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CORBOSION-INHIBITING LUBRICANT AND METHODS THEREFOR

CROSK-REFERERCE TO RELATED APPLICATIONS

This applicaton clums priovity from ULS. Provisonal Appheation Serial No,

GEASTL 348 filed on duly 25, 201 1, which 18 ncorporated bereln by reforence in s entirety.

introduciion

elate to corrosion-iubitng

229
p=

The pressut teaching

conpositions and, m pasticnlar, fo
fubricating compusitions that whibit metal crvrosion.

Caorrosion due to mersction of metads with the envivenment 38 g cormmon problem
that 1s exemphiicd in the corrosion of won n the process of rusting. The consequences of
corrosion can be a detarioration of appearance and 8 weakening of metal that can resglt in a
fartare or breakdosen i the metal stracture and slnmately ds function. Ladbwicants are
commenty used 1o reduce Iriction betwesn moving metal parts and good guabity lubricans
are offen fornwlated with additives o help reduce the formation of mstal corrosion and rust.
Nevertheless, metal corrosion and rast can still cocwr and there remains a continging need for

pew fubricant compositions that also show superior corrosion-bubiting properties.

Swnniary

Acvordingly, the present inventors Bave sueceeded i devising corrosion-inhibiting
hebricant compositions. Thug, w various endbodiments, the presemt teschings wnclude
disciosure of o lubricant composition that includes 3) about 13 to sbout 25 wi ' of 3 nuneral
eil; ) about 17 40 abowt 27 ot %% of a petrodewn hvdrocarbon; o about 3 1o about 13 wi % of
a Huid waxg 4) sbout 40 1o about 50 wi % of o halogenated organic solvent; ey about 4.3 o
about 1.5 w1 % of phosphoric acid esters: ) about .05 1o about .13 wi % of a moewd
deactivator; and g} aboat 0.03 o about 1.3 wit %6 or about 0,05 1o aboul 6.8 wi %% of a cationic
surfactmst. In various configurations, the lubnicant composttion may further mebude ) about
1o aboot 10 wi % of 2 nane diamond compouent. I vartons embodiments, a halogenated
preanis solvent can be perchlorcethviens or parschlorobenzotrifluoride (PCBTF L

Lubricamt composttions of the present teachungs van have corrosion-infubiting
properties such that they con displace motsture, mbibit rast formation and provide lobrication.
The compositions are silicone-free and they can be ideal for mumercus apphications including,

but not tunited to indastrial applications, e.g., W paint shops or ndustrial plants, sutomative
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and motorovele apphications, fanm and beavy equipment applications, marine apphications,
household applications, electrical and poyesy tool applications, fiveavm applications as well as
sports gud recreational apphications.

in various erabodunents, the present teanhuys also include maethody of kg a
hubricant composition. The method mnclades blendmg topether a) about 15 {0 about 25 wi %
of a suneral ol b) about 17 to abowt 27 wi % of a petvoleum hvdrocarbow o) about S o
gbout 18 wi % of g hauid wax; d} abow 4 {0 about 50 wi % of 2 halogenated organic
sobvent; &) about 8.5 1o about 1.5 wi % of phosphoric acid esters; £} about .03 to abost 015
wi %% of a wetal deactivator; and g) about 805 to about 1.5 wi % or abowt 8.05 1o abowt 6.0
wi %% of a cationic surfaciant. In vanious confipnrations, the method may further include
blending with conyponents a) - ¢) the additiong! component by of about 1o about 10 wit % of
& oo lamond component. Invariows configurations, lubricant compositions made by these
methods can have corrosion-inhibiting properties.

The present teachings, i vartous embodiments, further include wethods of providing
fubrication and corrosion protection to an apparatus such as & machine or mechanism having
moving motad parts. Sonte configwrations of the methods comprise providing a hibricating
\,ompfmmm that ncloades a) abowt U5 o about 25 wt % of s mineral sil; by abowt 17 to abow

7wt s of & petroleunt hydrovarborn; ) sbout § 1o aboat 15 wit ¥ of 3 hiquid wax di about
40 to about 50 wt % of a halogenated organic solvents ) about 0.5 o about 1.5 wi' of
phosphoric acid esters: §) about 0.05 10 about 6,13 wi % of & wetal deactivator: and g) abowt
(.05 {0 about L3 wi ¥ o ghout 4.05 10 about 6.6 wi % of 3 cationte surfacind and applying
the compostiion to the apparaius. In various configurations, the lubricating composition may
further include iy abowt o about 1 ot % of a nane diamond component. In various
aspects, these methods can provide labrication and corrosion profection by virtue of the
hibricand compasition having corrosion-idubiting propertiss,

fn vet another gmbodiment, the present teachings meludes an apparatus containmg a
corrosion~indubiting fubricant composition for aerosol delivery. The apparatus nclodes a
contginer, a lubricant composilion contgined therein snd su sctuating valve for discharging
the compostiion iy the containgy in an serosol form. In varfous aspeets of the present
teachings, the corrosion-inhibiting lubricant composttion inchudes &) abowt 13 to about 25 wi
% of o maneral oil; b)Y abont 17 (0 abont 27 wt %% of a pewrotewn hvdrocarbow ¢) abowt S 1o
about 13 wi % of a Hogud wax; d) sbout 40 1o about 30 wi % of a halogenatad vrganic
sehvent; e about 0.5 fo abowl 1.5 wi %% of phosphoric soid esters; £ about 005 to about 015
wi % of g metsl desctivator; and g about .05 w0 abowt 1.5 wit %% or about .05 {0 abowt 6.0

=
&
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wi Be of o cattonie surfactant, Inovarious configorations, the lubricating composition may
further melude iy about o about 18 et %6 of a nane diamond component.

The lobricant composiions o varions aspects of the embodimenys deseribed above
cate i hade, but ars not hodisd 10 3 coroposition in which a) the minerat oif metodes a
hydrotreated heavy naplithenic distillatz, 1) the petrcdeum hyvdrocarbon includes a kerosane,
o) the hogud wax melades & mixtare of at least one calomm alkoyvlaryisulfonate, at least one

palown carboxylate and & phlurality of petroleum oxidates, d) the halogenated organic sobveny
mncludes parachiorobanzontfluonde (PCRTF) oy perchloroethyiene, e} the phosphoric acid
asters melude amine salts of ahiphatic phosphoric acid esters, ) the metal deactivator mcludes
a benzotrigzole metal deactivator, and 2) the cationic surfactant includes sn Netallow allovl

L 3 dhanunopropane dioleste surfactant. The composition may further include 1) o none
diamond component w which the nano diamonds bave an aversge dinmeter of from sbout 4
to about & nanometers {Humd,

o some smbodiments, a tobricam of the present teachings van be a Multt-Purpose
Labricant. In various aspects, properiies of a lubricant of the present teachings cay mchuds
the following

A fubricant of the present teachings con be g moastore repellent. Tn vavous
configurations, # can be ysed {or proteciing and removing modsture from wel gnitim
systems on motoroyoles, marine engmes and electric motors. In some configurations, &
hubricant can overcome and prevent stubborn starting and stalhing 1o damp climates and
heavy dowapours.

The penetrating power of a lubricant of some embodiments makes W useful ax 3

elense agent and Hght duty Tubricant, & lobricant of the prosent teackings can be used i,
e.g., & home, g parage or 8 workshop.

A fubricant of the presend teachings can be provided a non-flanmmnable aerosol that can
be oxone friendly.

in an ernbodient, 8 lobricant aerosol can have a 360° valve below the nowdde. In
some configurations, the agrosol 10 b complotely wverted angd still provide 3 spray for aress
that can be othenwise inacoessible.

A jubricant of the present teachings can be stheong free

In sovne configuranons, o tubricant of the present teachungs can have a graviy of
1153 or about 1153 compared (o water and can get underneath existing moisturs to lubricats

ALl Protegt.

]
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The present disclosore mcludes the following aspeos:

1A lubrcant coonposition coraprising, consisting essentially of or consisting oft:
aYabout 18, 15-25, or abowt 25 wi % of a mineral vil;
by about 17, 17-27, or about 27 wit % of a petrolenm hvdrocarbon:
o} about 5, 3-15, or about 15 wi % of g bguud wax;
d} sbout 40, 40-60%, or ghout 3 wi % of a halogenated orgame solvent;
ey about .5 G515, or about 1S wt % of phosphoric acid esters;
£y abow G.05, 0.05-0.15%, or shout .15 wit % of a metad deactivator; and

2t about .08, 0.05-1.5, or about 1.3 wi % of a cationic surfaciant.

2. A lubricant composition conypwising, consisting essentialty of or comsisting off
ayabout 15, 15-25, or about 25 wi % of a nuneral oil;
by about 17, £7-27, ov about 27 wi % of a pewroleurn hvdrocarbon;
ey about S, 5415, or about 13 wi % of a higuid wax

105

Yo, o about 38w % of & halogenated prganic solvent

d} abont 40, 406
§ T s et 1St 84 P avhesordrarie aead seisras
about 0.5, 8.5-1.5, or sbowt 1.5 wi % of phosphornie soud estery;
{3 about .05, G.05-0,13%, or aboat 8,15 wi % of a metal deactivator; and
2} about .03, G.03-6.0, or aboul 6.0 wi % of a cationic surfactant.
3. & tobricant compasition m aceordance with aspent 2, further comprising, consisting

assentially of or consisting of ) about 1, 1-18, or about 1 ot 9% of 8 nano diamond

component that s a nawo damond powder or a 50 w0 99% nane dlamond concenirale,

4. A lubricant cronposition in aceovdancs with any of sspeets 123, wherein
a) the mineral oif comprises, consists essentially of, ov consists of a hydrotreated heavy
naphthenic distillate;
b} the peiroleum hydrocarbon covmprises, consists sssentially of, or consisis of g
kerosene;
o3 the hgaid wax comprises, consists essentially of, or consists of o nuxtare of & lsast
one calowm allodiarvisulfonate, at least one calohom carboxylate and a plorality of
petroleum oxidates;

essentally of, or consistis of

be]
ok
ot
S
pcn
57
s
’4"}

) the halogenated vrganic solvent comprises, oo

pargchlorobenzotrifuoride or perchloroethylen

4
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e} the phosphovic acid ssters comprise, Consists essentially of, or consists of amine salts
of aliphatic phosphorie acid estars:

{} the metal denctivator comprises, consists essentially of, or consists of g hewrotniazole
metal desotivator; and

g} the cationie surfaciant comprises, consists exsentinlly ofl or consists of an Netaltow

alkyh | 3-duwwminopropane diolegte surfactant.

3. A lubricant composition in accordance with aspeeta 3 or 4 comprising, consisting
assentially of or consisting of h) aboat 1, 1-10, or about HE et % of a nano diwnond
conyponent comprising nano thamond particles having an gverage diameter of from about 4 10

abomt €

. & lebricant composition m accordance with aspect 4 comprising, comsisting essentially of
or comsisting of:

at about 28 wit 9% of & hydrotreated beavy naphthenic distillate;

by abost 22,7 wi % of 4 kerosene;

o) about 12 wi % of g Dauud wax comprising 2 mixture of at feast one calcium
stkylarvisulfonats, af least one calcium carboxyiate and a plurslity of petroleam
nxidates;

dy abowt 43 95 wi % of parachlovobenzotriffvoride;

e} about 1.0 wi % of aroine salis of aliphatic phosphoric acid esters:

£y about 0.1 wi % of a benzotrinzole metal deactivator; and

g} about 0.25 wi % of an WN-tallow allob ) 3-diaminopropane dioleate surfhctant.

A lubricant composition in accordance with aspects 3 ot 4 cranprisig, consisting
essentially of or consisting of!

a) about 28 wi % of a hvdrotreated heavy waphthenic distiliate;

b abowt 22,7 wi %6 of a keroseng;

o} abont et % of o liuoad wax comprising & mixture of at least one caleiom
athviarvisulfonate, at least one calcnnm carboxvlate and & plaralny of petrolewn
oxidates;

d about 41.82 wi %6 of parachiorabenzomifluoide:

gy about 1.8 wi % of amine salts of aliphatic phosphoric acid eatery;

£y about (.1 wi % of a benzotriaznle wetal deactivaten and

N
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o} about 1.8 wi % of an Nallow siky L 3 daminopropane disleate surfactant, and

h} aboat 3.4 vl %% of & nano dimmond component.

8. A lubricant coanposition i gocordance with aspect 4 corpprising, consisting sssentiatly of
or conswsting off
a) about 21 wi % of a hvdrotreated heavy naphihenic distiliate;
BY about 22.7 wi % of a kerosene;
¢} about HLO wi % of a Hgwd wax comprising a mitere of at least one calcium
alkvlarvisulfonate, at least one calomm carboxyviate and & plaralny of petrolewn
oxidates;
d} about 40.2 wi % of parachlorobereoiriftuoride;
eyaboot 1O o %% of wnine salts of aliphatic phosphorie acid sstery;
fy about 0.1 wi % of a benzotriazole metal deactivator, and

g} about 5.8 wit % of an N-tallow alkyl-1,3-dianunopropane dwleste surfactant.

G A lubricant composition in accovdance with aspect 4 comprising, consisting essentially of
or consisting of
3} aboat 20 wi % of § hydrotrested heavy naphthenic distillate;

b about 22.7 wi %0 of 3 kerosene;

o} aboat 10 wi % of a higuid wax comprising & mixtore of a1 least one caloium

alkviarvisulfonnte, sl least one calonum carboxylate and s plarality of petroleum
oxulates;

d) aboat 452 wi %, of perchioroethylens;

e} about 1.8 wi % of amine salts of aliphanic phosphonic aold esters;

£y aboat 801 wi %% of 8 heorotriarole metal deactivator; and

s} about 1.0 wit % of an N-tallow alloyl-1 3-diaminopropans dioleats surfactant,

1, & lubricant composition i accordance with aspect 4, comprising, consisting esseatially
of or consisting off
a3 about 260 wit %% of o hydrotrented beavy naphthemc distillate;
b abowt 22.7 wi % of & kevosene;
oy about 12 wi %% of & lguid wax comprising a mixture of af least one calcihum
alkvlarvisolonate, at least one calctam carboovviate and & pluvahity of peroleum

oxadates)
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d} about 4393 wi % of perchiorosthviens
et about 1.0 wi % of amine salts of aliphatie phosphoric acid esters;
£ aboart O00 wi %% of 3 benrotvinsole metal desctivator; and

2} about .28 wi % of an N-tallow iyl 1 3-diaminopropane diolsats suriotant.

T A lebricant coraposition w accordance with aspect 4, comprisiag, consisting essentially
of or conswsting of;
at about 28 ot 9% of a hydrotreated beavy naphthenic distillate;
b abowt 227 wi % of a kerosene;
oy about 10wt % of a bguid wax comprisiag a mixture of at least e ealcium
stkylarvisutfonate, ot least one calcium carboxylate and a plurslity of petroloum
erxndates:
d} sbout 45 2 wi % of parachiorobenzotrifluoride;
o} about 1.0 wi %% of moine salts of aliphatic phosphoric atnid esters;
£ ahout 0.1 wi % of g benzoiriarole metal deactivator; and

o abont it %ol an N-llow alky b1 3 -diaminopropane dinleate surfactant.

12, A hubricant counposttion of aspect 2, couuprising, conswting sssentially of or consisting
oft
ay about 20 wi % of a hydrotreated heavy naphthenic distiltate;
b} about 22,7 wi % of & kerosene;
¢} about 12 wi %% of 8 Uguid wax comprising & nuxiure of &t least one caleam
alkviarvisulfonate, at feast oue calchon carboxylate and 2 ploralty of petrolawan
oxidates;
dy about 43.95% wi % of parachlorcbenzoinifluoride;
2} about 1wt % of anune salts of aliphatic phosphoric acid gsters;
£y abowt 0.1 wit % of & benrotriazole metal deactivator; and
¢) sbout (.25 wi % of an Neallow alky 1 S-diaminopropane dinleste surfaciant.
13, A lubnicant composition in aceordance with aspect 1, wherain the halogenated organic
sobvent is selected from the group consisting of parachiorobensotrifluoride and

perchlornsthylene
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14, & ubricant compasition comprisinng, consisting sssentiadly of or consisting of
a muneral oil;
g petrolsum hyvdrocarbon;
a liquid wax;
3 halopenated organic solvent;
phosphore aod esters;
a metal deacivator; and
a cationic surfactant, wherem the lubricent vialds < 8.6 mn scar v oan ASTM I3 148

Wwear sear test,

1S, A lubricant cosaposition in gecordance with aspect 8, wherein the lubricant comnposition

siclds aboot 8,55 non scar wan ASTM D 1O weay soar test,

. & lobricant compasition conyprising, consisting essentiadly of oy consisting of)
a mnerad sl
a pervodawon hvdrocarbon;
g ligoud wax;
3 hologenated organie solvent;
phosphoric acid esters;
a wetal deactivator, and
a eattonie surfactant, wherein the lubricant exhubus > 96 lus (o fatlure inan ASTM B

117 Nalt Spray Test.

A Tubrrcant composition in accordance with aspect 10, wherein the hubricant composition

exhibits about 120 brs to faihwre, or grester than about 120 hrs to fadure man ASTM B 17

Salt Sprav Test.

1R, & method of making g lubricant composition, comprising adding together w any gvder;
adabout 18 1o about 33 w0 % of o miveral e
b abont 17 to about 27 wi % of a pewroleurn hydrocarbon;
¢y about 510 about 18 w9 of a bguid wax;
dy abowt 40 (o about S8 wi % of a halogenated organic solventy;
gy sbout 8.5 o abot 1.5 wi B of phosphoric acid ssters;
) about 0.05 {oabouwt 8,15 wi % of @ metal descnivator; and

wh

&
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¢} about G435 1o about 1.5 wi %% of a cationie suriactant,

19, A methed of making a lobricant cowmposition, compristng sdding fogether in any order:
gy about 18 10 sboui 3% wi 'l of g nuneral ol
by about 17 to about 27 wi % of a petrolewm bvdrocarbon;
o} about 5 o about 15 wi % of a hguid wax;
d} sbout 40 10 about 50 wi % of a halogenaied organic solveny;
e} about £1.5 1o about 1.3 wi % of phosphoric acid esters;
£y abowt .05 1o abowt G158 wit %% of a8 metad desctivater; and

21 abont §.09 o about 6.0 wit Y% of 8 cationice surfactant,

20, A method w accordance with agpect 19, finther comprising adding w0 a) - g} in any order,
B about 1o about 10wt % of a nane diamond component that is a nano dismond powder or

3 B4 to 99% nano dinmond concantrate.,

21 & method in accordance with any of aspects 18-240 whevem

a) the mineral ol comprises, consists essentially of, or consists of a hvdrotreated heavy
ngphtheme distitiate;
b} the petroleum hydrocarbon conyprises, consists essentially of, of consisis of a
kerosens,
¢} the liguid wax conywises, consists essantially of, or covsists of a voixture of at leasy
one calctum alkviarvisuifonate, at least one calonmm carboxviate and a plurality of
petroleum oxidates;
d} the halogenated preanie solvent comprnises, consists exsentally consists of
parachiorobawrotriftucride or perchiovostiyvlens;
2} the phosphornic acd esters comprise, consists essentiadly of, or consists of amine salis
of aliphatic phosphorie acd esters;
) the metal deactivator comprises, consists essentially of, or cousists of a benzottigrole
el deactivatos; and
g} the catiome swrfactant comprises, consists essentially of, or consists of an N-allow

alkyl-1 3-diaminopropane dioleate surfactant.

4
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330 A method it accordance with aspects 30 or 21, further comprising adding by sbout 1, 1+
1, or abowt 180 wi % of g nano dinond component comprising nane dismond particles

having o gveraee diameter of fron sbout 4 10 ghout © am.
having an gverage diametsr of from

23 A method i accordance with aspect 2, vomprising, consisting essentially ofor
consisting of adding together

ataboui 20 wi % of a hvdrotreatad heavy naphthenic distiflate;

b aboot 22,7 wi % of a kerosene;

o3 about 12 9t % of o baud wax comprising a mixiare of at feast one calcim
alkylarvisulfimate, at feast one calchum cwrboxyviute and a ploradity of petrolewn
oxidates;

d} abowt 43 .95 wi Y oof parachiorobenzotrifivoride;

o) aboat 1.0 wit %% of ainine salts of aliphgtic phosphoric acid esters;
Y about 0.1 wi % of & benwotriazale wetal deactivator; and

o} aboot 825 wi % of an Nallow alkvi-1.3-dlaminopropane divleate surfactant.

24, A methed naccordance with sspecis 20 or 21, comprising, consisting essentially of or
consisting of adddmg together:

a) about 20 wi %% of & hydrotrested heavy naphthenic distiflate;

by abowut 22.7 wit %% of a kerosens;

¢} about 1wt % of a tiguid wax comprising a nuxturs of at least one caloiom
alkyviarvisulionate, at least one calennm carboxyvlate and a plarality of petroleum
oxidates;

d abont 41,82 wi %% of parachlorobenzomifluende;

&) about LU wi % of anune salis of alipbatic phosphorie acid esters;
{1 about {1 wi % of & beproirzole melal desciivator and

g} abowt 1.0 wi % of an Natallow alkyl-1 3-dianunopropane dioleate surfactant; and

&

h} about 3.4 wi % of a nano diamond compomsnt,

25 & method in accordance with aspect 21 comprising, consisting essentialty of or consisting
of adding together:

gy about 21 wi %% of & hydrotrested heavy naphthenic distillate;

b about 22.7 w1 % of a kerosensg;

o) about 10.0 wi % of g bquid wax comprising a mixture of at least one ealoium

10
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albviarvisulionate, at least one calohan carboyyviate and & ploraisy of petrolann
oxidates;

d} aboat 40.2 wi %% of parachlorobenzotnifuoride;

g¥ about 1.0 wi % of anune salts of aliphatic phosphoric acid esters;

£y about .1 wi % of & banrottiazols metal desctivaton: and

¢} about £.0 wi % of an N-walow alkyl-1 3-dianunopropane dioleate surfaciant.

26, & method in accordance with sspect 21, comprising, consisting essentially of or
consisting of adding together:

@) about 20 wit % of @ hydrotreated beavy naphthenio distilate;

b about 22,7 wi % of a kevoseng;

o aboat 10w % of a Higuid wax comprising & owotare of at Jenst one calovum
alkyviarvisubionate, &l lesst ong calciom carboxylate and g plurality of petroleum
oxudates;

d} aboat 452 wi % of perchiorcethyleng;

ey about 1O wi % of amine salts of aliphatic phosphorie acid esters;

x

3

£ abongt 81 wit %% of & heneoirigrole metal desctivator, and
2y about 1.0 wi % ol an N-fallow alloyl-1 3 -diaminopropans diokeats surfactant,
27 A method w accordance with aspect 21, comprising, consisting easentially of or
consisimg of adding together:

a}about 28 wi %% of a bydrotreated heavy naphthenic dwstillate]

b abowt 22.7 wi % of a kerosane;

o about 12 wi % of & Hguid wax comprising 2 mixture of at feast one ealetum

atkylarviselfonate, at least one calctum caboxyiate and a pluraliy of petroleum

oxidates:

o~
fa)
e

b about 43 .95 wi % of perchloroethylene;
about 1.0 wi % of grotne salts of sliphatic phosphorie acid esters;
£y about 0.1 wi % of & benrotvinrode metad deactivatorn, and

g} abont .25 wi % of an W-allow allyvil 3-diaminopropane dioleate surfactant,

28 A method iy accordancs with aspect 21, comprising, consisting essentially of or
conaisiing of adding together:
atabowt 20 wi % of a hvdrotreated heavy naphthenic distilfae;

i
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b} about 22.7 wi % of a Kevosere;

e} about 1ot 9% of o lguad wax comprising & mixtre of at feast one caleiom
alkylarvisolfonate, at least one calcium carbonylite and a plurality of petroleum
oxidates;

dy about 432 wi %6 of parachlorshenrotndluonde;

o} abow 1.0 wi %% of groine salts of shiphatic phosphoric acid esters;

£ about 0.1 wit %% of a benzotriazele metal deactivatorn and

o} abont 1.0 w1 % of an N-tallow alky b1 3-dinminopropane dioleate quntactant.

29 A methed i acoordance with gspect 21, comprising, consisting essentially of or
consisting of adding together:

ay about 20 wi % of o hydrotreated heavy naphthenic distilfate;

b

e

about 22.7 wit ¥ of a kerosene;

o

o} abowt 12 wi % of a higuid wax comprising g ouxturs of at feast one caloium
albyiarvisulfonate, at least one calchom carboxylate and 2 plarality of petrolanm
oxidates;

di ahont 4325 wi % of parachlorohensomBluonde;

2} about 14wt % of anune salts of aliphatic phosphorie acid esters;

1 abot 01 wi %% of 3 henrotnarole metal deactivator; and

g} about .25 wi % of an N-tallow alky- 1 3-disnunopropane dicleste surfactant.

i & method of lebricating an apparatus comprising, consisting essentially of or conysting

~

off

1) provviding 2 lobricating composition comprising, comsisting essentially of or consisting
of?

aabout 15 {o about 25 wi %% of 2 mineral oil;

b aboot 17 to abont 27 wi %% of a peolewn Toedrocarbor,

¢y shout 5 o about 18 wit % of g lqud wax,

dy about $ o about 38w % of & halogenated organic solvent;

g} about 8.5 1o about 1.5 wi % of phosphorie acid esters;

£y about .05 (0 about 4,15 wi % of a metal deactivator, and

¢¥ about .05 0 about 1.3 wi % of a cationie surfsciant; and

23 sppiving the lubticating compostiion to lutwicate the apparafus,
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31 A method of lubricating an apparatus, Comprising:
1y providing a febricating composition comprising, consisting sssentially of or consisting
ol
ad about 1510 about 25 o % of a mineral il
b about 17 to about 27 wi %% of a petrolenm hydrovarbon:
¢y about 3 1o about 15wt % of o bgud wax;
d} ahow 40 to about 530 wi % of a balogenated orgamic selveny;
&} aboat .5 to about 1.5 wi % of phosphoric acid esters;

" of a metal degctvaior, and

D abouwt (.05 tosboi 015 w
o) ghout 0035 o ahout 6.0 wi % of a cationic surfactant; and

2} spplving the lubricating composition to ubocate the apparstus,

32, & method n accordance with aspect 31, wherein the lubricating composition further
comprises, consists essentially of or consists of b about 1 to about 10 wi % of a nano
digmond component that 1s 4 pano diamond powder or 8 3 to %% nano diamond

concentrate..

33, A method of lubricating an apparatus in accordance with any of aspects 30 - 32, whereny
a) the mingeal oif comprises, consists essentially of, or cousists of a hivdrotreated heavy
naphthenic distillate;

b} the petrolews tovdrocobon covaprisss, sonsisix ssssntially of, or consists of 3

¢y the hgoid wax comprises, consists essentially of, or consists of @ mixtare of at least
ong caloim alkovlarvisulfonate,

at least one calomum carboxyvlate and  plurality of peircleunt oxidatey;
di the halogenated organio solvent comprises, consists essentialty of, or consists of
parachliorobenzottfiuonde or

percidorothyiene:
e} the phosphorie soid ssters comprise, consists essentially of, or consists of amine salts
of an aliphatic phosphorie

acicd esters;
{} the metal deactivator conmprises, consisis essentially ofl or consiats of 3 banrotnazele

metal desctivator; and
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¢} the cationic swiactant comprises, consisl sesomtially of or consists of an Neallow
alkyi-1 3~diammopropane dioleate

strfactant,

34, A method w accordance with aspect 33, wherein the labnwcant composition finther
comprises, consisty sssentially of or consists af hY about 1 to about 10wl % of s nane
shamond component comprising nano doond panicles having an average diameter of from

about 4 1o shout & mm,

35 A methed of tnbricating a device in avcordance with aspect 33, wherain the composition
conyprises, consists essentially of or consisis off
ay about 20 wi % of o hydrotreated heavy naphtbenic distilfate;

b

e

about 22.7 wit ¥ of a kerosene;

abowt 12 wi %% of & liguid wax cowprising g ouxturs of at least one caloram

o

e
albyiarvisulfonate, at least one calchom carboxylate and 2 plarality of petrolanm
oxidates;

di ahont 4325 wi % of parachlorohensomBluonde;

2} about 14wt % of anune salts of aliphatic phosphorie acid esters;

1 abot 01 wi %% of 3 henrotnarole metal deactivator; and

g} about .25 wi % of an N-tallow alky- 1 3-disnunopropane dicleste surfactant.

36, A method of tobricating a device  accordance with aspects 32 or 33, wherewm the
conyposition comprises, consists essentially of or consists off

a) about 20 wit % of g hydrotreated beavy napbthenwe distillate;

b about 22.7 wi % of a kerosensg;

o} aboat 10 wi % of a ligoid wax comprising a mixtore of a1 least one calcium
alhvlaryisulfonate, gt least one calcium carboxyvlate and s plurality of petrolenm
oxidates;

dt abont 41,82 wi % of parachiorobenzotinifuoride;

ey abeut 1O wi % of anvne salis of aliphane phosphoric seid esters;

1 abot 0.1 wi % of 3 henrotnarole metal deactivator; and

2} abont 1O wi %6 of an Netallow alloyl-1 3-diaminopropans dioleats surfactant; and
) sbout 3.4 wt. % of & nano diamond compamant,

14
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- & method of labricating a device 1 accordance with aspect 33, wherein the composition

conyprises, comsists essentially of or consisis off

g about 21 wi % of g hydrotreated beavy napbthenwe distillate;

b about 22.7 wi % of a kevoseng;

¢} abow 10.0 wi %% of & bguid wax conprising & mixtore of af least one calehwm
alkvlarvisulfonnte, ot least one calowm carboxylate and g plurality of petroleam
oxidates;

d} abom 402 wi % of parachlorobenzotnfiuoride;

ey about 1.0 wit % of amine salts of aliphatic phosphoric goid esters;

£ abort U1 wt %% of & benwotrieole metel deactivator, and

o) about §.0 wi % of an Natallow alkyl-1 3-dianunopropane dicleste swriactant,

38, A method of lubnicating ¢ device in acvordance with aspect 33, wherein the composition
comprises, consisty essentially of or consists of!

ay about 20010 % of 8 hvdrotrestad beavy naphthenie distillate;

b about 22.7 wi % of 8 kevosene;

o} about 10w s of 3 hiquid wax comprisimg a mixture of at keast one calcium
atkylarvisuHonate, at least one calctam carboxviate and a plurality of petroleum
oxidates;

d) about 45,2 wi % of perchlorpethylene;
e} about 1.0 wi %% of amine salis of aliphatic phosphovic and esters;
Iy abowt 8.1 wi % of & benrotviarole metal deactivator and

o about 1.0 wi % of an N-tallow allyl-1 3-digminopropang dicleate surfactant,

39 A methed of hibricating a device in accordance with aspect 33, wherem the composuion
comprises, consists easentiadly of or consists off

a}abont 20wt % of a hvdrotreated heavy naphthenic distiliate;

b shoot 227 wi % of a kerosene;

o3 about 12 ot % of a Haguid wax comprising a mixhwe of at feast one calcivm
allylarvisulfonate, at least ove calohom carboxyiate and a plarality of petrolewn
nxidates;

) about 43.9% wi % of perchioroethylsne;

ebabout 1.0 wi % of gmine salts of aliphatic phosphorie and esters;

13
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£y about 0.1 wi % of 2 benvotviarole metal deactivatorn, and

o} aboat 0.25 wi % of an N-adlow allvlb 1 3-dimminopropane dicleate surfactant.

40, A nrethod of lubricating a device w accordance with sspeet 33, wherein the coraposition
comprizes, consists essentiatly of or consists of

a} about 20 wi % of a hvdrotreated heavy naphihenic distiliate;

BY about 22.7 wi % of a kerosene;

o} about 1ot %% of a Haguid ywax comprising a mixhre of at feast one caloiom
alivlarvisulfonate, at least one caloinm carboxyinte and & plorslity of petrolewnn
oxidates;

d} about 432 wi % of parachlorohenzopifluonide;

eyaboot 1O ot %% of winine salts of aliphatic phosphorie acid sstery;

fy about 0.1 wi % of a benzotriazole metal deactivator, and

g} about 1O wi % of an N-walow alkyl-1 3-dianunopropane dioleate surfaciant.

310 & maethod of tebricating a device in acoordance with aspect 33, wheremn the composition
comprises, comsists essentially of or consists off
3} aboat 20 wi % of § hydrotrested heavy naphthenic distillate;

b about 22.7 wi %0 of 3 kerosene;

¢} aboot 12 wi % of a liguid wag comprising a mixtore of & least one caloium
alkyviarvisulfonate, ol least one calonum carboxylate and s plarality of petroleum
oxulates;

d} aboot 43,95 wi % of parachlorebewzomifluonde;

ey about 1.0 wi % of amine salts of aliphanc phosphoric scid esters;

£y aboaat 3.1 wi %4 of 2 henrorineole metal desotivator; and

u} about .25 wi % of an Negaltow alkyi-1 3-diaminopropane dioleate surfactant.

42, An apparatus contaiming a lubripant composition for gerosol debivery, said apparatus
COMPTISInG:

1 covdainer;

a fubricant composition of any one of aspecis §-17 contained theremn;

a propellant, and

ay setuating valve for discharging the composition i the container 1 an serosol form.

2
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43, An apperatus i accordance with aspect 42, whersin the propeliant 15 carbon diogide.

As used herein, the phrases “consisting essentially of” or "consists exsenpiaily of " in
an aspect or clamm relates to recyied compoments or sfeps, and those that do ot materially
affict the hasic and novel clamsisnisiiels) of the gspect or clainy In non Hoiling exatople, an
aspect o claim reciting 3 composiion conssting essentially of components of a lebricant
formulation bus which omus a propellant or dispersant nonetheless weludes the composition

plhus a propelignt or dispersant.

Bref Description of the Drawings

FiGo 1 illustrates conmneroal rust inhibitors snd lube penetrants in 24 hour salt fog
COTDRATISON.
FEG. 2 thustrates salt fog test at 24 hours for conmmercial rust inhibitors (lefl) and Q20
formanlation of the present teachings (right),
FIG. 3 Hustrates sall fog test a1 72 howrs for commerciad vust inhibitors (left) and Q20
formolation of the procent teachings (sighty

FIG. 4 illustrates sali fop test ot 96 hours for comamercial rust inhibitors (efl) and Q20
fornustanion of the present teachmygs {nghth
Fi(y. 3 tHustrates salt fop test after 120 hours for commercis! rust inhubitors (efl), and salt fog
test after 144 hoars for Q20, a forpudation of the present weachings (nghty,
FIG. 6 iHustrates salt fog test after 192 hours for Q20, » fornudation of the present teschmys.
FIG. 7 Husteates g water displacement test i which a panel is spraved with water, then with
WD-308 {left) or Q20, a fovmulation of the present teachines (right), swheren spots are seen

following WD40E (arronws).

Detaded Deserption

The present teachings include covrosion-inhibiling lubricant compositions and
miethods therelor, The lubricants include petrolenme-based compouents, corronion~-intubiting
compoients and 8 cattonie surfactant.
Labricant Components:

In geperal, a hubricant composition of the present teachings inclndes the following
components: a) about 15 o aboui 25 wi % of & muineral oil; by abowt 17 to sbowt 27 wits of 5
pei*okum fivdrocarbon; of about 3 to about 15 wi % of a lguid wax; d) about 40 to sbout 30

wi % of g halogenated organio sobvent: € abowt 8.5 o abont 1.3 wi %% of phosphoric acid

17
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asters; ) abont .03 1o about (U1 wi 9% of o metal deactivator; and 23 about .03 o abowt 1.5
wi % of a cattonic sarfactant, or g) aboat 0.405 1o abot 6.0 wi % of a2 cattonic serfactant | In

various configurations, s lubnicant composttion may Dirther molude b} abomt 1o about 10wt
% of 5 vano danvord coroponent. Unless otberwiss sigled, wi % as referanced hevein, is
bazed upon the total weight of the conposition.

smergl Oil. Oue conyponent of a composttion of the present teachings 15 wineal o,

A mineral ol of the pre teachings can be a petroleanv-based composition that inchudes g
naphthenic o1l In some configurations, the mineral off can be characterized as a sevarely
bvdrotreated heavy naphthenic distillste having the CAS No. 64742-52-5. One such
naphthenic distiliate that can be used as g component of the lubricanis of the presat
teachings is NAP HH {NP22) which can be obtamed from Americhem Sales Corpovation
{Mason, M1 The roineral off can be present in the composition i an amount of from 1§,
ghout 15, 16, about 16, 17 about 17, 18, abont 18, 19, abow 19, 20, or about 20 weight % {(w
%) up to 21, shout 21, 22, about 22, 23, about 23, 24, gbowt 24, 25, or about 25 wi %%, based
upon the total weight of the composition. In pm‘iicu.im‘, the mineral oif can be presentin an
amnt of about 13, sbout 16, about 17, about 18, about 19, about 290, about 21, sbout 22,

o
_/e

ahout 23, sbout 24 ov about 25 wi %, In some enbodiments the ninersl el con he present in
an amount of about 20 wi ¥,

Petroleurn Hyvdrocarbon. The petroleum hiydrocarbon can alst be a petrefeum-based
component of the fubricam and, i parbicolar, ths component can be g kerosene. The

kerosene can be a coroplex maixgure of paratling, cycloparaffing, olefing and aromaltic

hvdrocarbons having hvdrocarbon chain lengths predommantly i the range of €9 through
{116 and contaning trace amouns of benzene (<001} and sulfor (15399 ppm}. In vanous
configurations, the kerosene can be charactenzed as baving CAS No. BO0E-20-6, In various
configurations, the kerosens may coniain vaphthalene (UAS Ne, 91-20-3Y in an amount of
from about .01 to about 0.5 wi % or about .25 wi. %, One such kerosene that can be ased
a3 3 compounent of a labricant of the present teachings s k-1 kerosene which can be obtained
fremm Muvathon Perrolewn Company, LLC (Fmdlay, OH). The petrolsum hydrocarbon can be
present in the composition in an apwaest of from 17, aboat 17, 18, aboot 18, 19, abouwt 19, 20,
shont 20, 21, about 21, 22, abowt 22, 23, or abont 23 wit % ap to 24, about 24, 25, about 25,
26, about 26, 27, abowt 27, 28, or about 28wt 9%, based apon the otal weight of the
composition. In particular, the petrolenn hydrocarbon can be present in the composition I an

amount of about 17, abogt 14, about 19, aboui 20, abourt 21, about 22, sbowut 23, aboust 24,
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about 25, about 36 ov about 37 w1 %, In some embodiments, the petrolesm bydrocarbon can
be present in an amoant of 22.7 or abowd 22.7 wt %6

Liquid Wax. Lubricant compositions of the present tegchings also contain a hiqud
wax component that can also coniain 3 rust preventative addaive, The hguid wax component
can be a midure of st least ong caloiam allhvlarvisulfonate such as for example calcium
dinonyvinaphthalens sulfounate. at least one calorom carboxvlate or carbonoyvlic acid and
petroloum oxidates such as for example onadived petrolatom. One such hgud wax component
that can be used a8 a component of the hibwicants of the present teachings s avatlable under
the nome NASSULR CA/WT 146 from King fndustrigs (Novwalk, CT). The hgmd wax
compronent can be present in the compasition in an amount of From 5, about &, 6, about 6, 7,
ahout 7.8, about 8,9 gbout 9, 10 ov gbout 10 st % up to 11, about 11, 12, abeut 13, 13,
about 13, B4, about 14, 15 orabout 15 wi %, based apon the total weight of the composition.
in partrcular, the Hagwd wax component can be present in the Cf.;mlpasiiicn i an arnount of
sbout 3, about 6, about 7, about 8, about 9, about 10, abowt 1, about {2, about 13, show 14
or about 13 wi % In some embodiments, the Higuid wax component can be present 1oy an
amnat of about HEet %%, 11 wi % or shoat 12 wi %,

Halogenated Organic Sabvent. The halogenated orgamie sobvent conponent of a
hubricant composition of the present tegchings can be any of & numbsy of halogenyted orgame
sebvents. Such halopenated organic sobvents can include by way of nop-Hnuting examples,
bhensotrichloride, bromofory, bromomethane, carbon tetrachionide, chiovobenzens,
chlorofluorocarbon, chiloroforny, chlovomethane, 1.1 -dichloro-1-fluovoethane, 1.1+
dichlioroethane, 1. 2-dichloroathane, 1, §~C§§£‘ihh‘}’e‘{}i’i‘.ihm}e; t 2-dichlorosthens, dichloromethane,
dtigdomethane, FOL70, FOST3, haloatkane, halomethane, hexachlorobutadiene, hexafluore-2-
propand!, parachlorobenzotriflvoride, perfluorodecalin, perfluorohexane, perflucroociane,
tetrabrowomethane, 1,1, 1 2-teirachloroethane, 1,12 2-tatrachioroethane, tetvachiorvoethylene,
{3 S-tnchiorobenzeng, 1.1 I <nichlooethane, 1,1 2-trichiorosthane, tnchiorcethviene, 123+
michloropropare, 2.2 Z-irifluoroethanol or trthatomethane, In particudar, the hai@geﬁﬁi‘ﬁd
arganie solvent of the lobricant cotnpasition can be pevebloroethvions (CAS NOu 1237-18-4}
wihieh can be oblaingd Fom Univar USA, Inc {Redoond WA YRS e
parschiorobenzotrifvonds {CAS WO 98-56-6) which can be obtained wnder the name
XSO 100 from MANA (New York, NY). The halogenated organic sobvent component
can be present m the composition i an amount of from 40, sbout 40, 41, abouwt 41, 42, abowt
43, 43, about 43, 44, aboul 44, 43 or about 45 wi % oup o 4G, about 46, 47, about 47, 48,
ahout 48, 49 about 49, 30 or about 30 wi %, based apon the 1otal weight of the conposition.
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in particulay, the halogenated organic solvent component can be prosent it the composition
an amount of about 44, about 41, abowt 42, about 43, about 44, about 45, about 46, shont 47,
ahont 48, about 49, or about 50 wi, %%, In some embodiments, the halogenated organic solveny
component can be present in an amount of 4395 wi ¥, about 43,95 wi ¥y, 432 wi ¥ or gbout
452 wi ¥

Phosphoric Acud Esters. The phosphorie acid esters componant of g Ribnicant
coraposiion of the present ieachings can be a mixture of amine salis of aliphatic phosphoric
acid esters. In particalar, one such mixtare of amine salts of aliphatic phosphoric acid estars
is avatlable under the nome NACLLIBE® AW-61 H) from King Indaswies (Norwalk, CT
(6842). The phosphonic acud esters component can be present in the composition i an
amount of Fom 0.3, about 0.8, 0.6, gbhouwt 1.6, Q.7 about 0.7, 8.4, show 0.8, 0.8, abow 0.9,
Poorabow LOwt % upto LY abowt 11, 12 abowt 1.2, V3 about 13, Ld sbout 14, E.Sor
gbout 1.3 wi %%, based upon the tital weight of the compositiom. In particular, the phosphoric
geid ester component can be present wn the composition 1o an amount of about 0.5, gbout 0.6,

shoot 0.7, about 0.4, about 6.9, about 1.0, about 1.1, about 1.2, abowt 1.3, abowt 1.4, or sbout

L5 wr % In some embodiments, the phosphoric actd ester component can be present in ay
amtount of 1.0 wi % or about L0 wi %,

Metal Deactivator, The mets! deactivators are corrosion intubitors which act by
desctivating metal parts with which they come i contact. Non-linuting examples of metal
deacnvators fnclude bearotniavole devtvatives; thiadiarole compoonds such as, for example,
2. 5-dimercapte 1,3, dthwadiazole; mercaptobenzothiarzole compounds wiich can be fn the
form of amine salis; sulphopamides; thwselphonamides; diatkyviphosphites: malkd
phosphates; wiarviphosphites: and thiophosphonates such as tripheny! or wilaaryd
thiophosphonate v tnlaury! wivatluophosphonate. Thus, the metad deactivator component of
the lubricant conyposition can be a trole metal degctivator aud, w particular, 8 bewwotmiazel
dertvative metal deactivator. One such metal deactivator usefal m a lubricant composition of
the present teachings is the banzomarole dertvative vellow wmetal activator, which s svailable
ander the name K-Corr® NF 200 from King Indusivies (Norwalk, CT), The metal deactivatny
comportent can be present n the composition i an amownt of from G035, about 803, .06,
ahout 0.06, 007, sboat 007, .08, about 508, D09 aboud 0.02, 0.1 or sbowt 61 wi % up o

oabout .11, 0012, about 812, 013, about 013, 014, about .14, 0015, or about .15 wi
Y, based upon the total weight of the composition. In particular, the metal desctivate
component can be present in the composition in an amount of .03, about 8O3, 1,00, abowt
G.06, 007, ahowt 007008, about G108, 009, abom 009 010, abouwt 010, 011, about U1,
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.12, about 032, 813, about .13, 0014, sbout 014, 315 or sboet .13 w0t B, i some
smbodiments, the metal deactivator component can be present i an mmoont of & 1 ot % or
ahout G510 wi %,

Catimnic surfactant. The cationie surfactant component of g lubnicant cmuposition of
the prasent feachings can be a long chain fatty amune devivative disparsant. Sueh catione
surfaciants can be based upon alkyl groups ranging frow about CF to about C22, with Ci 1o
C18 chaw lengths bewng the most promunent, Such cationie surfactants welude allyvidianune
dicaboxviates of the geneval formula

RNH{CH WNHy 2 RCOOR
where R is an alkyl of gbout 8 carbow stoms, an alkyl of from # 10 22 carbon gioms, ar an
atkyl of about 22 carbon atoos; R is an atkyv! or alkenyl of about 7 carbon atoms, an alkvl or
alkeny! o 7 10 22 crbow stoms, or an allovl or alkenyt of about 22 carbon atows, and nis

an tdeger from | ap 0 6, or about 6. In stame configurations, & cationic surfactant can be mie

gvailable under the ademark DUOMEERN®: such as, {or example, an N-tgliow-1,3-

ST from Akso

diansinopropane dioleate which is available under the name DUOMEE

Kobel Chenstcals Ine. { Pasadena, TX L DUGME

TP is repovied to include the

following components:

Mame CASE % by Welght
amines, n-tallow alloviirimethylenedi-, oleates G1791-53-5 981
anunes, n-tallow stkylrimethvienadi- GITHI-S5-T -2
ghain acid PI2-80-1 $.001-2

In vartous configurations, the cationie sarfactant component can be present in the
composition 0 g gmount of from G483, abowt G035, 0.1, about .1, 8.2, about 8.2, 1.3, sbout

¢.3, 0.4, about 0.4, 0.5, about 8.5, 8.6, abowt 0.6, 0.7, abowt 07, Q8 abot 6.8, 4.9, about 0.9,

10, orabout L8O wi%upto 1} abowt 11, 83 abowt 1.2, 1.5 abowt 13 14 abow 1 4, L3
of about 1A 16, shogt 1.6, 17, abowd 1.7, LB sbowd 1.5, LG, abowt 1.9, 20 orabowt 2.4, 2.1,

about 2.1, 2.2 about 2.2, 2.3 abot 2.3, 2.4 ahont 2.4, 23 o abont 2.8, 2.6, aboust 2.6, 2

ashoot 2.7, 2.8 about 2.8, 2.9, abowt 2.9, 3.0 or abowt 3.4, 1. 2

1, about 3.1, 3.2, about 3.2, 3.3

it

i
Pyl

(]

ahout 3.3, 3.4, abowt 3.4, 3.5 or about 3.8, 3.6, about 3.6, 3.7, about 3.7, 3.8 ghout 3.8, 3.9,

ahowt 3.9 40 or ahouwr 4.0, 4.1, shour 4.1, 4.2, about 4.2, 4.3, about 4.3, 4.4 about 4.4 4501

about 4.5, 4.6, about 4.6, 4.

s
o
-

T.about 4.7, 4.8, about 4.8, 49, aboul 4.9, 3.4 or about 5.4,

ad

ghout 31, 52, about 82, 533 gbout 33, 34 abowt 34, S5 orabout 5.5, 3.6 abowt 36,57,

>
g

about 3.7, S8, abowt S8, 3.9, ahout 3.9 6.0 or about 6.0 wi %, based upon the wlabweight of

IJ
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the composttion, In particelar, the cationie surfactant component can be present i the
coOmposition i an amount of (05, about GOS8, 1, abowt 8.1, 6.2, sbout 1.2, 0.3, about 4.3,
0.4, about 0.4, 6.5, sbout (0.5, €16, ghout 6.6, 4.7, about (0.7, 0.8, ghout 0.8, 0%, about 8.9, 1.0,
abowt 1.0, L1 abow 1.1, 1.2, about 1.2, 1.3, about 1.3, 1.4, about 1.4, 1.5, orashmg 1.5, 1.5,

shout 1.6, F.7, about 1.7, L8 abont 1.4, 1.9, gbout 1.9, 2.0 orabowt 2.4, 2.1, abowt 2.1, 2.3,

about 2.2, 2.3 about 2.3, 24, abouwt 2.4, 28 orphout 2.8, 2.6, abowt 2.6, 2.7, abow 2.7, 2.4,
about 2.8, 2.9 about 2.9, 3.0 or about 3.0, 3.1, ghout 3.1, 3.2, about 3.2, 3.3, abow 3.3, 3.4,

ashoot 3.4, 3.5 oraboni 3.5, 3.6, about 3.6, 3.7, abowt 3.7, 38, about 3.8, 3.0, abowt 3.9, 4.0 or

shopt 4.4, 4.1, abowt 4.1, 4.2, abowt 4.2, 4.3, about 4.3, 4.4 about 4.4, 4.5 or sbout 4.5, 4.6,
ahopt 4.6, 4.7 about 4.7 4.8 about4.4, 49 gbout 49, SOorgbout 88, 51, sbout 51,52,

= ~ o
B

3. abow 3.3, 84 abowi 3.4, S5 orabout 8.3, 86 ghout 5.6, 8.7, shout 87, 88

i

about 3.2, ‘
ahout 3.8, 5.9, abogt 3.9, 6.0 0ov abawt 5.0 wi %6 In some embodinients, the cationic
surfactant component can be present in an amount of about (25 wi % oy aboat 1O wi % or
gbout 5.0 wi Y.

Nano dismond component. The nano diamonds can be produced, for example, by an

explasive provess ats molecular foved such as that desoribed in LLS. Patent Now, 3916885
arad 3861 349 The method may mvoehve detonation of 3 carbon-contning explosive
substance w3 mixtwre of explosive substances uwirder conditions of negative oxygen balance
in & closed volume and in an attmosphere of gasss that is substantially inert © carbon. The
nano diamonds may then be purified fo remove foreign substances sach as praphite formed
the resciion. The vast nwimity of navo disrmonds produced by such methods can have a
digmeter of less than {0 nm. The average diameter of the nano diamonds of the present
mvention may be fom about 8.1 1o abowt Y any, from about 1 1o abow 10 nm, from about 3
to about 7 nin or from about 4 to about 6 wn. More particulary, the average diametey may be
from .1 or showt §.1, 0.2 or abowt 8.2, 0.3 or ahowt 8.3, 0.4 or abowt 0.4, 0.5 or about 0.8, .6
orabont 0.6, 07T orabont 0.7 08 orabont 0.8, 0 orabout 0.9, L0 orabout 14 L1 orabout
i Y 2orabomt ¥ 2 P 3orabont i 3 [ 4dorabont 14, f Sorabost 1.5 L aorabont 1.8, 1.7

ey

oo abogt 17, L8 or aboat £8, 1.8 o aboat 1.8, 2.0 or abomt 2.0, 2.1 or abom 201, 2.7 or abowt

22, 3 3ovabopt 23, 24 ov aghowt 24, 25 ox

sl

ahout 2.5, 26 or aboast 2.6, 2.7 orabout 3.7, 28

)

or about 2.8, 2.9 or abowt 2.9, 3.0 or gbowt 3.8, 3.1 orgbout 3.1, 3.2 or sgbowt 3.2, 3.3 or abowt

=

33 34 orabowt 34, 33 orabe 35, 36 orabout 36 3T orabouwt 37, 38 or abot 3R 3B
orabout 3.9, 4.8 orabout 4 U nmup to 6.0 or abowt 6.0, 6.1 orabout 6.1, 6.2 orabout 6.2, 0.3
ot about 6.3, 6.4 or about 6.4, 6.5 or about 6.5, 6.6 ot about 6.6, 6.7 ot about 6.7, 6.8 ot aboud
68, 6 Qorahomt 6.9, TOorabomt 7.0, Pl orshowt 7.1, 7R orabom 7.2, T3 orabowt 7.3, 7 .4
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o~

orabouwl T4, TS orabouwt 7.5, Teorabout 7.6, 7.7 ov about 7.7, T8 ov aboat 7.8, T8 o aboat
7.9, 8.0 or about 5.0, 8.1 or abowt 8.1, 82 or about 8.2, 8.3 or abouwt 5.3, 8.4 or shout 1.4, 8.3
or about 8.5, A6 or about 8.6, 5.7 or about 8.7, 5.8 or shout .8, 8.9 or gbout 8.9, .0 or ghowt
9.4 %1 orgbout 9.1, 9.2 or gbout 8.2, %3 or gbout 9.3, ¥4 or gbout 9.4, 9.5 or gboui 2.5, 9.6
or about 9.6, 9.7 or about 8.7, 9.8 or abont 8.8, 9.9 or showt &9, 100 or about 104 nm. In
some embadiments the average diameter of the nano digmonds way be from about 4 1o about
& nm. In some configurations, the nano dupmond component can be one available from
Nanotech Lobricants LLC, Wheehing, 1L {see, for example US. Patent Application
Pubhoaton 3025 1RY

In various comfigurations, the nano diamond vompoment may be b g powder form in
which the navo diamonds have been purtlied to remove foreign substamees such gs graplute
from the wane dimmond particles. The purity roay be, for example D8-99 wi%h and the
appearance is that of g gray nanopowder

{n other configurations, the nono diamend component of g lubticant conposition of
the present teachings may be g concentrate of nane diamonds In g composttion that inclades a
dispersant such as a novlonic surfactant. Some non-limiting examples of dispersanss inclade

polyoxvathviene allod sthers, polvoxvethviene dialky iphcmi sthers, aiky@g;iym:ssidﬁ,

polvoxvethyviens ity and esters, sucrose faity and exters, sorbitan Gty acid ssters,
polvoxvethyviens sorbitan fatly acid gsters, {atty acid alkanclamude. The nane diamond
composition may contain Fom about B0 1w about 95 wi % navo diamonds o %, based upon
the weight of the nane diamonds and the total weight of the nano diamond conyposition. In
particular, the nano dismond composition may contain Mior abont 30, ST or abont 51, 82 or
abont 52, 53 or aboat 33, 34 or abowt 54, 35 or about 83, 36 ov about 56, 57 or abowt 37, 88 ¢y
about 38, 3% or about 38, 608 abouwt o6, 61 o about 81, 62 or abowt 62, 63 or about 63, 64

or about &4, 65 or sbout 63, 66 or about 66, &7 or gbout 87, 68 or abhowl S5, 68 o gbowd 09, 70

““.

or about 78, 71 orabout 71 72 or shout 72, 73 ov shout 73, 74 v abouwt 74, 75 orabot 75,70

or about 76, 77 or about 77, T8 or abont 78, 79 or abowt 79, 80 or about 8, &1 or abouwt 81, &2

Pt

ar ahout 82, 83 or about 83, 84 or ahout 84, 85 or abowt 83, 86 or about 8¢, 87 or abouwt 87, 88

=

o aboul BR, 85 or about B4, 90 o gbout 91 21 or about 91, 32 or about 92, 93 or abowy 93, 34
or abowt 24, 935 or sbowt 5, 96 ov about %6, 97 ov about 97, 9% or about 98, 99 or about 99 wi

%%, based upon the weight of the mano diamonds aud the total weight of the navo dlamond
composiion.
The vano dinond component can be present in the composition of the present
teachings 1o an amount of from 0.05, abo 005, 0.1, about G0, 0.2, aboat 8.2, 0.3, abowt 0.3,

-
et
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4, about 0.4, 8.3, ahout 103, 0.6, about 0.6, Q7 about 0.7, 0.8, about & 8.9, sbogt 0.9, 1.8,
crabout 1.0, L1 sbout 11, 1.2, about 1.2, 1.3, abowt 1.3, 1.4, sbowt 1.4, 1.3 orsbogt 1.5, 18,
abhout 1.6, L7, abowt 1.7, L8 about 1.4, 1Y about 1.9, 3.00rabout 2.0, 3.1, sbout 2.1, 2.2,
abowt 2.2, 2.3, abowt 2.3, 2.4, about 2.4, 2.5 orabout 2.5, 2.6, about 2.6, 2.7, about 2.7, 2.8,
gbout 2.8, 2.9, abowt 2.8, 3.0 or about 3.0 wi s up to 3.1, about 3.1, 3.2, about 3.2, 3.3, about
3.3, 3.4, abow 34, 35 or abowt 3.5, 3.6, abowt 3.6, 3.7, about 1.7, 3.8 sbout 3.8, 3.9, asbout
38 4 00orshowm 4.0, 4.1, abow 4.1, 4.2, abowt 4.2, 4.3, about 4.3, 4.4, sbout 4.4, 4.3 or sbout
3.5, 4.6, about 4.6, 4.7, about 4.7, 4.8, abouwt 4.8 4.9, abogt 4.9, 3.4 orabout 3.4, 5.1, sbount

-

AL abowt 5.4, 3.5 or abowt 3.5, 5.6, shomw 3.6, 5.7, abow

L8

about 5.2, 5.3, about 8.3,

5.7, 58, about 5.8, 3.9 about 3.8, 6 0w abowt 8.8, & 1, shout 6.1, 6.2, shont 6.2, 6.3, abowt

]

63,64 sbout 8.4, 6. Saw sbout 8.3, 4.6, about 6.6 &7, ahout 8.7, &, about 6.8, 6.8, abow
G2 Toorabopt 70 7.1 aboat 7.1, 7.2, abont 7.2, 73, abowt 7.3, 74 abowt T4, 7.5 or sbowt

(VIR
:
;

g oabowt 7.7

T.A. 75, about 7.6, 7.8 ashowt TR, 7.4 shout 7.9, 8.0 or shout 8.0, 8.1, about

:x
A

8.3, abow 82, 8.3, abow 8.3, 8.4, about 8.4, 8.5 or abont 8.5, .6, sbowt 8.6, 8.7 about
R, 8K abowt 3.8, 8.9, about 8.9, 9.0 or about 9.0 wi %, based upon the weight of the nano
dinmonds ov the weight of the nano dimmoend composition and the total weight offthe
fnbricont composition,

in partcutar, the nano diymond component can be present in the composiion man
amount of 405, abouwt 005 4.0, abowi 0.1, 02, abowd 02, 0.3, abowt §3, 0.4, about 0.4, 0.5,
ahout 0.5, 0.6, gbowt 0.6, 0.7, abowt 0.7, 0.4, about 0.8, 0.4 about §.8, 1.6, about 1.6, 11,
about 1.1, 1.2, about 1.2, V.3 gbowt 1.3, 1.4, about 1.4, 1.5, orabout L5, 1.6 aboui 1.6, 1.7,

4

L L8 abowt 1.9 20 orabowt 2.0, 2.0, about 2.1, 2.2, about 3.2, 2.3,

w3
ot

2
;
Erdel
“
S
%2
&
Z
—

about |

[ 2]

aboat 2.3, 2.4, about 2.4, 2.5 or about 2.5, 2.6, about 2.6, 2.7, about 2.7, 2.8, abot 2.8, 2.9,

(3
bt
e
(]
i ¥4
2

about 2.9 30 or about 3.0, 3.1, about 3.1, 3.2, about 3.2, 3.3, about 3.3, 3.4, sbowt 3.4,
shout 3.5, 3.6, about 3.6, 3.7, about 3.7, 3.8, about 1.4, 3.9, about 3.4, 4.0 or sbout 4.4, 4.1,

about 4.1, 42, about 4.2, 4.3 sboui 4.3, 4.4, sboui 4.4, 4 S orabout 4.5, 4.6, ghoui 4.6, 4.7,

L
b
L Hy
¥

ghout 4.7, 4.8, abowt 4.8, 4.3, abowr 4.9, 3.0 orabowt 5.0, 3.1, showt 5.1, 5.2, sbowt 3.2,

g

B

o'
2
L

Y

ashout 8.3, 54, gbout 8.4, 3.5 ov about 3.5, 5.6, abowt 5.6, 8.7, bt 8.7, 5.8, ahom 8.8

>

o

shout 3%, 6.0 or shout 6.4, 6.1, about &1, 6.2, abowt 6.3, 6.3, about 6.3, 6.4, shast 6.4, 6.3

A
aodt
R
Fe
-,
et
et

i

shout 6.5, 6.6, abowt 6.6, 6.7, about 6.7, 5.8, about 6.8, 6.8, gbout 6.9, 7.0 or gbout 7.0, 7.4,

abowt 7.1, 7.8, abows 7.3, 7 3, abowt 7.3

P

74 abowt T4 TR ovabowt T3, Té, shot 76,77,

i

Eoabowt TR, 7.9 abouwt 7.9, .0 or about 8.4,

4
-.,\;

e

ahout 7.7, 1, gboul 8.}, 8.2 shout 8.2, 83,

-

abomt B3, 84, about 8.4, 83 orabout 8.3, 86, about 8.6, 8.7, about 8.7, & 8_gboul &8, 59,

ghout 8.9 9.0 or ghout 2.0 wit, %, In some embodiments, the nans digmond conponent can
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fie present i1 an anmouant of abort 835w % or aboatt 1O wi %% or about 3.0 w1 % wabowt 3.0
wi % based apon the weight of the nano dimmonds or the weight of the nano diamond
conposition and the total weight of the coraposition.

Lubricant Testing Procedures: Corroston-inhubiting febricants can be tested uning

vartous procedures well known i the art. In particular, the salt spray (fog)y test s g
standardizad test used 1o evaluate corrosion resistance. The apparatus used for the sall spray
tost s g closed testing chamber i which a salt containmg solution is stomized by roeans of &
aozsle W create g corvosive environment of a dense saline fog in the chamber. Metal paris
within the chamber are thus exposed 1o the fog and sre atacked wnder this severe cotvoding
atmosphere. Chamber volume iy typically about 15 cubic feet up o about 160 cublie feet

Tests gre performed with o standardized salt solution, typically about 3% saline
reforenced as NSS {nevtral salt spray) and results are reprosented as testing hours i N8S
without appearance of corrosion. Standardized procedures are descntbed ander national and
international standards such as, for example ARTM BHT (ASTM BEHIT, Amenican Sotety
for Testing and Materials, “Salt Spray (Fog) Testing,” Phaladelphia, PAY

Applicanions: The corrosion~inhibiting lobricants of the present teachings displace
massture, idubi rust formation and provide lubnicationn, The compositions gre silicone-free
argd they gre wdeal for munerous appheations mchuding, but not limied 1o mdustrial
apphcations such as use as anti-seize compounds, chain and cable fobricants, gear lubricants,
drifl steet tobricants, open goar lubricants, aiv compressor fobricams, wrbine hibricants and
the like; autorootive and pustorcyrle uses such as engine oils, transmission fuids, avtmotive
gear ois, hvdranlic fuids and the kel fanm and heavy equipnment applcations; marine
apphications such as in marine engines; household apphcations such as on hinges and sliding
compones of doors and windows, motors of housebhold devices and lown equipment and the
tike; electrical angd power tool applications, firsarot applications such as for cleaning and
hubrication as wall as sports and recreational applwations.

It some applications, the corosion-inhubitng lobricants of the present teachings can

he incorporated te a system for delivery as g aerosol spray {(see, for example, US Patent
TITR372) Such svatems inclode g contamer within which the lubricant resides, a tobe or

other transfor means through which the lubricant travels to reach an actoator valve that
delivers the lubricant i an acrosol sust. The acrosol contaimer can be a metal can ov a glass

or plastic bottle destuned o contan and dispense the serosol. The contamsr can also contain

& p;‘essufi:{ed propetiant that can serve to move the Tubricant & the acliator valve and
gerosolive the lubnicant. The propeliant can be a Hguetied or compressed gas within the

2%
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aevonol container that expels the lubricant n the contamey when the valve is actuated. None
fiting sxamples of propeliants inclode gaseous hyvdrocarbons such as isobatene, propane or
mixtures thereof, The lubricant cowpositions of the present feachings produce a Level |

asvosol, e an aerosol with a total chanical heat of combustion that 15 greater than B,600

Biudb €20 ku/e), but less than or equal to 13,0080 Bludb (30 ky

Exaoydes

The following ¢

teachimgs. The examples are not wtended o limit the scope of the clayms.
EXAMPMLE L
This example tHustrates a formualation of a corrosion-inhibiting lubnicant of the
present feachings, and a method of s preparation.

Table 1. Formulation | {Q20 multipurpose Lube G

NAP 100 (NP22) 20410

Keroseng™ 220 %

DUOME HRE T

King hnd. CAVW 146 106G %

Peschloroethylene 45.20%

King. Ind 6110 U LN

King Ind. K-Core NEF 200 010 %

* includes: Kerosene, Low Salfur (99.75% CASESOOR-20-6) 2 6433 5%,; and Naphthalene
(CARE91-20:3, 0.253% in kerosene) 0. O5673%

NAP Hi, Eerosene and Duomeen were hlended toeether to produce 2 wnform mixture. King
» Risty & Posby

Ind, CAW 1146, King Il 61 1 and King Tod, K-Corr NF 200 were then added follnwed by
mixing uniil olear, Perchloroethylens was then added and the bateh nuxed uniil clear and
aaiftam,
EXAMPLE Z
This example iHustrates a forondation of a corvosion-indubiting lobricant of the
present teachings, and a method of s preparation.

Table 2. Formalation 3 (220 Multi-purpose Lube Gk

NAR 100 (NP22} 20,00 %

Kerosene® 22H

King Ind, K-Corr NF 200 0 610%

26
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?’iit}g Ingd AW 146 12,080 %

Perchioroethyvlene 4395 9%

King. Ind. 6110 1.00 %

DUOMEEN® TDO 8,25 %%

* meludes: Kerosene, Low Sulfur (99,758 CASSEE00OR-20-6) 2.643353%,; and Naphthalene

(CASHE 91-20-3, 0.25% 1o kerosene) QUSGTY

'.Ji

NAP 106, Kerosene aund Duomeen were blended together to produce a uniform nuxture, King
Ind, CA/W 1146, King Ind. 6110 and King Ind. K-Corr NF 200 were then added followad by
suxing anbil clear, Perchiorosthylene way then added and the batch mixed yntid clear and
aniform.
EXAMPLE 3
This exaople Hhustrates & fornwdation of & corrosion-indabiting Inbricam of the
present fsachmges, and a method of 1ts preparation.

Table 3, Formulation 3 {Q20 Multi-purpose Lube HY:

NAP 1060 (NP22} 100 %%

Kerosene® 22740 %

DUOMEENS TDO LK %

King Ind. CAW 1140 HLO0 %

Parachlorobenvoiniluonide | 45,20 %

King. Ind. 6110 LMY

King Ind K-Corr NF20¢ | 0.10%

* inchudes Kerosene, Low Sulfur (99, 73% CASHROO8-20-6) 2.643258%,, and Naphthalene
{CASH O1-260-3, 0.258% i kerosene) .03673%
MNAPR 100, Kerosene and Doomeen were blended together to produce o uniformy mixiare. King
Ind, CASW 1146, King Ind, 6110 and King Ind, K-Corr NF 200 were then added followed by
mixing wnid clegr, Parachiorobenrotriibuoride was then added and the hatch nuxed vl clear
and wniform.
EXAMPLES

Thos example Hustrates a formalation of a corrosiomnhibiting hibvicant of the

present teachings, and 8 method of its prepavation.

Table 4. Formuiaton 4 {Q20 Mulu-purpose Lobe Hey

NAP OB {NP22) 2006
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Esrosepe™ 2270 %y

King Ind K-Corr NF 28 | D10 %

King Ind. CAW 1146 1248 %y

Parachlorobenwomifluoride | 43,93 %%

King. fnd. 6110 §.00 4%

DUOMEENRTDO (.25 %

* includes Kerossne, Low Sulfur (99.75% CASHS008-20-6) 2.64325%, amd Nophihalene

{CASH 91263, 0.25% in kerosene} 0.036878%
KAP 10, Kerosene and Duomeen were blended together {0 produce g uniform mixture. King
g, AW 1146, King Ind. 6110 and Kmg Ind. K-Corr NF 200 were then added {ollowed by
mixing until cleay. Parachiorobenzomifluoride was then added and the bateh mixed onol clewy
and uniform,
EXAMPLES

Thas example iHostrates a formudation of a corrosion-mhitnting lubricant of the

present feachings, and a method of i preparation,

Table 5, Formudation 8 {Q20 Salt Fornwmedationd:

NAP D (NP2} 20,00 %

]

Kearoseng® I3 O

DUOMEEN® TDO A

King Ind. AW 1146 §2.00 %

Parachlorobanzotrifluoride | 43,95 %

King. Ind. 6110 FRITA

King Ind. K-Corr NF 20 .10 %%

* moludes Kevosens, Low Sulfur (99.73% UASSRNE20.0) 2.64325%, and Naphthalens
{CARE91-20:3, 8.25% o kerosene) QOS6T I

NAP 100, Kerosene and Duomeen weare blended together 1o produce & winforn: nuxiure, King
Ind, CAMNW 1146, King Ind. 6110 gud King Ind, K-Corr NF 200 were then added followsd by
mixing untif clgar, Parschiorobenrotriflvoride was then added and the bateh mixed vl clear

angt aniform.

AMPLE 6
This example tustrates & formudation of a corrosion-inhibiting heébnicant of the

present teachings, and a method of s preparation.

28



WO 2013/016387 PCT/US2012/048067

Table 6. Formalation & (220 Pengtrating Formmlationy:

NAP 100 {NP22) 20.00 %

Kerosena® AR
King Ind. K-Ceorr NF 200 G0 %y

Kung Ind. CA/W H146 HLOO %

Perchlnrcethviens 4182 %

King, Ind 6110 IRETR

DLOMER! DO G %

Aavosol Nane Diamond Concentrate | 3.38%

* mcludes Rerosene, Low Salfiw {09, 75% CASHERGGS-26-0) 2.64323%,, and Maphthalene

{CASH 91263, .25 n kerosene} .05675%

NAP 100, Kerosene and Duowesn were blended together to produce g uniform misture, King
I CASW 1146, Kung Tad, 6110 and King Ind, K-Corr NF 200 were then added followed by
nuxing untid clear. Parachiorobenrotrifuoride was then added and the batch mixed unal clear

and wntform, The Nane Dramond Concantrate was then added.

EXAMPLE?
This exsople illostrates a foroudation of g corvosion~-intubiting lobricant of the
present teachings, and a method of Us preparation,

Table 7. Formulstion 7 {320 Iee Fornulaton):

NAP 100 (NP22) 21.00 %%

Kamsene® 2T

DUOMEEN® TDO 500 %

Kmg Ind TA/W 1146 HLOO %

Parachlovobenzotriflvoride | 40,20 %

King, Ind 6110 OO %%

King Ind. K-Corr NP 200 | .16 9%

* mohudes Kevosens, Low Sulfur (3975 UASSRHIR-20-0) 2.64325%, and Napithalens

3, G25% i kerosene) Q.05673%

NAP 160, Kerosene snd Duomeen were blended together 1o prodace a wniform suxture. King

ind CAG

WoTda, King Ind, 6110 and King Ind. K-Corr NF 200 ware then added follonvsd by
suxing unpd clear, Parachiorobenotriflooride was they added and the batch muxed undl clear

angt aniform.

AL
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EXAMPLEX

i
{

This example tlostrmes vatious emboediments of disclosed nbricmy formulations,
molading can size, aercsol product lahel weight, and 0, propailant Gl waight as shown

Tabde 8 and Table & balow,
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EXAMPLE®

This example tustrates the corrosion-inhibiting properties of tabricants of the present
teachings.

Lubricant conypositions were preparesd secording 1o Examples 1-4. Metal plates were

then coated with fabrivant composition and placed i a salt (fog) chamber for {esting under

ASTM BT standards. FIG. 18 iHusivate corroston-indibition pmperiiee of fubricant
composttions of commercial lnbricint'corrosion inhibitors and, in FIG. 2-8, corosion-
mhibyion propeties of the Q20 formulation of the prosent teachings tested simubtamecasty
with copmmercia! hubricant/corrosion mhihitors, FIG. 6 Hostrates corrosion appearing m a
30-treated metal plate subjected to test condipons oy 192 hours pader ASTM 811
stanshards. These experiments tlustrate that corroston did not becoms apparend uwntil g time
areater than L50 howrs in Q2 0reated plates, whereas covrosion appeared far sooner with
commercial comvesion ihibitordubricants.
EXAMPLE 10

This example tHustrates wear scar tests {ASTM D 148, g test under the standards of
ASTM Internationa], fovmerly the American Soctety for Testing and Materiads) of lubricants
of the present teachings and conumercially avalable hibncants, The ASTM I3 148 test
method w used o evaluste the relative shilities of metal preservatives o prevent the rusting
of steel panels under conditions of 100 relative humudity at 50 degress Celstus. This test is
#oL s severe as the Salt Spray Test It is pot wncovomen for test panels to nos well over 1,000
honrs belore the onset of rust.

in thiy example, steel panels are prepared (o a prescribed surface finish, dipped w the
test flwd, alfowed (o draip and then suspended i the honadity cabinet, A continvous supply
of air s delivered o the cabinet whuch s ronintmned 8t SO degrees Celsius. Panels are
periodically checked for siums of rust. A {ailure ocours 3t the powmt in tine when either g rust
spot farger than 1 mum m dunneter appears or four rust spots of any sive arg observed. Resulls
are reported as hoors to fathwe,

The following wear soar test resulis were obiained for both some disclosed
formolations ax well as some copmpercially avatlable hubwicants.

Table 2. Resalis of wear scar tests.

Product Suar {mny}

Lower is betfer

Q20 Industrial Strength {158

of the present ieachings
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Q20 Retad Multipurpose (1.6
of the praseat teachings

CRC indusmai Sivenuth

Ligand WR

ZEP 457 PENETRATING LU { JCANT

WD-40&

CLP

LPR 38 - Heavy Dty Rust Inlabitey

Bogchield T-O®

Blaster Penetrating

Remingion Remds O

These data demonsirate that a lubricant Broadation of the present teachings can

exhibit wear propariies equal or supsrior 1o conunersially availabls lubricants,

EXAMPLE 1

This exarople Hustrates sali spray test {ASTM B 117

The AGTM B 17 Salt Speay Test, also vefarred to as the Salf Fog Test, offers an
aceelarated method to differentiate the rust prevention characteristios afforded by a coating.
For example, fnlure (rusting) can occur 1 a Tew hours for a than, ofly coating or in thousands
of huwurs for a thick hard coating,

Often used 35 8 scregnmy tost due to the speed at which results can be olvaised, su
agueons sohition of 8% sodiwm chlonde i contimously spraved i the cabinet engelfing the
test panels which crentes an snvirment conducive (o corrosion,

Test Procedure: The tost apparatus consisis of g cabinet capable of mamtaining a
temperatare of 35°C where presyore and the inroduction of the salt contalming vapors (spray)
cat be controlied. Test panels are set on internal racks and are subjected fo the salt fog
atmosphers for variable amounts of ime

Resulis are reported as the numbey of hours o fatdure (onsed of nysty.

Table 10, Resulis of salt spray tests.

Produst Houors Salt Fop ¢ - 2869 Ragd
{hrs to failured

Higher 18 Better

(24 Industrial Strength F6R
of the present teachings

Q20 Retail Moltipumose 126
of the present teachings

CRC Indastrial Streneth G

L
L



WO 2013/016387 PCT/US2012/048067

Liguid W 73
ZEP A5 PENETRATIM 72

W30 iz

CLP 43

LS 36 - Heavy Duly Bust Intubitor 48

Bosshweld T

Blaster Penetrating 24

Renungton Rem® Ol 24

These data demonsirate that a lubricant Rymulation of the present eachings can

exhobit rust prevention characteristios squal or superior o coramercially svailable lobricants,

EXAMPLE 12

This example presents comparisons between commercially avatlable WD-4O&:

tobricant and formulations of the present teachings, tested using standard ASTM tests. The

data are results obtained ander owr experimental conditions. Becmuse vesults can vary with

expermental configurations, owr measwed values do not abways duplicate those stated by the

manefcturer of WD-40®R,

Table 1 ASTM tests conparing WD-4OK with compositions of the present teachings.

ASTM Test

ANTR4172
{Four Ball
arethod for wear
preveniive
characterisiios)

ASTM3233
{Falex Pin &
Ve method for
aniiwear and
extreme
pressure
characierizges)

ASTM B-36204
{endyrance {wear)
{ife and load
CRITYING Capacity
of thin flm flaid
tohricant)

ASTM B-117
{(Sali Spray
Apparatos)

Test Desoription

“fabricates and
Progets’

Lower # Better

“Exireme
Pressure”
Higher # Betler

“Long Lasting
Draration” Longer
s Betier

CCrrosion
Protection”

Product W
H¥ Range

{stated as 0.60 ~
.82 ™)
tested .75 mum

{stated a5 HOO-
150G 1hs™)
tested 1070 s

{siated as 1-10
g al 300 ™)
tested -4 min

-20% Bust ot
T2 hours

Q-2 (G Sample
Consumer
Provduct

D55 & 070 mm

170 ihs

-4 pyn at 300 ihs

O-200%% Rust s
168 hours

3-20 G Sample
fodusirial
Product

§.55 - 00 man

PEOHE Thy

2-% min a1 3060 tbs

O~20%; Rust at
192 hours

*Manufacturer's specification
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Chiy data mdicate that under owr experimental conditions, vboicant formudations of the

present teachings gave resalts sinnlay or superior o WERGE for hbwicant properties tested

e ASTHM Tosts ASTME172, ASTM3233, ASTM D-53620A and ASTM B-117.

B

AMPLE 13
This exsmple presents a water displacement test comparing WD-OKR and Q20
formulation of the present teachings (nght),

in these experiments, ithetrated 1w FIGL 7, 8 paned is spraved with water then with

WD-400 (lefty or Q20 (right) {after 3 mimutes). Arrows imndicate examples of spots thay

appear on the WD-0E: surface.

Al references cifed herein are incorporated by reference, cach i is entivety.

L3
RS



WO 2013/016387 PCT/US2012/048067

CLAIMS
What is claimed is:
LA lubricant composition coraprising:
aYabout 15, 15-25, or abowt 25 wi % of a mineral vil;
by about 17, 17-27, or about 27 wit % of a petrolenm hvdrocarbon:
o} about 5, 3-15, or about 15 wi % of g bguud wax;
d} sbout 40, 40-60%, or ghout 3 wi % of a halogenated orgame solvent;
ey about £1.5, 0.53-1.5, or about 1.3 wit % of phosphorvic acid esters;
£y abow G.05, 0.05-0.15%, or shout .15 wit % of a metad deactivator; and

2t abopt .08, 0.05-1.5, or about 1.3 wi % of a cationic surfaciant.

2. A lobricont composition conypising:
ayabout 15, 15-25, or about 25 wi % of a nuneral oil;

.

by about 17, £7-27, ov about 27 wi % of a pewroleurn hvdrocarbon;

ey about S, 5415 or aboot 13 wi % of a hguid wagg

& aboat 40, 40609, or abowt 30 wi % of o halogenated organic solveny;
{ - P Roawt & o T o B R oo
about 0.5, 8.5-1.5, or sbowt 1.5 wi % of phosphornie soud estery;
£y about 0.08, §.053-0.15%. or about .15 wi % of a metal deactivator: and
2} about .03, G.03-6.0, or aboul 6.0 wi % of a cationic surfactant.
& lehricant compeosition in accordanee with claim 1 or cla 2, further conprising b} about

1, 1-H or abount 10 wi % of 2 nano diamond component that s a panoe diamond powder or a

96 1o G0% nane diamond concenivaie.

4. A lubricant coynposition f accordance with olaim 2. comprising:

a) about 21 wi % of g hydrotreated heavy naphthenie distillate;

by abowut 22.7 wit %% of a kerosens;

o} abowt 10.0 wi %% of 8 Hguid wax congrising a mixture of at least one calotum
afbyviarvisulfonate, at least one ealehm carboyylate and a plarality of petrolaum
oxidates;

d} aboat 40.2 wi % of parachlorobenzotnfluovide;

23 about 1.8 wi % of amine salis of aliphatic phosphoric acid esters;

£y aboagt 000 wi %% of 3 bensotriazole metal deactivate: and

¢) about 3.0 wi % ol an Naallow alky1 3-dianunopropane diolente surfactans.

36
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S04 lnbricant composition i accordance with any ong of clatins 142, wherein
a} the puneral ol comprizes a hydrotreated heavy paphthenie disullate;
b} the petrolenm hydrocarbon comprises a kerosene;
¢} the lupid wax coraprises & mixivre of af least one calciwn atkviarvisulfonate, ut least
one calemny carboxylate and a plurality of petrolenm oxidates:
d) the halogenated organic sobvent connprises, parachlorobenzomifluanide or
perchlorosthyviene:
e} the phosphoric acid esters comprise amine salts of aliphatic phosphorie acid esters;
f} the metsl deactivator comprises a benzotrigzole metal deactivator, and
2} the cationie surfactud comprises an NMutallow alkvl-1 3-diaminopropane dinlegie

surfactut,

&, A lubricant compaosition i accordanee with anv one of clamms (-2, further comprising I
gbout 1, 1-10, or ahow 10 wi % of g nano diamond component comprising nana diarnond

particles having an average diameter of from about 4 to abowt 6 mm.

7. A lubreant composition in secordance with olmm &, comprising
3} aboat 20 wi % of § hydrotrested heavy naphthenic distillate;

b about 22.7 wi %0 of 3 kerosene;

¢} aboot 12 wi % of a liguid wag comprising a mixtore of & least one calenum
alkviarvisulfonnte, sl least one calonum carboxylate and s plarality of petrodeum
oxulates;

d} aboot 43,95 wi % of parachlorebewzomifluonde;

ey about 1.0 wi % of amine salts of aliphanc phosphoric scid esters;

£y aboaat 3.1 wi %4 of 2 benvoirinzole metal desstivator; and

u} about .23 wi % of an Neallow alkyi-1 3-diaminopropane dioleate surfactant.

8. & lobricant composition i accordance with claim 5, comprising
a3 about 20 wi % of & hydrotreanted beavy naphthemie distilate;
b abont 22.7 wi %% of a kevosene;

¢y about Hrwt 9% of a Hauid wax comprising a misiure of at feast one ealch

atkylarvisulionate, at least one calctam carboxyviate and a plurality of petroleum
pxidates;
d) shout 41,82 wi % of parachlovobenzotrifluoride;

s
X

ml
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e ghout 1.0 wi % of amiue salis of aliphatic phosphorio acid esters;
£y aboat 0.1 wi % of a benzotriarole metal deactivator, and

g about 1.0 wi %% of gn N-tallow alkyb1 3-dieinopropane dioleate surfactant; and

i

) about 3.4 wi % of a nane diamond csraponent.

9. A lobricant composition wn accordance with claim §, comprising,
ataboui 20 wi % of a hvdrotreatad heavy naphthenic distifiate;

b aboot 22,7 wi % of a kerosene;

o} about 1 et % of o Uagud wax comprising a mixiure of at feast one calcinm

alkylarvisulfimate, at feast one calcium cwrboxyhite and a ploradity of petrolewm
oxidates;

¢

net”

about 452 wi % of perchlorosthylene;
e} abowt 1.0 wi % of wnine salts of aliphatic phosphoric atid esters;
) about 6.1 wi % of a benzotriazale wetal deacttvatorn and

o} aboot 14w % of an N-allow atky-1 3-disminopropane dioleate sinfactant.

Hy A lubnicant conposition in gecordance with olnm §, comprising

3} aboat 20 wi % of § hydrotrested heavy naphthenic distillate;

e

b about 22.7 wi %0 of 3 kerosene;

¢} aboot 12 wi % of a liguid wag comprising a mixtore of & least one caloium
alkyviarvisulfonnte, ol least one calonum carboxylate and s plarality of petroleum
oxulates;

& 4 AT VYR i S AN

d¥ aboot 43,95 wi % of perchioroethviene:

ey about 1.0 wi % of amiine salts of aliphanc phosphoric soid esters;

£y aboat 801 wi %% of a benrotriarole metal deactivator; and

u} about .25 wi % of an Negaltow alkyi-1 3-diaminopropane dioleate surfactant.

T A lebricant compaosition n accordmnee with claim 3, comprisiog:
at about 20 wi % of o hydrotrented beavy naphthenic distillate;
by abont 22,7 w1 % of a kerosene;

oy about Hrwt 9% of a Hauid wax comprising a misiure of at feast one calcham

afkvlarvisuHonate, at least one calciam cavboxviate and a plurslity of petroleum
oxidates;
d) about 48,2 wi % of parachlorobenzotrifluorids,

38



WO 2013/016387 PCT/US2012/048067

e ghout 1.0 wi %% of amive salis of aliphatic phosphoric acid esters;
£ ahout 0.1 wi % of g benzoiriarole metal deactivator; and

gk shout 1O wi % of go Netallow allovb 1 3-disminopropans dioleate surfctant,
12, A lubrwant compostion in sccovdance with ol 5, comprismyg:

a}about 20wt %% of a hvdrotreated heavy naphthenic distillnte;

BY about 22.7 wi % of a kerosene;

o} about 12 ot % of o liguad wax consisting of & mixture of at feast one calenam
alkviarvisulfonate CAS § 61788-8¢6-4, at least one caloium carboxyiate and a plurahty
of petrolewn axadates;

d} about 4398 wi % of parachlorobenroinfluonde;

eyaboot Lot %% of anine salts of aliphatic phosphorie acid estery;

fy about 0.1 wi % of a benzotriazole metal deactivator, and

g} about (.25 wi % of an N-tallow alkyi-1 3-dismnopropane dinleate surfactant.

130 A hubricat composition in sceordance with claim | wherein the halogenated organie
sedvent is selected frow the group consisting of parachlorobensotrifluoride and

pervhlorosthylene.

14, A labricant composition conymising:
a voineral o
a petroadenm hyvdvocarbon;
a louad wax;
@ halogenated organic solvent:
phosphoric acid esters:
3 meial deachivaton; and
a cattonic sarfsctant, wherein the lubricant vields <06 mm sear inan ASTM D 148

Ry sear test

15, A lubricant composttion in aceordance with claim 7, wheren the lubricant composition

vields about .55 mo soar i an ASTM D 148 wear scar test,

16, A lubticant composiiion comprising:

a wineral il
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a petrotewnn hvdrocarbon;

a Bgud wa:

g halogenated organwc solvent;

phosphoric acid ssters:

a meial deachivaton: and

a cattonde surfaciant, wheratn the lubricant exhibais > 96 tus o faifure i ARNTM B

117 Salt Spray Test

17, A lubricant composition i accordance with claim 10, wherewn the lnbricant composition
exhibits about 120 hrs 1o Tulore, or grester than about 120 hrs to fathure man ASTM B 117
Salt Spray Test.

1R, A method of making @ lubnicant composition, comprising adiing together v any ovder:

J

aYabout 15, 15225 or about 23 wi % of g nyneral ol

by about 17, 17-27, ov aboagt 27 wi %% of 5 peroleum hyvdrocarbon;

o} about 5, 3-135, or about 13 wi %% of & Hguid wax;

d} aboot 40, 40-36, or about 30 w1 %, of g halogenated ovganic sobveng
eyabout 0.5, 0.5 1.5, or about 1.5 wi % of phosphoric atid esters;

£y about .05, 050,15, or about 115 v %% of o metad deactivator, and

o} about .05, 0515, or about L5 wt 9% of a catiowe qurfactant.

19, A method of making & lubricant composition, comprising adding together i any order:
arabout 18, 1525 or aboui 23 wi % of 3 minsral o]
biabont 17, 17-27, or abowt 27 wi % of a petrolenm hydrocarhon;
crabot 8, 5-15, or about 13 wi % of a hguid wagg
d} about H3, 40-50, or aboat 30 wi %% of a halogenated orgamic solveny;
g} about 8.5, 0.5-1.3, or abowt 1.5 wi % of phosphoric acid esters:
£ abowt .05, G03-0.15, or 11,15 wi % of & metal deactivitor, and

¢} about .05, L.05-6.0, or about 6.0 wi % of & cationic surfactant,

20 A method of making a lubricant composition, covaprising adding together in any order:
a¥about 15, 15-23, or abont 25 wi % of a mineral oil;

by abowt 17, 17-27, or about 27 wit % of a petrolenm hydrovarbon;

40
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¢ about 5, 315, or about 13 wi % of a hgoid wagg

i} aboat 40, 4058 or abowt 30 wi % of a halogenated organic solveny;
Yabout 6.5, 0.5 <15 or about 1.5 w1 % of phosphoric aoid esters:

i‘,} about $.05, G05-0.15, or about .15 wi %% of a metal deactivator;

g about .85, 0.03-1 5, or about 1.5 wi % of a cationic surfactant; and

b} about 1, §-10, or ahout 14 wit % of & nano dismond componeny that v a nano diamond

powdar of a B0 0 99% nano durmond concenirate.

21 A method of mﬂkmg a lubricant composiiion, comprising adding together n any ordey;
ayabout 15, 15-25 or abont 25 wi %% of a wmineral oil;
hiahout Y7, 17227, or about 27 wi % of a petrodennt hydmearbon;
cyabout 3 5-15, or about 15wt %% of a Houid wax
d} sbout 44, 40-50, or about 30 wit % of a balogenated orpamic solveny,
Yabout 0.5, 0515, or about 1.5 wi % of phosphoric acid esters;
fyabout G.O5, DOSRTS, or 0015 wi % of o mstad deactivator and
ot aboat 003 00568, or about 5.0 wt % of a cationic serfactant
hi ahom 1, 1-190, or sbowt 10 wi % of § nano diamond component that is 2 nano diamond

povwder or a 90 10 99% nane diamond conceniraie,

. A method in accordance with any one of clatms 18-21, wherein

a} the mineral ol covnprises a hyvdrotreated heavy naphthenie disttllate;

b} the petrolewm hyvdrocarbon compr
o) the higoid wax comprises & mixture of ot least one ealelum alkylarvlsalfonate, af least
ong caloim carboxyvlate snd o plurality of petrolenm oxidates;

d} the halogenated organie sobvent s selected from the group consisting of
parachiorobeyrotrifiuoride and perchlorosthylene;

¢} the phosphoric scid esters comprize amine salis of aliphatic phosphoric acid esters;
) the metal deactivator comprises g boweotnazole metal deactivator; and

o} the catipmic surfactant comprises an N-tallow atkyl- 1 3-diaminopropane dioleate

surfactant,

23 A method in accordancs with sny one of claims 20-21, wharein
53 the mingral oif comprises a hydrotreated hesvy naphthenic distllag
By i roteum hyvirocarbon comprises a kerpsens;

41
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¢} the lgoid wax conyrises & migture of at least one calcivm alkvlarvisalfonsie, aof laagd
one calctam carboxvlate and 8 plarality of petroleam oxidates;

d} the halogenated organic solvent is selected from the group consisting of
parachiorobmuzotrifunride and percidoroatbylene;

2} the phosphonic and esters comprise annne salis of aliphatic phosphoric acid esters:

{) the wetal deactivator comprises g benvotriazole metyl deactivator;

¢} the cattonic surfaciant comprises an N-allow alkyl-1,3-diaminopropane dicleaie
suvfactant; and

h} the nano diamond component comprises nano diamond particles baving an aversge

diameter of about 4, bom 410 6, or showt 6 nm,

24 A method w accordance with claim 18, comprising adding together

a}about 20 wi % of a hvdrotreated heavy naphthenic distitlate;

b) about 22.7 wit % of a kerosens;

e} about 12 ot 9% of o lguad wax comprising a muixture of at feast one caleiom
atbylarvisulfonate, at least one calchum cavboxyiate and s plarainy of pewoloum
oxidates;

dy aboagt 43.95% wi % of parachlorchenrotnifivonde;

g} about 18 wi % of anune salis of aliphatic phosphoric acid esters;

£y abowt 0.1 wit % of & benrotriazole metal deactivator; and

¢} about 0.25 wi % of an Nallow alkyvi- 1 3-diamemopropane disdente surfactant.

25 A method in accordance svith cladm 23, conprising adding wopether:
) about 20 wi %% of g hydrotreatest heavy naphthenio distitlate;

i

by aboant 22,7 wi %5 of a kerosene;
o} about 10 wi % of 8 hiquid wax comprismyg & mixtare of af least one calciuym
atkylarvisobonate, ot Teast one caloians carboxylate and & pharality of petroleum
oxulates;
d} abont 41E2 wi % of pavachiorobenzotriflvoride;
e about 1.0 wi % of anvine salis of aliphatic phosphorie scid esters;
fy abouat 0.1 wi %% of & benvotriagrole meta! desctivator; and

) about 1.0 wi % of an N-tallow alkoyl-1,3-diaminopropans dioleats surfactant; and

fy aboet 3.4 wi % of 2 nano damomd component,
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26,

24

& method w accordance with olaim 22, comprising

A maethod n accordance with clanm 22, congising adding together

atabout 21 wit %% of o bydrotreated beavy naphthenic distillate;
hi about 22.7 wi %o of a kevosene;
oy about 108 wi % of 2 Hguid wax comprising & mixture of ot least one caloium

atkviarvisuHonaie, at least one calctam cavboxviate and a plurality of petrolsum

oxidates;
d) sbout 40,2 wi % of parachiorobenzotrifluorids;

et about 1.0 wi % of amine salts of aliphatic phosphoric acid esters;
£y abowt 8.1 wit % of & benvotrigrole metal deactivator, and

2t about 3.0 w1 % of an Netallow alkyl-1 3-digminopropane dioleate surfactant,

A method w accordance with clains 22, comprising adding topsther:

a}about 20 wi % of a hvdrotreated heavy naphthenic distitlate;

b) about 22.7 wit % of a kerosens;

o} about 1ot 9% of o lguad wax comprising a muixture of at feast one caleiom
atbylarvisulfonate, at least one calchum cavboxyviate and s plarainy of pewoleum
oxidates;

dp about 452 wi %% of perchioroethviane;

g} about L4 wi % of anune salis of aliphatic phosphoric scid esters;

£y abowt 0.7 wit % of & benrotriazole metal deactivator: and

¢} about 1.0 wi %% of an N-tallow altkyl-1 3-disndnopropane diolente swrfactant.

A& method by accordunce seith clanm 22, comprising adding topethern

) about 20 wi %% of g hydrotreatest heavy naphthenio distitlate;

i

by aheart 22.7 wi % of a kervosene;
o} about 12 wi % of 8 hiquid wax comprismyg & mixtare of af least one ealcium
atkylaryisobonate, af Teast one caloian carboxylate and & pharality of petroleum
oxulates;
d} abont 43,93 wi % of perchiorosthviens;
e} about 1.0 wi % of anvine salts of aliphatic phosphoric acid esters;
fy aboat 0.1 wi %6 of & benwotngrole meta! deactivator; o

2y about 2% wi 9% of an Nesallow atkyl-1 3-diamimnopropane diolgate surfaetant.

2 adding togethe

&
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a3 about 20 wi % of 8 hydrotreated beavy naphthenic distillate;

b aboot 22,7 wi % of a kerosene;

oy about 10 wit % of g bguid wax comprising a mixture of at least one caloium
aikylarvisoifonats, at least one caloium carboxyvinte and & plurality of petroleum
oxidates:

dy sbout 45,2 wit % of parachlovobenzotrifivorids;

o} about 1.0 wi %% of awine salis of ahphatic phosphoric aoid esters;

£y abouat 0.1 wi % of a benzotriarole metal deactivator, and

g} abont 1.0 wit % of an N-tallow alkyl 1 3-dunninopropane dioleate surfactant,

30, A miethed o scoordance with olaim 22, comprising adding together

ay about 20 wi % of o hydrotreated heavy naphthenic distilfate;

b about 22.7 wit % of a kerosene;
o} abowt 12 wi % of a higuid wax comprising g ouxturs of at feast one caloium

albyiarvisulfonate, at least one calchom carboxylate and 2 plarality of petrolanm
oxidates;
d} ahomt 4395 wi % of parachlorobenromifluornide;
2} about 1wt % of anune salts of aliphatic phosphorie acid esters;
£y about 4.1 wi % of & benrotriazols metal desctivator; and
g} about .25 wi % of an N-talfow alky- 1 3-dismnnepropane dicleste surfactant.
31 & muethod of lebricating an apparatus, conyprising:
Dy providing o tobricating composition comprising.

a)about 13, 15-235, or about 25 wit % of a nuneral oty

Ay

bYabout 17, 17-27, or ahout 27 wi %% ol & petrolewm hvdrocarbon;

ey about & S-13, or abowt 13 wi % of a hquid wax;

dy abony 40, 40-34, or abowt 50wt %6 of & halogenated organic solveny;

ey ghout 0.5, 0.5-1.5, or ghowt 1.5 wi % of phosphorie scid esters;

£y abeut 005, 005015, or aboat .15 o1 %% of g metad deactivator; and
@) about .05, §.03-1.5, or abowt 1.5 wit %% of a catiomie surfactant; and

2y applying the lobricating composition © lnbrcate the apparatus.

32, A method of lubricating an apparatus, comprising:
1} providing a lubricating compositinn comprising:
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ayabont 13, 13258, or abowd 25 ot %% of 8 suneral o)

by abowt 17, 17-27, or aboat 27 wit %% of a petrolenm hydrocarbon;

¢} about 5 515, or ahout 15 wit % of g bgud wax;

d} about 40, 40-50, or ahout 38 wi % of a balogenated orgmuc solveny;
eyabout 1.3, §.5-1.5, or about 1.5 wt % of phosphovic aoid esiers;

{3 about Q.05 05015, or gbout .15 wi % of a metal deactivator; and
g} about G058, 005648, ov about 5.0 wi % of a eattonie surfactany; and

fdt

2y applyving the lubricating compoaition © fabricate the apparatus.

33 A methed by sccordance with olaim 32, wherein the lnbricating composition further
comprises 1 shout o about H) wi % of 8 nane dlamond component that i3 2 nano damond

powder or a 90 1o 9% pane diamond concenirate.

340 A wethod of lubnicating an apparatus in gecovdancs with any one of clawos 31 - 33,
wherehn:
aythe paperal o comprizes a hydrotreated beavy paphthense disullate;

b the petrolenm hydrocarbon comprises a Rerosene;

o} the fguid way comprises a mixture of at keast one caloinm atkvlaryisulfonate,
gl feast ong calonnn cavboxyiate and a plurality of petroleuny oxidates;

dy the halogenmad organic solvent comprises parachlovobenzotriflvoride or
perchilorosthyisne;

e} the phosphoric acid gsters compr

anine saltx of an aliphatic phosphone
acid esters;
1y the mets! deactivator comprises a benzotniaanle metal deactivaton,
) the cationie surfactand comprises an N-allow alkvl-1 3~-dmrsmopropans dinleste

surfaciant.

C A method w accordance with claim 34, wherein the lubricant composition further
comprises iy about 1) - U or abowt 10w %6 of a nane dismond component comprising

nano dimmond parpicles having an average diameter of from abowt 4 to showt & nm

36, A methed of lubricating a device in accordance with claim 34, wherein the composition
conpiises:
Yabout 20 wt % of a hvdrotreated heavy naphthenic distilinte;
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b

e} about 12 ot 9% of o lguad wax comprising & mixtre of at feast one caleiom

oot

about 22.7 wi % of a Rerosearsg;

alkylarvisolfonate, at least one calcium carbonylite and a plurality of petroleum

oxidates;

&

3 about 4385 wt % of parachlorobenyotrdlvonde;
e} about 1.0 wi % of awine salts of ahphatic phosphoric anid esters;
Yy ghout 0.1 wi % of a banzoiriazele metal deactivator and

o} aboat 0.25 wi % of an N-adlow allvlb 1 3-dimminopropane dicleate surfactant.

37, A methed of lubricating a device i accordgnce with clabin 34, wherein the composition
CONPTISEs:

ay about 20 wi % of o hydrotreated heavy naphthenic distilfate;

b about 22.7 wit % of a kerosene;
o} abowt 10 wi % of a higuid wax comprising g ouxturs of at feast one caloium

albyiarvisulfonate, at least one calchom carboxylate and 2 plarality of petrolanm
oxidates;

di ahont 41,82 wi % of parachlorohensomBluonde;

2} about 14wt % of anune salts of aliphatic phosphorie acid esters;

1 abot 01 wi %% of 3 henrotnarole metal deactivator; and

g} abowt 1.0 wi % of an Natallow alkyl-l 3-dianunopropane dioleate surfactant; and

Poch;

b} about 3.4 wi % of a nano diamond compoment,

38 A method of lobricating a device 1 accordance with clabm 34, wherein the composition
CORYIISES:
a)about 21 wit % of g hydrotreated beavy napbthenwe distillate;

b about 22.7 wi % of a kerosensg;

o} aboot 100w % of a Hguid wax comprising a mixture of at teast one calehum
alhvlaryisulfonate, gt least one calcium carboxyvlate and s plurality of petrolenm
oxidates;

d}t abont 402 wi % of parachlorobenzoinluoride;

ey abeut 1O wi % of anvne salis of aliphatie phosphonic acid esters;

1 abot 01 wi %% of 3 henrotnarole metal deactivator; and

2} abont 300wt %o of an Neallow alfoyl 1 3-disminopropans dioleats surfactant.
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39 A method of lobricating & device I accordance with olabm 34, wherein the composition
COINRIISEs:

a) about 20 wi % of g hydrotrented begvy naphthene distillatg;

by about 22.7 wi 8% of a Kerosens;

oy about 10wt %% of a hauid wax comprismy 8 misture of af Izast one calciom
alkvlarvisulfonate, ot least one calotam carboxylate and g phuvality of petralenm
oxudptes;

d} aboat 452 wi % of perchiorcethyleng;

et about 1.0 wi % of anvine salis of aliphatie phosphornie seid esters;
Iy about 0.1 wi % of g benrotriazole mete] deactivator and
gb aboat 1O wi % of an N-allow alkovl 1 3-digminopropans dioleate surfactant,
4. A method of lubricating g device 1 accordance with claim 34, wherein the composition
COMPIISEs;
at about 28 ot 9% of a hydrotreated beavy naphthenic distillate;
by abost 22,7 wi % of 4 kerosene;
¢y about 12 wit %% of o Hgoud wax comprising a mixture of at least one ealcium
stkylarvisulfonats, af least one calcium carboxyiate and a plurslity of petroleam
nxidates;
dy sbowt 43 .95 wi % of perchioroethylene;
e} about 1.0 wi % of aroine salis of aliphatic phosphoric acid esters:

£y about 0.1 wi % of a benzotrinzole metal deactivator; and

g} about 0.25 wi % of an WN-allow allob ) 3-diaminopropane dioleate surfactant.

41, A method of lubricating & device i accordance with claive 34, wherein the composiiion
CONMPIISEs.

a) about 28 wi % of a hvdrotreated heavy waphthenic distiliate;

b abowt 22,7 wi %6 of a keroseng;

o} abont et % of o liuoad wax comprising & mixture of at least one caleiom
athviarvisulfonate, at least one calcnnm carboxvlate and & plaralny of petrolewn
oxidates;

dy abowt 4532 wi %6 of parachiorobenspinfuonde;

gy about 1.0 wi % of amine salts of aliphatic phosphorin acid estery;

£y about (.1 wi % of a benzotriaznle wetal deactivaten and

4
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o} about 1.4 wi % of an N-tallow sty L3 -daninopropane dinleate swrfactant

42, A methed of lnbricating a device n accordance with claim 34, wherein the composition

conprise
a) about 20 wit ¥ of & hydrotreated heavy naphthenic distilinte;

b about 22.7 wit % of a kerosene;
g nuixtare of At loast one caloium

wi % of a ligpud wax comprising
sarboxylate and & plerality of peroleum

¢rabow 12
Hovlarvisulfonate, at least one calchm ¢
oxidates;

parachiorobenzomifluende;

i_, tahowt 4395 wi % of
} ;‘JGU% i i} wi® {‘a Oi ﬂ\n'ﬂ{){, \aii‘s Q{ aijpi (ﬁ}{, Qho\phk?ih’ *le t’Si{?im.

£y about 0.1 wi % of a benzotriazole metal deactivator and
g} sbout 025 wit %% of an N-tallow athv- L 3-dismmopropane dinleate surfactant.

43, An apparatus containing a febricant composition for aerosol delivery, sald appavatus
CORYHISIRG:

g covlainer;
3 hgbeicant composition of any one of elyums 1-17 contamed therein,

a propellant, and
an actirating valve for discharging the composition in the container i an aerosol form

(‘

14, An apparatus confaimng a lubricant composuion for serosal delvery, smd apparaiu
8 A

SO

g oovniner;

a lubricant conyposition of any one of clatns 1, 2,3, 12, 13, 14, ov 16 contained
therein:

a propetiant, and
an actuating valve for discharging the compositiom in the container in an aevosol form

45, An apparatus i sccordance with olaim 44, wherein the propeliant s carbon dioxide
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