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TUBULAR THREADED JOINT AND 
LUBRICATING COATING FORMING 
COMPOSITION FOR USE THEREN 

TECHNICAL FIELD 

0001. The present invention relates to a tubular threaded 
joint for use in connecting steel pipes and particularly oil 
country tubular goods, and a Surface treatment method 
thereof. 

0002 Priority is claimed on Japanese Patent Application 
No. 2012-174117, filed on Aug. 6, 2012, the content of which 
is incorporated herein by reference. 

BACKGROUND ART 

0003. Oil country tubular goods such as tubing and casing 
used in oil well drilling for excavation of crude oil orgas oil 
are usually connected (jointed) to each other by a tubular 
threaded joint. In the past, the depth of the oil wells was 2,000 
to 3,000 m, but in deep oil wells such as recent offshore oil 
fields, the depth may reach 8,000 to 10,000 m. The length of 
the oil country tubular goods is typically several tens of 
meters, and the periphery of tubing through which a fluid Such 
as crude oil flows is Surrounded with a plurality of casings, 
and thus the number of the oil country tubular goods jointed 
by the threaded joint reaches a vast number. 
0004 Under a service environment, a load that is an axial 
tensile force caused by the weight of the oil country tubular 
goods and the joint themselves, a composite pressure of an 
internal pressure and an external pressure, and geothermal 
heat are applied to the tubular threaded joint for oil country 
tubular goods. Therefore, there has been a demand for the 
tubular threaded joint to maintain gastightness without under 
going damage even in Such a severe environment. 
0005. A typical tubular threaded joint (also, called special 
threaded joint) used for connecting oil country tubular goods 
has a pin-box structure. A pin, which is a joint member having 
a male thread, is typically formed at both ends of the oil 
country tubular goods. A box, which is a counterpart joint 
member having a female thread that is screwed to the male 
thread is typically formed at both-side internal surfaces of a 
coupling that is a separate member. As shown in FIG. 1, seal 
portions 4a and 4b are provided at an outer peripheral portion 
close to an end surface on the front end side in relation to the 
male thread of the pin, and on an internal peripheral Surface of 
the base portion of the female thread of the box, respectively. 
Shoulder portions (also called torque shoulder).5a and 5b are 
provided at the end surface of the front end of the pin 1, and 
the deepest portion of the box 2 which corresponds to the end 
Surface. The seal portions 4a and 4b, and the shoulder por 
tions. 5a and 5b constitute an unthreaded metal contact por 
tion of the tubular threaded joint, and the unthreaded metal 
contact portion and a threaded portion constitute a contact 
surface of the tubular threaded joint. The following Patent 
Document 1 discloses an example of the special threaded 
joint. 
0006 To fasten the tubular threaded joint, one end (pin) of 
an oil country tubular good is inserted into a coupling (box), 
and the male thread and the female thread are fastened until 
the shoulder portions of the pin and the box come into contact 
with each other and interfere each other with appropriate 
torque. According to this, the seal portions of the pin and the 
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box come into close contact with each other to form a metal 
to-metal seal portion, and thus gastightness of the threaded 
joint is secured. 
0007. During a process of lowering tubing or casing into 
an oil well, due to various problems, the threaded joint fas 
tened once is loosened, the joint is lifted up once from the oil 
well, the joint is re-fastened, and the joint is lowered some 
times. API (American Petroleum Institute) recommends sei 
Zure resistance Such that seizure called galling does not occur 
and gastightness is maintained even when fastening (make 
up) and loosening (break-out) are repeated ten times. 
0008. A viscous liquid lubricant (grease lubricating oil) 
which contains heavy metal powders called "compound 
grease' is applied to the contact Surface of the threaded joint 
in advance whenever the fastening is performed so as to 
increase seizure resistance and gastightness. Such a com 
pound grease is specified in API standard BUL 5A2. 
0009. In order to increase the retention of the compound 
grease or to improve sliding properties, it has been proposed 
to carry out various types of Surface treatments such as a 
nitriding treatment, various types of plating including Zinc 
plating and dispersal plating, and phosphate chemical con 
version treatment on the contact Surface of a threaded joint to 
form one or more layers in order to increase the retention of 
compound grease or to improve sliding properties. However, 
as described below, there is a concern that the use of com 
pound grease has an adverse effect on the environment and 
the human body. 
0010. The compound grease contains a large amount of 
heavy metal powders such as Zinc, lead, and copper. When the 
fastening of the threaded joint is carried out, grease which has 
been applied is washed off or overflows to an exterior surface, 
and thus there is a possibility in that particularly, harmful 
heavy metals such as lead may have an adverse effect on the 
environment and particularly on sea life. In addition, a pro 
cess of applying compound grease deteriorates a working 
environment and working efficiency, and there is also a con 
cern of harmful effects on the human body. 
0011. In recent years, as a result of the enactment in 1998 
of the OSPAR Convention (Oslo-Paris Convention) for pre 
venting ocean pollution in the Northeast Atlantic, strict 
restrictions concerning the global environment have been in 
progress, and in Some regions, the use of compound grease 
has been already restricted. Accordingly, in order to avoid 
adverse effects on the environment and the human during the 
excavation of gas wells and oil wells, there is a demand for a 
threaded joint which is capable of exhibiting excellent seizure 
resistance without using the compound grease. 
0012. As a threaded joint which may be used for fastening 
of oil country tubular goods without application of the com 
pound grease, the present inventors have Suggested a threaded 
joint for Steel pipes in which a viscous liquid or semisolid 
lubricating coating is formed in Patent Document 2, and a 
threaded joint for steel pipes in which a solid lubricating 
coating is formed in Patent Document 3, respectively. 
0013 Patent Document 1: Japanese Unexamined Patent 
Application, First Publication No. H5-87275 
0014 Patent Document 2: Japanese Unexamined Patent 
Application, First Publication No. 2002-173692 
00.15 Patent Document 3: PCT International Publication 
No. WO2O09/O72486 
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DISCLOSURE OF THE INVENTION 

0016. In a premium tubular threaded joint provided with 
seal portions 4a and 4b, and shoulder portions 5a and 5b as 
shown in FIG. 1, the seal portions 4a and 4b of a pin 1 and a 
box 2 form a metal-to-metal seal portion during fastening, 
and thus gastightness is secured. 
0017. A torque chart (vertical axis: torque, and horizontal 
axis: turns) during fastening of this kind of threaded joint is 
shown in FIG. 2. As shown in the drawing, as rotation takes 
place, initially, threaded portions of the pin and the box come 
into contact with each other, and torque gradually increases. 
Then, when seal portions of the pin and the box come into 
contact with each other, and a rate of increase in torque 
increases. When a shoulder portion of the front end of the pin 
and a shoulder portion of the box come into contact with each 
other and begin to interfere each other (the torque at the start 
of this interference is called a shouldering torque: Ts), the 
torque abruptly increases. When the torque reaches predeter 
mined fastening torque, the fastening is completed. 
0018. However, in a premium threaded joint used in wells 
in which a high compressive stress or a bending stress is 
applied, the fastening takes place with torque higher than 
common torque in order for the threaded joint not to be 
loosened. In this case, the shoulder portion of the end surface 
of the pin and the shoulder portion of the box which comes 
into contact with the shoulder portion of the pin yield (the 
torque at this time is called yielding torque: Ty), and the 
shoulder portions may undergo plastic deformation as shown 
in FIG. 2. 
0019. With regard to a threaded joint which is fastened 
with high torque, it is advantageous for Ty-Ts (FAT: torque 
on shoulder resistance) to be large. However, in the tubular 
threaded joint provided with a viscous liquid or semisolid 
lubricating coating described in Patent Document 1 and 
Patent Document 2, Ty decreases compared to a case in which 
compound grease of the related art is applied, and thus AT 
decreases. As a result, optimal fastening torque may not be 
determined depending on tolerance in an amount of thread 
interference. In addition, the optimal torque in FIG. 2 repre 
sents torque with which an amount of interference necessary 
for securing gastightness in the seal portions is accomplished 
to terminate fastening, and the optimal torque is determined 
in advance for each internal size of a joint or type of a joint. 
0020. The invention is to provide a tubular threaded joint 
provided with a lubricating coating which does not contain a 
harmful heavy metal, is excellent in seizure resistance, 
gastightness, and anticorrosive properties, and is capable of 
securing a large AT, and in which yielding of a shoulder 
portion is not likely to occur even in fastening with high 
torque. 
0021. It has been found that even when a composition of 
the lubricating coating is changed in order for the coefficient 
offriction to increase or decrease, generally, TS and Ty behave 
in the same manner, and thus AT does not vary greatly. For 
example, when the coefficient of friction of the lubricating 
coating increases, Ty increases, but Ts also increases (referred 
to as high shouldering). As a result, in the worst case, a 
situation in which the shoulder portions do not come into 
contact with each other even in predetermined fastening 
torque, and the fastening is not completed (referred to as no 
shouldering) occurs. 
0022. The present inventors have found the following. 
With regard to a tubular threaded joint provided with a lubri 
cating coating which does not contain a harmful heavy metal 
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imposing a load on the global environment, when a lubricat 
ing coating is formed on a contact surface (a threaded portion 
and an unthreaded metal contact portion) of at least one 
member of a pin and a box using a composition which con 
tains melamine cyanurate (MCA, melamine cyanuric acid) 
and a basic metal salt of an aromatic organic acid as an 
essential component, and which further contains one or more 
kinds selected from the group consisting of a pine resin-based 
material (including pine resin and a derivative thereof), wax, 
a metal Soap, and a lubricating powder, a tubular threaded 
joint, which has sufficient seizure resistance, gastightness, 
and anticorrosive properties, and a large AT, and which does 
not have a danger of causing no shouldering, may be 
obtained. 

0023. Here, according to an embodiment of the invention, 
there is provided a composition for forming a lubricating 
coating to a tubular threaded joint. The composition contains 
a melamine cyanurate (hereinafter, abbreviated as MCA), a 
basic metal salt of an aromatic organic acid, and one or more 
kinds selected from the group consisting of a pine resin-based 
material, a wax, a metal Soap, a lubricating powder. 
(0024. It is preferable that the amount of the MCA be 0.5% 
by mass to 30% by mass on the basis of the total amount of 
non-volatile components of the composition. Here, the non 
Volatile components represent components other than a sol 
vent in the composition. 
0025. It is preferable that an average particle size of the 
MCA contained in the composition be 10um to 40 um. Here, 
the average particle size is defined as a median diameter (50% 
particle size: D50) of a volume-based particle size distribu 
tion obtained by a particle size distribution measuring device 
using a laser diffraction scattering method as a measurement 
principle. 
0026. From the viewpoint of application properties during 
coating formation, the composition may contain a volatile 
organic solvent for low viscosity. It is preferable that the 
composition Substantially do not contain a heavy metal Such 
as lead that is harmful to the human body (specifically, in an 
amount exceeding 1% by mass on the basis of the total 
amount of non-volatile components of the composition). 
0027. According to another aspect of the invention, there 

is provided a tubular threaded joint including a pin and a box, 
each being provided with a contact surface including a 
threaded portion and an unthreaded metal contact portion. 
The lubricating coating formed using the composition is pro 
vided on the contact surface of at least one member of the pin 
and the box. 

0028. It is preferable that a film thickness of the lubricat 
ing coating be 10 um to 500 um. 
0029. It is preferable that the contact surface of at least one 
member of the pin and the box which is provided with the 
lubricating coating be subjected to a surface treatment by 
blasting, pickling, a phosphate chemical conversion treat 
ment, an oxalate chemical conversion treatment, a borate 
chemical conversion treatment, electroplating, impact plat 
ing, or a surface treatment method selected from two or more 
kinds thereof before forming the lubricating coating. 
0030. In addition, in a case where only the contact surface 
of one member of the pin and the box is provided with the 
lubricating coating, it is preferable that the contact Surface of 
the other member of the pin and the box be subjected to the 
surface treatment by the surface treatment method. 
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0031. The tubular threaded joint according to the inven 
tion is preferably suitable for connecting oil country tubular 
goods. 
0032. In addition, according to still another embodiment 
of the invention, there is provided a method of connecting a 
plurality of oil country tubular goods using the tubular 
threaded joint without applying grease lubricating oil. 
0033 Generally, an operation mechanism of the lubricat 
ing coating formed from the composition according to the 
invention is considered as follows. 
0034) Fastening (make-up) of the tubular threaded joint is 
performed by inserting the pin into the box, and by rotating 
the pin or the box. First, only threaded portions come into 
contact with each other to screw together, and at a final stage 
of the fastening, when seal portions and shoulder portions 
start to come into contact, respectively, and thus a predeter 
mined amount of interference is obtained in the seal portion 
and the shoulder portion, the fastening is completed. 
0035. In the lubricating coating, when a surface pressure is 

still low at an initial period of shouldering, coefficient of 
friction is low, and accordingly, TS decreases. On the other 
hand, under a high Surface pressure (the maximum surface 
pressure of the seal portions: 1 to 3 GPa) immediately before 
completion of fastening, the coefficient of friction increases, 
and thus Ty increases. As a result, AT increases. As described 
above, it is considered that the specific behavior in which the 
coefficient of friction is different between during low surface 
pressure sliding and during high Surface pressure sliding is 
exhibited due to combination of the MCA and the basic metal 
salt of an aromatic organic acid. However, chemical interac 
tions thereof are not sufficiently made clear. 
0036. The tubular threaded joint of the invention may reli 
ably exhibit excellent seizure resistance during fastening of 
oil country tubular goods without applying grease lubricating 
oil such as compound grease which has been applied to the 
treaded joint. Accordingly, the tubular threaded joint of the 
invention may avoid an adverse effect on the global environ 
ment and the human body which is caused by the compound 
grease. In addition, it is not likely for a shoulder portion to 
yield during the fastening at high torque, and thus a stable 
metal-to-metal seal portion may be realized with a margin. 
0037. In the tubular threaded joint according to the inven 

tion, the lubricating coating formed on the contact Surface 
thereof exhibits as a large AT as the coating of the grease 
lubricating oil such as the compound grease containing a 
harmful heavy metal in the related art, and thus it is possible 
to perform a fastening process without causing yield or sei 
Zure at the shoulder portion even during fastening with high 
torque. In addition, the seizure may be suppressed even under 
severe conditions such as unstable drilling work in the sea. In 
addition, the lubricating coating Substantially does not con 
tain a harmful heavy metal such as lead, and thus there is little 
impact on the global environment. In the tubular threaded 
joint according to the invention, formation of rust is Sup 
pressed. Accordingly, even when fastening and loosening are 
repeated, a lubricating function is continuously exhibited, 
and gastightness may be secured after the fastening. 

BRIEF DESCRIPTION OF THE DRAWING 

0038 FIG. 1 is a diagram schematically illustrating an 
unthreaded metal contact portion (a shoulder portion and a 
seal portion) of a premium threaded joint. 
0039 FIG. 2 is a typical torque chart during fastening of a 
premium tubular threaded joint; 
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0040 FIG. 3 is a diagram schematically illustrating an 
assembling configuration of a steel pipe at the time of ship 
ment and a coupling. 
0041 FIG. 4 is a diagram schematically illustrating a 
cross-section of the premium tubular threaded joint. 

DESCRIPTION OF EMBODIMENTS 

0042. Hereinafter, a tubular threaded joint and a lubricat 
ing coating forming composition according to the invention 
will be described in detail for illustration. 
0043 FIG.3 schematically shows a state of a steel pipe for 
oil country tubular goods at the time of shipment and a cou 
pling. A pin 1 having a male threaded portion 3a on an 
external Surface is formed on both ends of a steel pipe A, and 
a box 2 having a female threaded portion 3b on an internal 
surface is formed on both sides of a coupling B. The pin 
represents a threaded joint member on a side having the male 
thread, and the box represents a threaded joint member on a 
side having the female thread. The coupling B may be tightly 
fastened in advance to one end of the steel pipe A. Although 
not shown, protectors for protection of threaded portions are 
mounted to both of the pin in another end of the steel pipe A 
and the box in another end of the coupling Beach of which is 
not fastened, before shipment, and those protectors are 
detached before using the threaded joint. 
0044. In a typical tubular threaded joint, as shown in the 
drawing, the pin is formed on the external surface of both ends 
of the steel pipe, and the box is formed on the internal surface 
of the coupling that is a separate component. There is also an 
integral type tubular threaded joint in which one end of the 
steel pipe is formed as a pin, and the other end is formed as a 
box without using the coupling. The tubular threaded joint of 
the invention is applicable to any of these types. 
0045 FIG. 4 schematically illustrates a configuration of a 
representative tubular threaded joint (hereinafter, referred to 
as simply “threaded joint'). The threaded joint is constituted 
by a pin1 that is formed on an external surface of an end of the 
steel pipe A, and a box 2 that is formed on an internal Surface 
of the coupling B. The pin 1 includes a male threaded portion 
3a, a seal portion 4a that is positioned at the front end of the 
steel pipe, and a shoulder portion 5a of an end Surface. In 
correspondence with this configuration, the box 2 includes a 
female threaded portion 3b, and a seal portion 4b and a 
shoulder portion 5b on an inner side of the female threaded 
portion 3b. The seal portion and the shoulder portion consti 
tute an unthreaded metal contact portion. 
0046. The threaded portions 3a and 3b, the seal portions 
4a and 4b, and the shoulder portions 5a and 5b of the pin1 and 
the box 2 (in other words, unthreaded metal contact portions 
and threaded portions) become contact surfaces of the 
threaded joint. Seizure resistance, gastightness, and anticor 
rosive properties are required for the contact surface. There 
fore, in the related art, compound grease containing a heavy 
metal powder is applied to the contact surface or viscous 
liquid or semisolid lubricating coating is formed on the con 
tact surface. However, as described above, the former has an 
adverse effect on the human body or the environment, and in 
the latter, AT is low during fastening with high torque, and 
thus there is a problem in that the shoulder portion may yield 
before fastening. 
0047 According to the invention, the contact surface of at 
least one member of the pin and the box is covered with the 
lubricating coating. The lubricating coating exhibits an excel 
lent lubricating performance and an gastightness maintaining 
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effect during fastening of the threaded joint like the com 
pound grease in the related art. Accordingly, even when the 
compound grease is not used, and fastening and loosening are 
repeated with high torque, the threaded joint of the invention 
may prevent the seizure of the threaded joint without yield of 
the shoulder portions, and gastightness after the fastening 
may be secured. 
0048. It is preferable that an underlayer (that is, the contact 
surface of the threaded joint) of the lubricating coating be 
roughened. The roughening may be accomplished by directly 
roughening a steel Surface by blasting or pickling, or by 
forming an underlayer coating having a rough Surface on the 
steel Surface before forming the lubricating coating. 
0049. The lubricating coating may beformed as follows. A 
lubricating coating forming composition that is diluted with 
an appropriate Volatile organic solvent as necessary is pre 
pared, and the composition is applied by an appropriate 
method Such as brush application, spraying, and immersion, 
and then the solvent is vaporized and dried according to 
circumstances. 

0050. The lubricating coating may be formed on both of 
the contact surfaces of the pin and the box. However, as shown 
in FIG. 3, in a case where the pin and the box are fastened at 
the time of shipment, it is sufficient that the lubricating coat 
ing is formed on a contact surface of either the pin or the box. 
In this case, since a surface treatment or application work for 
forming the lubricating coating in the short coupling is easier 
than that in the long steel pipe, the lubricating coating is 
preferably formed on the contact surface of the coupling 
(commonly, the contact surface of the box). In a case where 
the pin and the box are not fastened at the time of shipment, it 
is preferable that the lubricating coating be formed on the 
contact surfaces of both of the pin and the box to add anticor 
rosive properties in combination with a lubricating Surface. 
According to this, a decrease in lubricating properties or 
gastightness due to formation of rust may be prevented. 
0051. In addition, it is necessary for the lubricating coating 

to be coated on the entirety of the contact surface of the pin 
and/or the box, but a case in which a part (for example, only 
the unthreaded metal contact portion) of the contact surface is 
coated is also included in the invention. 

0052 Lubricating Coating 
0053. The lubricating coating is formed on the contact 
surface of at least one of the pin and the box of the threaded 
joint So as to prevent the seizure during fastening between the 
steel pipes using the threaded joint, and formation of rust 
during storage. In the invention, to form a lubricating coating 
in which AT is large and thus the shoulder portion does not 
yield even during tight fastening with high fastening torque, 
and which is capable of preventing the seizure and formation 
of rust during storage, the lubricating coating contains MCA 
(melamine cyanurate) and a basic metal salt of an aromatic 
organic acid. 
0054 The MCA is an organic salt formed from melamine 
and cyanuric acid, and is a white powder which has a chemi 
cal formula expressed by C.H.N.CHNO and which is 
considered to have a mica-shaped crystal structure in which 
the melamine and the cyanuric acid are hydrogen-bonded. 
The MCA has a heat-resistant temperature as high as 250° C. 
to 350° C., and a non-flammable gas (N2) is generated during 
combustion, and thus the MCA is mainly used as a non 
halogen flame retardant, and a flame retardant promoter with 
respect to various kinds of thermoplastic or thermosetting 
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resins. Furthermore, the MCA has a mica-shaped layered 
crystal structure, and thus the MCA is also used as a white 
lubricating oil additive. 
0055. However, practically, a lubricating system of the 
MCA is not well known except that the MCA has a cleavable 
layered crystal structure. In the invention, the lubricating 
coating is formed on the contact surface of the tubular 
threaded joint in combination of the MCA and the basic metal 
salt of an aromatic organic acid. Accordingly, a specific fric 
tional behavior in which coefficient of friction during low 
Surface pressure sliding is low, and coefficient of friction 
during high Surface pressure sliding is high is exhibited. This 
behavior becomes apparent for the first time in the invention, 
and the mechanism has not been clear yet. 
0056. With regard to the MCA, MCA that is subjected to a 
Surface treatment by a coupling agent Such as a silane cou 
pling agent and a titanium coupling agent is commercially 
available. The surface-treated MCA has also the above-de 
scribed effect, and thus may be used in the same manner. 
0057 The amount of the MCA in the lubricating coating 
(that is, the amount on the basis of the total amount of non 
Volatile components in the lubricating coating forming com 
position) is preferably set to be within a range of 0.5% by 
mass to 30% by mass. When the amount is less than 0.5% by 
mass, the effect of increasing AT becomes insufficient. On the 
other hand, when the amount exceeds 30% by mass, flowabil 
ity as a lubricating coating decreases, and thus lubricating 
properties such as seizure resistance may be deficient. More 
preferably, the amount of MCA is 1% by mass or more, and 
still more preferably 2% by mass or more. The upper limit 
thereof is preferably set to 20% by mass or less. 
0058. The basic metal salt of an aromatic organic acid 
increases the seizure prevention effect and anticorrosive 
effect of the lubricating coating formed on the contact Surface 
of the tubular threaded joint, and exhibits specific frictional 
behavior in which the coefficient of friction is low during the 
low Surface pressure sliding, and the coefficient of friction is 
high during the high Surface pressure sliding when being used 
in combination with MCA. Accordingly, the basic metal salt 
exhibits an effect of increasing AT. 
0059. The MCA having an average particle size of 
approximately 0.5 um to 5 um is commonly used from the 
viewpoint of dispersibility to a base. The MCA is frequently 
classified as a solid lubricating agent. On the other hand, an 
effect of improving lubricating properties is not sufficiently 
verified, and with regard to conditions under which the opera 
tion mechanism and effect are exhibited, and the like, there 
are many unclear points. 
0060 According to investigation of the present inventors, 
as the MCA contained in the lubricating coating, MCA hav 
ing a large average particle size is preferable so as to obtain a 
more sufficient AT improving effect. 
0061 A preferable average particle size of the MCA is 10 
um to 40 um. When the average particle size is 10um or less, 
the AT improving effect is not sufficient. On the other hand, 
when the average particle size exceeds 40 um, the MCA is not 
likely to be uniformly distributed on a frictional sliding inter 
face during screw fastening, and thus the AT improving effect 
is not sufficiently obtained. Here, the average particle size is 
defined as a median diameter (50% particle size: D50) of a 
volume-based particle size distribution obtained by a particle 
size distribution measuring device using a laser diffraction 
scattering method as a measurement principle. 
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0062. A mechanism in which AT is significantly improved 
when MCA having a relatively coarse average particle size is 
used in combination with the basic organic metal salt is 
assumed as follows. 
0063 Abasic organic metal salt having both of a lipophilic 
group and a hydrophilic group, that is, a basic organic metal 
salt considered to have the same operation as a surfactant is 
aligned on a Surface of MCA having slightly high hydrophi 
licity, and allows coarse MCA to be uniformly dispersed to a 
base that is an oil base. As a result, the coarse MCA is reliably 
introduced to the high Surface pressure sliding interface dur 
ing fastening of the threaded joint. The coarse MCA that is 
introduced to the sliding interface exhibits an operation of 
increasing a frictional resistance of the sliding interface dur 
ing a process of being pressed and being deformed while 
preventing seizure (preventing contact between metals). 
0064. The basic metal salt of an aromatic organic acid is a 
salt constituted by an aromatic organic acid and a surplus 
alkali (alkali metal or alkali earth metal). Specific example 
thereof includes basic sulfonate, basic salicylate, basic phen 
ate, and basic carboxylate. All of the basic metal salts of an 
aromatic organic acid are materials in which a surplus content 
of alkali is dispersed in oil as a metal salt of a colloidal fine 
particle and which are present in a grease form or a semisolid 
form at ambient temperature. The basic metal salts of an 
aromatic organic acid show a significant heavy-duty anticor 
rosion performance, and exhibit a lubricating operation by 
physical absorption of Surplus metal salts in a colloidal fine 
particle state, or chemical absorption of organic acid groups, 
and the like. 
0065 Alkali that constitutes a cation portion of the basic 
metal salts of an aromatic organic acid may be an alkali metal 
or alkali earth metal. However, the alkali is preferably alkali 
earth metal, particularly, calcium, barium, or magnesium. 
Even when any of these is used, the same effect may be 
obtained. 

0066. With regard to the basic metal salts of an aromatic 
organic acid, the higher a base value thereofis, the furtheran 
amount of fine particle metal salts that functions as a Solid 
lubricant increases. Accordingly, high lubricating properties 
(seizure resistance) may be imparted due to the lubricating 
coating. In addition, when basicity becomes higher to a cer 
tain degree, there is an operation of neutralizing an acid 
component, and thus anticorrosive power of the lubricating 
coating also increases. From this reason, it is preferable that 
basic oil having a base value (JIS K2501) (in a case of using 
two or more kinds, a weighted average value of base values 
for which an amount is taken into consideration) of 50 
mgkOH/g or more be used. However, when the base value 
exceeds 500 mgKOH/g, hydrophilicity increases, and anti 
corrosive properties also begin to decreases, and thus rust 
may occur. A preferable base value is 100 mgKOH/g to 500 
mgkOH/g, and more preferably 250 mgKOH/g to 450 
mgkOH/g. 
0067. As described above, the basic metal salts of an aro 
matic organic acid are grease type or semisolid materials, and 
may achieve a function of a base of the lubricating coating. 
Accordingly, the basic metal salts may be contained as much 
as 75% by mass in the lubricating coating. The amount is 
preferably 70% by mass or less. The lower limit of the amount 
is not particularly limited, but 20% by mass or more is pref 
erable, and more preferably 40% by mass or more. 
0068. The total amount of the MCA and the basic metal 
salts of an aromatic organic acid in the lubricating coating is 
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preferably set to 45% by mass to 95% by mass, and more 
preferably 50% by mass to 90% by mass. 
0069. The lubricating coating forming composition 
according to to the invention further contains one or more 
kinds selected from the group consisting of a pine resin-based 
material, a wax, a metal soap, and a lubricating powder in 
addition to the two kinds of essential components. In the 
following description, these components are collectively 
referred to as a lubricating selective component. When the 
lubricating coating does not contain at least one kind of lubri 
cating selective component selected from the above compo 
nents, adhesiveness between the lubricating coating that is 
formed and a Surface of a base material, or Sufficient coating 
strength against the high Surface pressure during frictional 
sliding may not be obtained, and as a result, a lubricating 
performance, particularly, seizure resistance becomes defi 
cient. 
0070. When the lubricating coating contains the pine 
resin-based material that is a material selected from pine resin 
and a derivative thereof, the pine resin-based material under 
goes a high Surface pressure in a friction Surface, and becomes 
highly viscous, and thus the pine resin-based material is 
effective for increasing AT of the coating. 
0071. The pine resin is a natural resin secreted from wood 
of genus pinus. The pine resin is constituted by three elements 
of carbon, hydrogen, and oxygen. Main components of the 
fine tree include resin acid (rosin acid) expressed by 
CoHoO, and colophane acid expressed by C.H.O. 
Examples of a representative resin acid include abietic acid, 
d-pimaric acid, and i-pimaric acid. 
0072 The pine resin (rosin) is largely classified into tall 
rosin, gum rosin, and wood rosin according to a collection 
method, and any of these may be used. In addition, various 
kinds of pine rosin derivatives such as rosin ester, hydroge 
nated rosin, polymerized rosin, and dismutated rosin are com 
mercially available, and these pine rosin derivatives may also 
be used as the pine resin-based material. 
0073. The amount of the pine resin-based material includ 
ing the rosinanda derivative thereof in the lubricating coating 
is preferably set to 30% by mass or less. When the amount 
exceeds 30% by mass, the composition that is used for form 
ing the coating becomes highly viscous, and thus there is a 
concern that coating forming properties may be damaged. To 
sufficiently obtain the above-described effect of the pine 
resin-based material, it is preferable that 5% by mass or more 
of rosins be contained in the lubricating coating, and more 
preferably 5% by mass to 20% by mass. 
0074 Wax not only has a seizure prevention effect due to 
a decrease in friction of the lubricating coating, but also 
decreases flowability of the lubricating coating. Accordingly, 
the wax is helpful to increase coating strength. Any of animal 
wax, vegetable wax, mineral wax, and synthetic wax may be 
used. Examples of wax that is usable include beeswax, sper 
maceti (the above, animal wax), Japan wax, carnauba wax, 
candelilla wax, rice wax (the above, vegetable wax), paraffin 
wax, microcrystalline wax, petrolatum, montan wax, oZocer 
ite, ceresin (the above, mineral wax), oxidation wax, polyeth 
ylene wax, Fischer-Tropsch wax, amide wax, hydrogenated 
castor oil (castor wax) (the above, synthetic wax), and the 
like. Among these, the paraffin wax having a molecular 
weight of 150 to 500 is preferable. 
0075. The amount of wax in the lubricating coating is 
preferably set to 25% by mass or less. When the amount 
exceeds 25% by mass, adhesiveness or strength of the lubri 
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cating coating may decrease. The amount is preferably 20% 
by mass or less. The lower limit of the amount of the wax is 
not particularly limited, but it is preferable that 2% by mass or 
more of wax be contained so as to reliably obtain the effect of 
the wax. 
0076. The metal soap that is a salt of a fatty acid with a 
metal other than alkali metal may be contained in the lubri 
cating coating so as to increase the seizure prevention effect 
and the anticorrosive effect of the lubricating coating. The 
amount thereof in the coating is set to 30% by mass or less. 
When the amount exceeds 30% by mass, adhesiveness or 
strength of the lubricating coating may decrease. The lower 
limit of the amount of the metal Soap is not particularly 
limited, but it is preferable that 2% by mass or more of metal 
soap be contained so as to reliably obtain the above-described 
effect. 
0077. In view of lubricating properties or anticorrosive 
properties, it is preferable that the fatty acid of the metal soap 
be a fatty acid having 12 to 30 carbon atoms. The fatty acid 
may be either a saturated fatty acid or an unsaturated fatty 
acid. In addition, the fatty acid may be any of a mixed fatty 
acid derived from natural fat and oil such as beef tallow, lard, 
wool fat, palm oil, rapeseed oil, and coconut oil, and a single 
compound Such as lauric acid, tridecylic acid, myristic acid, 
palmitic acid, lanopalmitic acid, Stearic acid, isostearic acid, 
oleic acid, elaidic acid, arachic acid, behenic acid, erucic acid, 
lignoceric acid, lanoceric acid, Sulfonic acid, salicylic acid, 
and carboxylic acid. As a type of the metal salt, a calcium salt 
is preferable, but other alkali earth metal salts or zinc salts 
may be used. The salt may be either a neutral salt or a basic 
salt. 
0078. The lubricating powder improves the strength of the 
lubricating coating or Suppresses flowability thereof at a high 
temperature while maintaining Ts of the lubricating coating 
to be low, and thus the lubricating powder may improve the 
seizure resistance. As the lubricating powder, a nontoxic and 
harmless powder which is used as a solid lubricant is prefer 
ably used. Examples of a preferable lubricating powder 
include graphite, tungsten disulfide (WS), molybdenum dis 
ulfide (MoS), tin disulfide, graphite fluoride, boron nitride 
(BN), cryolite, and PTFE (polytetrafluoroethylene). One or 
more kinds thereof may be used in combination. Graphite is 
preferable in view of stability in a corrosive environment, an 
environment aspect, and the like. 
0079 Graphite is largely classified into natural graphite 
and artificial graphite. Natural graphite is less expensive. 
Natural graphite is classified into flake graphite, vein graph 
ite, and amorphous graphite according to the shape thereof. 
Among these, amorphous graphite having the lowest crystal 
linity is preferable in terms of making an increase in AT and 
improvement in seizure resistance compatible with each 
other. Furthermore, when taking electrical properties or ther 
mal properties into account, amorphous graphite in which an 
ash amount is 0.2% by mass to 5.5% by mass, and crystallin 
ity is 98% or less is more preferable. Particularly, amorphous 
graphite in which crystallinity is 90% to 98% is preferable. 
The average particle size of graphite is preferably 1 um to 20 
um, and more preferably 1 um to 15um. 
0080. In a case where the lubricating coating contains the 
lubricating powder, the amount thereof is preferably 0.5% by 
mass to 20% by mass. When the amount is less than 0.5% by 
mass, the effect is not sufficient. When the amount exceeds 
20% by mass, there is a concern that the operation of other 
components may be deteriorated. In addition, uniform dis 
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persibility of the lubricating powder or flowability of the 
lubricating coating during friction may decrease. The amount 
of the lubricating powder is more preferably 0.5% by mass to 
10% by mass. In addition, an average particle size of the 
lubricating powder which improves seizure resistance is pref 
erably 0.1 um to 10 and more preferably 1 um to 5um. 
I0081 Components other than the above-described com 
ponents, for example, one or more kinds of components 
selected from organic resins, and various kinds of oils and 
additives (for example, an extreme pressure agent) that are 
commonly used in lubricating oil may be mixed in the lubri 
cating coating to increase uniform dispersibility of the lubri 
cating powder in the lubricating coating, or to improve char 
acteristics or properties of the lubricating coating. The oils 
represent lubricating components (viscous liquid material 
(including greasy material)) which may be used in the lubri 
cating oil and which are in a liquid form at room temperature, 
and the oils themselves have lubricating properties. Examples 
of the oils that may be used include synthetic ester, natural 
fats and oils, mineral oil, and the like. 
0082 An organic resin, particularly, a thermoplastic resin 
functions to Suppress Surface tackiness of the lubricating 
coating, and to increase a film thickness. In addition, when 
being introduced to a frictional interface, the organic resin 
functions to increase seizure resistance, or to reduce friction 
even when receiving high fastening torque (high Surface pres 
Sure) when metal portions come into contact with each other. 
Accordingly, the organic resin may be contained in the lubri 
cating coating. 
I0083. Examples of the thermoplastic resin include poly 
ethylene resins, polypropylene resins, polystyrene resins, 
polymethyl acrylate resins, styrenefacrylic acid ester copoly 
mer resins, polyamide resin, polybutene (polybutylene) res 
ins, and the like. Copolymers or blends of these may be used, 
or copolymers or blends of these with other thermoplastic 
resins may also be used. The thermoplastic resin preferably 
has a density (JIS K 7112) in a range of 0.9 to 1.2, and thermal 
deformation temperature (JIS K 7206) is preferably in a range 
of 50° C. to 150° C. to easily deform at a frictional surface so 
as to allow the lubricating properties to be exhibited. The 
polybutene resins having high viscosity at a high Surface 
pressure are preferable. 
I0084. The thermoplastic resin is preferably in the form of 
powders of 0.05um to 30 um, and the amount of the thermo 
plastic resin in the coating is preferably set to 10% by mass or 
less. 
I0085 Examples of the natural fats and oils that may be 
used as oil include beef tallow, lard, wool fat, palm oil, rape 
seed oil, coconut oil, and the like. In addition, mineral oil 
(including synthetic mineral oil) having viscosity of 10 cSt to 
300 cSt at 40° C. may also be used as oil. Examples of 
synthetic ester that may be used as oil include fatty acid 
monoester, dibasic acid diester, and fatty acid ester of trim 
ethylol propane or pentaerythritol, and the like. In a case 
where the oil is contained in the lubricating coating, the 
amount of the oil in the lubricating coating is preferably set to 
5% by mass or less. 
I0086 Examples of the extreme pressure agent include, but 
are not limited to, Sulfurized fats and oils, polysulfide, phos 
phate, phosphite, thiophosphate, and dithiophosphoric acid 
metal salt, and the like. In a case where the extreme pressure 
agent is contained, the amount thereof in the lubricating coat 
ing is preferably set within a range of 0.05% by mass to 5% by 
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0087. It is preferable that the lubricating coating substan 
tially do not contain a harmful heavy metal. The compound 
grease contains a large amount of powders of a soft heavy 
metal such as lead and Zinc is to prevent seizure (galling) by 
Suppressing contact between metals. In the invention, this 
function is provided in combination of the MCA and the basic 
metal salt of an aromatic organic acid which are contained in 
the lubricating coating, and thus even when the heavy metal 
powder is not contained at all, the coating may exhibit a 
Sufficient lubricating performance. 
0088. The lubricating coating is formed as follows. A mix 
ture of the constituent components is made into liquid by 
Solvent addition and/or heating, and the liquid mixture is 
applied to the contact surface of at least one member of the pin 
and the box of the threaded joint, and the coated film is dried 
as necessary. 
0089. The application by heating may be realized by a 
so-called hot melt application method. The mixture of the 
constituent components of the lubricating coating is heated to 
a temperature at which applicable viscosity is obtained, and 
the mixture is sprayed onto an application Surface from a 
sprayer provided with a heat retention function. The applica 
tion Surface may be preheated, for example, to approximately 
the same temperature as that of a material to be applied. 
0090. In a case of performing the applicationatanambient 
temperature, the lubricating coating forming composition is 
prepared by adding a volatile organic solvent to the mixture of 
the constituent components of the lubricating coating. The 
volatile organic solvent is different from base oil of the lubri 
cating oil, and evaporates during a coating forming process, 
and thus the Volatile organic solvent Substantially does not 
remain in the lubricating coating. “Volatile' represents that 
there is a tendency for the organic solvent to evaporate at a 
coating state at a temperature of room temperature to 150° C. 
However, the lubricating coating of the invention may be a 
Viscous liquid or semisolid, and thus a little amount solvent is 
permitted to remain. 
0091 Examples of the solvent is not particularly limited, 
but examples of a volatile organic solvent which is suitable 
for use in the invention include petroleum solvents such as a 
solvent corresponding to industrial gasoline defined by JIS K 
2201, mineral sprit, aromatic petroleum naphtha, Xylene, and 
Cellosolve. A mixture of two or more kinds of these may be 
used. A solvent having the flash point of 30° C. or higher, an 
initial boiling point of 150° C. or higher, and a final boiling 
point of 210°C. or higher is preferable from the viewpoints 
that it is relatively easy to handle, and evaporates rapidly, and 
thus the drying time may be short. 
0092. The lubricating coating forming composition may 
contain an antioxidant, a preservative, and a colorant, in addi 
tion to the above-described components. 
0093. Viscosity (dynamic viscosity: unit is cSt. B-type 
Viscosity form) of the lubricating coating forming composi 
tion may be appropriately selected by adding an organic 
Solvent or the like in accordance with an application method. 
In a case of spray application or immersion at an ambient 
temperature, viscosity at 40°C. is preferably 4,000 cStorless, 
and in a case of brushing, viscosity at 60° C. is preferably 
1,000 cSt or less. 
0094. The film thickness of the lubricating coating is pref 
erably set within a range of 10 um to 500 um as described 
later. It is preferable that the lubricating coating have a thick 
ness Sufficient to bury minute gaps such as a gap between 
thread ridges in the contact surface. When the film thickness 
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is too small, an effect provided to the frictional surface may 
not be expected. From the reason, the film thickness of the 
lubricating coating is preferably set to 10 um or more. 
0.095 Contact surfaces of the box and the pin come into 
contact with each other during fastening at which lubrication 
is necessary. Accordingly, it is Sufficient that only any one of 
the pin and the box is treated for lubrication. However, from 
the viewpoint of anticorrosion of the pin or the box which is 
exposed to the air, particularly, during storage, it is preferable 
to form the lubricating coating on both of the pin and the box. 
The minimum film thickness necessary for the anticorrosion 
is 10 Lum. Accordingly, in a case where separate protective 
means for anticorrosion (for example, previous fastening of 
the pin and the box, or mounting of a protector) is not pro 
vided, it is preferable that the coating of 10 um or more be 
formed on both of the pin and the box. 
0096. On the other hand, when the lubricating coating is 
too thick, the lubricant becomes useless, and this is retrogres 
sive against prevention of environmental pollution that is one 
object of the invention. In light of this, it is preferable that the 
upper limit of the film thickness of the lubricating coating be 
set to approximately 500 um. The film thickness of the lubri 
cating coating is more preferably 15um to 200um. However, 
as described later, when Surface roughness of an underlayer of 
the contact surface is made to be large, it is preferable that the 
film thickness of the lubricating coating be made to be larger 
than Rimax of the underlayer. The film thickness in a case 
where the underlayer is rough is an average value of the film 
thickness of the entirety of the coating which may be calcu 
lated from the area, mass, and density of the coating. 
0097. In a general tendency with regard to properties of the 
lubricating coating, when oil is contained to a certain degree, 
the lubricating coating becomes a viscous liquid. In a case 
where an amount of oil is Small, or oil is not contained, the 
lubricating coating becomes a semisolid. 
0098. Surface Treatment 
(0099. With regard to the tubular threaded joint in which 
the lubricating coating is formed on the contact surface of the 
pin and/or the box according to the invention, when the con 
tact Surface covered with the coating is subjected to a surface 
treatment for roughening, and thus Surface roughness is made 
to be larger than 3 um to 5um that is surface roughness after 
grinding, the seizure resistance is improved in many cases. 
Accordingly, it is preferable that the contact surface be sub 
jected to the Surface treatment for roughening before forming 
the lubricating coating. 
0100 Examples of the surface treatment include blasting 
by shooting a blasting material Such as spherical shot and 
angular grit, and pickling by immersion in a strong acid 
Solution Such as Sulfuric acid, hydrochloric acid, nitric acid, 
and hydrofluoric acid for roughening the Surface. In addition, 
the examples include a chemical conversion treatment Such as 
a phosphate treatment, an oxalate treatment, and a borate 
treatment (roughness on a crystal Surface increases along 
with growth of crystals that are generated), electroplating 
with metals such as Cu, Fe, Sn, and Zn, or alloys thereof 
(convex portions are preferentially plated, and thus the Sur 
face is slightly roughened), impact plating capable of forming 
a porous plated coating. In addition, as one kind of electro 
plating, composite plating to form a plated coating in which 
Solid fine particles are dispersed in metal is possible as a 
method of forming a roughened surface in order for the solid 
fine particles to project from plated coating. 
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0101 Any surface treatment method of the contact surface 
is preferably performed in such a manner that the surface 
roughness Rimax obtained by the roughening of the Surface 
treatment becomes 5um to 40 um. When Rimax is less than 5 
um, adhesiveness with the lubricating coating or coating 
retention properties may not be sufficient. On the other hand, 
when Rimax exceeds 40 um, friction increases, and thus when 
undergoing a high Surface pressure, the coating may not with 
standa shearing force and a compressive force. Therefore, the 
coating may be fractured or be peeled off. The surface treat 
ment for the roughening may be performed in combination of 
two or more kinds of the treatments, and as a treatment 
method thereof, a method known in the related art may be 
used. 

0102. In view of adhesiveness of the lubricating coating, a 
Surface treatment capable of formingaporous coating, that is, 
the chemical treatment and the impact plating are preferable. 
In this case, the film thickness of the porous coating is pref 
erably set to 5 um or more so as to allow Rimax of the porous 
coating to be 5 um or more. The upper limit of the film 
thickness is not particularly specified, but the upper limit is 
commonly 50 um or less, and preferably 40 um or less. When 
the lubricating coating is formed on the porous coating 
formed by the surface treatment, adhesiveness with the lubri 
cating coating increases due to an "anchor effect”. As a result, 
even when fastening and loosening are repeated, the Solid 
lubricating coating is not likely to be peeled off, and thus 
contact between metals is effectively prevented. As a result, 
seizure resistance, gastightness, and corrosion resistance are 
further improved. 
0103 Examples of particularly preferable surface treat 
ment for forming the porous coating include formation of a 
coating of Zinc or a zinc-iron alloy (porous metal coating) by 
a phosphate chemical conversion treatment (treatment using 
manganese phosphate, Zinc phosphate, iron manganese phos 
phate, or Zinc calcium phosphate), and impact plating. From 
the viewpoint of adhesiveness, the manganese phosphate 
coating is preferable, and from the viewpoint of corrosion 
resistance, the coating of Zinc or a zinc-iron alloy on which 
sacrificial protection due to Zinc may be expected is more 
preferable. 
0104. The phosphate chemical conversion treatment may 
be performed by immersion or spraying according to a com 
mon method. As a chemical treatment solution, an acidic 
phosphate treatment Solution for use in general galvanizing 
material may be used. For example, a chemical conversion 
treatmentofa Zinc phosphate-based solution containing 1 g/L 
to 150 g/L of phosphate ions, 3 g/L to 70 g/L of zinc ions, 1 
g/L to 100 g/L of nitrate ions, and 0 g/L to 30g/L of nickel 
ions may be exemplified. In addition, a manganese phos 
phate-based chemical conversion treatment solution that is 
commonly used in the threaded joint may be used. The tem 
perature of the solution may be from an ambient temperature 
to 100° C., and a treatment time may be up to 15 minutes 
depending on a desired film thickness. In order to accelerate 
the formation of the coating, prior to the phosphate treatment, 
an aqueous Surface conditioning solution containing colloidal 
titanium may be supplied to the surface to be treated. After the 
phosphate treatment, the treated surface is preferably washed 
with cold or warm water prior to drying. 
0105. The impact plating may be performed by mechani 
cal plating in which particles are allowed to collide with a 
material to be plated inside a rotating barrel, or by shooting 
plating in which particles are allowed to collide with a mate 
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rial to be plated using a blasting apparatus. In the present 
invention, it is sufficient to perform the plating only on the 
contact Surface, and thus it is preferable to employ the shoot 
ing plating capable of performing localized plating. 
0106 For example, a material to be shot, which is consti 
tuted by a powder in which an iron-based core is coated with 
Zinc or a Zinc alloy, is shot against a contact surface to be 
coated. The amount of Zinc or a Zinc alloy in the particles is 
preferably within a range of 20% by mass to 60% by mass, 
and a particle size of the particles is preferably within a range 
of 0.2 mm to 1.5 mm. Only the zinc or zinc alloy that is a 
covering layer of the particles adheres to the contact Surface 
of a base body by the shooting, and a porous coating of Zinc 
or a Zinc alloy is formed on the contact surface. The shooting 
plating may form a porous plated metal coating with good 
adhesiveness on a steel Surface regardless of a material qual 
ity of the steel. 
0107 The thickness of the zinc or zinc alloy layer formed 
by the impact plating is preferably 5 um to 40 um from the 
viewpoints of both of the corrosion resistance and the adhe 
siveness. When the thickness is less than 5um, sufficient 
corrosion resistance is not secured, and when the thickness 
exceeds 40 um, the adhesiveness with the lubricating coating 
may deteriorate. 
0108. The above-described surface treatment may be per 
formed in combination of two or more kinds thereof. 
0109 Although a roughening effect is very little, when a 
specific single layer or multi-layer electroplating is per 
formed as another Surface treatment, adhesiveness between 
the lubricating coating and an underlayer increases, and thus 
the seizure resistance of the tubular threaded joint may be 
improved. 
0110. As such a surface treatment of the lubricating coat 
ing, electroplating of metals such as Cu, Sn, and Ni, or alloys 
thereof may be exemplified. Plating may be single-layer plat 
ing, or multi-layer plating of two or more layers. Specific 
examples of this kind of electroplating include Cuplating, Sn 
plating, and Ni plating, as well as Cu—Sn alloy plating, 
Cu—Sn Zn alloy plating, two-layer plating by Cu plating 
Sn plating, and three-layer plating by Ni plating-Cu plating 
Sn plating which are disclosed in Japanese Unexamined 
Patent Application, First Publication No. 2003-74763. In a 
tubular threaded joint formed from a steel having a Crcontent 
more than 5%, seizure may significantly occur, and thus it is 
preferable to perform single-layer plating of a Cu—Sn alloy 
or a Cu-Sn-Zn alloy, or multi-layer metal plating in com 
bination of two or more layer plating selected from the alloy 
plating, Cu plating, Sn plating, and Ni plating, for example, 
two-layer plating of Cu plating-Sn plating, two-layer plating 
of Ni plating-Sn plating, or two-layer plating of Ni plating 
Cu/Sn/Zn alloy plating, and three-layer plating of Niplating 
Cu plating-Sn plating as the Surface treatment. 
0111 Such plating may be formed according to a method 
disclosed in Japanese Unexamined Patent Application, First 
Publication No. 2003-74763. In the case of the multi-layer 
plating, a coated film (commonly, Ni plating) of the lowest 
layer is preferably formed as a very thin coated layer having 
a film thickness less than 1 um which is called strike plating. 
The film thickness (in a case of multi-layer plating, the total 
film thickness) of the plating is preferably set within a range 
of 5 um to 15um. 
0112 Surface Treatment of Counterpart Member 
0113. When a solid coating is formed on the contact sur 
face of one member of the pin and the box (for example, the 
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box) of the tubular threaded joint according to the present 
invention, the contact surface of the other member (for 
example, the pin) which is not coated with the Solid coating 
may be left in an untreated state, but preferably, the other 
member is subjected to the above-described surface treatment 
to roughen the contact Surface. That is, the Surface roughen 
ing may be performed by employing a method selected from 
blasting, pickling, a phosphate chemical conversion treat 
ment, an oxalate chemical conversion treatment, a borate 
chemical conversion treatment, electroplating, impact plat 
ing, and a combination of two or more of these methods. As a 
result, when the one member is fastened to the other member 
covered with the Solid coating according to the invention, the 
contact Surface of the other member not having a solid coating 
exhibits a satisfactory Solid coating retention properties due 
to the anchor effect produced by the Surface roughening, 
thereby increasing the seizure resistance of the tubular 
threaded joint. 
0114. In order to impartanticorrosive properties, a known 
anticorrosive coating Such as a coating of a UV-curable resin 
or a thermosetting resin may be formed after the Surface 
treatment as required. By preventing the contact surface from 
being exposed to the air by this anticorrosive coating, even 
when the contact Surface is brought into contact with water in 
relation to a dew point during storage, the occurrence of rust 
on the contact Surface is prevented. 
0115 Since there is no particular restriction to the surface 
treatment of the contact surface of the other member, the 
contact surface may be subjected to another Surface treat 
ment. For example, various kinds of Solid coatings (for 
example, solid lubricating coating) different from that of the 
invention may be formed. 

EXAMPLES 

0116. The effects of the invention will be illustrated by the 
following Examples and Comparative Examples. In the fol 
lowing description, a contact Surface including a threaded 
portion and an unthreaded metal contact portion of the pin is 
referred to as "pin Surface', and a contact surface including a 
threaded portion and an unthreaded metal contact portion of 
the box is referred to as “box surface'. Surface roughness is 
Rimax. In addition, % represents 96 by mass unless otherwise 
stated. 
0117. A surface treatment shown in Table 2 was performed 
with respect to a pin Surface and a box Surface of a premium 
threaded joint VAMTOP (registered trademark) (outer diam 
eter: 17.78 cm (7 inches), thickness: 1.036 cm (0.408 inches) 
formed from Cr—Mo steel A or 13% Cr steel B shown in 
Table 1. Then, a lubricating coating was formed on the pin 
surface and the box surface, which was subjected to the sur 
face treatment, by an illustrated application method using a 
composition shown in Table3 (MCA and a basic metal salt of 
an aromatic organic acid are illustrated as an essential com 
ponent, and a pine resin-based material, a wax, a metal Soap, 
and a lubricating powder are illustrated as a selective compo 
nent). Accordingly, the lubricating coating formed on the pin 
Surface and the box surface had the same composition. 
0118. The lubricating coating were formed by the follow 
ing several application methods except for Comparative 
Example 1 using compound grease, all of the lubricating 
coatings has the same thickness of 50 Lum. 
0119 (1) Ambient-temperature spray method: a lubricat 
ing coating forming composition prepared by adding 30 parts 
by mass of a volatile organic solvent (mineral sprit: ExxsolTM 
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D40 manufactured by ExxonMobil Chemical) to total of 100 
parts by mass of lubricating coating components having a 
predetermined composition to decrease viscosity was spray 
applied at an ambient temperature, and the organic solvent 
was allowed to vaporize by natural drying to form a lubricat 
ing coating: 
0120 (2) Heating spray method: a lubricating coating 
forming composition, which contained lubricating coating 
components having a predetermined composition and did not 
contain a solvent, was heated to 130° C. to obtain a low 
Viscosity liquid, and was spray-applied from a sprayer pro 
vided with a heat retention function onto the pin surface or the 
box surface which was preheated to 130° C. by induction 
heating. Then, the resultant applied composition was cooled 
to form a lubricating coating. This is a hot melt method. 
I0121 Materials used for preparation of the lubricating 
coating forming composition are as follows. 
I0122) MCA: MC-4000 manufactured by NISSAN 
CHEMICAL INDUSTRIES, LTD. (average particle size: 14 
um); 
I0123 Pine resin-based material: rosinester (ester gum H) 
manufactured by Arakawa Chemical Industries, Ltd.; 
0.124 Basic metal salt of an aromatic organic acid: basic 
Ca sulfonate (Calcinate C400CLR) (base value: 400 
mgkOH/g) manufactured by CHEMTURA Corporation. 
0.125 Metal soap: Castearate (manufactured by DIC Cor 
poration); 
(0.126 wax: paraffin wax manufactured by NIPPON 
SEIRO CO.,LTD; 
I0127 Graphite: amorphous graphite, a graphite powder 
manufactured by Nippon Graphite Industries, ltd., blue P (an 
ash content: 3.79% by mass, crystallinity: 96.9%, average 
particle size: 7 um); 
I0128 Graphite fluoride: CEFBON manufactured by Cen 
tral Glass Co., Ltd 
I0129. Among surface treatment coatings employed in the 
examples, a manganese phosphate coating is executed by 
immersion in a manganese phosphate chemical conversion 
treatment solution (PALPHOS M1A manufactured by Nihon 
Parkerizing Co., Ltd., the same shall apply hereinafter) at 80° 
C. to 95° C. for 10 minutes, and zinc phosphate coating is 
executed by immersion in a chemical conversion treatment 
solution for Zinc phosphate (PALBOND 181X manufactured 
by Nihon Parkerzing Co., Ltd, the same shall apply hereinaf 
ter) at 75° C. to 85°C. for 10 minutes. 
0.130. The alloy plating used in the surface treatment was 
a Cu—Sn-Zn alloy plating having a composition (mass 
ratio) of Cu:Sn:Zn=60:35:5. 
I0131 Surface roughness R shown in Table 2 is exactly RZ, 
and was measured by Surtronic 10 manufactured by Taylor 
Hobson Ltd. RZ after grinding finish was 3 um in each case. 

TABLE 1 

Steel composition of threaded joint (% by mass: the 
remainder includes Fe and unavoidable impurities 

Symbol C Si Mn P S Cu N Cr Mo 

A. O.25 0.25 O.8 O.O2 O.O1 O.O4 O.OS 0.95 0.18 
B O.19 O.25 O.8 O.O2 O.O1 O.04 0.1 13 O.04 
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TABLE 2 

Surface treatment Steel 

No. Pin Box symbol 

Example 1 . Grinding finish (R = 3) . Grinding finish (R = 3) A. 
2. Zn phosphate (R = 8) (t= 12) 2. Mn phosphate (R = 12) (t= 15) 

Example 2 . Grinding finish (R = 2) . Grinding finish (R = 3) B 
2. Nistrike plating + Cuplating (t= 8) (R = 3) 

Example 3 . Grinding finish (R = 2) . Grinding finish (R = 3) B 
2. Nistrike plating + Cu—Sn—Zn alloy plating 
(t= 8) (R = 2) 

Example 4 . Grinding finish (R = 3) . Grinding finish (R = 3) A. 
2. Zn phosphate (R = 8) (t= 12) 2. Mn phosphate (R = 12) (t= 15) 

Example 5 . Grinding finish (R = 3) . Grinding finish (R = 3) A. 
2. Zn phosphate (R = 8) (t= 12) 2. Mn phosphate (R = 12) (t= 15) 

Example 6 . Grinding finish (R = 3) . Grinding finish (R = 3) A. 
2. Zn phosphate (R = 8) (t= 12) 2. Mn phosphate (R = 12) (t= 15) 

Comparative Example 1 . Grinding finish (R = 3) . Grinding finish (R = 3) A. 
2. Zn phosphate (R = 8) (t= 12) 2. Mn phosphate (R = 12) (t= 15) 

Comparative Example 2 . Grinding finish (R = 3) . Grinding finish (R = 3) A. 
2. Zn phosphate (R = 8) (t= 12) 2. Mn phosphate (R = 10) (t= 12) 

Comparative Example 3 . Grinding finish (R = 3) . Grinding finish (R = 3) A. 
2. Zn phosphate (R = 8) (t= 12) 2. Mn phosphate (R = 12) (t= 15) 

R: Surface Roughness (um) 
t; Thickness (um) 

TABLE 3 

Composition of non-volatile components of lubricating coating forming composition 
numerical value in parentheses represents amount in 96 by mass Organic solvent 

Essential component (per 100 parts of 

Basic metal salt of Selective component total amount of 

aromatic organic Pine resin- Lubricating non-volatile 
No. MCA acid based material Wax Metal soap powder components) Application method 

Example 1 (20) Basic Casulfonate None None Castearate None 30 parts Ambient temperature 
(60) (20) spray 

Example 2 (30) Basic Casulfonate None Paraffin wax None None 30 parts Ambient temperature 
(60) (10) spray 

Example 3 (10) Basic Casulfonate Rosin ester None None None 30 parts Ambient temperature 
(70) (20) spray 

Example 4 (2) Basic Casulfonate Rosin ester Paraffin wax Castearate Graphite (5) 30 parts Ambient temperature 
(52) (15) (10) (16) spray 

Example 5 (10) Basic Casulfonate None Paraffin wax Castearate Graphite None Heating spray 
(48) (20) (17) fluoride (5) 

Example 6 (0.8) Basic Casulfonate None Paraffin wax Castearate None 30 parts Ambient temperature 
(51.2) (20) (28) spray 

Comparative Compound grease specified in APIstandard BUL 5A2 (contains heavy metal Such as lead, is harmful to Standar 
Example 1 human body or environment, but is satisfactory in lubricating properties) 
Comparative None Basic Casulfonate None Paraffin wax Castearate None 30 parts Ambient temperature 
Example 2 (52) (20) (28) spray 
Comparative (30) None None Paraffin wax Castearate None 30 parts Ambient temperature 
Example 3 (50) (20) spray 

0132. As can be seen from Table 2 and Table 3, the surface Comparative Examples of Table 3 was formed thereon by 
treatment and the lubricating coating forming treatment in 
each of the examples and comparative examples were as 
follows. 

Examples 1, 4, and 6, and Comparative Examples 2 
and 3 

0.133 With respect to tubular threaded joint formed from 
Cr—Mo Steel having a composition A shown in Table 1, a 
manganese phosphate coating (RZ: 12 um) having a thickness 
of 15 um was formed on a box surface after grinding finish, 
and then a lubricating coating having a film thickness of 50 
um and a composition indicated in each of Examples and 

ambient temperature spray application. A Zinc phosphate 
coating (RZ: 8Lum) having a thickness of 12 um was formed on 
a pin Surface after grinding finish, and then a lubricating 
coating was formed thereon in the same manner as the box 
Surface. 

Example 2 

I0134. With respect to a threaded jointformed from 13% Cr 
steel having a composition B shown in Table 1, first, Nistrike 
plating was formed on the box surface by electroplating after 
grinding finish, and then Cu plating having a thickness of 7 
um was formed thereon (total plating thickness: 8 um). RZ of 
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the plated Surface was 2 p.m. A lubricating coating having a 
film thickness of 50 um and a composition indicated in 
Example 2 of Table 3 was formed on the plated coating by 
ambient temperature spray application. A lubricating coating 
having a thickness of 50 um was formed on the pin Surface 
(RZ-2 um) in the same manner as the box surface. 

Example 3 

0135 With respect to a threaded jointformed from 13% Cr 
steel having the composition B shown in Table 1, first, Ni 
strike plating was formed on the box surface by electroplating 
after grinding finish, and then Copper-Tin-Zinc alloy plating 
coating (RZ: 2 um) was formed thereon (total plating thick 
ness: 8 um). A lubricating coating having a film thickness of 
50 um and a composition indicated in Example 3 of Table 3 
was formed on the plated coating. A lubricating coating was 
formed on the pin Surface (RZ-2 um) in the same manner as 
the box surface. 

Example 5 

0136. With respect to tubular threaded joint formed from 
Cr—Mo Steel having a composition A shown in Table 1, a 
manganese phosphate coating (RZ: 12 um) having a thickness 
of 15 um was formed on a box surface after grinding finish, 
and then a lubricating coating having a film thickness of 50 
um and a composition indicated in Example 5 of Table 3 was 
formed thereon by heating spray application. A Zinc phos 
phate coating (RZ: 8 um) having a thickness of 12 um was 
formed on a pin Surface after grinding finish, and then a 
lubricating coating was formed thereon in the same manner as 
the box surface. 

Comparative Example 1 

0137 With respect to a threaded joint formed from 
Cr—Mo Steel having a composition A shown in Table 1, a 
manganese phosphate coating (RZ: 12 um) having a thickness 
of 15 um was formed on a box surface after grinding finish. 
Viscous liquid type compound grease according to API stan 
dard was applied onto the manganese phosphate coating (a 
total application amount in the pin and the box was 50 g, and 
a total application area was approximately 1,400 cm). The 
pin Surface was left as it was after the grinding finish, and then 
the above-described compound grease was applied onto the 
pin Surface. 
0.138. With respect to the tubular threaded joint in which 
the surface treatment was performed with respect to the pin 
Surface and the box surface and the lubricating coating was 
formed thereon, a fastening and loosening test was repeti 
tively performed to evaluate seizure resistance. In the repeti 
tive fastening and loosening test, the fastening of the threaded 
joint was performed at a fastening speed of 10 rpm and 
fastening torque of 20 kNm, and a seizure situation of the pin 
Surface and the box surface after being loosened was exam 
ined. In a case where a seizure Scratch generated by the 
fastening was not significant, and re-fastening was possible 
after trimming, fastening and loosening continued after trim 
ming. The number of times of fastening was set to maximum 
10 times. Test results (the number of times of repetitive fas 
tening in which fastening was possible without causing 
occurrence of seizure) are shown in Table 4. 
0.139. In addition, with respect to another sample of 
respective tubular threaded joints, a torque chart was prepared 
as shown in FIG. 2 by an over-torque test in which fastening 
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was performed by applying fastening torque of 68 kNm at a 
fastening speed of 2 rpm, and Ts (shouldering torque). Ty 
(yield torque), and AT (=Ty-Ts, torque on shoulder resis 
tance) were measured on the torque chart. 
0140 Ts was torque when a shoulder portion began to 
interfere, specifically, torque when a torque variation, which 
was exhibited after the shoulder portion interfered, began to 
enter a linear region (elastic deformation region) was set as 
Ts. On the other hand, Ty was torque when plastic deforma 
tion began to start, specifically, torque when linearity in a 
torque variation disappeared together with rotation after 
reaching Ts, and it began to be away from the linear region 
was set as Ty. With regard to AT (=Ty-Ts), results, which 
were obtained by relatively evaluating values of AT in other 
examples after setting AT obtained in the compound grease in 
the related art shown in Comparative Example 1 of Table 3 to 
100, are shown in Table 4. 

TABLE 4 

AT ratio 
(=Ty - Ts) 

Ratio when value 
in Comparative 
Example 1 is 

Fastening and loosening test 
result (the number of times at 

Number which seizure does not occur) set to 100 (%) 

Examples 1 10 times 143 
2 8 times 155 
3 10 times 141 
4 10 times 124 
5 10 times 135 
6 10 times 108 

Comparative 1 10 times 100 (standard) 
Examples 2 6 times 57 

3 3 times 76 

0.141. As shown in Table 4, in Examples 1 to 6, in the 
fastening and loosening test, occurrence of seizure was not 
found in 10 times of fastening and loosening except Example 
2 in which the amount of MCA was as high as 30%, and very 
satisfactory results were obtained. In Example 2, in the fas 
tening loosening test, seizure occurred during the ninth fas 
tening, and thus the test was stopped. However, generally, 
when the number of times of fastening and loosening is five or 
more, there is no problem in a practical use, and thus the 
tubular threaded joint of Example 2 is also sufficiently useful. 
0142. From comparison of results of Examples 1 and 2, it 
was confirmed that when MCA is contained in an amount 
more than 30% by mass, there is a possibility of decreasing 
the seizure resistance. 

0.143 With regard to the value of AT in the over-torque 
test, a relative value of AT when AT of Comparative Example 
1 using the compound grease was set to 100 (hereinafter, 
referred to simply as AT relative value) was higher than 100% 
in each case, and it could be understood that in the tubular 
threaded joints of examples, fastening with high torque was 
possible without causing yielding of the shoulder portion. 
0144. The AT relative value was as very high as 124% or 
more except for Example 6. The small amount 0.8% of MCA 
may be the reason why the AT relative value in Example 6 was 
108% lower than that of other examples. Accordingly, to 
improve high torque fastening properties, it is preferable for 
the amount of MCA to be 1% or more, and more preferably 
2% or more. As can be understood from results of the 
examples, as the amount of MCA increases, the AT relative 
value may increase. 
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0145 From Example 5, it was confirmed that even when 
the application method during formation of the lubricating 
coating is either the ambient temperature spray method or 
heating spray method, the effect of the invention may be 
obtained. 
0146. On the other hand, as shown in Comparative 
Examples 2 to 3, it could be understood that when the lubri 
cating coating does not contain any one of the MCA and the 
basic metal salt of an aromatic organic acid, the seizure resis 
tance significantly deteriorates, and the AT relative value is 
much less than 100, and thus not only the seizure resistance 
but also the high torque fastening properties significantly 
deteriorate when compared to the compound grease. 
0147 To investigate anticorrosive properties of the tubular 
threaded joint manufactured in Examples 1 to 6, the surface 
treatment and formation of a lubricating coating as shown in 
a box of Table 2 were performed with respect to a coupon test 
specimen (70 mmx 150 mmx 1.0 mm (thickness)) that was 
separately prepared. This test specimen was provided to a salt 
spray test (according to JIS Z2371 (corresponding to ISO 
9227), temperature: 35°C., 1,000 hours), and a humidity test 
(according to JIS K5 600-7-2 (corresponding to ISO 6270), 
temperature: 50°C., humidity: 98%, 200 hours), and whether 
or not rust occurred was examined. As a result, in the tubular 
threaded joints of Examples 1 to 6, it was confirmed that rust 
did not occur in any test. 
0148. In addition, the tubular threaded joints of the respec 

tive examples were verified by an gastightness test or an 
operational suitability test in an actual drilling apparatus, all 
of the joints exhibited a satisfactory result. Since AT is larger 
than that of the compound grease used in the related art, it is 
Verified that even when the fastening torque increases, fas 
tening may be stably performed. 
0149. Hereinbefore, an embodiment considered as the 
most preferable embodiment at this time has been described, 
but the invention is not limited to the disclosed embodiment 
as mentioned above. Modifications may be made within a 
range not departing from a technical idea that can be read out 
from the entirety of claims and specification, and it should be 
understood that a threaded joint accompanied with the modi 
fication be contained in the technical scope of the invention. 

DESCRIPTION OF REFERENCE NUMERALS 
AND SIGNS 

(O150 A: Steel pipe 
0151. B: Coupling 
0152. 1: Pin 
0153. 2: Box 
0154 3a: Male threaded portion 
(O155 3b: Female threaded portion 
0156 4a: Pin side seal portion 
(O157 4b. Box side seal portion 
0158 5a: Pin side shoulder portion 
0159 5b: Box side shoulder portion 
1. A composition for forming a lubricating coating to a 

tubular threaded joint, the composition comprising: 
a melamine cyanurate; 
a basic metal salt of an aromatic organic acid; and 
one or more kinds selected from the group consisting of a 

pine resin-based material, a wax, a metal soap, and a 
lubricating powder. 
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2. The composition according to claim 1, 
wherein an amount of the melamine cyanurate is 0.5 to 
30% by mass on a basis of a total amount of non-volatile 
components of the composition. 

3. The composition according to claim 1, further compris 
ing: 

a volatile organic Solvent. 
4. A tubular threaded joint comprising: 
a pin and a box, each of which includes a contact surface 

having a threaded portion and an unthreaded metal con 
tact portion, 

wherein the lubricating coating formed using the compo 
sition according to claim 1 is provided on the contact 
surface of at least one of the pin and the box. 

5. The tubular threaded joint according to claim 4, 
wherein a film thickness of the lubricating coating is 10um 

to 500 um. 
6. The tubular threaded joint according to claim 4, 
wherein the contact surface of at least one of the pin and the 
box having the lubricating coating is subjected to a Sur 
face treatment by a blasting, a pickling, a phosphate 
chemical conversion treatment, an oxalate chemical 
conversion treatment, a borate chemical conversion 
treatment, an electroplating, an impact plating, or a 
method selected from two or more kinds thereof before 
forming the lubricating coating. 

7. The tubular threaded joint according to claim 4, 
wherein the lubricating coating is provided on the contact 

surface of one of the pin and the box, and 
the contact surface of the other of the pin and the box is 

Subjected to a Surface treatment by a blasting, a pickling, 
a phosphate chemical conversion treatment, an oxalate 
chemical conversion treatment, aborate chemical con 
version treatment, an electroplating, an impact plating, 
or a method performed in combination of two or more 
kinds thereof. 

8. The tubular threaded joint according to claim 4, 
wherein the tubular threaded joint is used to connect a 

plurality of oil country tubular goods. 
9. A method of connecting a plurality of oil country tubular 

goods, the method comprising a step of 
connecting the plurality of the oil country tubular goods 

using the tubular threaded joint according to claim 4 
without using grease lubricating oil. 

10. The composition according to claim 2, further compris 
ing: 

a volatile organic Solvent. 
11. A tubular threaded joint comprising: 
a pin and a box, each of which includes a contact surface 

having a threaded portion and an unthreaded metal con 
tact portion, 

wherein the lubricating coating formed using the compo 
sition according to claim 2 is provided on the contact 
surface of at least one of the pin and the box. 

12. A tubular threaded joint comprising: 
a pin and a box, each of which includes a contact surface 

having a threaded portion and an unthreaded metal con 
tact portion, 

wherein the lubricating coating formed using the compo 
sition according to claim 3 is provided on the contact 
surface of at least one of the pin and the box. 

13. The tubular threaded joint according to claim 5, 
wherein the contact surface of at least one of the pin and the 
box having the lubricating coating is subjected to a Sur 
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face treatment by a blasting, a pickling, a phosphate 
chemical conversion treatment, an oxalate chemical 
conversion treatment, a borate chemical conversion 
treatment, an electroplating, an impact plating, or a 
method selected from two or more kinds thereof before 
forming the lubricating coating. 

14. The tubular threaded joint according to claim 5, 
wherein the lubricating coating is provided on the contact 

surface of one of the pin and the box, and 
the contact surface of the other of the pin and the box is 

Subjected to a Surface treatment by a blasting, a pickling, 
a phosphate chemical conversion treatment, an oxalate 
chemical conversion treatment, aborate chemical con 
version treatment, an electroplating, an impact plating, 
or a method performed in combination of two or more 
kinds thereof. 

15. The tubular threaded joint according to claim 6. 
wherein the lubricating coating is provided on the contact 

surface of one of the pin and the box, and 
the contact surface of the other of the pin and the box is 

Subjected to a Surface treatment by a blasting, a pickling, 
a phosphate chemical conversion treatment, an oxalate 
chemical conversion treatment, aborate chemical con 
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version treatment, an electroplating, an impact plating, 
or a method performed in combination of two or more 
kinds thereof. 

16. The tubular threaded joint according to claim 5, 
wherein the tubular threaded joint is used to connect a 

plurality of oil country tubular goods. 
17. The tubular threaded joint according to claim 6, 
wherein the tubular threaded joint is used to connect a 

plurality of oil country tubular goods. 
18. The tubular threaded joint according to claim 7. 
wherein the tubular threaded joint is used to connect a 

plurality of oil country tubular goods. 
19. A method of connecting a plurality of oil country tubu 

lar goods, the method comprising a step of 
connecting the plurality of the oil country tubular goods 

using the tubular threaded joint according to claim 5 
without using grease lubricating oil. 

20. A method of connecting a plurality of oil country tubu 
lar goods, the method comprising a step of 

connecting the plurality of the oil country tubular goods 
using the tubular threaded joint according to claim 6 
without using grease lubricating oil. 

k k k k k 


