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hydr ocar bons (especially PNA's with-at -1east three aromatic rings) that are

-~ usual ly-present in used lubricati EOS7163884 be substantially renoved (i.

reduced by from about 60 to about 90% or nore) by passing the oil thr ough a
- “sorbént | ocanypst theiférbjoing efBodinishts iof i indehtisry/dan alé&be dofBindd Wik leBBrowil (abh delifos®! |
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sl eved? dt8F 'é"(??’ﬁ conventjonsl additives jnfasha-olifor bot | v at ed
- earbon- i s g h’l’f’" °§";%‘F\‘b¥ reforenca o fhejfolowing exameles which et e
renoval . po ynuc ea?”é’ é" EBRPIRINPEE nore than 3 aromatic rings, (2)
- the- PNA sE,{aﬁ, \{ed are ti ghtly bound to the carbon and will not be
-l eachggl- 0 becorre free PNAs after di sposal (3) the PNA's renoved w II
~not ..be- r edi sﬁ@m%%w@e@hew%wm&%mm ibfohs (3 ¥ Yuel Bohudthisg 6>
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‘coals @0 cocUestst1 andi2 wete amiraiffesent ehife tastetids and at GifférBiRt tres thf tdsts BB, Whidhlwere e Nd
upon t he gehifentiaiivio theterme festistand) All taets iverls péréhed gy der ite santy/rigina tebttonditiofis. 2 f i ve
quart oil clestsded usedaiully fohfulated 15WHI0gremin lutiicaNog oll\coritaithgmastil of 8.5eti% calciimand t he
PNA - cont emagnesiun thenatesdstegnts.|This ol sseved] arp refetendsypil. For teats 46 Hte phisete dbtarigentoesre Ng
oils us ud'P ed Fore tp refarense,liand replaced by 6.5 wh% dioctadecy) @ing\in e ollfor By\giicoxidd pelletmy be
‘neces$ frotp Kalalcg as. eatalvat 75ch) intie ofl Siter, or hucbofts Therpaults abiined fram theasitesta dr
mass of . sﬁb’P‘B‘@ dinfpbietted on wire gauze. Alternatively, an oil filter could
conprise the sorbent capabl e of conbining with pol ynucl ear aromatic
“hydrocarbons held in pockets of fiter paper. These features would al so be
appligpble to the substrate. 5 EP 0 371 639 Bl Any of the foregoing
~enbodi nents of this Invention can al so be corbined wth a sorbent (such as

--4-hose. described above) that Is mxed, coated, or inpregnated with additives . .

;“nornally present | n engine Iubrlcatlng oils. In this enbodi nent, additives
~.(such as the lubricating oill additives described above) are slowy rel eased

“TI'nt'o tshe ‘lubricating oil to repl eni sh the additives as they are depleted
‘duri'ng operation of the engine.- The ease with which the additives are

~released into the oil depends upon the nature of the additive and the

.. sarbent. Pref- erably, however, the additives will be totally rel eased

-within 150 hours of engine operation. In addition, the sor- bent may
contai“h fromabout 50 to about 1.0 w.% of the additive (based on the
~ weight of activated carbon), which generally corresponds to 0.5 to 1.0 wt.%

of the additive in the lubricating oil. Thus, the various enbodi ments of
this Invention can be conbined to remove PNAs froma lubricating oil, 10
to extend the useful life of a lubricating oil by rel easing conventi onal
additives Into the oil, or both. The present Invention may be further

- .understood by reference to the foll owi ng exanples which are not intended to
.restrict the scope of the clains appended hereto. Exanple 1 15 Six EMA
"SCOTE engine tests were performed on four different oil fornulations using
~a-fuelg containing OA wt. % sul fur. An EMA SCOTE test uses a | Y540 engine
that is operated according to the 1-J test procedure devel oped by the PC 1
. committee of A.S. T.M The essential hardware ‘conponents of this test
include a 1Y704 piston, 1Y702 liner, and 1Y635/ 1W9460ri ngs. The engine is
- operated at 2100 rpm and 70 BHR 20 Tests | and 2 were run In different
'engi né'test stands and at different tinmes than tests 3-6, which were run
-.sequentially In the same test stand. All tests were perforned under the
same engine test conditions. Tests 1-3 used a fully fornulated 15W 40

. prem.um lubricating oil containing a total of 3.5 wt. % cal ci um and

- “magnesi um phenate detergents. This oilg served as a reference oil. For tests
- 4-6, the phenate detergents were renoved fromthe reference oil and
.-replaced by 0.5 w.%trioctadecyl amne In the.oil, or by zinc oxide

"."'-"pel"l'ets 25 (available fromKatal co as catalyst 75-1) -in the oil fliter, or
by both. The results obtained fromthese tests are summari zed In Table 1.
30 35 40 45



6856 EP 0 371 639 Bl TABLE 1.5 Reference O wo Metal Ol

i "Reference G |- -~ Detergents But- Wth Am ne + 10

CEZnO Y. Amine  ZnO Test No.EP0371639B1 1 2 3

T - b 6 WG (1) - 33 26 31 -

9 42 7 15 WD (2) 1& (3) 1308 1286 1051 1239 .

- 1660 1293 W5 (4) (5) TABLE Q5) 414 895 IET
- 1782 3158 (1) Percent Top Groove Fill is a measure of piston

.- cl’eanl.iness. 25 (2) Wighted Total Denerits is-a measure of piston
: c.il\e’anlsi ness. (3) The % TGF and 1& net hods of cal cul atii ng V\7I,'4E;§:are t he

~current methods. of eval uating the SQOTE pi Reggre, &l proposed
met hod for cd®bll ati ng—wmmgiﬁgg-pea cReNELIRN TS DY A WY | ower on

. the piston; e.g., on the upper skirt, pin bgﬁl S gnd undercrown. (5) Not .
-cal cul ated because the pistons were not rat r 't he opri parts of

“the pl®ton used in the WD5 rating procedure: ta bl show t hat
repl aci ng ,Yometal jdeterggnt In ghe oil 4(Test Nosg 1-3) Wth 0.5 wt.
% ashl ess gerr%l\éﬁ?n the oil plus .%no pel Itaets I n4t he fil ter5 (TestVaNo. 4)

- markedl y igppered1 G- whihe nai pigai ni ng150 ogeral | pi gon cl eanl i ness as

- neasuped by 1G2. en ZnO pellets were present In the filterwith or w thout
trioc- tadery! (2yine in the oil (Test Nos. 4 and 6), the top of the piston .
wrgsTmeasur ed g2 TEF) and1808 1G2286t hod 05 call@GFat i ng WHBOwas Y283t i vel y
~..¢l'ean. HoweVvigPs hkn t h€5dni ne (Bds nodlfr eseBB5( Test MI826), IARB bott om of -
““the pirston (especially the upper skirt, pin bore and undercrown which are

pact a@f the W5 _net hod of calcul ati D), was very dirt en ZnO |I's not
present (TESt NBerse gt tﬁonﬁIWFh&gﬂv{t gﬁ 13 T8 éﬁom T he 42%
TGF. Thus, bot hcleanlnlkesisase (the am ne) and the strong base (the ZnO are

- necessary for control of piston cleanliness. In addition to keeping the
"piston clean, a lubricant nust control the loss In oil basicity (i.e.,

“TBN), %t he (Rl n Weighted| (Tokal cDemexits chgi fe Measune refisPi&tany, ppm Fe
in the oil, andsjdsni®hegski,on of insoluble species In 7 EP 0 371 639 Bl
the oil as neasured by pentane insolubles. The changes In these factors for
certain of the oils tested are shown in Figures 1-4. Figure 1 illustrates
that the |(®yi cFhen§ AGF cand al@2npethedaniaf oaldulaking WIFD fade er (Test

- 'No. 4)" had |es Ss ( ety el by K ) n ference

© coi ' contai ni ngSH‘]g ngft&gf%t e?%ents (-T:‘gff N%&%‘?éggﬂé rthgi gtuér't;buf

_illustrates tha®i®R@Prate of increase in TAN (as neasured by ASTM D664) is
.~l.ess.for Test No. 4 oil than for the Test No. 3 oil (with netal detergent), -

..ﬂ'i.::._;.ll-le«ss.....wan for, Te 5.0l (wiih onky apine i the.oil and n Ointhe. ..
filter), angi? es?i'ﬁh, 5 dfs ﬁs%ﬁ?ggéor'g%\?ﬁt ﬁ% 0 %%%&%m

-~ det'ergents |n ththat| givesygraaten weight to deposits lower on the |
. _ . piston; e.g., on t-he upper skirt, pin bases, and

" 0 undercrown.
(5) Not calculated 'becguse the pistons were not rated
for the appropriate parts of the piston used in
45

the WD5 rating procedure.

The data in Table 1 show that replacing 3.5 wt. % metal detergent in the oil (Test Nos. 1-3) with 0.5 wt. %

ashless amine in the oll plus ZnO pellets in the filter (Test No. 4) markedly improved TGF while maintaining

so  overall piston cleanliness as measured by 1G2. When ZnO pellets were present in the filter with or without trioc-

tadecyl-amine in the oil (Test Nos. 4 and 8), the top of the piston as measured by TGF and the 1G2 method of

calculating WTD was relatively clean. However, when the amine was not present (Test No. 6), the bottom of

the piston (especially the upper skirt, pin bore and undercrown which are part of the WD5 method of calculating

: WTD) was very dirty. When:ZnO'is not present (Test No. 5), the top of the piston is dirty as shown by the 42%

. 85 . TGF. Thus, both the weak base (the amine) and the strong base (the ZnO) are necessary for control of piston
cleanliness. . |

_ In addition to keeping the piston clean, a lubricant must control the loss In oil basicity (i.e., TBN), the gain

in-acidity (l.e., TAN), engine wear as measured by ppm Fe in the oil, and the formation of insoluble species in

7



the filter). This denonstrates control of engine acid corrosion by the
present weak base/strong base system Figure 3 illustrates that operating

t he SCOTE engi ne on Test No. 4 oil roduced at least as little soluble 10
Fe (nmeasured by atom c eni ssi-on sE|5’ ?c%by) as did the Test No. 3 oil and
| ess than the Test No. 5 oil (with only amine In the oil and no ZnO In the
filter) theeleafmeesuted by @entané infoibles Thechangen i these factirs edsetnig ofthe dilsitesthdare showh ut
with ZnOnFiguee4filter). This denonstrates control of engine acid corrosion
by the pr eEBHPM%!m;ﬂEF@H" ting 24 eontainingdhe anfineith &nQ injthe filter (Test blo, 4) haddess

| Nsol ubl 'ass of FRN@¢ magsuteg nihe erﬂtearvthnmm detergertr(Test No. @y
con- 85 tF BP?GJ'“%@W%\QF‘"% t°r"é o l‘?tsmqs )ﬂsr'mf% estNoidoll i n
conj unct

e oy ?,33‘ 'a'Ps i foime e;;e i ﬁt WRAdE,
used W|t ’t"u:at g p 1% egﬁz;blo
6). Eyang) it ms @ad‘ua m Gy
anal yzedoni mir&li bt nﬁzﬁélﬁm @kﬁ‘ﬁ‘éjarﬁlﬁeeor :{'&bo b
Table 2 I@%\tthd\"i&er Thlsdemonstrates control ofengin cld corrosion by the entweakbdd tang base
Reduct i OgysteR0 I ston sul fur, Top G oove

0.27 Figure 4 illustrates Gfat IRMbHa(ndasured by ASTM D893B as pentdhe Insolubles) in the’blt were con-

50 35s trolled as viill By fapiacingCash detergent with trialkyl @mit& in conjunction vath ZhO in the filter (Test No. 4) 44
The dat asa by tibaish detétgenhitant ¢ili3hCottinbofdnsplgbles wasipborerawhbi githbribesandnd wasiusehwithing

pi st on fZnen(TaatNe. SNor.ZnQ wasuded withoutheymiog(Aest 8o, 64 pi st on from Test No. 3
(reference oil). In addition, no deposits were collected in the engine
fisht er dE¥eMA2Test No. 3. However, in Test No. 4, 183.2 40 g of zZnO
pell és were placed in the filter. At the end of Test No. 4. the pellets
were renpv&lop FS?H‘W@“T?‘?‘?@F“‘%‘EF ﬁ"@'ﬂ@%\f Eﬂff’?“‘t}é&g‘h@b“‘tﬂ"tbﬁ xpyphe fesultg,obtained, o
oi | . Af ¥ inJaleZne washes and air drying, the pellets were rewei ghed
and found to have increased in weight by 21% In addition to the neasured
wei ght gain, there were | osses of pdabde diuring renoval of the pellets
fromthe filter at the conpletion of the test. Heating a portion of the

used pellets to Lerr] to renove organic naterial . sule in.,a 30%
reduction i Therefore, -Q-s-rg 454w f | SiiURRegustio :

(21-30% was deposited on the pellets during the eng| ne test A phot o
acouspic | a ed pellets found strong absorbances at 1200
[err], whi &iée&{‘ Eﬁikf‘ u;'l k;/*ls sul phates and sul fonates. This confirms .
t hat " deposi t STORr rPPXRsferred *7® t he ©ixt on to the Bblter. 50 ~ dains
1. A nethod fj)‘ﬁdrﬁdﬂal ng pistorp.@ositaJgn an i nternagpconbusti on engi ne

| ubricated withi,a.l I cating I ont ai a soluble ak base and
circu¥ating ﬂ ﬁ g%& € ubr i Ca'([yl ‘0 syste‘*jr'tj‘%J t he engi néﬁevxlm ch conprises (a)
circulatin the Iubrlcat|ng oil to the piston ring zone of the en i ne where

fuel compus tt 'aaa sm Ht’%‘s ssyﬂeanﬂv 'esaa't!fewwﬂmpetq"rtemaﬁt“%%ym 0 +Zn0)
base

%afw@dﬁttg Wit Ly «t@t
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factors joQlee %e%eﬁe& fntheHlithr at Q%}nﬂusﬂo oMt tést. Hez 19 Hﬂdﬁ
i 1T ustrajgasdd °é' rb:ﬁ&k'o&gnié’h tefidd R el In20B0%: 164 tﬁﬁﬂnnr?wétgl_ h 'qu &-
filteg (mﬁ&tnémum%}mm 2€36%) wab Qepobited Bhne pallelFRATY idbnSiNe tse [AbréBAd
t he ref efiiafa) éitle UsodBeRdiflfolfl StbRy dBRSrBancetdt @LMMERH1SWRICHES typibkd of aigyl sdl_phates Eidgur e
2 11| ust siforflest Thid cohfits that ddpeiits were frfrfefred fiont Bpistastonmecrie ed by ASTM D664)
is less for Test No. 4 oil than for the Test No. 3 oil (wth netal
detergent), less than for Test No. 5 oil (with only amne in the oil and no
ZnO im tRB@ims| ter), and |less than for Test No. 6 oil (with no am ne or
metal .detergents In the oil but with ZnOin the filter). This denpnstrates
control of 1eﬁgl°¥|iled fatredicing piston flepasits jn antipterpal cerehystionerginetiubeiestark with adubjeating oil
system .FRINS apolublp wealybaseand cirpylating ydthip the iubrieatien systenrof the\efigine whish qamprisegy. 4
oi | pr oduc °§5‘E“"|"%%F§‘t '"%TB“‘!"S P't‘? E"Q'G'Pﬁmg@ “‘Fé"g('ﬁt!@%’af"é’c?"ﬂy‘sﬁ‘t’tﬂ‘ﬂdta"e ifresi on
spect® osco than t he gl
Cui th onlyt t?a‘* Rl e e by ot et gt gt
agfis %{g He g ["ﬂﬁ?' gemgm\ sal a?ntaining eak base and the combustion

(with no arﬁ



“With:ZnOin the filter). This denpnstrates control of engine acid corrosion
byt he presentweak base/strong base system Figure 4 Il [ustrates that
_.insolubles, (measured by ASTM D893§Pﬂ¥71r§é%9hne insolubles) in the oil were
" gon-_15 trolled as well by replacing ash detergent with trialkyl amne in
~Conj UNCt | theoiab inbastiedby pantaiednsblubléscThe cHegés inihese fhptors for aytain bRhexMidtesiat os hovai

" (test oilinByuesBht rol of insol ubl es was poorer when ei'ther the am ne was

~used- W t houFigita OiigsTetes thhishe |@yicating JlrcOntsicieg thewuinewithiZoQ In the fiterMéstho. (jTedtesdNo. - -
6)_Exanyibes oUTEN (2 mesuted iy ST 2896 tiratbe tefsreosal dontainkfy s reateh tetergentactTest Nondll vz ed
Cfor”sifl fur Bgura2 jiiugiratesihat thegate pfiingregen in TANNgs measured by ASTM/D6G4) g less for Teptiig. dolp 25
Test No. thanforthe TestNo. 3 oil (with metal detergent), less thap for Test No. 5 gi| (with eniyragnine in theyel and ng
Piston <Znoiqg qhe fitter), an% at@ob'@gé‘lo 6 oil (with no amine or mptat detergents in the gil butywith ZnO in

. fllter) "This d tral ine acid i th t akbasel trong pase.sys
66 2nd Haf“ﬂ m:u";‘::: that ope.a ,.g mé“’ °°"°1°n%"’ No "{I; piood at Jeea?
'..':SI gnl f aicine 2 ola 1% Iy F L0, 3,0l Nﬁ’ gigr han
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~collecte e en uring ver, PP
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