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Example 1B

A partial concentrate is prepared from sulfurized fat, 30 parts, styrene-maleic anlydride copolymer pour
s0 point depressant, 15 parts, phenolic antioxidant (Ethyl® 728), 20 parts, hydroxyethylated long chain amine,
10 parts, 4% Dow-Corning/antifoam fluid, 6 parts, polymethylmethacrylate viscosity index improver. 340 parts

and red dye, 2 parts. The materials are stirred and mixed for 45 minutes at 60-70°C.

Example 1C
55
A mixture of 378 parts of the preblend of Example 1A is mixed with 447 parts of the partial concentrate of
Example 1B together with 9175 parts of Exxon 1365 base oll to prepare a complete blended lubricant.
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of Cagipari son 1 was ni xed GRER-49F, ERICIION: (L0 a1 concentrate of
Exanpl e 1B and 37 parts of tricresyl phosphate together with 9146 parts of
Exxon 1365 base oil to preqﬁge 149rp A CQEp! g6 eppt ended | ubricant. Friction
Test Usi ng (l ow ve frictionvampar at upkltée(xe®ffici ent of
friction vvay%néagﬁf\ed at sfidi ng speeds 20 of 10 and 40 feet (3 to 12 nm
per 1’ nut e aeaipagisohricti on pad of SD1777 material. The gsane neasurenent
was al so mad@reshdi| which haé%een subj eéfed to a HOOTjhot oi | oxidation
test) test f@ioc*8%hours with A84catal yst ed. 25
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132 . Example 1C 8 (Hoot ec{)-_’0 qao 162 2 150
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(tésul'ts show that the frictional properties of blends using phosphorous
acid are just as good as those of the other phosphorus sources and superi or
i N retai ni mgpsé feadteshoivehatilid flictienabrdrdpertiesoot blekads Lsing phosphorous acid are just as good as those

of the other phosphorus sources and superior in retaining those properties after oxidation.
45
Hoot Test

The lubricants prepared in Example 1C, the two comparisons, and a control with no phosphorus were sub-
jected to 64 hour HOOT tests. In this procedure, 30 ml. of oil is placed in a 1 x 8 in. (25.4 x 152.4 mm) test tube
50 containing a 7 mm. OD. tube 8 inches (203 mm) in length. As a catalyst, 1.0 ml of a 3.3% solution of ferric
acetylacetonate-is added along with a small drop of Dow-Corning antifoam solution. After 64 hours in a bath
at 161°C with an airflow of 10 L/h. passing through the oil, the absorbance of the oil at a peak in the 1720 recip-
rocal centimeter region of the infra-red spectrum is measured. The difference from that of the fresh oil is taken
as a measure of the susceptibility to oxidation.



45 Hobt Test The lubricants prepared in Exanple 1C, the two conparisons,
..and a control with no phosphorus gpprsge sagls1 j ected to 64 hour HOOT tests. In
this procedure, 30 m. of oil is placed ina 1l x 6 in. (25.4 x 152A M)
test tube 50 containing a 7 nm OD. tube 8 inches (203 M) in length. As a
catalyst, 1.0 ml of a 3.3% sol Ub'b{?ﬂ\ﬁfmfzm' g.ﬁgl#_%petonate is added
along with a small drop of Dow Corning antifoam solutlon. After 64 hours in
a bath at [err] with an airflow of 1G4lidR Re®Esi ng through the oil, the
absorpance of the oil at a peak in the 1720 recip- rocal centineter region
af .the infra-red spectrumis neasured. The difference fromthat of the '
fresh oil is taken as a neasure of the susceptibility to oxidation. 55 4
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Spot 10 IR 10 Conparison 1 Zi nc di al ki - 0. 46

Bl ack 13 ¢ thigoh £ 5 Tar 15
Conpari son 2 Tri E{mte 048 . 3}1‘ar Brack >1.0
phosphat e _ Tar Exanple 1C Phosphor ous
0.08 Comgakistht 2  Tricres@l-2, 0. 13 ;mard Black >1.0

Br own™20 Contr ol phosphate None Tar - Bl ack

>1.0 Tar The results show hatt he phosphorous acid based additive is much
superi or | PxaypleldC on r Eeesphayes to ad®.0825 tikdgbtcont &0-2i @ IBhe ot her
two phosphorus sour ces. a@i®a| | Test The | ubri carBX®Br epared i n Exanpl e 1C,
the tyo conparison conpgsitions and a control w_th containing 30 no
phosp orou@ﬁﬁ'ﬁ}ti ve weP®@ ested in the Z-Bal | Test .>¥R this
\procedure, 10 M. of oil is placed on the 4 steel™balls arranged in a
pyram dal configuration in a steel cup with the 3 lower balls held fast and
the top onehérbuls thog thafire phesphirbuRiEatid Pd3ed dditie ishizh Supéhof i bidaBonedistafcd tbigtiak a 40
Kg. |madtives cohitihhg arstharido pliospHomissdurcedlt t he end of the test the average wear
scar dianeter on the three |ower balls was neasured. 35 FOUR BALL WEAR TEST
EVALUATI @BealPfestsphor us % Scar 40

Lubri cant Sour ce By wt. P % D aneter, MM
Conpar i son The lubrtante prepaggdids Fxample 1C, the two compagisan Gompositiong aidsa control with con@iniggQ 45
di t hi®p hysmqgahgrowwe,u@mﬁespd in thqa #-BplWear Jest. In this_ procedure, 10 ml.(pf gjlis placed ogthe 3

0. 475 pht&pelaslls aended iy ¢ pyramidal configuratiopyin . sienh pup yith the 3 dpwepbaligheld fast and the top o 3
0. 400 5K one rotating againstthom, Thetest was run for two heyrs,under a 40 Kg. load at 1200 Rpm and at 150°F (65°C). _

0. 525 That e etite EFME ayeede e S IBTpRGINSRharieHer sps wae egsu=¢uperi or in

wear 3r5esi stance to the additive containing 5,

FOUR BALL WEAR TEST EVALUATION
Phosphorus L3 . S8car
. 40 Lubricant —Source _ By Wt. P %  Diameter, MM
J )
Comparison 1 Zi.hc dialkyl- 0.46 0.03 0.400
po dithiophosphate
Comparison 2 Tricresyl- 0.37 0.03 0.475
phosphate
50
Exanple 1C Phosphorous acid 0.08 0.03 0.400
55 Control None - - 0.525

The results show that the phosphorous acid product is superior in wear resistance to the additive containing
5



EP 0 '359 522 Bl tri cresyl phosphate and equal to that of the additive
contai ning zinc dithi ophosphat e. gfgpsese289r r osi on Test 5 The
| ubricants were tested in the D-130 test at [err] for three hours. This

Lest | Nl hE ol Ui AYFole il LHRLIGAN aliRyRRHRS! 00 O copper A

freshly r cop er strlplspace (25.4 x 152.4 mm)

t est tub@op#,tda"gg;}mﬁiest of the oil being tested The tube is placed in a

heated b roper period of tinme. After renoval fromthe bath the

condi i on Qe jlifHantd werdtedtsd iIF REDABEEst i 160°CRordibeHours  THIS RE iktiidalet ihd FesRiaRce@F VEN a
@l i Ng ameRbrithi ® doflosidner dopyeR AdreshiyFéfinisRedEysper stipGsidcyd IR Y & B ed(25.4 R es2ahth.NgS
ranged fesmba witl30/mivéfths ol Bdiligaésted THe tubbisfplaiced i b Adated bath for B PropérPeriod LR,

Lubr i canafter removal from the bath the condition of the strip is Conipafad Wit d setpf stindard strips and given a rating
Conpar i s&mordidg to the standard strip most closely matched. The ratingsirihg@d3ro@0rtpéwithdattars AR D for inter-

| B Exanpinediateirénges. ' | B 20 The results show t hat
t he phosphorous acid bl end provided excellent control of copper corrosion.

A power steering pur ﬂfc_%q&ﬁval uati on was conﬁ&g%gwgl ubricants

cont ai ni ng zinc di &Kyt | ophos- phate, trficresylphosphate and a control
in conparison to thelddpidaty of Exanple 1 C withathe follow ng results.
25 PCRER STEERI NG PUMP WEAR EVALUATI ON OF AUTOVATI C TRANSM SSI ON FLUI DS 30

% Lubri cant ddmshigats 2Source By W. P ¥B By W. P %
Rati ng Conpari son 1 Zinc dialkyldithio- 0.46 0. 03

2.5 35 Example 1C IB

(Falr to Good) Conparison 2 Tricresyl phosphat e 0. 37 0.03

(sz,or defrhd f@silts §Hdw that the phosphbroas BeldBlehd provided exceNandRUPErebpertiosbion.
\/ 08 0. APower steering pumpwdaFevaIBatiot Whs cohdRiBtbd Rith lubricants containing e AR BEHIphE-
Shate, tricresylphosphaf®-afid 4 Eatb! In@brhpaFigdh tote 1GBAEINEET ERMpled CRAIRD foffowing WédEts.
r epeat ed except that no boricaci dwas added to the m xture in Exanple 1A and

9183 parts 50 of oil were used in Exarrple 1C. Mercon[err] ATRR 300
Silicone El astoner Test Two st QR Srout per ASTM D471
are imersed in a tube contai ““Tube is placed in
an oven at [err] for 240 hours (34 gng ubber shoul d show
no reversion (as determ ned by t
slidi%hg the aged reference sanple across a section of white cardboard under
approximately 1.8 Kg thunb force. The col or¥snmear can be no greater than
that pro- duqaghrbeart! i di nPhamphonsgsohrceupBy War BE an | BaifBcal pi ece of
white cardboard under the same 1.8 Kg thumb 6 EP 0 359 522 Bl force. 5
Comparison 1 Zinc dialkyldi 'o- 0.46 0.0 2.5

% phosphate : {Fair to Good)
Comparison 2 Tricresylphosphate 0.37 0.03 3.8‘
B _ (Boxrderline)
[, 40 Example 1C Phosphorous acid  0.08  0.03 1.0
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Control No phosphorus 0 (4] 5.0
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45
Comparison 3

Example 1 was repeated except that no boric acid was added to the mixture in Example 1A and 9183 parts
50  of oil were used in Example 1C.

Mercon® ATRR 300 Silicone Elastomer Test

Two sfrips of red silicon rubber cut per ASTM D471 are immersed in a tube containing the test oil. The

85 tubeis placed in an oven at 163°C for 240 hours (10 days). The silicone rubber should show no reversion (as
determined by the smear test). The smear test consists of sliding the aged reference sample across a section

of white cardboard under approximately 1.8 Kg thumb force. The color smear can be no greater than that pro-
duced by siiding an unaged coupon across an identical piece of white cardboard under the same 1.8 Kg thumb
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vacuum adised @ 11orCnadeal sahvtion was dblaipedwidchinas sdbleriesiibve t he water formed whil e
the tenperature was slowy raised to [err]. A clear solution was obtai ned
whi ch wésampiddible in oil. Exanple 5 45 The process of Exanpl e 1 was
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di a e, of .0, 450 and a bIack tar blotter spot with an IRvaIue of 0.8 in
the 65 hqu-f(DT thermal stability test Exanple 6 55 The process of

Exanpl e 5 \gsndnd o,sat.ﬁim argcaeatn@tfqtar ashiB dlsfiriaht M8 périhafiR bsidY tyde Rabiitore-Of
P206. A g3 e@.sere.h 266) ) e aldmafo-bi iubRS108 haHlHBshnerdsh deid s ﬁmtﬁéae.dtﬂ dangled
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di anet e nentpbrafireMas slowly Riisaé toaid°ClA adat slutigmiasiobthinedwhichwas soiblefnd). 5 i n t he 65
hour HOOTThernmal stability test, and a 2.0 (good) 7 EP0359522B1 power
st eeri nExgophgs wear test rating. The |ubricant passed the silicon seal test
(no garear). 5 FZG LOAD (EP) TEST Phosphorus
Pass, SourTheprocess of Example 1 wag repégied exceptthat 11 parts of P,S; v&'gggq;in place of the phosphorous
acld, the P,S; was added to the preblend after water distillation and the mixture was then heated for an
additional hour at 100°C to provide a clear, oil-soluble solution. The blended lubricant contained 8172 parts of
100 neutral base oil. The lubricant contained 0.11 percent by weight P;S; and 0.03 percent by weight phos-
s0  phorous. The lubricant gave a 4-Ball scar diameter of 0.450 and a black tar blotter spot with an IR value of 0.8
in the 65 hour HOOT thermal stability test.

Example 6

55 The process of Example 5 was repeated except that the P,S; was replaced by 7 parts of P,O;. A clear
oil-soluble product was produced and the complete blended lubricant contained 9176 of neutral base oil, 0.07
percent by weight P,O5 and 0.03 percent by weight phosphorus. The lubricant gave a 4-Ball scar diameter of
0.450, a black oil blotter spot with an IR value of 0.5 in the 85 hour HOOT Thermal stability test, and a 2.0 {(good)

7



10 Cont r ol None -- --
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phosphate 15 Conparison 1 _ Zi nc 0. 46
0.03 pod) st erinigloyinpl wédr kest rafrigothe hatieantpaaseditte s1ibn seal test (no stlags phor ous
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30 Conparison 1 . Zinc 0. 46 0. 03 26
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0. 03 41 35 Z _ phat e Exanpl e 1C
Phosphor ous 0. 08 pho'sphor 03 . 21 acid FZG t espasgppar atus and

procedure is fully described gputde DI N 5138, 3Ger mang)d | P 8B2agsd) K. ) and
CEC L-07-A-75 (common nmarket) official standards. The | ubri cagt of Exanpl e

1C ga¥e i npreemrdlzG wear test ¥PB&ults conmpar®d to those containing zinc
di al kyl di t hi o) e, (ZDDP i cresyl ghgsphat eg ghhe | upricant 45
was equal tog%&ﬁ?%tél'%g Better)gggggéﬁcresyl gﬁphat:oi -rlliht he FZG | oad test.
As illustrated by the foregoing conparative test data, the oil-soluble
addi tjves of Cowpaiimpanti on, whZéhcare formed®u&§ ng i drani cBhosphor us
aci ds and anhydrides, provi 1’; Rf s wWith inproved anti-wear and rub-

. . o . . .
ber seal protective properti &S urther conmerci al advantage is provided
because the gpangaiie phosprysphonsnsls and aohoelri desoa@® | e38 expensive
t han the organi ¢ phosphates ana@cpfiosphites. 50 Clains 1. An oil-soluble
| ubri eant additive conposition conprising the reaction product of an
iaorgani ¢ phosphorus 55 acid or anhydride, including partial and total
sul fur anal ogs thereof, a boron conpound, and an ashl ess di s- persant which
contains basic nitrogen and/or hydroxyl group. 2. A conposition according
to claim1 wherein the ashless dispersant is a hydrocarbyl succinim de,

hyd- #car byl succinami de, nixed:ester/ani ge f a hydrocarbyl -substituted
succinic acid, hydr oxyestm%gﬁ%éw 522 Bl power steering
punp wear test rating. The |ubricant passed the silicon seal test (no

snear). 6 FZG LOAD (EP) TESRosPhesphor us -

Pass, ,Sour ce W SiFee p ooy, Hio X g agé’s-*-lp HEAR. MG ont r ol
None Comparison 1 zinc 0.46 8 Compasi sore2
Tricresyl - 0. 3@ialkyldithip-03 8 phosphate 15
Conpari son 1 phagephate _ 0. 46 0.03 10
Comparison 2 Tricresyl 0.37 0.03 41
35 phosphate
Example 1C Phosphorous 0.08 0.03 21

aciad

FZG test apparatus and procedure is fully described in the DIN 51354 (Germany) IP 334 (U.K.) and CEC

L-07-A-75 (common market) official standards. The lubricant of Example 1C gave improved FZG wear test

~ results compared to those containing zinc dialkyldithiophosphate (ZDDP) and tricresyl phosphate. The lubricant
45 was equal to ZDDP and better than tricresyl phosphate in the FZG load test.

As lllustrated by the foregoing comparative test data, the oil-soluble additives of the invention, which are
formed using inorganic phosphorus acids and anhydrides, provide lubricants with improved anti-wear and rub-
ber seal protective properties. A further commercial advantage is provided because the inorganic phosphorus
acids and anhydrides are less expensive than the organic phosphates and phosphites.

Claims

- 85  acid or anhydride, including partial and total sulfur analogs thereof, a boron compound, and an ashless dis-
persant which contains basic nitrogen and/or hydroxyl group.

2. A composition according to claim 1 wherein the ashless dispersant is a hydrocarbyl succinimide, hyd-

rocarbyl succinamide, mixed ester/amide of a hydrocarbyl-substituted succinic acid, hydroxyester of a hyd-
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test.?As il ldenteaied by the fapagoi ng conparative test datas8 the
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and rub- ber seal protectiv B ies. A further commercial advantage is
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expen§| ve than the organi cajlikypiteix-and phosphites. 50 Clainms 1. An
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of an inorganic. horus or anhygrdgde, i nglaydi n artial and
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whi ch,cont ai ns baS| C nltrogen and/or hydr oxyl group. 2. A conposition
according to claim1l wherein the ashl ess dispersant is a hydrocar byl
\succi ni m de, hyd- rocarbyl succinam de, nixed ester/anm de of a
hydr ocar byl - substituted succinic acid, hydroxyester of a hyd- EP 0 359
522 Bl rocarbyl -substituted succinic acid, Mannich condensati on product of
a hydsocar byl - substituted phenol, formal- dehyde and a pol yanm ne, or a
m xture thereof. 3. A co Mmmaﬁmclal m 2 wherein the ashl ess
di spersant is a polyl sob;i) Y2985 AN R0 E%i BPYRA) ch t he pol yi sobyt enyl
group has_a nunber averaggmggyhgi;ggar wei ght of from800 to 5,000, the acid
is phos- 5 phorous aci d, sowtcé he bor oBtcdnpoun@ £s MEARCHMEcid. 4. A
conpo®i tion accor to any, .one of the 4% ceding g{ ai np, wherei n the anmount
of phosphor us&ef °5‘r anlangiyﬁihgof.r om 0:001 nol'é 0°%99 ol e per mole
of basic nitrogen and hydrpisphate t he conposition and the anount of boron
corrpound |s fromO 001 nmole to 1 nole per r];ole of E%SIC itrogen and
hydr o CHPAFISAFe whi hS:j_” exce®sof th& Pl ar rmunt of
phosp orous acid. 10 process for preparing an oil-soluble
| ubri cant adEkampie J@orrpoé’h?ﬂ!mra%ﬁ:ordi ng%t®® any @&nB3 of ®he pre- ceding
cl ai ns whi ch conprises heati#g®a mi xture of the inorganic phosphorus acid
oranydride, including partial and total sulfur analogs thereof, with the
bor ongconpound and the ashl ess di spersant which contains basic nitrogen
id/ or a hydroxyl group until a clear, oil-soluble solution is obtained.
FZG test apparatus and procedure is fully described in the DIN 51354 (Germany) IP 334 (U.K)) and CEC
L-07-A-75 (common market) official standards. The lubricant of Example 1C gave improved FZG wear test
results compared to those containing zinc dialkyldithiophosphate (ZDDP) and tricresyl phosphate. The lubricant
45 was equal to ZDDP and better than fricresyl phosphate in the FZG load test.
As illustrated by the foregoing comparative test data, the oil-soluble additives of the invention, which are
formed using inorganic phosphorus acids and anhydrides, provide lubricants with improved anti-wear and rub-
ber seal protective properties. A further commercial advantage is provided because the inorganic phosphorus
acids and anhydrides are less expensive than the organic phosphates and phasphites.

Claims

1. An oil-soluble lubricant additive composition comprising the reaction product of an inerganic phosphorus

55 acid or anhydride, including partial and total sulfur analogs thereof, a boron compound, and an ashless dis-
persant which contains basic nitrogen and/or hydroxyl group.

2. A composition according to claim 1 wherein the ashless dispersant is a hydrocarbyl succinimide, hyd-

rocarbyl succinamide, mixed esterfamide of a hydrocarbyl-substituted succinic acid, hydroxyester of a hyd-
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