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-1- : - o0 2131828 LUBRICANT FILM FOR: PREVENTING GALLING OF S

METAL SURFACE$ This invention relates to a novel lubricant films 0 -ﬂ
torned on the surfaces of sliding nmetal parts. under high surface pressure
for- preverting galling thereof. Galling occurs to metal surfaces which are
in sF|H¥ng cont act under hi gh surface pressure, particularly where the
metal has a | ow thernal conductivity and:a 10 ° I'ar ge thermal expansi 0213182i
coef ficient, such as stainless steel, }en giving rise to problens in =
vari bus Industrlal machi nes. For. exanple "if the phenomenon of galling
‘occurs when connecting threaded ends of oil well pi-pes, the 15 - connecting
and breaki ng’ oper at i pyBRE®AK® PQLM”F@RrFﬁﬁvﬁhifNé'éALnﬁNdIU? pi pe for
ccutting off the defefTTve prpe end and tapprng a 1resn screw thread on t he
“pi pe end, "wasting consi der abl SLEDIRG aMETABDSURFACES) addition to oil well
pipes, the same applies to netalTic sliding parts 20  which are subjected
to a high surface pressure. Hitherto, various |ubricants have been- proposed

for preventing galling of metallic sliding parts.. ln nost cases
these. 1 ubricants contafhig {BVPRTEIOBRFedhal esanLENQQ%ﬁﬁ lRRiGapE £idMor an

F I t MoS -
2;2?2:5:. (8 o000 beh 2araStiifL Pre st Pacge e AR B e Whg ool
4, 206, 060 and JiﬁﬁﬂﬁsﬁlﬁﬁtéﬁkfﬁeB'b&é&é&Pe for preventing galling thereof.

Galling occurs to. metal surfaces which are in

sliding contact under high surface pressure, particularly
where the metal has a low thermal,conductivity and,a
10 1arge_thermal'expansion'COefficient, such as stainleSS.
‘steel; often giving rise to problemsiin_various industrial
machines. | | | o
For example, if _the phenomenon of galling occurs
when connecting threaded ends of 0il well plpes, the
15 connecting and breaking operation has to be interrupted -
to llft up the pipe for cutting_off the defective pipe-
'end_and tapping a fresh“screw thread-on the pipe end,
wasting considerable time and labour. In addition tb”cii_
well pipes, the same appiies fo metallic sliding parts
20 which are sub]ected to a high surface pressure. .0
Hitherto,_various lubricants have been proposed
for preventing galling of metallic sliding parts. In
.most cases these lubricants contain a solid 1ubricant,
a lubricant additive and/or an. organic resin. For

25 | example, ‘a lubricant comprising an Mosz-resin ‘system is"
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‘proposed in U. S. Patent Nos. 3,051, 586, 4,303,537,
3,146,142 and 4,206,060 and Japanese ‘Patent Publication



'Rb.¥51-43558;1afIUbricaﬁt'ccnprising an MoS[err] Sb203 -resin systemis
losed in U S. Patent Nos. 3,314,885 and 3, 882, 030, and Kirk- Clhner
ycl opedi a of Chenical Technol ogy, and a | ubri cant conpri'si ng“a

yedphite-resin 5 systemis described in U S. Patent No. 2,335, 958.

.~ order to make the nost of the functions of the conponent of a Iubrlcaﬁ!*and'

-~
)

~ to maintain satisfactory .|ubrigative properties in severe conditions under

a high surface pressure, the kinds and bl ending ratios 10 - based on the
correl ations ofthe respective ingredients are inportant factors which - =~
shoul d be taken into consideration in this connection. The lubricants of
the aboWe- nBht4 3928, s3 stunsicant rquesiisiogs aar ¥os rShgegssasihy .
satisfactory.as a_lubricant for sliding metal 15 ~ pait3 under high surface

pressur8Y3h cbﬁd%$5?%9§5&niﬁe§}ﬁr)HﬁﬁﬂgtaN§§ffﬁcﬁéﬂbséﬁfﬁad on the 'id N
1t f [ 1 0 elim.nate the above-nentione
B; g\bfgrréogﬁg 91’%6 a0 t#%/ﬁf gﬁ e %’rcéﬂﬂ é’eéulauﬁlfl Ehemicatm V\/m ch is capable-

f eff f L1ic rts under high '
| gur?ac?pé%@éﬁ?&evﬂor g" il jtéoé}gcng‘:%a 53'51%(% %I ﬁgagﬁ(’lgﬁt FSﬁ there is -

prgvi degyatémbié Coalicsibdd CHNAIN M tentS .02, gr'%@t cont ai ni ng 60- 80 wt
% of McS ferr] or MbS2 + graphite;. a ['ubricant “4ddifive consisting of at

"l east one. corrpnmemtdeﬁ&o mgacﬂr@ rosaMck0+he Whn%t%n§b893thge povvder

powder
component of . a lubricant and to maintain satisfactory

1ubr1cative properties in severe conditions under a
high surface pressure, the kinds and blending ratios
10 based on the correlations.of_the respective ingredients
| are important factors which should be taken into |
consideration in this cbnnecticn; The lubricants of
_ the above-mentioned systems or: compos;ticns are not
necessarily satisfactory as a lubricant for-sliding metal'
15 parts under high surface pressure and cannot be expected
to have a sufficient effect on the prevention of galling,
We have.sought to eliminate the above-mentioned
problem, and more particularly-tolprcvide a‘lubricant
£ilm which is'._c_apable' of effectively preventing galling
26_ of sliding metalliC'parts‘under high surface'pressures.t
| According to one aspect of the 1nvention, there
is prov1ded a lubricant film containing.'a solid lubricant
centaining 60-80 wt % of Mos2 or MoS2 + graphite, a .
lubricant'additive COnsisting of at least'one_component_
_25 selected from 10-30 wt 3 of Sb203; Fe powder,'Zn powder
and Ag powder,_and an organic. binder consisting of more

" than 3 wt % and less than 15 wt % of at least one.
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and'Ag'pomder and an organlc b|nder con5|st|ng of nor e than 3w % and
| ess than! 15.w¢ @6of at..least *one 7. .+. (" - 3- conponent sel ected from -
.APOXY- ester resin, acrylic resin and urea resin. Reference.is now made to

the acc dnpanylng dramnngs in which: 5 FIGURE 1is a graphlc representation *;

Tc P

of “the iding time up-to. the occurrence of initial gal l'ing versus the
Sb[errT{Ierr] content; FIGURES 2 to 4 are schematic views of a plate- rider
friction fest apparatus and 10 o FIGURE-5 is. a diagram of the

nunber of ‘the:sliding time versus the f3<ction coefficient for various
_Jubrlcants The lubricant filmaccording to the present invention is
constituted by -a solid |ubricant, an- add|t|ve and an 15 organic resin:

bi nder. ~ The solid lubrica ected f and Mdg[ er hlte

b nder . The SOLgb ABE SAlled & P bW 200108 Frite bl e
powder, Zn powdgga éﬁb&“¥£$i and ‘any m xture thereof, and the organic resin- -
S selected roman epoxy- 20 ester resin; .an acrylic

.resin, a urea resin anﬂefébeﬂﬂeﬂiﬁdhow made to the accompanying drawings,
| | in which' | ]
'_5_' | . FIGURE 1 is a graphic representation of the:
. slidi'ng_t_ime_up to the occurrence of 1nitial_galling_:
verSus the Sb,0, content; ) '
| FIGURES 2 to 4. are schematic views of a plate-
rider friction test apparatus- and -

10 . FIGURE 5 is a diagram of the number of the sliding
time.versus the. friction. coeffiCient for various
lubricantsl.

The.lubricant filmkaccOrding'to theipresent'invention.-
| -is const_it_ut_ed "by a so_lid. _lubricant; lan'additi\'re and an'
15 organic resin binder._.The'soliddlubricant is'selected
i _ from Mos2 and MoS2 + graphite, the lubricant :
additive is selected A .“: from Sb203, Fe powder,
..Zn powder, Ag powder and any mixture thereof, and the _
- organic resin is selected _ h-h_ _'[ from an epoxy-'
- 20 _ester reSin, an acrylic rESLH, a urea resin and any mixture
:'thereof.:__ . _
With regard to the solid lubricant, the lubricant
'-film according to the present invention contains MoS, or
_ .Mosz +. graphite, as mentioned hereinbefore, in an amount
25 of 6°*8°th %. The solid 1ubricant which plays the main
h ""role in lubrication lowers the friction coefficient_and_

therefore reduces the amount of'frictional,heat in the



thereof. Wth regard to the solid |ubricant, the Iubrlcant f|In1accord|ng
“to the present invention contains MOS2 or * = MOS[err] +. grqphlte as
nentioned herei nbefore, in an anount 25 of 60-80 wt % . The sofid

Y ricant which plays the main role in lubrication lowers the frictio

"'Eb fficient and therefore reduces the anount of frictional heat in tﬁeﬁ
4 sliding netal portions undgg.high surface pressure to prevent gal | ing, -

\" so that it should be contained in the range of 60-80 wt % Solid | ubricants .
such as W52, (CF) . (carbon fluoride) 5 PTFE (-pol yt et rafl uoroet hyl ene) .
and the I|ke have |nadequate Iubrlcatlng properties, so that the solid
|ubrrcaeulamﬂgomenallpothﬁoﬁseeﬁmer|nmgﬂusuxfacerprﬁssu&@edxio MbS2 or NbSZ_
+.graphite in the above deéefined range.- A.solid lubricant content of | ess
t han 60pueventegallingn solthat dit eshoulkd ibm donthimed ldin yhend a hi gh
friction co- efficient, and the deterioration in durablllty wi || occur even
with a 8nge PELAPTBAtWEoRtent in excess of 80 wt . % Thus the content of

e 5 B o S Tl B ko 11
of oo 39l (LUBLLERRLES90LBLERPRAL] MRl TS dve BlEhe
' ' lubr;cating properties, solthat the solid lubfiCant
compoﬁent in'tﬁe'p:esent_iﬁVentiOﬁ_is.festficted_toMoS.2
~or MoS, + éraphite-in the ebove defined renge. A solid’
lubricant content of lesszthan.GO'Wt.%“restltsfin a
10 detegiorétion'in durebility and a high frictionfCo-.
efficieht;-and the'detefiofation in dﬁrability Will.occur
even with a solid lubricant_Content.in ekcess’of-so wt'%.-.
-Thuéj the content of the soiid-lubricent_should-be'in the"
range of .60 to 80 wt %.

15 '_ . With regard to the lubricant addltlve whlch
lmproves the thermal stability of the SOlld lubrlcant
.contalnlng film, Sb203, Fe_powder, Zn powder, Ag powder

or any mixture thereof is added ih eo'amount of 10-30 wt $%.
This'iubricaﬁt additive seives to sﬁépreSS'theIOXidation

20 of Mosé of.the.solid lubricaqt (Moéz'beiné oxidized to
Mooé which Has‘lowe; lubriceting-properties).: The
contentlof the lubricant additiQe should be in the range
of 10-30 wt % since the above-mentioned effect cannot be
expected if its content is less than 10 wt % and the .

25 lubricating property of the solid lubricant_contein;ng'

'.'filh'is'insteadflowered if its content is greeter than

30 wt %. '
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Qr any mxture. thereof -i s added in:an.amount. of- 10-3Q0 wt % This Iubrlcant“-
!addrtrve serves to- suppress the oxidation 20 ‘of MS2 of the solid /
4Lubr|cant (NCSZ belng oxi dized.to- MoO which has | ower. Iubrlcat|ng
Jproper, es) . The 3 content of the lubricant additive.should be in the:
'range Qgf- 10-30 wt % since the above-nentioned. ef fect cannot be expected if"
its cpﬁtent is I'ess than 10 wt %and the 25 . |ubricating. property of t he
solid-fubricant containing filmis instead |owered if its content . :
greater than 30 wt% -5- FIGURE | stBws the results of sliding tests of

| ubricant filns contarnrng an epoxy-ester resin~and MS[err] +.Sb203 in.a-
constant weight ratio of 8:92 but with varratrons in thelcontePt ﬁf S )
Sh[err err]. As. is clear there- 5 "from_the durabi ity of the S
1i l[orr CL% fi } mis i rrprB%@ﬁR’éohs?}F‘b‘iﬁ)Lﬁﬁ/ WQ%@fSﬁléﬂrqu destscofitent is

f d th 500 cycl f slidi '
ol oes page o 1B EGet F LR GOHRRIE A Ebai ke e?ce%rpiah@' ﬁ%agzt Lves
” | ude 10- Pb 1 h i, k
:—Ig\i/e\ljere it wil ? gth[eg{rxr+r oﬁf ¢ Qﬁ @{frlqtgoter r e>§c % Fr&ﬁcase of -

the Iubricant ag¢diih¥eSnacen’ chdddiddie dM\Hllo N, AQalils ctt@QrO‘EﬁH{:é-at a
reIatrver early time due to an unsatis- -

5 from, the durability of the libricant film is improved

t

conspicuously when the szo3 content is in the range of -
10-30 wt %, enduring more than 500 cycles of sliding
motions before initiation of galling. _

| Examples of other lubricant additives rnclude

10 PbO, MnCl., - 4H O, As

2 277
._be clear from Table l below-that, except in the case of

2O3 and the 11ke. However, it w1lli
' - the lubricant additives according to the 1nvention, gall-
' ing occurs at a relatively early time due to an: unsatis--
factory effect of the lubricant additive. _
15 j With regard to the organic binder, it con51sts
| of an epoxy ester re31n, an acrylic resin, a urea reSLnora
mxxture thereof cnd is added in fhe range of more than 3 wt % and less than 15 wt %.
'More particularly, the organic binder, which plays ‘an
' important role in binding the particles of the solid
20 lubricant powder and the 1ubricant additive powder -to
each other as well as to the base metal ‘surface, should
be present-in'an amount of more than 3 wt § in order to
"k ; _"_secure that effect in. a sufficient degree but its content
S | | lshould not exceed 15 Y in view of the low lubricating
_ 25 - property of the binder itself under high surface pressure,'

a preferred range being 3.5 to 12 wt. 8.



qctory effect of the lubricant additive. 15 _ Wth regard to the
jani ¢ binder, it consists of an epoxy ester .resin, an acryllc resim a.
resinora ntxture thereof and is added in the range of hrore than 3 mt %

Py A less than 15 wt % More particularly, the organic binder, which plays .
~an |nportant role i'n binding the particles of the solid 20 | ubri cant~=*
-powder and -the | ubricant addltlv&-pomder to each other as well as to the

base metal surface, should be present in an anount of nore than 3 wt %in
order to secure - that effect TanEsyff|C|ent degree but its content sh0u|d'
not exfeed IS5 Po. =TT FobTT (,dtl T 4 e bi nder
| tsel f| GEBELen] iﬁlg'grfgc ggegéa %gr 1 %}f\gﬁ\% t%s (12 we.
% 6NOTABLE F 5 )i ¢ fime 4By ng-
Sliding No. - ric't ' %?dl T (A (B] 1
NCS[er*]Npg a hlé%@xy- Egg 7H[e T ig]?387 es}%£P regin 2
" o Fe[ ek Ebﬁﬁrr] 160 >500 3 . .
MCllefr] 4Hefr]O . 370 >500 o - NaHCO err]
320 2 405 p* o o?s[err]q exéd = |»500201 © 305
6 | Bi.[err]qe? - 280 | 500 |
. 3 " o MnCl '4H20 - 370 7500
4 n " NaHCO3 320 _.‘_1.05 ..
5 . " " | 2 3 | | 201 ) | 305
6 " " 31203 '2§0 zSOO
7 " $i0, 305 - |>s00
8 " " PbO 380 420
9 " n Ti0, 345 »500
10 Cu powder | 374 7500
11 i Pb powder | 374|500
12 " " Ca0 . 418 >500
13 " " | Ag powder | 500 | >s00
14 " " Zn powder >500 >500
15 " " Fe powder >500 >500
The sliding times A and B represent an average

Note:
| Inumbef of sliding motions before initiation of
galliné and an average number of sliding motions
up to a time when an abrﬁpt.iqcrease in friction
-coefficient ocqﬁrs, respeetively,fin.a slidihg
_test which was repeated three_timeé_unde; the

same conditions.
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7L _ — . Siop .. 305 >560°8 --- " . "

PbO ‘ 380 4209 " ' a Tiderr] o
345 . >50010 o - Cu powder 374- 7500 11-
Pb pouger 374~ >500 12 vt . CaO - 418
>500gl- ' ot ~Ag powder . 500 - >500 14

" .Zn powder >500. >500 .15 - . Fe
_powder - >500 >500 16 e == : _ Sb[err]O[err]

>5007 - ->500 Note:  .The sliding tinmes A and B represent an average nunber
of sliding notions before initiation of. galling and an average nunber of

i di t t t an abr ncrease in friction coefficient
occur o Tespectively TR éé‘%rn‘#%m@tmt it Aover @ﬁé&eaefth%CFit%s o
under  the sane senéhélfééin binder fhéé”ﬁﬂé&?é“'ogég%rgggn ﬁ%ﬁr?§§%£238 or

function of the resin binder, . its hature 15 regar

whi ch governs. tﬂ&cﬁufaﬁhicﬁngWeﬁﬁHEﬂh@”dd%ﬁﬁiﬂiﬂynofTQﬁeo&Qﬁ?i@agtngfiﬁ

whi ch ‘are generally known in the art 5 . includé phenol resins, epoxy
resins + phenol Thesonganic abiyderesitiich WS ke ragdynknand ihethekSrt In.

~this regard, the present invention.restricts. the binder to

: 5 .include phenol reSins, epoxy resins + phenol resins or
alkyd resins, urethane resins and the like. In this g
regard, the present invention restricts the binder to
epoxy ester resins, acrylic resins urea resins and mixtures
thereof for the follow1ng reasons.' | j

10 : ' Table 2 below shows the sliding time up to the
time point at which galling initially takes place, With

2 2
. system formed on sliding metal portions under “high -

‘regard to lubricant films of an MoS,-Sb O3 organic resin

surface pressure and containing different kinds of organic
15  binders. It will be understood therefrom that acrylic
' resins, epoxy ester-resins and urea resins which are'
employed in the present invention have excellent properties
.Wlth regard to the durability of the lubricant film as
compared with other organic binders.

20 Examples of acrylic resins, epoxy ester resins and
urea resins useful in the present invention include, but
are not limited to, acrylic resins such as copolymers of

-methyl methacrylate, ethyl methacrylate, propyl’ methacrylate

and the- 1ike, epoxy ester resins such as epichlorohydrin—

oy e Y e
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25 bisphenol A-type epoxy resins esterified with an unsaturated '
'fatty acid of, for instance,_linseed.Oil, castor oil and

" the like; and urea resins such as condensation polymers

- g —— v g - o - - - -~ cevma e s s Y
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BOXY - ester resins acrylrc resins urea resins and nrxtures thereof for t he
o\l owi ng reasons. 10 : Tabl e 2 bel ow shows the sliding trne up to
tinme.point at which galling |n|t|aIIy takes place, with- regard to
[ubricant filns -of an MbS2-Sb[err]Jerr]- organi c resin system forned :
“sliding netal portrons under high surface pressure and containing diff rent
‘kinds of organic 15  binders. t. wi || ‘be understood therefrom that
acrylic resins, .epoxy ester resifis and urea resins which are enployed in

t he present .i nvention ‘have excel | ent’ properties with regard to the. E
durability of the lubricant filmas conpared with other organic brnders 20 -
Exanpl esopfu@a)aﬂd: ﬁo&@dafl%elﬁla%&y ester resins and urea resins useful

the present invention include, but are not l'inmited to, acrylic resins such'
-as copol yners of methyl netladleyl2ate, ethyl -nethacrylate, propyl :

methacrylate and the like epoxy ester resins such as egrchlorohydrrn- 25
‘bi sphefjddampkejsoldsbx rleﬁﬁrris_'@sQerrpr_ednmt Resinn8diding p8lidtny |aci d of,
for ingtd¥e, |TWyded tiAddiddseon oil and the |ikd, Time (bl FRimet2hg such as
condengatrrom Porymers | -8- .01 _(rea ang rornardefyde. rapfe. 2 saml e Solid
Lubricit 1 [Qcgpi c Frwzm Sl i qurethbndi pesha. Luboic' [>%odli tiVye

(H)Y Time(2 R : -
2 " . " Epoxy—-ester resin ' -
N o '{+ phenol resin 195 310
3 | | v . |;henolresin | 250 | 90
yy m | " |alkyd resin | 325 | 470
5 " | »  |silicon resin. - | 210 320
01 6 "o " Epoxy resin | 450 |>500
7 " o Acrylic resin | 7500  |>500
8 L Epoxy-ester resin 7500 |7500
.9 _“_ " -dUrea'resin'” o >500i~ >500:
15 The lubricant film according to the present

invention is formed. on sliding metallic parts in the
. following manner. :
" In the first place,_the'respective'components-
of tneolubricant.film are blended infthe-above;defined_
20 proportions and then mixed with. an organic.liquid. -
such as toluene or the like. ' The resulting.suspension
is applied uniformly and thinly, for example, on threaded
Joint portions of stainless steel pipes by a brush or a. |
sprayer, and then the organic quuid is removed by air
25 seasoning to form a £ilm of the above-mentioned
constituents. Although natural seasoning is suff1c1ent,-

‘it is preferred that the film_which_has been formed



*

5. 1 MbS2 === Sb[err]CIEFF] -~ Urethane resin 190 - >500- 2 h‘

Epoxy-est er re5|n + phenol resin - - 195 310 3 _

Phenol ‘resin*~ -~ 250 - 90 4 s - - Alkyd resin = - Y
325 ~ 4705 - - Siliconresin 210" -_'320 10
R S Epoxy.resin - 450 - ° >500 7. '
Acrylic resin =~ = >500 .. >500 8 : ' - _ Epoxy ester

resin_ >500 >500 9 : =9=  Uea resin - >500

>500" 15 @ The | ubri cant f|In1accord|ng to the present i nvention is -

formed on sliding.nmetallic parts in the fol I ow ng manner. In the first

pl ace, the respegt iNes CRIPISENLS: a{ AL 1 ev%fdﬁ? ol M2 ! §29§9 i ggthe

above-defined 20 proportions and t en n1xe an .organi c |qU| such as
toluene or the bélteral Theniess! 6 B 1S BN %mpsﬁ&n&eeéahabf gEMbyoand

thinly, for exanple, on threaded joint portions of stainless steel pipes by -

a brush or 'a spB@Q®€, and then the organic liquid . is rennved by air 25
seasoning to form-a filmof the above-nentioned constituents. . Although
‘natural seasoning |s s%$¢|%bQNﬁ‘d¢Q°H¥bqﬂeﬁﬂhﬂigmnwhéulmh90¢ordimglth has

en fornme - 9- nner be thernmal Iy treated for a time period of -
. be g the present fa'ention exhibitsjéood durability when P

applied to sliding metal parts under high surface pressure,
eliminating the problem of galling which occurs with
cOnventiOnal_lubricants,
" The lubricant £ilm of the present invention can
‘10 be appliedito various sliding metal parts which are
| subjected to a'high.surface'pressure for diverse purposes,
. for example,'to stainleSS~steel pipes to be used.as oil
. well pipesi,/Although grease (thread compounds) is _
3'usuaIIY'applied to'the threaded'ends_of'such'pipes'before
15. 'joining:them end to end, some'parts of the threaded end.
portions are'subjected upon tightening to a surface |
pressure close to the yield stress of stainless steel
'(e g. 70 kg/mm ) with the problem of galling as mentioned
hereinbefore. However, tightening and breaking of the
' 26 threaded joint portions with the lubricant film of the'
| ?present invention can be_effected smoothly and without
: galling problems. Furthermbre, the'above-mentioned grease
"which is applied'to the'threaded'joint portions of
stainless pipes in the conventional pipe joining Operations :
'-_25 '.may possibly become contaminated with muddy water or sea-
| " water depending upon the environment in which it is to_.

be used. The lubricant film of the present invention

e e e L I R i e e 2 T T S - e mmew e ms e meemn am mmeeaap s eme s ee aim memems v = w s weeme sea s e
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veral mnutes to 5 hrs in a tenperattre range of 200- 300 OC. The’

bve-described |ubricant filmaccording to 5 the present inyention
éxhi bits good durability when applied to sliding nmetal parts under high
sdrface pressure, elininating the problemof galling which occurs wi'th

. conventional lubricants. The lubricant filmof the present invention Tan.

10 be applied to various slidigg netal parts which are subjected to a

hi gh surface pressure for diverse purposes, for exanple, to stainless. steel
pi pes to be used as oil well pipes. Al though grease .(thread conpounds) is’
usual ly applied to the threaded ends of such pipes before 15 joining-them

end to ead, mebnbapargeodf lubricant prapentdqforand exhdbd tsubight ed upon
.tightening to_a surface_ pressure close to the yield stress of stainless

steel (dugabibiky/ &WeRriD)SYER SEFRFDrIHIHABEEA i ng as nentioned _
~herei nbef of e. ti ghfening . ot Ul eaded j oint -
portions with FHE ERERRELGE 9 h0E ETH R e diE elbuLar yER P LT

snoot hl y_a i Lhout ing problems.  Furthernore, the above-nentioned
grease éﬁig%yrgkaggl?égﬂ%%éfhe-threaded.yoint_pOrtions_of st ai nl ess pi pes
i ngt he gQoweRki onal pipe joining operations 25 may possibly becone

coﬁtaninaregﬂMtranuddy wat er or sea water dependi ng. upon the environnent

'in'WhiChlit_iSTherbewusedpreﬁhﬁeaubmbffw&qﬁi¢dﬁpﬁsiﬁﬁaqs%ennﬁaﬁnnvention

ing Mosé, szos,and an époxy-ester resin iﬁ'the'ratios_gf_
52 wt $: 13 wt é:_ 35 w£ 3 (No. 1), 72 wt 3: 1'8'wt_%=_' 10
wt $ (No. 2)_reépe¢tive1j, and_aftef mixing with an
10 organic liQQid; _eéch suSpenSion:was.applied on plate 1
of tﬁe testing ap__paratus'--'as_ shown in E"igu;\.:es. 2_to: 4.
After natufal seasoning, thg résultiné_film was'subjeCted
to the plate-rider friction testst_in;WhiCh an appafent'
'contacﬁ load of lod.kg/mmziﬁas imposed:qn the.platé5l,_a
15 test piece of SUS 410, by a rider 2. |
| in the.ﬁest shown in FIGURE 2,-the sliding .
.duration was measuréd by ¢ounting_the nﬁmber'of one-way
jsiiding_movementsyof the plate 1 in the lef#ward_or right=
ward direction from bﬁe to_thé.othér end (Qver a distance
20 éf 60 mm) aﬁ a sliding speed of 30 mm/seé. ._
| As seen in FIGURE 5 which shows the'test results,
'_the;lub:icanﬁ'fiim No. 1, outside the rahge'gf £he
_présent'invent;on, éndured only:about'BO_sliding_motions
:_befbre initiatibn.of galling;'show;ﬁg“an abfupf ihcrease
25 in f:igtion,coeff;qient thereafté;._ On the other hand,
| .theftest_piecés,with ﬁhe lubricanﬁ-film'No,_Z:aqcording

to_the présént invention were comp}etely free of galling -



& . - : - K

-10- can maintain good | ubricant pr operties and-exhibits hi gh dur ab| lity o
even in such severe environnents. The invention is nowill ustrat ed nor e
pgarti cul\?rl y. by way of an exanpl e.. 5 Exanpl e.There were prepared- , :
l-ubri-c conposi tions contain-: |ng MbS2, Sb[err]Qerr] and-an .epoxy-ester
resin‘in-the ratios of 52 wt % 13 wt % 35 wt. % (No. 1), 72 wt % 18 wt %
10 wt % (:No. 2) respectlvely and. after mxing with an 10 - or gani c |IC|UId _
_eachlrsuspen5| on-was applied on plate 1-dil-he testing apparatus as shown in
‘Figures 2 to 4. After natural seasoning, the resulting filmwas subjected .
to the plate-rider fricti-on tests, in which an apparent. contact |oad of 100
kg/nmz was i-npo o the _test piece of SUS 410, by -a rider-
2. In the test é ovvngfl neﬁzlﬂjglfﬁz‘%%natllﬂ’ﬂ?g BEPYiNgnIRaS ﬁrﬁaéhlbﬂtby o
.counting the n%rpe{h@ff sway sliding novenents of the plate 1 in the
leftward or right- war ItTection fromone to the other end (over a

di stance 20- of 60 mm) at a sliding speed-"of 30 mm sec. As seen in Fl GURE
5 which shows the test results, the lubricant filmNo. 1, outsi de the range
.of the present invention, endured only about 30 sliding notions before
initiation of galling, showing an abrupt increase 25 in friction.

~ coeffici: em thereafter. On the other hand, the test pi eces with the
_Iubrqcant film No.- 2 according A - .

L e v e maa g eme .
= " B R T p—
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t he present |nvent|on wer e conpletely free of gallrng even .after 500
ding nmoti-ons, proving good durability of the films. 5 - -12:; CLAI M 1. _
A ljubricant conprising: 60-8.0 wt % of a‘solid lubricant which is NbSZ or 5.7
. [err] + graphite; 10-30 wt % of a | ubricant additive sel ected fromey
:Spb[err]Jerr], Fe powder, Zn powder ‘and 0 wder . ‘and nrxtures thereg?'

" “and nore than 3 w % and | ess thaa 15 w illﬁlmﬂmg“ﬂmu ibi nder sel ected 10 -
m xtures thereof.

.from epoxy-ester resin, acrylic resin an

2. A lubricant as clained in claiml, wher ei n sard organi c binder is
contained in an amount of 3.5 - 12 wt % 15-3. . A l'ubricant asclained

in clarﬁﬂmJMB°2 in the formof ‘a filmfor preventing galling of sliding
met'al parts under hi gh surface pressure. 20 4. A |l ubricant as clained

in claim1, substantrally

.11; A lubricant comprising*
60-80 wt % of a solid lubricant which is Mos2 or
5 Mos2 + graphite-' | |
| 10-30 wt $ of a lubricant additive selected from
i szQ3, Fe pcwder, Zn powder and-Ag powder, and mixtures
‘thereof; and | . | |
more than 3 wf %.'ond less than 15 vh’ % of u.n.o'rgcnic binder selected
10 '.from epoxy-ester~resin, acrylic_resin and urea:resin, and “

_mixtnres_thereof.

2. A_lubricant as claimed in ciaim'l,-wherein said

- organic binder is contained in an amount of,3.5.4 12 wt %.

15 -
3. A-lubricant as claimed in claim 1 or'2, in the
form of a film for preventing galling of sliding metal
.parts under high surface pressure.

”20' 4. A lubricant as claimed in claim 1, substantially

as hereinbefore described w1th reference to the Example

'and/or the accompanying drawings._

5. A method-for preventing galling of a sliding metal .
25 p part under high surface pressure,_said method compriSing
the steps of:

preparing a suspension by mixing ‘with an organic



1

;as*herernbefore”destrlbéd”mﬁth‘reference fo thé™ Exanpre and’or the = 7
.saccompanyi ng . dramﬁngs 5. A nethod for preventing galling of a slidf
ietal 25 pari under hi gh surface’ pressure, mﬁg;ﬂﬁggiﬁgQ_gQﬂpL+s1ng t he
' steps: Ok:' preparing a suspensi on -by m xing organlc I|qU|d a

.k ubrrba(nt film-composition containing 60- 80 vvt ﬂ\““\ | cant

. cansi.sti-ng of ‘MoS[err] or MS[err] + gra h|te Iubrlcant
-additive consisting-of at least one co ent se e@téd Pron18b[err]0[err]

- Fe. powder, Zn powderAg 5 - powder-and mixtures thereof, and nore than 3 w .

- % and less than 15 wt % of an organic binder- consisting of at |east one

o ent e cEk St d) FRBELEERL LR M Reof et S 2&*1:131‘3&9 R

- sliding netal ggré s8R ddwbP?c%HE @&%%gﬁﬁwwfg&p gﬁ:%Eﬁite,

organic liquid an orm a ricant mon sal I|d|ngznet

. 6. A nethod a.@-gloawed b8 & phBr Beanbea@iie {1 SOHEIRNEINY JfS a¥ 1ed sy
-_natural seasoning. 7. A nmethod as clainmed in claim5, wherein said-

Jubricant f- |Imnbocomponentasdlettddn@rmmtsﬁéugutFespdﬂﬁsrvmﬂnypﬁ@derbﬂﬁﬁteda

.for a-time period of several n1nut%§ Q 5 hr
'200- 350[ er5r] C. powder and mixtures thereof, and-more t

anlfw?é anyqés%tf on ]rsange of
wt g of an organic binder consisting of at least one'
component selected from epoxy-ester resins, acrylic res1ns,
urea resins and mixtures thereof;

| applying said suspension on the surface of said

',flO_ sliding metal part- and |

- - drying the applied suspens1on to remove Sald organic
liguid_ and to form a lubricant film on said sliding metal

-

part. -

15 . 6. A method as claimed in claim 5, wherein the

suspension'is dried bylnatural seasoning,

7. A method as’ claimed in claim 5, wherein said
' lubricant f£ilm formed on saiﬁ sliding metal part is thermally
20 treated for a tJ.me period of several minutes to 5 hrs.

'in a temperature range of 200-350°C.
8. A method ‘as claimed in claim 5, substantially
as_hereinbefore-described'with reference to the Example

©~ 25 and/or the accompanying drawings.

9. " A stainless steel oil well pipe'having threaded_




A met hod ‘as ¢l ai ned in ¢laim 5, substantiall y as her ei nbef ore.
ribed with reference to the Exanple 25 - and/or the accorrpanyl ng

ngs. 9. A stainless steel oil AAEJ__L_—p-I—pe——h—a'V-I—‘ﬁ'g—t‘hTeaded j oi nt

. solid | ubri cant consisting of. MoS2 or 3”“
“lubricant additive consisting afySh] err] ear Zn powder, 5
Ag powder or a mixture thereof, and more than 3 wt %nd |ess than 15 wt %

of. an organi ¢ binder consisting of. an epoxy ester resin, an urea resin, an

cryI|c resin or a mxture thereof.
joint portions thereof coated with a lubrlcant film

constituted by 60-80 wt % of sol:.d 1ubricant consist:.ng
of M082 or Mos2 + graphite, 10 30 wt % of a lubr:ucant
addit:.ve cons:.sting of Sb203, Fe powder, Zn powder,

5 Ag powder or a mixture thereof, and. more than 3 wt % ond less than 15 wt % of an

organic binder consist:.ng of an epoxy-ester res:.n, an -

urea resin,_ an acryl}c resin or a mlxture th_ereof.

por ti ons' t her eof coated with a- Iubrlcant fil by 60-80 W 9%f -
ﬁ\mi@“ !\ 10-30 wt % a.

e e



