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A TUBULAR JOINT HAVING WEDGE THREADS WITH 

SURFACE COATING 

BACKGROUND 

Field of the Disclosure 

[00011 Embodiments disclosed herein relate generally to threaded joints having 

wedge threads. More particularly, embodiments disclosed herein relate to wedge 

threads having an improved surface coating applied thereon and related methods of 

applying the improved surface coating.  

Background Art 

[0002] Casing joints, liners, and other oilfield tubulars are frequently used to drill, 

complete, and produce wells. For example, casing joints may be placed in a wellbore 

to stabilize and protect a formation against high wellbore pressures (e.g., wellbore 

pressures that exceed a formation pressure) that could otherwise damage the 

formation. Casing joints are sections of pipe (e.g., steel or titanium), which may be 

coupled in an end-to-cnd manner by threaded connections, welded connections, or 

any other connection mechanisms known in the art. As such, connections are usually 

designed so that at least one seal is formed between an interior of the coupled casing 

joints and the annulus formed between exterior walls of the casing joints and the 

interior walls of the wellbore (i.e., the formation). The seals may be elastomeric (e.g., 

an o-ring seal), thread seals, metal-to-metal seals, or any other seals known to one of 

ordinary skill in the art.  

f00031 It should be understood that certain terms are used herein as they would be 

conventionally understood, particularly where threaded tubular joints are connected in 

a vertical position along their central axes such as when making up a pipe string for 

lowering into a wellbore. Typically, in a male-female threaded tubular connection, 

the male component of the connection is referred to as a "pin" member and the female 

component is called a "box" member. As used herein, "make-up" refers to engaging a 

pin member into a box member and threading the members together through torque 

and rotation. Further, the term "selected make-up" refers to the threading of a pin 
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member and a box member together with a desired amount of torque or based on a 

relative position (axial or circumferential) of the pin member with respect to the box 

member. Furthermore, the term "box face" is understood to be the end of the box 
member facing outward from the box threads and the term "pin nose" is understood to 

be the end of the pin member facing outward from the threads of the connection. As 
such, upon make-up of a connection, the nose of the pin is stabbed or inserted into and 
past the face of the box.  

[0004] Referring to the geometry of threads, the term "load flank" designates the side 
wall surface of a thread that faces away from the outer end of the respective pin or 
box member on which the thread is formed and supports the weight (i.e., tensile load) 
of the lower tubular member hanging in the wellbore. Similarly, the term "stab flank" 
designates the side wall surface of the thread that faces toward the outer end of the 
respective pin or box member and supports forces compressing the joints toward each 
other such as the weight of the upper tubular member during the initial make-up of the 
joint or such as a force applied to push a lower tubular member against the bottom of 
a bore hole (i.e., compressive force).  

[0005] One type of threaded connection commonly used in oil country tubular goods 
is known as a wedge thread. Referring initially to Figures IA and 1B, a prior art 
tubular connection 100 having a wedge thread is shown. As used herein, "wedge 
threads" are threads, regardless of a particular thread form, that increase in width (i.e., 
axial distance between load flanks 225 and 226 and stab flanks 232 and 231) in 
opposite directions on a pin member 101 and a box member 102. The rate at which 
the threads change in width along the connection is defined by a variable known as 
the "wedge ratio." As used herein, "wedge ratio," although technically not a ratio, 
refers to the difference between the stab flank lead and the load flank lead, which 
causes the width of the threads to vary along the connection. Furthermore, as used 
herein, a thread "lead" refers to the differential distance between components of a 
thread on consecutive threads. As such, the "stab lead" is the distance between stab 
flanks of consecutive thread pitches along the axial length of the connection. A 
detailed discussion of wedge ratios is provided in U.S. Patent No. 6,206,436, issued to 
Mallis, assigned to Hydril Company, and incorporated by reference in its entirety 
herein. Furthermore, wedge threads are extensively disclosed in U.S. Patent No. RE 

2



WO 2011/048455 PCT/IB2010/002584 

30,647 issued to Blose, U.S. Pat. No, RE 34,467 issued to Reeves, U.S. Pat. No.  

4,703,954 issued to Ortloff, and U.S. Pat. No. 5,454,605 issued to Mott, all assigned 

to Hydril Co. and incorporated herein by reference in their entirety.  

[0006] Referring still to Figures 1 A and 1B, a pin thread crest 222 in a wedge thread 

coupling is narrow towards a distal end 108 of pin member 101 while a box thread 
crest 291 is wide. Moving along an axis 105 (from right to lef), pin thread crest 222 
widens while box thread crest 291 narrows as it approaches a distal end 110 of box 
member 102. As shown in Figure IA, the threads are tapered, meaning that a pin 
thread 106 increases in diameter from beginning to end while a box thread 107 
decreases in diameter in a complimentary manner. Having a thread taper may 
improve the ability to stab pin member 101 into box member 102 and distribute stress 
throughout the connection.  

[00071 Generally, thread seals are difficult to achieve in non-wedge (i.e., free
running) threads. However, thread forms that are unable to form a wedge seal in a 
free-running configuration may create thread seals when used in a wedge thread 
configuration. As should be understood by one of ordinary skill, as wedge threads do 
not require any particular type or geometry of thread form, a variety of thread forms 
may be used. One example of a suitable thread form is a semi-dovetailed thread form 
disclosed in U.S. Patent No. 5,360,239, issued to Klementich and incorporated herein 
by reference in its entirety. Another thread form includes a multi-faceted load flank 
or stab flank, as disclosed in U.S. Patent No. 6,722,706, issued to Church and 
incorporated herein by reference in its entirety. Each of the above thread forms is 
considered to be a "trapped" thread form, meaning that at least a portion of the 
corresponding load flanks and/or corresponding stab flanks axially overlap.  

[00081 Referring again to Figures IA and IB, in wedge threads, a thread seal may be 
accomplished through contact pressure caused by interference that occurs at make-up 
over at least a portion of connection 100 between pin load flank 226 and box load 
flank 225 and between pin stab flank 232 and box stab flank 231. Close proximity or 
interference between roots 292 and 221 and crests 222 and 291 complete the thread 
seal when occurring proximate to such flank interference. Generally, higher pressures 
may be contained either by increasing interference between the roots and crests 
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("root/crest interference") on pin member 101 and box member 102 or by increasing 

the aforementioned flank interference.  

[00091 Although various wedge thread connections exist having positive-stop torque 
shoulders (e.g., Klementich, referenced above), wedge threads typically do not have 

torque shoulders, so their make-up is "indeterminate," and, as a result, the relative 

position of the pin member and box member may vary more during make-up for a 

given torque range to be applied than for connections having a positive-stop torque 
shoulder. For wedge threads designed to have flank interference and root/crest 
interference at a selected make-up, the connection is designed such that both the flank 

interference and root/crest interference increase as the connection is made-up (i.e., an 

increase in torque increases flank interference and root/crest interference). For 
tapered wedge threads having root/crest clearance, the clearance decreases as the 

connection is made-up.  

[00101 Regardless of the design of the wedge thread, corresponding flanks come 
closer to each other (i.e., clearance decreases or interference increases) during make

up. Indeterminate make-up allows for the flank interference and root/crest 

interference to be increased by increasing the make-up torque on the connection.  
Thus, a wedge thread may be able to thread-seal higher pressures of gas and/or liquid 
by designing the connection to have more flank interference and/or root/crest 
interference or by increasing the make-up torque on the connection. However, 
increased interference and make-up torque may increase stress on the connection 
during make-up, which may lead to premature failure of the connection.  

[0011] Furthermore, as shown, connection 100 includes a metal-to-metal seal 112 
created by contact between corresponding seal surfaces 103 and 104, respectively 
located on pin member 101 and box member 102. Metal-to-metal seal 112 provides 
an additional measure of seal integrity (i.e., when a wedge thread seal is not 
sufficient) for threaded connection 100, and is particularly useful where connection 
100 is intended to contain high-pressure gases. While metal-to-metal seal 112 is 
shown located proximate to the distal end 108 of pin member 102, it should be 
understood by one of ordinary skill in the art that metal-to-metal seal 112 may be 
positioned anywhere along the length of connection 100, including, but not limited to, 
a location proximate to distal end I10 of box member 102.  
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(0012] In certain instances, one or more "dry" surface coatings may be applied to the 

thread surfaces of a connection for various reasons, such as to improve the sealing 

characteristics of the threaded connection, resist galling of the threads, and provide 

corrosion resistance. The surface coating may be characterized as dry because it 

permanently adheres to the thread form, rather than being applied as a flowing dope

type lubricant. For example, U.S. Publication No. 2009/0033087, assigned to the 

assignee of the present application, discloses a threaded joint having free-running 

threads and a surface coating applied in multiple layers. However, wedge threads 

present new difficulties for surface coatings because of the intricate and high

tolerance sealing characteristics of the thread forms themselves. Accordingly, there 

exists a need for a dry surface coating for wedge thread surfaces that exhibit the 
beneficial characteristics of surface coatings currently applied to free-running threads.  

SUMMARY OF THE DISCLOSURE 

[0013] In one aspect, embodiments disclosed herein relate to a threaded joint for 
pipes including a pin member and a box member, the pin member having an external 

thread configured to correspond to an internal thread of the box member, a thread 
form of the internal and external threads having generally dovetail-shaped profile with 
stab flanks and load flanks and flat roots and crests, wherein the internal threads are 
increasing in width in one direction on the box and the external threads are increasing 

in width in the other direction on the pin, so the roots, crests, and flanks of the threads 
move together and form seals that resist the flow of fluids between the seals. The 

threaded joint further includes a fluoropolymer-based coating applied to specific 

regions of the internal and external threads and a resin coating disposed in regions of 
the internal and external threads that are devoid of the fluoropolymer-based coating, 
wherein the fluoropolymer-based coating and the resin coating are configured to form 

a layer of substantially uniform thickness on the overall surface of the internal and 
external threads.  

[0014] In other aspects, embodiments disclosed herein relate to a method of 

improving threaded surfaces of a pipe joint, the method including providing a pin 
member having external wedge threads, and a box member having internal wedge 
threads configured to correspond with the external wedge threads of the pin member, 
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surface treating an overall surface of the internal and external wedge threads, applying 

a fluoropolymer-based coating to specified regions of the internal and external wedge 
threads, and applying a resin coating, subsequent to fluoropolymer-based coating, to 
the overall thread surface of the internal and external threads, wherein the resin 

coating is configured to adhere to regions devoid of the fluoropolymer-based coating.  

[0015] Other aspects and advantages of the invention will be apparent from the 
following description and the appended claims.  

BRIEF DESCRIPTION OF DRAWINGS 

(0016] Figures IA and IB show cross-sectional views of a prior art tubular 

connection having wedge threads.  

[0017J Figure 2 shows a cross-sectional view of a wedge thread having a thread 
surface coating in accordance with embodiments of the present disclosure.  

DETAILED DESCRIPTION 

[00181 In one aspect, embodiments disclosed herein relate to a surface coating that is 
applied to wedge threads and related methods of applying the surface coating to 
wedge threads. Referring to Figure 2, a cross-sectional view of a wedge thread form 
having a surface coating 300 is shown in accordance with embodiments of the present 
disclosure. Surface coating 300 includes a first coating 310 and a second coating 312, 
which together form the single uniform surface coating layer 300 on an overall 

surface of the thread form. While Figure 2 depicts a surface coating 300 applied to 
the threads of a pin member, it should be understood that surface coating 300 may be 
applied to both the threads of a pin member and a box member, or only the threads of 
the pin member, or only the threads of the box member. In certain embodiments, the 
surface coating 300 may be applied to the box member and another corrosion resistant 

coating and/or a lubricant is applied on the pin member.  

[00191 In embodiments disclosed herein, multiple coating applications may be 
required to ultimately complete surface coating 300 as a single uniform coating layer 
that completely covers the entire thread surface. An application method in 
accordance with embodiments disclosed herein may proceed as follows. Initially, a 
previous surface treatment (i.e., chemical or mechanical surface treatment) (not 
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shown in Figure 2) may be applied to an entire thread surface to prepare the thread 
surface for subsequent coatings. Chemical treatments may be a preparatory coating 
for the thread surfaces and may not have any substantial thickness. The chemical 
coating may include, but is not limited to, a phosphate coating, an oxalate coating, and 
a borate coating. The chemical coating forms a base on the thread surfaces to 
promote maximum adherence of subsequent coatings to thread surfaces and to prevent 
galling and corrosion of the thread surfaces. For example, a surface finish, or 
roughness, of the thread surfaces may be required to be within a certain range after 
application of the chemical coating to allow for proper adherence to the thread 
surfaces by subsequent coatings. Mechanical treatments may include blasting or other 
abrasive treatments. In certain embodiments, the average surface roughness (Ra) may 
be within a range of about 2.0 micrometers and 6.0 micrometers. In other 
embodiments, the average surface roughness may be within a range of about 2.0 and 
4.0 micrometers.  

[00201 After the surface treatment, first coating 310 may be applied to the thread 
surfaces. First coating 310 may be applied along with a solvent, which reduces the 
viscosity of the mixture to an application viscosity (ie., thins the mixture so it can be 
applied more easily to the thread surfaces). Typical organic solvents that may be used 
in the coating mixture include, but are not limited to, 2-methoxy-lmethyl-ethyl 
acetate, xylene, acetone, tetrahydrofuran, methyl ethyl ketone, ethyl acetate, propyl 
acetate, butyl acetate, isobutyl acetate, methyl isobutyl ketone, methyl amyl acetate, 
diisobutyi ketone, ethylene glycol monomethyl ether acetate, ethylene glycol 
monoethyl ether, and mixtures of the above. After application of the first coating 310 
on the thread surfaces, the solvent typically evaporates from the mixture, leaving the 
first coating 3 10 as a layer on the thread surfaces.  

[00211 First coating 310 may generally be applied to specific regions of the thread 
surfaces, namely, thread crest surfaces 304 and substantially central regions 302A of 
the thread root surfaces 302. First coating 310 may be applied only to substantially 
central regions of thread roots surfaces 302 due to the application method of the first 
coating 310 and limitations imposed by the structure of wedge threads. First coating 
310 may generally be applied in a radial direction to the threads (e.g., in a direction 
substantially perpendicular to central axis 305). The radial direction may be 
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employed as it may produce a more uniform distribution at the root surface, thus 
requiring fewer passes applying subsequent coatings.  

[00221 Because of this particular application method, the structure of the thread form 
may impose limitations as to the regions of the thread form to which the first coating 

310 may be applied. As previously described, wedge threads may be characterized, in 
certain embodiments, as a trapped or dove-tailed shaped thread form. As illustrated in 

Figure 2, a dove-tailed thread form may have a smaller axial width near thread root 
302 and a larger axial width near thread crest 304. Thus, a portion or region of thread 
root 302 is overlapped or covered by adjacent thread crests 304. Substantially central 
regions of thread roots 302 are indicated by 302A in Figure 2, while the overlapped 
regions are indicated by 302B. Therefore, first coating 310 may only be applied to a 
substantially central region 302A of the thread roots 302, while it is applied to an 
entire surface of the thread crests 304. First coating 310 may have substantially low 
friction and low superficial tension properties (i.e., subsequent coatings may not 
adhere to first coating easily). Low friction values in accordance with embodiments 
disclosed herein may be less than about 0.08. In other embodiments, low friction 
values may be less than about 0.04. The low superficial tension properties of the first 
coating 310 may be beneficial to the application of a second coating, described as 
follows.  

[0023) Second coating 312 may be applied after first coating 310 to an overall surface 
of the threads by pouring, spraying or brushing. However, due to the low superficial 
tension properties of first coating second coating 312 may be repelled by first coating 
310 and migrate to the uncoated regions of the thread form. The second coating 312 
may generally be repelled by the first coating 310 due to the difference of the surface 
energy between coatings; the surface energy of the second coating may be higher than 
the surface energy of the first coating. In certain embodiments, the second coating 
may have a surface energy at least twice that of the first coating. Low values for 
surface energy in accordance with embodiments disclosed herein may be values less 
than about 50 dynes/cm. In other embodiments, low values for surface energy may be 
less than about 20 dynes/cm, 

(00241 After first coating 310 is applied, the uncoated regions of the thread form may 
generally include the thread flanks 306 (both stab and load flanks) and outermost 
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regions 302B (axially) of the thread root 302, which extend away from the central 

region 302A and toward a transition 303 in the thread form transitions 303 from the 

thread root 302 to thread flanks 306. After application of second coating 312, a single 

layer uniform surface coating 300 (i.e,, constant thickness coating) is present on the 

thread surfaces of the connection. The surface coating 300 may be cured by heat 
treatment if required. In certain embodiments, post-application heat treatment up to 

about 150 degrees Celsius, or higher depending on the coatings, may be performed.  

[0025] In one example, first coating 310 may be a fluoropolymer-based coating. The 

fluoropolymer-based coating may include a fluoropolymer solid (e.g., a powder) that 
is dispersed in a thermoset, such as an epoxy. The epoxy may be formed from an 
epoxide (such as conventional glycidyl epoxies including, but not limited to, 
diglycidyl ether of bysphenol-A and novalac epoxy resins, as well as any other epoxy 

known in the art) and a curing agent, which are known in the art. The fluoropolymer
based coating may include a reactive epoxy that may react with a curing agent to form 
a thermoset network having the fluoropolymer distributed therein. The thermoset 

may be delivered (i.e., applied) as an unreacted but reactive resin that may cure upon 
application on the desired thread surfaces.  

[0026J The fluoropolymer solid may be dispersed within the epoxy in specified ratios 
to exhibit the desired characteristics of the first coating (e.g., sealability, galling 
resistance, corrosion resistance, durability, etc.) In certain embodiments the 
fluoropolymer solid may contribute about 20-40 weight percent and the epoxy may 

contribute about 40-60 weight percent. Additionally, titanium dioxide may be 
present in the mixture and contribute 5-15 weight percent in embodiments disclosed 
herein, a thickness of first coating 310 may vary within a range of about 10-40 
micrometers.  

[00271 In certain embodiments, the fluoropolymer powder may be 
polytetrafluoroethylene ("PTFE"). Other examples of fluoropolymers that may be 

used in embodiments disclosed herein include, but are not limited to, perfluoroalkoxy 

polymer resin ("PFA"), fluorinated ethylene-propylene ("FEP"), 
polyethylenetctrafluoroethylene ("ETFE"), polyvinylfluoride ("PVF"), 
polyetbylenechlorotrifluoroethylene ("ECTFE"), polyvinylidene fluoride ("PVDF"), 
polychlorotrifluoroethylene ("PCTFE"), and perfluoropolyether fomblin ("PFPE").  
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10028] Second coating 312 may be a polymeric resin, which is applied to cover 

uncovered surfaces of the threads, or surfaces not already covered by the first coating 

310. Second coating 312 may have elastic properties after being applied to the thread 

surfaces. The function of the polymeric resin is to fill the gaps which have been 

generated by the first coating. The elastic property is beneficial because the material 

will recover its shape after each make & break with its sealing capacity intact. The 

types of resin that may be used as the second coating may include, but are not limited 

to, epoxy, polyester, and ester epoxy resin. In embodiments disclosed herein, a 

thickness of second coating 312 may vary within a range of about 10-40 micrometers.  

Because of the low friction and low superficial tension properties of first coating 310, 
the second coating 312, or resin, may be selectively distributed to regions of the 

thread surfaces devoid of the first coating 310. In other words, low friction properties 

of first coating 310 may encourage (e.g., by repelling) second coating 312 to migrate 
to regions of the thread surfaces that are devoid of the first coating 310. Thus, first 

coating 310 and second coating 312 form a single uniform coating layer 300 on the 

overall thread surface by occupying their separate respective regions, which are 

described in detail below.  

[0029] In alternate embodiments, a copper plating layer may be applied to the thread 

surfaces prior to application of a coating. In certain embodiments, the surface 

treatment may provide an average surface roughness (Ra) within a range of about 2.0 

micrometers and 6.0 micrometers. In other embodiments, the average surface 

roughness may be between about 2.0 and 4.0 micrometers. Corrosion-resistant alloys 

may have a higher chrome content to withstand more aggressive or extreme downhole 

environments. Those skilled in the art will understand selection of corrosion-resistant 

alloys.  

[0030] Advantageously, embodiments of the present disclosure provide a thread 

surface coating having improved anti-galling and seizure resistance characteristics, 

which allows the threaded connection have such a surface coating to endure multiple 

make-ups and break-outs. Increasing the life of a threaded connection over multiple 

make-ups and break-outs may reduce costs associated with replacing worn or 

damaged threaded connections. Test data has shown that a wedge thread connection 

having surface treatment in accordance with embodiments disclosed herein, having 
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been made-up with torque values between about 9,500 ft-lbs. and 20,000 ft-lbs. torque 

experience no galling of thread or seal surfaces in any of the consecutive make-ups and 

break-outs.  

[0031] Additionally, the surface coating of embodiments disclosed herein may provide 

lubricant characteristics for the threaded connection by eliminating metal on metal 

contact during make-up. Further, the surface coating may improve the sealing 

characteristics of the threaded connection. Still further, the surface coating may provide 

improved corrosion resistance, thereby increasing the useful life of the threaded 

connection. Maintenance and equipment replacement costs may be reduced the longer 

the threaded connection can remain in service. Finally, the surface coating is 

environmentally friendly and does not contain any potentially contaminating elements.  

[0032] While the present disclosure has been described with respect to a limited number 

of embodiments, those skilled in the art, having benefit of this disclosure, will 

appreciate that other embodiments may be devised which do not depart from the scope 

of the disclosure as described herein. Accordingly, the scope of the disclosure should be 

limited only by the attached claims.  

[0033] In this specification where a document, act or item of knowledge is referred to or 

discussed, this reference or discussion is not an admission that the document, act or 

item of knowledge or any combination thereof was at the priority date publicly 

available, known to the public, part of the common general knowledge or known to be 

relevant to an attempt to solve any problem with which this specification is concerned.  

[0034] The word 'comprising' and forms of the word 'comprising' as used in the claims 

does not limit the invention claimed to exclude any variants or additions.  
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Nh N f 1ohern theed ro ea c ig 

5 The-, thre .aded ]iNt of 4.i o 1whr the fluoropolymrsasdcag 

theu floopolymeofhased coatng tig a xat 
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V. Th hrae joit$oan A ~one of clim2 to vwherein a rnemncal surface~ 

tramn",, is apied to an ove&alsufc of theinemilardexmaltrdspiro 

appiwcatSio of the fintstpolymertased coating 

7, Th'e trae joint of any Oo of claims 1 to Iw et u py 

m a radal hiness tin a' e "u 1o A 

8. The threaded joint of,:yon of lam 1t 7: wheritemei otn 

comprises athicness win a range of about 10 to about 40 mi am ee r 

9s The threaded joint of any o, ofcam 1t heentefloooyreaae 

10, The thre-o.aded joint of any one of claiS It'o 9w mithre candesnot' 

adhr to hefloropoymep based coating, 

11. A amtod of ipvigtraddsurfaes of a p,-ipe jittemtodcrpiig 

as, ',', '. 'o.ns I .  

proviing aOpn mebe haigetmalwdereas.n bkmme 

grea sof the p member thn 

Vohavig a ge~nerailtly doetl shaped pmfille 

surface treaan-"g anoeal ufceoieinenl n xemlwde hed 

applying floroolymr-bsedcoating to specified rgrso h rtia n 

p a coating, subsequent to luropoymer-based coating to th 

verail thread| surface of the intemai and e emai th s rhe relin 

coadn g is to regions devoid 

coating.  

12. The morned of cAim 11, wherein thV ufcirean opissapyn 

cheica tratmnt eistedfro a rou cosisingof a phosphate coatig.art oxalate 

oa~ng and a bQrat coating, 

1% Th mthd f" claim 11. wherein th ufaetetn cmrse ylyn 

mecha nca treatmentN N 

(N N"(UN'CN' "A' ~~j(4$N2;N.M (NN "N~rU fl ~ "N ( '~(~ ""N" N''1



The method of any one of claims 11 to ", fourth pg th 

fzuoropolymer43ased coatrotr c(reo aia regions ofv thea 

15. The method of any one of dains 11 fa 14, uther comprisig frmiing a single 

uniomi layer on the overall surface of the internal and "" x h"ads t 

fluroplymibased coating an~d the resn coahng, 

16. The mefhd of any one of clims 11 to 1, ui a 

rougnes ofhe nteal nd uemlmrads wiAn arneo bu 2mcoees 

about. 6 micrometers poro apilingq the fluoroollmevrbased coating.  

17t The me'A of any one of daims t urthec c 

0oatirg after application to the inaaln xea ned ihha 

18 'he meho d o f a ny one of Aim4ops 1N to 17,udhr tcom n S viig a sivent 

mi'ure with the ~uoropolymebaseneN'd Coating for applynthfurp me 

of Wherein the k01ent compsCes e"Anyd en""i yNthyi 

acetate anl ne 

2 The ethod of clam 18 or 1o , where tht floropoymer4ased CoaNtg s 

present in lthe yum w 'N arnge of a 20~4N i p t-aiid hn 

present Whlin a range of vlxAbu60 wghpeen 

21. The method of any cone of dairs 1 to 20, whrer ters co g does not 

adhereto the fluoroolyvmern based coating
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