country tubular
goods in which a box having a female thread and a pin
having a male thread are connected, wherein one
component of the box and the pin includes the oil
country tubular goods including the lubricating coating
film according to any one of claims 2 to 6,

a coating film is not formed on a tightening
surface of a thread portion of the other component of
the box and the pin, or a coating film having at least
one property of corrosion resistance and corrosion
protection is formed on the tightening surface of the
thread portion of the other component of the box and the

pin.
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9. A threaded joint for oil country tubular
goods in which a box having a female thread and a pin
having a male thread are connected, wherein

each of both components of the box and the pin
includes the o0il country tubular goods including the
lubricating coating film according to any one of claims

2 to 6.

10. The threaded joint for o0il country tubular
goods according to claim 9, wherein

a thickness of each of the solid lubricating
coating films formed on both the box and the pin at a
crest position of the thread portion is 5 um or more and
95 ym or less, and

the following Expression (1) is satisfied,

Al + A2 £ 110 pum --- (1),

in which Al (um) is a thickness of the solid
lubricating coating film formed in the thread portion of
the box at the crest position, and A2 (um) is a
thickness of the solid lubricating coating film formed

in the thread portion of the pin at the crest position.
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