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oi | ‘was acqui r ed "By°*r B ?f@ sungraraef PPIPY Ay etk t axi cab crankcase at

1000- 2000 gl e 5 intervals.  The Sl udge | nh¥ideijon Bench Test is conducted

in the follow ng manner: The aforesaid used crankcase oil, which is mlKky
brown in color, is freed ®stsiludge by cengditifeugi ng for oneSlBouerat about.
39, 000 graV|t|es (gs.). e, Tesurf g | oil is

then decantgd fromthe i nsof ubl e S udge particles to thereby separated out..
However; the supernatant oih stil{o.sadt@ins%odi)-exerhpldh sl wgeespneCuUr sors
whi ch on heating under ‘the conditions enployed by this test will tend to
form additional oil-insolubfe dept)%ﬂ"s"’g‘go"élaub%i Igepiseersantidgeé i nhi bi ti.ng
properties gf the additives,beingyfested are determ ned by,adding to
portions of the supernatant used 0|'1 a smal |l anount, such as 0.5, 1 or 2

~wei ght percent, of the partecul ar+auidnt%tnesheaxngxinaﬂéedm)Temgrams of each
bjend being tested are placed in a stainless steel centrifuge tube and are
pated at 135[err]C for_16 Rours #H°the §P%seheudesrdisgerpant p3PF owi Ag the

eati ng, the tube containing the 0|I being tested is cooled and then
~Qentrifuged for about 30 minutes at roomtenperature at about 39,000 gs.

ny deposits of new sludge that formin _thi% step are separated fromthe

| by decanting the supernatant oil and then carefully washing the sl udge
Meposits with 25 m "of heptane to renove all remaining oil fromthe sludge
gnd further centrifuging. The weight of the new solid sl udge t hat has been
-- | n the test | n 20 m | I | rams |s det ermned by drying the residue




Iaboratory test was used to determ ne varnish inhibition. Here, each test
arrpl e consisted of 10 grams of lubricating oil contai ning a small_ anount
; the additive being tested. The tesh @ § 5)3V\h| ch the addee@adm’ xed
g@s of the same type as used in the above-descri bed SIB Test. Eac n .gram
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5 195[err C. A 20 snmall sanple of the reactor product was then titrated
d had an acidity, due to the grafted (ﬁlc anhydride, of 0.11 nmeq/gram
¥xt, 8.4 kg of polyisobutenyl succinic anhydride having an ASTM D- 64 .Sa
®. of 112, and wherein the polyisobutenyl group had a nunber avera
i ght of about 900, dissolved in 24.8 kg of the aforesaid S100N d
[ | were added to the reactor.. Then 0.89 kg of d|ethylene triamnpe
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&t ppi hg was carried out for three hours, while nmaintaining the
90-195[err]C tenperature, foll owed by cool ing and draining to give t
roduct. Exanple 3 30 84 1 kg of t(heGﬁ' B580l uti on cont ai ni ng -t he

t hyl ene- pr op Iene copol ner r s'aabov ree%gl, stﬁgﬁ éjquQr
e coctcrB el i W el Rl e
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0il flushe; After this, asecond stage addition, exactlyllketheflrst .
stage, was carried out, namely another OABE kg of. maleic anhydri de fol | owed
by flush oil were added to the reactor, and agai ngugr ten mnutes 0.09 kg
of the ditertiary butyl RRsRipust sse}grugd;mdm Oadd. patkdge ORazeai d oi |l were
added tosshe reactor, telowedby—anr—eot—Hush—Atotat—of—0-35 kg of oil
were added to the kettléSBglgs%nad'plﬁlzushegss’zl'he vacuifih was t'#ft ned on with
nitrogen 40 stri pping, til t a erat urggof 190ferr]C, for

anot her hour after whi ch? %’%1 ?/xg? %nsf‘and Egémogen sfrl ppi nggwere ended. A
sanpl e of,the reactor cqasegt&a&ub@wed ans.am d| ty od690.12184meq/ gram Next
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carried out eldii grafi&d HHQEcuBERRF Rbdtivig @itlﬂénl\lﬁé’ to fdmiirkelue Bestbagtsiscabpirgisiivzeduaet. 3
except the mal eic anhydri de and perOX|de wer e added |n four stages or

st eps. SpeciE*ﬂ"wﬁ Py, the react or £ N8 vien |
ot ene” o gy 4 e % Fria f@f“% bl do. 80 B WBvenepropyone
di l uent ofl- -rea Qo Wasc, i nh@aﬂ@ affirgl tmﬁid@g’enaorI’beﬁtQQﬁrhoﬁpa'hgeNas
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0 34 kg O @?wcgn Of a &

flush, then T etraddietns:m) msaadea&ukgedﬁy atfigh ofl0. 3sacgtof:ary1ebeacy¢nwas
per oxi de di Sinishedeyt st|MnQat0®°dk@rmfee$lamrdeﬁel nitgpgen stepplr@ aftprvwhich thesentents offtbs teeritd
by nore fl us'\r?febFQO'ed'H'Tf’s‘fﬁmeScedure was repeated three nore times, for a :
total of f%tgxa L 29E%, 9§ series of additions, each of 0.34 kg of maleic
anhydri de rapi rai &l bde LafedloBBR the berdert JnQn%dastB(arﬁ:h&i SUtQNR Hiffe@ah drbgdRticay &
a M mi nut e rpRtantitdrent Reges b adBiflors elciExaroplestito 00 OSe Mgp sirhilaglibtrigin addaroy utﬁsitsyllfomc
per oxi de in a@ld'?g alt;ldaldfeatﬁt [the %qfipérheweﬂfpne?ém‘sm@rﬁh%ﬁddh‘?'l' Plf tus 'afi a'k‘hgd‘zenee
oi | sol ut Edrpdgifions This
R L e P ot
Fol | owi ng t &tﬁ&naeéﬁdlnbmlbaaawma Biniihye Hefpraaslingalxaingies §1a110 geed sulfqnioped as a
hour peri od. fuwhesstalpllzmg@ﬁdltnheo regetotith pnyCremeiaing rimery amine grovel: wc@rd with the teaching

neq. / gr ams® TS Y.Hheraresbbd¥ri8her e the oG mlt he gtg |comp°sm°n
pol yi sobut en&é‘}gan%mlénp Eg I{J\brg gr%.?ckgbltglé 3 dient/ SF i inven

65 addition SRS SlChidoRord de evao hgeanwlbnﬁwaekaawcm Mdhaldedmwehaedto
1. 06 kg of hfbtarlﬂydsenﬂ o;:;;amm‘mn%o“meon As @ cQB©!, 963aradt§edalmewaapr4®r¢ﬁwat'wg
period witéh the iethylgesprg yrfed| oW@CPV peg th our e Aels)

under vacuurqw%f‘:.é' Hf 'i‘l‘?%f| re ag fi’nk (ﬁﬂ é:u%t ﬁﬁéﬁaﬁ:ﬂ%
dr ai ned. The f’nb%?( ésu ﬁﬁ&'b \dﬁfth%ﬂsdf&r}@ﬂ ut for
with 5.69 grmomé a:taheeraddlsbaedef mctpage fumi ﬂammsm deﬂath shedininuieeail temperature of
conpri si ngpsasZVIIYIrEbiatetngrhpesaire PHTE (360 dir famperatue el @CHI7OR.) pREPYtettprReEstwe of
anm ne and then borated as an ashl ess dispersant, a 400 TBN (Total Base .
Nunmber) magnesium 5 sul fonate and a 250 TBN cal ci um phenate as net al
.detergents, a zinc dial kyl dithiophosphate as a anti-wear, antioxidant "
*4ddi tive, an ashl ess antioxidant and a pour depressant, and S150N

%;‘ubricati ng oi | to forma 10OM0 oil -and then tested for haze using a
geQhocol orimeter, Mdel #9, sold by the Col eman Instrument Cor por at i on,
LY W e _resy arized in the following Table 1. 10
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npl e 3 product gave a haze readi ng of about 67 and the material of

npl e 4 gave a haze reading of 25 about 47, at about the same GF?)
centrations. “This indicates that vvhea %@Oéd:pg to a high maleic

ydride | evel, then adding the naleic an ride and t he peroxide

tiator in éSQ?@ﬂpW)erid antaggp eessumm 1@% (4Crechps Qfdwoctury) dHbiste mqrihoﬂenmtthe oil

bel i eved r & 4 dﬂf"a :‘85‘ ‘I‘“'Vé‘ﬂ’s l’ﬂi’F’@F rﬂiet°1 rsemt? of the
oo the W AR i R e
Sol ufi ONs Qtafh Tﬂeﬂﬁ'&eﬁi}aﬁmﬁ fbhﬂhlg s e mod ﬁ:’p&c M@ﬁéaﬂ@od&l:a%§@ e@WD'rE’tmg

npl e<Z, basdetotheicrbonmid daatuen flepogitsymmbe pmonenad;romek andn thdEstoreqetbteietvaon the
mal ei ¢ anhipes Berd tpeg of depqs'%?rémré@qves) 251174 eRtie iveek lcgvered doteeidtoshmentrutatien of

e caused b r LGs r th am
MSq@libn B'RS Licle TR ﬁi%§ncemast i A i
b bl'e s S ] ke A
eral proc ed\llircﬁs ula n&-gécl iCihd R@ernpikSopd ralﬁ&'n @his teb8s carried out in a 1980
| ene- pr opyﬂoeﬁe%%2 @oﬁgoli cyhrmer Qﬂgine qverper dﬁZehouamk peAod! The) slodgecank orarnib Uresults are
) point gré& E@ BRIENa0 dhet'ﬁ@"'r"e"aﬂﬁ%b'eeﬂ?ﬂ@fé mation.
190C, Whigl o5 ,,,5 Q@;ﬂ;ﬁ@gw{f@aﬁ T YPGB 7 BPdPB A oHE MO o e
foll owed by the addition, over four equal -stages over about a one hour
lod as in Exanple 4, of a total of 1.55 kg of mal eic anhydride and a
rge of 0.39 kg of the ditertiary butyl peroxide dissolved in 0.39 kg of
m neral,oil, using SIOON LP oil as the flush oil after each maleic
dride and after each peroxide/oil 40 addition, for a total of 0.74 kg
oi |l . Then after about one hour of stripping, 13.36 kg of the
yi sobut enyl succinic anhydride (PIBSA) with a Sap. No. of 112 dissol ved
9.4 kg.of the oil were added to the reactor. Then 1.34 kg of diethyl ene
I ne (ﬁETA) was added foll owed by a flush of 0.35 kg of oil. The
ction was finished by stirring at 190C for three hours while nitrogen
@i ppi ng after which the contents of the reactor were cool ed and drained.
*#cxanples 6 to 10 Exanples 6 to 7 were carried out in the general manner
Exanpl e 8, but with different proportions of reactants, different stages
‘ addition, etc. Exanples 8 to 10 were also simlar, but in addition used
B oni acid as a final treat at the end of the reaction along with the
j8i tion of flush oil after the sulfonic acid 50 addition and extra oil.
@ sul foni®€ acid was added as a 50 wt. % solution of a C24 average al kyl
zene sulfonic acid having a nunber average nol ecul ar wei ght of about 500
50 wt. % mneral oil diluent. This material was added after the nitrogen
i pping while the reaction m xture was still at about 190[err]C, followed
additiorfdl stirring for about another 15 mi nutes before cooling.
nples 8 to 10 used sulfonic acid as a further stabilizing additive to
ct with any renmaining prinmary am ne groups, 'in accord with the teaching
of U S. patent 4,144,181. The above conpositions were tested in an SAE
AO formgbati on crankcase notor oil cenposition using a fornulation
taining mneral lubricating oil plus 1.3 w. % (active ingredient) of
inventive polymer. The oil also contained 4.3 w. % of a detergent
Sl bi t or package of conventional additives used to inpart rust and
Bacdati on ismhibition to the oil. As a control, the same fornulation was .
Spared but using 60 the ethyl ene-propyl ene .copol yner V.I. inprover per
8 The oil formulations were tested in-a Caterpillar 1-H2 test (Federal
Met hod 346, February 15, 1977). This test uses a single cylinder
sel engisee having 2169 cnB (134 cubic inch) displacenment, a
conbustion chanber, a conpression ratio of 16.4 to 1. After one hour
ak-in the test is carried out for 480 hours at a operating speed of 1800
, a fuel flow of 522K7 (495 Btu's) per mnute, oil tenperature of 65
err]C (180[err]F,) coolant tenperature of 71C (160[err]F), air
s@perature of 77[err]C {170[err]F,) absolute tenperature of 11. 0 066
[} S556[err]C (1050[err]F) and an air pressure of 13,52x 10[err] Pa (40
flhes of nercury) absolute. During the test, the oil is changed every 120
Bl s. Howeyer, the test was nodified by running only to 120 hours instead
it he nornmal 480 hours. Followi ng the test the engine is exam ned for the
jcct of the crankcase oil on piston depoekts and rated on a Total
ghted Denerit (TWD) scal e of 1000+ to O Where zero is.clean with no 5
i n. The procedure sinulates high speed, noderately supercharged engi ne
ratlon The TWD rating reflects the carbon and | acquer deposits in the
on rlng grooves and on the piston surface betmeen the rings. Both types
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20:§25 30 35 40 45 50 55, 60 66 12 0 066 953 [err] EO

c . oC b 4 “( "aL 1 3 0 066 953 TABLE |V
Exanpl es Perfornmance - 0 068 953 ¢ 7 8 9
10%’ Control Cat. 1H2, TWD rating (O=clean) at 279 220 31 31
803 143 427 120 hours Sequence VD, (MERIT: 10=cl ean) Aver varni sh,
merj t 7.20 7.24 6.81 9.13 2
Avegage piston skirt varnish, nerlt 6. 64 7.14 6. 86 6. 81
5.6 Avaigge sl udge,, nerit 9.61 9. 47 9.62

9.4 7.48 As d4een by the precedlng data, a S|gn|f|cant inprovene#t

was {obtained in Exanplgs 5 to 10$Mhere|n mthe ethylgﬁevprgpygene copol yrer
was {derivati zed to H‘?T)ctrgt, (ﬁs@erﬁngy as Zappo;g,edﬂto hg Gent ol YWPcH usea
t he: ethylene propyl gne |copol yner per se in the test “formul ation. The

ni t rogen additive cqdncentrate content of the Exanples 5 to 10 ranged from
0.306 to 0.42 wt. % Jf—kweve;, copcegirategd No W de r &ge ok nltrogen &
content can be nmade,| TgR eXam® ™. & o £S5 & . o pr&fekably B. Kt R 1.8
w. %nitrogen based on weight of the additive concentrate. ins for the
Contracting States: |BE| CH, DE, R GB, |11, LI, LU, NL, SE 1. G, goluble
reaction product, u<e£LI asg awv. £ q;sperszamt giorw I é%rrfcagl ng ogl 2 S_f e
conprising the reagtlor'ncv'oﬁ* Ch)*an<0|F<sokubke ethyleﬂe Oopolyner -
conprising within EWe nange of 15 to 90 wt % ethylene and 10 to wt % of one
or nore C3 to C[er>r] alfpha-ol ef| % havi ngaa nunber average nol e.cular a.svel H
within a range of tg rsccgom) a:ndg;rafted wfjh%n::et yl gni gal |y nsqtupattec
carboxylic acid matgri gl having 1 t& 2 yI|€°a€Td gr upj Ahyﬂ °
groups; (b) an al kylleng or oxyal kyl ene am ne havi ng at Ieast t wo prlnary
anmirfe groups and sellectfed frogtiEe p consgsting of alkylene potganpneg &
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havi ng al kyl ene groypd |@ EBt& 7&alon agqhs ‘Em(S 2itojllijeng, @ndg & o
"pol yoxyal kyl ene pol yam nes wherein the al kyl ene groups contain 2 to 7
carbon atons and nurfbet of oxyal kyl ene groups will be 3 to 70; and (c) 3
| ong chain hydr§car iy} |substitgut & gucci nBE& aBiydride or acid h8viflg 80 &c
400 carbon atgig. 2. A[r@a&ien p?rogjcte aBRrding:td cllairh 1, f&rnéd <

si mul t aneousl| @ &eacting said (a), (b) and (c) with removal of water. 3. A
reacti on prodecg according to claiml, wherein said (b) and (c) are first
pre-reacted, fof | owed by n with said (a). 4. A reaction product according
to any of clalns 1-3, wherein said (a) conprises a copolyner ing

essentially of 30 to-80 w % ethylene and 20 to 70 wt % propyl ene, having |a
nunber average |ar weight .in the range of 10,000 to 200,000 grafted withg |
mal ei ¢ anhydride. 5 A feaction product according to any of clains %-4,
wherein said carboxylig¢ acid (c) is hydrocarbyl ted succinic acid gr
anhydri de wherein the hydrocarbyl substituent is an al kenyl or al kgl gro
ad froma polyner of ,C’ g0 Clerr] nbno-olefin.86. A reaction pregdugt

according to claim4,s \Mgr ein (a) consi st§ ess%ntl ally of ethyl @egand
pr\\()ﬁyl ene

ate

{calcul

ec
<.

- Composition, Lbs. (kgxo

{PIBSA)/Oil
Wt. % Ethylene-propylene copolym

S
&
w
a
)
£
£ .
5
]
o
c
2
>
£
L
2
=]

13

Sulfonic acid (50% a.i.) added
(EPSA+PIBSA) DETA (calculate
Wt. % Nitrogen (c_alculated)

Ethylene-propylene (EP) copol
Maleic anhydride, charged
Di-t-butyl peroxide/oil

. Stages of addition
Pdlyisobutenyl succinic anhydr
Flush oil for DETA
Weight extra oil added
Sulfonic acid flush oil

" PIBSA/EPSA (calculated mole r

'S100N LP Oil

_ Weight.samples removed

" Flush oil




E ei ¢ anhydride, wherein 1 to 2 nolar proportions of (b) and 1 to 4
i oportions of (c) used Per nolar proportion of maleic anhydride
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45 weight in the range of 10,000 to 200,000 grafted with mal eic anhydri de.

5. A process according to any of clains 1-4, wherein said carboxylic_acid
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