ADDI TI VE COVPCSI TI ON FOR LUBRI CATING O L Technical Field [0001] The
_present invention relates to additive conpositions containing a netal
salt of a phosphorus-containing conpound for lubricating oils.
Background Art [0002] Metal salts of phosphorus-contai ni ng conpounds
such as di al kyl t hi ophosphoric acid esters, dialkyl phosphoric acid
esters or the like, which are solids or viscous |iquids at anbi ent
t enperatures have_praohl e t hat they ar oor,. | bility during
t he production‘%RB%FP§H§EEF¥£EQ%ﬁ%&ﬁgfeﬁPg ﬁﬁﬁﬁgggﬁgﬁg$258ﬁJéd in a
base oil kept at anbient tenperature, or are poor in storage
.stability after being dissolved. A technology has been, therefore,
proposed wherein such netal salts are dissolved in an am ne conpound
or the like beF&cdvheaio HeefFquefied (see Patent Literature 1
bel ow). However, since addition of a netal salt of a
phosphor us- cont ai ni ng conmpound havi ng been di ssolved in such an am ne
conpound to a lubricating oil would | ead to adverse effects such as
causi ng riidbet 1seal sThe swed b entthel wgendfiehergdtat esalttco ag@ditive
restricted to a large extent. Citation List Patent Literature
[ 0003] Patcenip b Btiériatus e cbn V2004/003 108 tSuhmaey tofc f neent i on
Techni cal Probl em [0004] The present invention provides an additive
conposi t ipdro § phoa usbe baatd ingi aigl ddmmpodaes ot Dubke iatvet ae efif et S
such as causing rubber seals to swell, is excellent in storage
stability and geriiggRsuadrediat salt of a dial kylthi ophosphoric acid
ester or a dial kyl phosphoric acid ester that and is solid or viscous
l'iquid atgandpent temperat Usgsitd N ghesbnedusi-atenand & 58 a
process for producing an additive conposition for a lubricating oi
conpri si ng, b §§QlE NG, ERE 28DV TRALIHANEI IR 1IN A-Dgsesqid -4t a
relatively low tenperature of 60 of |ower for a short period of tine.
Sol uti on ;0 fﬁg??ﬂ%&ﬂgﬂfé 1bed G‘esé‘é%z? s0fo 4 he, gxtensl ,}’ewﬁ%i% es-and
resear ch conduct the 1nventors, the present invention has been
acconpl i : e i f f4.ndi h e | £l
hydr ocar %gjﬁldlsggvégtvg%%ﬁs%g lai ﬁgﬁgggﬁgrﬁ@%n%hg& oer]géicgorfﬁjiﬁ{n%#é
conpound _t o .di ssal t hi gh caoncentration .and.a.relatively lo
enper at 87 /0F SBOCTBA 1 ST it (heS © dr SobT 084 St hf ¢4l £ i nd The
excellent in storage stability. [0006] That is, the present inyention
rel ates P& FhUGGdiFT van oﬁﬁ%%??&??% 199 WP PEEA g SRR XonBFi sing
a netal salt of a phosphorus-containi ng conmpound, represented b
formul a Gill)SWlé{ﬁcgrﬁn%nﬁ 851D P 6 lod gt cRht alS%}”rfﬁgg &r“?ri‘?n%rﬁa%‘}%e of
t he conposition, contained in a hydrocarbon solvent selected froma
m neral 64 278 RARBIEL 501 5§ AEhETIR® o} F tand £& o ik I thbF 6LV ¢ Fe
hydr ocar bon sol vent having a 100C ki nematic viscosity of 0.5 to 4.5
mR/s, aPEAcdmBlepyl kes bard atdd f af ocdent &to P Se JOBhgsrTents byh
mass or less: 3 RIO\/O\ /OR M2 /4

metal salts are dissolved in an amine compound or the

like beforehand to be liquefied (see Patent Literature
1 below). However, since addition of a metal salt of
a phosphorus-containing compound having been dissolved
in such an amine compound to a lubricating oil would
lead to adverse effects such as causing rubber seals
to swell, the use of the metal salt are restricted to

a large extent.



ROO0O X2 OR (1) wherein XI* and X2 are each independently oxygen or
sulfur, 1 R, R2, R3, and R4 are each independently a straight-chain
al kyl group having 3 to 12 carbon atons, the average of the carbon
nunber is 5 or greater, and Mis a divalent netal atom [0007] The
present invention also relates to a process for producing an additive
conposition for a lubricating oil, conprising dissolving a netal salt
of a phosphorus-contai ning conpound represented by formula (1) in an
amount of 10 t &igerpépeediidy nass on the basis of the conposition in
a hydrocarbon solvent selected froma mneral oil, a hydrocarbon
_.synthetic oil &uxkcann Wireseheresof, the hydrocarbon solvent. having a
100C ki nematic viscosity of 0.5 to 4.5 nmR/s, a %A of 3 or |less, and
a sul fur [Cohtent of 0al=perCente bytmass or WU 04A0RBAYO\ / CM MP
R20 0/ .7/ \OR4 X2 (1) wherein X4 and X2 are each independently
oxygen or sul f @rumddyyRE RBavamd:-dnare each a straight-chain al kyl
group having 3 to 12 carbon atons, the average of the carbon nunber
is 5 or greatemadndiibils m-dbvalent nmetal atom [0008] The present
invention also relates to a lubricating oil conposition conprising
the foregamg4addi tiveeCosthizon.nAdNantagepusy Elfactsy of ghnventd on
[ 0009] The additive conposition for a lubricating oil of the present

i nventi o S@Pobe drodueed af Aubehatdvenhow tenperat W 4 habd 3608
or lower for a short period of time, does not have adverse effects
such as causi a 0 I LS oexeel ip.s
stability. %ggter %bqggé?gfg Jscgrctrhyia%\é\%gut%s?ﬁg :r%\j?entl oénggﬁ'(%%)] %ﬁ{aeﬁgf’
present i i ] - i.hed. i r; i .

e hydr dobrDoheba et bt £ Aothe 1Ubr Pasr! ag b1 adit g metal
conpositi f e p t fnyenti.on_is a solvent, selected froma
mneral i ,antﬁgcﬁ o%jgrgggwis@ﬁ?ﬁ t}}%sglﬁlo,rla%daglr% X %Egrt IYeT edf

PRI A e SR e A R
viscous liquid at ambient temperatures, in a dissolved
state and also a process for producing an additive
composition for a lubricating oil comprising
dissolving the above-mentioned compound in a base oil
at a relatively low temperature of 60° or lower for a
short period of time.

Solution to Problem
(00047 As the results of the extensive studies and
research conducted by the inventors, the present
invention has been accomplished on the basis of the
finding that the use of a specific hydrocarbon solvent
enables a metal salt of a phosphorus-containing
conmpound to dissolve at a high concentration and a

relatively low temperature of 60°C or lower and the



[ 0011] Speci fic exanpl es of the mineral base oil include those which
. can be produced by subjecting a lubricating oil fraction produced by
vacuumdi stilling an atnospheric distillation bottomoil resulting
from at nospheric distillation of a crude oil, to any one or nore
treatments sel ected from sol vent deasphalting, solvent extraction
hydrocracki ng, solvent dewaxing, and hydrorefining; wax-isonerized
mneral oils; and those produced by isonerizing GIL WAX (Gas to

Li qui d W) %Péél’@ééﬂleﬂﬁﬁmﬁls%ﬁéﬁfcﬂéﬁé‘c% 15 68&%39{%0%&9133&@&& c
exanpl es of the synthetic base oil include polybutenes and
_hydr ogendt®EP ednpounds atthdreoft;h ¢ 5L acsite e ShéR Tag elade EnkC an

ol i goner and 1-deceneol i goner, and hydrogenat ed conpounds t hereof;
aromatic as%dmihéﬁfiecc(@imsosm@hcas Tl ke Aaght habhé&rnasy anidt , comprising

al kyl benzenes; and m xtures of two or nore of these oils. [0013] The
hydr ocar bommsbkventa Used i i t he oprrgsentt si-vent eam nmy  bemp aiingr al
oil, a hydrocarbon synthetic oil or any m xture of two nore types

sel ect ed rffapnmethese: ®i by, fFormexanpl &) tihe sol wenrtumby olfe 10 ntxt Wk
of nore than one mneral oils, a mxture of nore than one hydrocarbon
syntheti @enid&ntorp@ Maxtsuren ot heneb @ i@0rEt Nt her at odbb sandi one or
nore hydrocarbon synthetic oil. [0014] The hydrocarbon solvent used in
the presenint A¥@rid otnhas By d00C ki menatsiccl Y& 860 d Ve 0f: ereCRSSaArid y
0.5to 4.5 m2/s, preferably 1.0 to 4.3 mmR/s, nore preferably 1.5 to

4.2 e/ §,; sk 1pBeher ablny #r 8che o d wﬁ&%eﬁemmcah@oa salmant e
havi ng a 100C ki nenmat’i vi'scosity of less than 0.5 m®/s is not

preferablig LB+, hec 0bj 8Gtd V& af-rRYAPeLAt) O | BSS, i Ay hydragar bon
sol vent having a 100C ki nematic viscosity of greater than 4.5 m®/s

|'s not ahs q}]gﬁgftqrcab‘;gsgg% ;{%ﬁ OF s %39 hg@ﬂg%‘ Lid Y Of genetal

salt of osphorus-contai g conpou ydrocar on

sol vent ysed_ in r | ssaril

| ess, prgf%rablykgpgpo g§§ %ﬁﬁ%é%?e?’régl&@Ap% ﬁgs§§lm9%§ Sk
preferab y 1 5 or |less. A hydrocarbon sol vent haV|ng a %CA of greater
than 3 |§ ‘preferabl e because it tends to be reduced in
diSSO|UbI|Ity of a netal salt of a phosphorus-containing conpound.
The hydrocar bon sol vent _may hawe a Y%A of, 0. The Y%CA
used herein denote theEperce of OEB aromati c carbon nunber in
the total carbon nunber, p% a nethod (R-d-Mring anal ysis)
in accordance with ASTgﬁBﬁ %2/85 4f The hydrocarbon sol vent used
in the present inventi fur tent of necessarily 0.05
percent by mass or |less, preferably 0.04 percent by nmass or |ess,

nore preferably 0.03 percent by mass or less, particularly preferably
0. 02 percent by nass or |ess. A hydrocarbon solvent having a sul fur
cont ent w&ameemhbmdﬂﬁ%qmemwwhmmdagﬁn@enm1mDQEQQMQ¥baﬁmse,
it tends to be reduced in dissolubility of a netal salt of a
phosphor &s- cant,ai ki ngacenplinar o[ @GRITH Gemetap by dettiel gubf ur cont ent
of a hydrocarbon solvent varies on the sulfur content of its raw

mat eri al sthosi gxatiea innatlhe; Cageo @b wWsSiag 3r aw DRt eskdlorceniahai ng
substantially no sulfur such as a synthetic wax produced through a

Fi scher - Trapsehekeard i ®N, tachydrasanbemmaot vents contAigk8gter, and
substantially no sul fur can be produced. In the case of using a raw

mat eri al ycond apnigngy subhw Heeh 18 @osl.ack wax produced through the
refining process of a hydrocarbon solvent or a mcro wax produced

through wayg ¢ €11 ni ngyLihe, suktur. conyents O&nt 'aqg@Sk'letl'aﬂﬂe hydocar bon
solvent is usually 0.01 percent by mass or nore. In the present

nventiop, dhgsaulddt poRIANLihe negessalilyyd- WnRE0CoN By FRIS of

| es tent erre nis neasured I n

accor dange, i £ 0 he, 25 1od d8ser bed in o1l k2544 90fe LOPLBI N0 o ¢

a phosphorus-containing compound represented by



above-descri bed hydrocarbon sol vent and one or nore netal salt of a
phosphor us-cont ai ni ng conpound represented by fornmula (1) bel ow
(hereinafter sinply referred to as "a netal salt of a
phosphor us- cont ai ni ng conmpound) in an anmount of 10 to 90 percent by
mass on the basis of the total mass of the conposition. [0020]

RO /0\ /OR3 M J1\ 2/ | 17 4R00 X2 OR (1) [0021]In formula
(1), X1 and X2 are each oxygen or sulfur. R, 1(2, 1(3 and 1(4 are
each i ndependedtd y( ) stimaiaght apbhaint ab Ryl Ogrioup? hapieng-@ntobi2 mass
preferably 4 to 11, nore preferably 4 to 10, nost preferably 4 to 8
...carbon . atoms.h v zed Ky lo fridup davp ag iftewen itrhanhy deas dapbatross Iwath €
cause the resulting netal salt to be poor in dissolubility while an
al kyl gr oupl bavietwy foee than d2rear bont at ams ywowd damrekas & ¥ ndinfdd cal t
to produce the netal salt. The average carbon nunber of R1, 1(2, 1(3
and 1(4 isineeassa i hyxx 0fegkeai@iorM itha Hivaleni rpethals &t ot
speci fic exanpl es of which include zinc, copper, nickel, cobalt,

cal ci um angy magngsi ym° Pnefeemnad i vai €o sheARAEramles of 5 ther /s,
strai ght-chai n al kyl group i ncl ude n-propyl, n-butyl, n-pentyl,
n-hexyl, n<hepb 3 Br0¢Ms, iA@Y lsyu DrdeCkbn s 4PASEYd , 08N Hercent
n- dodecyl groups. [0023] Specific exanples of the
phosphor ys; coutai ni Ag; empound i ncl ude di - n-butyl phosphat e,

di - n- hexyl'phosphat e, di-n-octyl phosphate, di-n-decyl phosphat e,

di - n- dodecyl phosphat e, n-butyl -n-hexyl phosphat e,

n- butyl - n-octyl phosphat g, di -n-butylthi oghosphat e,
di-n-hexylthiophosphatB;CQi;a35§%§i{h;65hospahte,

n- but yl - n- hexyl t hi ophosphate; n u;%?-n-octylthithosphate, and

m xtures thereof. R2 ¢ (D/Spe fig éxanpl es of the conpounds
represented by formula (53 i ncl ude® netal salts, such as zinc, copper,
ni ckel , cobalt, calcium and magnesium salts of the above-descri bed
phosphor us- cont ai ni ng conpounds. [0024] The mi x ratio of the netal
salt of the phosphprus-cantaining conmpound to the hydrocarbon sol vent
is from 1535298 Perdeht by’ ReRdChpk P31 Yo REdH 3FWIFBS pardditr by
mass, nmorg preferably from35 to 80 percent_bg mass, nost preferably
from 40 o 78 peRcentBy Rmazsconarhe shasdire bihthehatal e Alyd off Tthe
conposition. Wen the mx ratio is |less than 10 percent by nmass, the
amount ofhawengddi Eiove 2t ¢ deb added cdur i ighet aw epraoresst of hpr odwdtdon
of a lubricating oil would be increased, possibly causing an increase
in the evaporari da boss gfaeheetfubaindati hg ai divWiemt heetrbX Batdro. i S
nore than 90 percent by nmass, the additive would separate fromthe

| ubricatilMP @8l duriBfet herstenagel thenaafon [ 8025 Theladdid ive a
conposition for a lubricating oil of the present invention has a 100C
ki nemat i & ub stosittiyn @f oprlefermpby i@.ipd ocdnd i@l g HOIE Psekeicabl y
1.0to 4.3 mR/s, nore preferably 1.5 to 4.2 MW/s. [0026] The

addi ti ve sebiposiviel ao@ab oldter prgsent invention can be easily produced
by, for exanple, adding a netal salt of a phosphorus-containing

conpound havi ngakesi:fiyeelws Ceushad; < t g7a fwdeaeardon sol vent heated
to a tenperature of 30 to 60C and stirring the mxture at a

revol uti qmqyeper ofTﬁe%td&%wgmcg{mﬁbg%@éﬂé%x_& di 530l Bg+8 g

nmetal salt of a phosphorous-containing conmpound in an organi c sol vent

such as bexangsand d Nspemosing; e Bl 8l sald et h A bydcecar bog

solvent, followed by Tenoval of the organic solve

resul ting add t e cppestion, Lar A Jpbti gatiag-gl 'or."flggiglgrprf%sreng

invention i's used as an additiVvé for varrods Fcatin S,

Exanpl es 028] The. present . i nvention w.l| be described re
specific§F8§g§#% %gﬁeégh%%h%d ?ﬁgsfSPFOWFﬁ63E§§H%¥§§ %ﬁgefgﬁbgﬁﬁﬁ?ve
Exarpl es 1. il 7 Lheret o [0029] (Bl es 1 (0 5, (omoay af ve

storage stabiiity.



The followi ng nmetal salts of phosphorous-containing conpounds were
. added to the foll owi ng hydrocarbon solvents to prepare additive
conpositions for lubricating oils (Exanples 1 to 8, Conparative
Exanples 1 tol6) having formulations set forth in Tables 1 and 2
bel ow. Thehydrocarbonsol vents and netal salts of
phosphor ous- cont ai ni ng conpounds in the tables are as foll ows.
[ 0030] (1) Hydrocarbon sol vents Solvent 1. Paraffinic solvent
refined m neraPe6it ¥adeCigheatinyingcosttythe Tavweprsimga: 5,
sul fur content: 800 ppm by nass) Sol vent 2: Hydrogenated
_refined rifiek@l oil ﬁeoemmenﬁt lnveREdSIt WwiPl7ogn@sscoutrRed,in
sul fur content: O ppm by nass) Sol vent 3: Poly-a-ol efin (PAO
(100C ki memet | deviasiclosi bglaw 0 nmmR/s, %CA: 0, sul fur content: 0 ppm
by mass) [0031] (2) Metal salts of phosphorus-containing conpounds
Phosphor us conpound BPhezimod nebutnd emn- hexytgphosplet @ (averlage car bon
nunber: 5, phosphorus content: 11.5 percent by mass, zinc content:
11.9 percemMrbyamdass) oil adhosphor usosgmolbdol: @fneéhe present
di - n- hexyl phosphat e (average carbon nunber: 6, phosphorus content:
10. 4 pergenteRYiBBSS.s 74 NoterRitNtse 18cE NEreedin By MBSSral oil, a
Phosphorus conpound C. zinc n-butyl-n-octyl phosphate (average carbon

nunber: 6.y Phoshheds sontand i t0.44 Pereent DymABSSurai ARG CoabENt :
10.7 percent by mass) Phosphorus conpound D:. zinc

n-butyl - rra%rau;telp@@eeph@treerﬁer%agesr@w%fnerfoer '5 §o RNOSRIET US,
content: 9.8 percent by mass, zinc content 0.1 percent by nass,

sul fur Cankentoel9. o PRLEAN! ¥y TS} fur confARANOE LS. senye%ﬁ
zinc di- buty?phospﬁat average carbon nunber: 4, phosphor us

cont ent re mass, zinc content: 13.1 percent by nass)
Phosphoruégégﬁggun F18§Fnc d| n-butylthiophosphate (average carbon

numer SafgIICr S GELENL oLl PELCSL DY ey 00t a1
Ph h G but yl h b
e SR gy oo e o

12.6 percent by mass) Phosphor us, conpound H. zi nc
di - 2- et hyll‘%lFe&%fFBﬁdsr%&tlel (fﬁfh%)%EFrGFhEr&ﬂH‘éﬁ 0y, ‘Baﬁerléerﬁlﬁi% Ires'shd
zi nc content ercent by mass) Phosphorus conpound |: zinc
di - 2- et hytrrhem@repgreéprrrés%hartéJ(Jp%éeﬁb%rst%errteml 7 91 hEAEChtE 1R
mass, zinc content: 8.7 percent by mass, sulfur content: 8.7 percent
by mass) A[tO032p ke iaeldi & $¢é lclompbsint Péng Ferude | abhi c&Q B 0iqn§for
Exanples 1 to 8 and Conparative Exanples 1 50 16 were subjected to a
st orage teste at reeroTeé ntenpee dturte d of sbyeryvel whetthedetlseyh vk anyg,
liquefied at a tenperature of 60C and whet her insol uble precipitated
after 1 wedkyeRtweeks;adtweaks apdrd owerk&irithe sedularst alewsetidfort h
in Tables 1 and 2. A stable additive conposition for a lubricating
oi | cannathdehpaeducetli hAride ease of cusimg sal wente 2anoto by ngriche
properties defined by the present invention and
phosphor ggreoat plreldlgceem@umoiﬂa\m@mgbmrmxal lod s gt eUR.iquid
[0033] [Table 1]

Wax) produced through Fischer~-Tropsch process.

[0012] Specific examples of the synthetic base oil
include polybutenes and hydrogenated compounds

thereof; poly—-ca-oclefins such as l-octene oligomer and
l-decene oligomer, and hydrogenated compounds thereof;

aromatic synthetic oils such as alkylnaphthalenes and
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alkylbenzenes; and mixtures of two or more of these
Loils.

[0013] The hydrocarbon solvent used in the present
invention may be a mineral oil, a hydrocarbon synthetic
0il or any mixture of two more types selected from these
cils. For example, the solvent may be a mixture of more
than one minerzl oils, a mixture of more than one
hydrocarbon synthetic oils, or a mixture of one or more
mineral oil and cne or more hydrocarbon synthetic oil.
[0014] The hydrocarbon solvent used in the present
invention has a 100°C kinematic viscosity of
necessarily0.51x)4.5mm2/s,preferablyl.oTx)4.3mm2/s,
more preferably 1.5 to 4.2 mm?/s, most preferably 2.0
to 4.1 mm*/s. A hydrocarbon solvent having a 100°C
kinematic viscosity of less than 0.5 mm?/s is not
preferable with the objective of evaporation less. A
hydrocarbon solvent having a 100°C kinematic viscosity
ofgreaterthan.4.5mm2/sisxuﬁ:alsopreferablebecause
of its poor dissolubility of a metal salt of a
phosphorus-containing compound.

[0015] The hydrocarbon solvent used in the present
invention has a %Cy of necessarily 3 or less, preferably
2.5 or less, more preferably 2.0 or less, more
preferably 1.5 or less. A hydrocarbon solvent having

a %Cp of greater than 3 1is not preferable because it
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tends to be reduced in dissolubility of a metal salt
~of a phosphorus-containing compound. The hydrocarbon
solvent may have a %Cp of 0.

The %C; used herein denote the percentages
mfthearomaticcarbonnumber:ﬁgthetotalcarbonnumber,
determined by a method (n-d-M ring analysis) in
accordance with ASTM D 3238-8D0.

[0016] The hydrocarbon solvent used in the present
invention has a sulfur content of necessarily (.05
percent by mass or less, preferably 0.04 percent by mass
or less, more preferably 0.03 percent by mass or less,
particularly preferably 0.02 percent by mass or less.
A hydrocarbon solvent having a sulfur content of more
than 0.05 percent by mass is not preferable because it
tends to be reduced in dissocolubility of a2 metal salt
of a phosphorus-containing compound.

[0017] Generally, the sulfur content of a
hydrocarbon solvent varies on the sulfur content of its
raw material. For example, in the case of using a raw
material containing substantially no sulfur such as a
synthetic wax produced through a Fischer-Tropsch
reaction, a hydrocarbon solvent containing
substantially no sulfur can be produced. In the case
of using a rawmaterial containing sulfur such as a slack

wax produced through the refining process of a



I I SO oN SO Se) SO 8 Exanple EIl 11 asusieqg I'"El 1 1 SO oN oN
oNOoNL 1 nousisg ! Il i Il

hydrocarbon sclvent or a micro wax produced through wax
~refining, the sulfur content of the resulting.
hydrocarbon solvent is usually 0.01 percent by mass or
more. In the present invention, the sulfur content is
necessarily 0.05 percent by mass or less.

The sulfur content referred herein is
measured in accordance with the method described in JIS
K2541-1996.

[0018] No particular restriction is imposed on the
viscosity index of the hydrocarbon solvent used in the
present invention. However, the viscosity index is
preferably 80 or greater, 100 or greater, most
preferably 120 or greater such that excellent viscosity
characteristics can be obtained at from low
temperatures to high temperatures. ©No particular
restriction is imposed on the upper limit of the
viscosity index. Those with a viscosity index of 135
to 180 such as normal paraffing, slack waxes, GTL waxes
or isoparaffinmineral oil produced by isomerizing them
may be used. A hydrocarbon solvent with a viscosity
index of less than 80 would tend to be reduced in
dissolubility of a metal salt of a
phosphorus-containing compound.

[0019] The additive composition for a lubricating

0il of the present invention comprises the
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above-described hydrocarbon solvent and one or more
metal salt of a phosphorus-containing compound

represented by formula (1) below (herxeinafter simply
referred to as “a metal salt of a phosphorus-containing
compound) in an amount of 10 to 90 percent by mass on

the basis of the total mass of the composition.

[0020]
! ' or’
RO //X /O\ ’
/P\ /M /P\ ) (1)
r’0” 07 7 om
X
[0021] In formula (1), X' and X? are each oxygen or

sulfur, Rl, Rz, R? and R? are each independently a
straight~chain alkyl group having 3 to 12, preferably
4 to 1i, more preferably 4 te 10, most preferably 4 to
8 carbon atoms. An alkyl group having fewer than 3
carbon atoms would cause the resulting metal salt to
be poor in disscolubiliity while an alkyl group having
more than 12 carbon atoms would makes it difficult to
produce the metal salt. The average carbon number of
R', R?, R® and R? is necessarily 5 or greater. M is a
divalent metal atom, specific examples of which include
zinc, copper, nickel, cobalt, calcium and magnesium.
Preferred 1is zinc.

[0022] Examples of the straight-chain alkyl group
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include n-propyl, n-butyl, n-pentyl, n-hexyl, n~heptyl,
~n-octyl, n-nonyl, n-decyl, n-undecyl, and n-dodecyl
groups.
[0023] Specific examples of the
phosphorus-containing compound include
di-n-butylphosphate, di-n-hexylphosphate,
di-n-octylphosphate, di-n-decylphosphate,
di-n-dodecylphosphate, n-butyl-n-hexylphosphate,
n-butyl-n-octylphosphate, di-n-butylthiophosphate,
di-n-hexylthiophosphate, di-n-octylthiophospahte,
n-butyl-n-hexylthiophosphate,
n-butyl-n-octylthiophosphate, and mixtures thereof.
Specific examples of the compounds
represented by formula (1) include metal salts, such
aszinc,copper,nickel,cobalt,calcium,andnmgnesium
salts of the above-described phosphorus-containing
compounds.
i0024] The mix ratio of the metal =alt of the
phosphorus~containing compound to the hydrocarbon
solvent is from 10 to 90 percent by mass, preferably
from 30 to 85 percent by mass, more preferably from 35
to 80 percent by mass, most preferably from 40 to 75
percent by mass on the basis of the total mass of the
composition. When themix ratiois less than 10 percent

by mass, the amount of the additive to be added during

~10-
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the process of production of a lubricating coil would

"be idncreased, possibly causing an increase in the

evaporatiocn loss of the lubricating oil. When the mix
ratio is more than 90 percent by mass, the additive would
separate from the lubricating oil during the storage
thereof.

[0025] The additive compogsition for a lubricating
0il of the present invention has a 100°C kinematic
viscosity of preferably 0.5 to 4.5 mm?/s, more
preferably 1.0 to 4.3 mm?/s, more preferably 1.5 to 4.2
mm?/s.

[0026] The additive compecsition of the present
invention can be easily produced by, for example,
adding a metal salt of a phosphorus—-containing compound
having been finely crushed, to a hydrocarbon solvent
heated to a temperature of 30 to 60°C and stirring the
migture at a revolution number of about 300 rpm or
alternatively dissciving a metal salt of a
phosphorous~-containing compound in an organic sclvent
such as hexane and then mixing the metal salt with a
hydrocarbon solvent, followed by removal of the organic
solvent.

[0027] The resulting additive composition for a
lubricating oil of the present invention is used as an

additive for various lubricating oils.

-11-



Exanple 1 anuerq SO oN oN ON ON Test G| No. -posesl |00s1061
5505W Z WAArng 1Sol vent 3 mass% Phosphorus Conpound A mass%-----
Phosphorus Conmpound 13 mass% --- Phosphorus Conpound C mass%
Phosphorus Conpound E) mass%----- Phosphorus Conpound E nass%
Phosphorus Conpound F nmass% Phosphorus Conpound G mass% Phosphor us
Compound H mass% Phosphorus Conpound | ‘mass% Aver age Carbon Nunber of
Phosphorus Conpound Li quefaction at 60C Stability at roomtenperature
(I'nsol ub(e) on&xggeklewo weeks

- [G028] ... The present invention will be described more
specifically with reference to the following Examples
and Comparative Examples but not limited thereto.
[0029] [Examples 1 to 8, Comparative Examples 1 to
16]

The following metal salts of
phosphorous-containing compounds were added to the
following hydrocarbon solvents to prepare additive
compositions for lubricating cils {Examples 1 to 8,
Comparative Examples 1 tol6) having formulations set
forth in Tables 1 and 2 below. The hydrocarbon solvents
and metal salts of phosphorous-containing compounds in
the tables are as follows.

[0030] {1l) Hydrocarbon solvents
Solvent 1: Paraffinic solvent refined
mineral oil (100°C kinematic wviscosity: 2.1
mm?/s, %Ca: 5, sulfur content: 800 ppm by mass)
Scivent 2: Hydrogenated refined mineral cil
(100°C kinematic viscosity: 2.7 mm?/s, %Ca: O,
sulfur content: 0 ppm by mass)
Solvent 3: Poly-a-olefin (PAO) (100°C
kinematic viscosity: 4.0 mm?/s, %Ca: 0, sulfur
content: O ppm by mass)

[0031] (2) Metal salts of phosphorus-containing

-



t hree weeks four weeks [Table 2] agneng , stalwart:so, 42 | -erg
-1 ON ON Conparati ve Exanple |I'S 00051Fq IP,1 11 Li SO, SPA

compounds

Phosphorus compound A: zinc
n-butyl-n~hexyvlphcsphate (average carbon
number: 5, phosphorus content: 11.5 percent by
mass, zinc content: 11.% percent by mass)

Phosphorus compound B: zinc
di-n~hexylphosphate (average carbon number: 6,
phosphorus content: 10.4 percent by mass, zinc
content: 10.7 percent by mass)

Phosphorus compound C: zinc
n-butyl—-n-octylphosphate (average carbon
number: 6, phosphorus content: 10.4 percent by
mass, zinc content: 10.7 pexcent by mass)

Phosphorus compound D: zinc
n-butyl-n-octylthiophosphate (average carbon
number: 6, phosphorus content: 9.8 percent by mass,
zinc content: 10.1 percent by mass, sulfur
content: 10.1 percent by mass)

Phosphorus compound E: zinc
di-n-butylphosphate (average carbon number: 4,
phosphorus content: 12.8 percent by mass, zinc
content: 13,1 percent by mass)

Phosphorus compound F: zinc
di-n-butyithiophosphate {average carbon number:

4, phosphorus content: 11.9 percent by mass, zinc

-13-
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content: 12.3 percent by mass, sulfur content:

12.3 percent by mass)

Phosphorus compound G: zinc
n-butyl-n-hexylphosphate (average carbon
number: 4.5, phosphorus content: 12.2 percent by
mass, zinc content: 12.6 percent by mass)

Phosphorus compound H: zinc
di-2-ethylhexylphosphate (phosphorus content:
8.8 percent by mass, zinc content: 9.1 percent by
mass)

Pheosphorus compound I: zinc
di-2-ethylhexyldithiophosphate (phosphorus
content: 8.4 percent by mass, zinc content: 8.7
percent by mass, sulfur content: 8.7 percent by

mass)

[0032] The additive compositions for a lubricating
0il of Examples 1 to 8 and Comparative Examples 1 50
16 were subjected to a storage test at normal
temperature tec observe whether they were liguefied at
a temperature of 60°C and whether insoluble
precipitated after 1 week, 2 weeks, 3 weeks and 4 weeks.
The results are set forth in Tables 1 and 2. A stable
additive composition for a lubricating oil cannot be
produced in the case of using solvent 1 not having the

properties defined by the present invention and
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andustrial Applicabilits

5
[
3

[0034]  The additive composition for a lubricating
0il of the present invention is significantly large in
industrial value because it can be produced at a

relatively low temperature, which is 60°C or lower for
a short period of time, does not have any adverse effect
such as causing rubber seals to swell, and is excellent

in storage stability.

-18-



‘Exanpl e 5 sousing Li SCA SQA Test Ol No. Solvent 1 mass%
- 5500U1Z WOA CE ' Sol vent 3 mass% Phosphorus Conmpound A mass%
Phosphorus Conpound 8 mass% - -------- Phosphorus Conmpound C mass%

Phosphorus Conpound O rnass% Phosphorus Conpound E nass%

Phosphor us Conpound F nass% Phosphorus Conpound G nmass% Phosphor us
Compound H masS% Phosphorus Conpound | nmass% Aver age Carbon Nunber of
Phosphorus Conpound Li quefaction at _60C :Stability at room
tenperature (Insol uble) one week T A&Rs t hroe weeks four weeks

I ndustrial Aloplicabilit [0034] The additive conposition for a
lLubricating .

[Claim 1] An additive composition for a
lubricating o0il, ccmprising a metal salt of a
phosphorus-containing compound represented by formula
(1) in an amount of 10 to 90 percent by mass on the basis
of the composition, contained in a hydrocarbon solvent
selected from a mineral oil, a hydrocarbon synthetic
0il and a mixture tTherecf, tThe hydrocarbon scolvent
having a 100°C kinematic viscosity of 0.5 to 4.5 mm?/s,
a %Ca 0of 3 or less, and a sulfur content of 0.05 pexcent

by mass c¢r less:

R'O, //X /O\ OR’

7 W
N SN
g o7 7 o

(1)
R

wherein X* and X% are each independently oxygen or sulfur,
R', R?, R®, and R?! are each independently a
straight-chein alkyl group having 3 to 12 carbon atoms,
the average of the carbon number is 5 or greater, and
M is a divalent metal atom.

iCilaim 2] A process for producing an additive
composition for a lubricating oil, comprising
dissolving a metal salt of a phosphorus-containing

compound represented by formula (1) in an amount of 10

w] Q-



oil of the present invention is significantly large in industrial
val ue because it can be produced at a relatively |ow tenperature,
which is 60C or |lower for a short period of tinme, does not have any

adverse effect such as causing rubber seals to swell, and is
excellent in storage stability. CLAIM [Claim1] An additive
conposition for a lubricating oil, conprising a netal salt of a

phosphor us-cont ai ni ng conpound represented by fornula (1) in an
amount oftd0%Pored qrattehty by S¥assn ohhehd drass sobf thive conposiitt bon
contained in a hydrocarbon solvent selected froma mneral oil, a
_hydr ocar bign zyhyHetiaa obbnasd lav ekt ged ¢ dieedoff r arhea hyitnecarban 1,

sol vent having a 100C ki nematic viscosity of 0.5 to 4.5 m2/s, a WA

of 3 or ledsydandaalsuhfaynchrgtieht of 10a@b pemdertuby nAsS erf ) esise
RROA),ORB PN M2R 2 //1./. X4 R0 02 OR X (1) wherein XI and X2
are each Hydepenrddnshys oXygert orawuhfus,1 A0RC, xRRenR3tiandi Ryt v
each independently a straight-chain alkyl group having 3 to 12 carbon
at ons, thef avesage of . s heméardions nuahes fi $ % 0r1 603t efndand sMi sy
di valent metal atom [C aim 2] A process for producing an additive
conposi ticdnfenta 4 £#boi, 0at i g reidnt COYPHISI H0o¢H Ssodying a metal salt
of a phosphorus-contai ni ng conpound represented by forrmula (1) in an
anount of 10 to 90 percent by mass on the basis of the conposition
in a hydrocarbon sol vent1 sel e led#ro am neral oil, a hydrocarbon
synthetic oil and a m e /ﬂ% )% hydr ocar bon sol vent having a
100C ki nematic viscosity ofi0.5Mo 445 mTQ/s a UCA of 3 or less, and
a sul fur content of O. Oﬁer({eﬁt b ma@gor | ess: Riof\ ,OR3 R20 '/
4 02 ORM,P, X(1) wherein X1 anfl” X2 are each independently oxygen
or sulfur, R, R2, R3, and R4 are each a straight-chain al kyl group
having 3 to 12 carbon atons, the average of the carbon nunber is 5 or
greater, dMlsadl ent netal atgqm ai A lubricating oi
conposi ti't on S E5APr T sitY ?an e haditf 11&@%’%{%?8?% of XX AUt At J(:)rl
accordlngvio Qlahgll nd R* are each a straight-chain alkyl group

having 3 to 12 carbon atoms, the average of the carbon
number is 5 or greater, and M is a divalent metal atom.
[Claim 3] A lubricating oil composition

comprising the additive composition for a lubricating

0oil according to claim 1.
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