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LUBRI CATING O L W.TH | MPROVED DI ESEL: DI SPERSANCY 1 Thls h(i}

iilnventicon rel ates to | ubricating oil conposi- 2 tions exhi biilﬂﬂﬁ'b@‘eg
|$rﬁr oved di spersancy in diesel engi nes 3 - More particularly, the

i nvent$qQn relates to a nmethod of im pr ovi

borat edgal kenyl 5 M%mmlﬂﬁqﬁékmw twg&@'ﬁﬁnse of oil-soluble
organic 6 aci ds. 7 DIESEL Dlspthsl;mcy dely recogni sed that |ubricating
oils for 8 di esel engines are typtcatty subjected to severe engine op- 9

erating conditions and that providing a highly potent sludge 10
~di spersantiis an lrrportaruthp@ BRvEMEibn tx*@éd’@élsiéhuﬂhéétl 4 85¢/ cﬁﬂa%'o%%-

| ubricating oil fornulat 12. Di spersants ase “upon t
borated defivat F¥88%0 IEBPQ impEeved FHERRIS@NCYainodiepelyanoioes.

with al keryl hyslb@eammtts_uarﬂyl, thit GehveHICE oth Cr&DEYEL | f6520he RGBS of im-
are known jn-the art and are 15 di scl osed with the unborat ea precur sors,
for exanpl 16PTOVANG s Ppatent 3,172,892, issued March 9, 19BSretedesd&enyl

et 17 al5and &uSciPdnae 3019§3916§9ntb5$%%u@{‘%é’ 39 oilPL66 1 Qbi-g orE%ln‘:‘Lc
et al. TQe alken I portion of these dispersants is 19 typically a
pqol ymer - of " a c22€5%Fonool efi n, especially poly- 20 | sobutyl ene. 21

qQ
The preserl invention praw des widehy eperbgefiddie Bat mﬁpﬁéééﬂhgpeﬁQQCYor
of . t hese keny] succinimde

disper sants in QFEEEH ERGINES tarﬁ%uﬁﬁpéﬁaqlgséﬂmjﬁfétr?‘% nfQotewpbenengine op-
certain ordjani cemstdsg tonditidins and that priovialiony dane N\ljvhpébént sludge

pr esent vent i re,2 LI ov ded a,l.ubricatin ositi
exh|b|t|n3”g7 g?ﬁB%ggegtdS§bé¥%ahé%°¥h38gd|@9& Qﬁﬁﬁrﬁﬁ)éhﬁn+% §t53h§8Fo-
28 carbonl | ubiieaelngngiilneandtani eat fingr edtledormdIsniond e 29  borat ed

aci d-treated

al kenyl i ni m-de di spgy S di spersant
after borg'fzfon by havi ngsl% orfp)soarnz?tsdobﬁigg PRE ei ﬁ tﬁ’é”r*tﬁ‘&%rb‘ra“éé{?ﬁ of the
succi ni m dé 0. tedaiibn Porwdhet @f 82ricudNpdlivam$Rdd! Rl eh QUSRI hoGhdkaRBYd Wnti-

pK of -104tp +5:334 ﬁ@%@h%ﬁl&eﬂ rl_ a.cxgsocar me %mown in the art and are

15 disclosed with the unborated precursors, for exarple, :

16 in U.S. Patent 3,172,892, issuved March 9, 1965 to LeSuer et

17 2l ané U.S. Fatent 3,933,659, issued January 20, 1976 to

18 Lyle et al. The alkenyl portion of these dispersahts is
‘19 ° typiczlly a polymer of a C2—C5 monoolefin, eSpecially poly;
20 isobutylene. '

21 - The present invention provides enhancement of the
22 Gispersant potency .of these | . | borated
23  alkenyl seccinimide dispersants in diesel engines through

| 24 vse of very minor amount of certain organic acids.

? 25 - In accordance with the present invention, there:

' 26 is provided a lubricating o0il composition exhibiting

® _ 27 improved diépersancy in a diesel engine comprising a hydro-

28 carbon lubricating o11 and an acid- treated, oil-soluble
29 borated alkenyl succ:Lnlmlde dispersant, said dispersant
- 30 belng acidg- treated after boration by hav1ng incorporated
31 therein, per ‘mole of said succinimide, 0.1 to 0.5 mole of
32 an oil-soluble organic acid having a pK of -10 to +5

33 containing a C9—C70 hydroearbyl group.



"

-\ Q| -sol ubl e al kenyl succini m de ashl-ess di spersants are 2 t hose
ﬂf rivred -by reacting a pol yal kenyl succinic acid or 3 anhydride with a /
- pol.yal kyl eneam ne. - The al kenyl -2- 1 group of the succinic acid or
anhydride is derived froma 2 polyner of a C2 to C5 nonool efin, especial ly-
a polyisobutyl- 3 ene wherein the pol yi_ sobutenyl group has a nunber auérage
4 ol ecul ar wei ght (M) of about 700 %8 about 5,000, nore 5 preferably
about 900 to 1,500. Wil e honopol yners of ethyl- 6 ene, propylene, '
butyl ene, | u a e A= rred, ;. : these \o/
nnno-gpefiA%Egﬂ%ygﬁgges§?¥§§?% gﬁfgéﬁﬁgégfd;ﬁ% Fﬁ%-p3%§§$%%%§%§§§%%inic
acid & anithpselcformedcbyr reactingt hepplynilkenyile spccdmic. raidirdrydri des
withimn 10 t i e i e. ' Sui t abl e
pol ya% nes orﬁ%@??"gﬁti\/{mp%hﬁgkgaéﬁ?’g-ﬂ%@ig&'d ?&&ia‘r:ll'lkc?ggc]i d or anhydri des
to provide the succinimde 13 are those pol yal kyl eneani nes’ represent ed by
the formula 14 [err] to 3 and mis O to 15 10. Illustrative are ethyl ene
di am ne, diethylene triamne, 16 triethylene tetram ne, tetraethyl éne
pentam ne, which is 17 preferred,tetrapropyl ene pentam ne, pent apt hyl ene
hexam ne 18 and the |like, as well as the commercially available m xtures 19,
of such pol yam nes. These amines are reacted with the al- 20 kenyl succini¢ —
acid or anhydride in ratios of about 1:1 to 21 10:1 noles of al kenyl
succinic acid or anhydride to poly- 22 amne,and preferably in a ratio of =«
about 2:1. 23 The borated al kenyl succini m de dispersants are 24 also well
known in the art as disclosed in U S. Patent 25 3, 254, 025. These
derivatives are provided by treating the 26 al kenyl succinimde with a
boron conpound sel ected fromthe 27 group consi sting of boron oxides, boraon
hal i des, boron acids 28 and esters thereof, in an amount to provide.-from
about 0.1 29 atom c proportion of boron to about 10 atom c proportions



30 of boron for each atonic proportien of nitrogen in the dis- 31 persant.
TQz/borated product will generally contain about 32 0.1 to 2.0, preferably
to.0.8, weight percent boron 33 based upon the total weight of the

borateé\dqspersant Boron 34 is considered to be present as dehydrated
-boric aetd poly- 35 ners attaching as the netaborate salt of the inide. The
36 boration reaction is readily carried qug adding fromabout 37 1 to 3

wei ght percent based on the wei ght of dispersant, - 3- 1 of said boron

conpeund, preferably boric acid, to the dis- 2 persant as a slurry in
m neral oily- e o £ nﬂhd\n shcsihic Scid nox fanhydbide 1850t ived SO @

b 1 f ol he -
oroduct . 52 Pobier BE 4 zbora?sﬁ%’ééﬁgé?ﬁte;é%‘?é%ﬁxJs%%%ﬁ%%"“‘“‘t )

ashl ess di ?pees&rwlsemen utke PolybRePrtenyh GTOWP CBAS R) BEIPEX AYAFRAS tions
in amount s 4 aRgi HOuTLPMOi dhE 0 (HR) PSE &BSEL B00 PEET LBSbE y5 0060 f andreper cent

by "wei ght sed upon the total | shed Q 1 The
same am)un'?:’zl BrefexrblypPeus ggpot?hg 588 Q’éﬁi%gx’%fn%%of}%@féoéfspé? ant s
of 11 the fr eene} proppléens, bidtylene, isobiihpléneranéddpemvteners Kt

sugci ni.m dey dj 1 S d by
i e sipeel SRS LR g s

di spersant, i n hydro %ﬁggn 15
| ubri catind ofPrbezeviébed, tb?eP@iXBFﬁanéoﬁEEﬁ%Péfeﬂcié oL ARBY - about
|401')t0 60 wtg %’E‘éﬁ@ﬁ-éénérep{:ﬁéepahl’yiséﬁutahymt sB6cihih anbydsides Withimme
ubri cati mg o

? at us‘elﬁii&nfe Hy? ﬁgtheflmshed oil is a

conveni ent_ 19 eeﬁ 3?55?6 p?8§F5 u Preferred base_stocKs

20 are pars fin nlneralSu&ksbhavpnévam$D§§o§PFyrSP°§bBBtWQDhZE erieRrTS
(100 1B §2Qabksaé§n% sugh ekl anh}hhaesdta2pi-beaaeeaheu sueéirhhbde by

QSSLL o0 T pebr Fhoss PeIIhiky IPDPARInga 2 RHRASRERG: BY 0 S EORTILE 1ol o
of a 25 sd¥%aNHg(OPgaHrdNadcangﬂ niSflg whededpensift 2 ¥he3pradem-is 0 to
5 15 10. Illustrative are ethylene diamine, diethylene triamine,
16 triethylene tetramine, tetraethylene pentamine, Wwhich is
17 preferred,tetrapropylene pentamlne,pentagthylene hexamine
‘18 and the like, as well as the commerclally available mixtures
'19° of such polyamines. These amines are reacted with the al-
- 20 kenyl succinic acid or anhydrzde in ratios of about 1l:1 to
21 10:2 moles of alkenyl succinic acid or anhydride to poly-
.22 amlne,and preferably 1n a ratio of about 2:1. :
23 The borated alkenyl succinimide dlspersants are
24 a3g0 well known in the art as disclosed in U.S. Patent
25 3,254,025. 'These.6erivativesfare-brovided by treating the
26 aikenyl succinimide with a boron compound selected from the
27
28
29
30
31

®

group consisting of boron oxides, boron halides, boron acids
and esters thereof, in an amount to provide from about 0.1
atoﬁie;pfoportion of boron tofabout 10 atomic proportions
of'boron_fdr each_atomic-proportion of nitrogen in the dis-
péréant.- The borated prodﬁct will geherally contain about
32, 0.1 to 2.0, preferably 0.2 to'0.8,_weight'percent boron

33 basea upon the total weight of the borated dispersant. Boron
34. 1s con51dered to be present as dehydrated boric acid poly-
35 mers atbachlng as the metaborate salt of the imide. The

36 poration reaction is readily carried out adding from about
37 1 to 3.weight pefcent based on the weight of dispersant,
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26 able range of addition is about 0.2 te 0.3 nole per nole of 27 borated

ol yal kenyl succinim de dispersant. The m xture is 28. stirred at this W
nperature for about 15 minutes to 3 hours 29 until the acid reacts into

e system Wile not wshing 30 to be bound by this theory, it is bekieved

hat at this 31 relatively elevated't%nperature, a cappi ng reaction&gﬁcurs
32 whereby an amde is forned between unreacted am no 33 noieties and the

organi ¢ 3ci gadHild Wordh CCUhied| pre fEtaly ObofP8duELANItbNtEe2a E- |
treatment_ is to add the 35 organjc acid as the final step in,the dispersags
36 prep# aBeditaRtoAs S sIUREY inrminelnt pibnand heating witheAtifo this,
convegtigwa!rﬂﬁggrﬁﬁ?ﬂmﬁﬁ Islzﬁ%nﬁ{bggsﬁc :@ﬁ_hﬂbqgea;ate SOhbﬁ!\@dng- |'
provi de fjni,she ube oils exhi bjting inprove i sper.sancy in.diese
engi nes. 44 1oWed bY nitaQeeh |sEHRBIRE ofRdnt tLEERELORNPEN RS nPERAHEED 5

i n accordance w th thiSudivssddved nderdeagivesadfyatkangl- stccihinddes

t hose aciJds t al ni a drogen.dirs i ati {.+q 0L et Lch,.bhas a.pK of
0% o abuesH st i Aol d ' S80d! ML dpdrin TOAR, {ubRaER:rER 8i

| ogari t hifi t corpodidsions) iof @nounte eapginpr fvomcOndt ot 1Poperheent,

di ssoci atg 0 f | e I ; i Cin 6. ; sed,
her ei n, tosi I -sq-futl{hgﬂlcyéﬁdeﬁl%n%dg%&?h%esg{gla.g{;-_&%r %_ﬁi %&%%ngpaﬁi Eﬁet ﬁé%nggl ves
are subs®antedight o (fthe fimished compeshtiens.at The same amopsist akg

wei ght Bey Ceiffplikhble to the adPPleseitédi dfesbfS6€s AispBesghtgngsor gani e
acids 15 containing oil-solubilizing groups suitable for reaction 16

with t hélpotdeePrasgid: JANERFIORhe hydrocarbyl substituted 17 maleic
aci ds, m@ onic acids, THYSHiforedtbéitatédi 91kdSyl shecphmideadidper-

PoSpOGe, BRI 0l BHOFRS BB ASby adatng
al pha- silst iat wheidtadrlenidaid ooardsgylhtorlof dtspesrshertein hjpdrocarbon .
oL oot ML) Sl U, 9y 0SNS5 prdVOEERT | cBIUeGRRLELE! N0 Trom O
16 solution of about 40 to 60 wt.% dispersant, preferably
17 sbout 50 wt.%, is used. The same lubricating oil base.
18 stock used in formulating the finished oil is & convenient
19 vehicle for providing the solution, Preferred base stocks
20 are paraffin mineral oils having a viscosity of abqﬁt 20
21 to 100 cS min. (100°F) and blends of such oils. The acid
22 treatment is effected by heating the solution of dispersant
‘23 to about 80 to 200°C, preferably to about 100 to 175°C,
24 such as 150°C, and adding thereto 0,1 to 0.5 mole of a
25 suitable organic acid per mole of dispersant. The prefer-
26 able range of addition is about 0.2 to 0,3 mole per mole of
- 27 borated polyalkenyl succinimide dispersant, - The mixture is
28 stirred at this teﬁperature for abdﬁt 15 minutes to 3 hours
29 until the acid reacts into the system, While not wishiﬁg
30 to be bound by this theory, it is believed that at this
31 relatively elevated temperature, a capping reaction occurs
32 whereby an amide is formed between unreacted amino -
33 moieties and the organic acid additive. A convenient
34 method of conducting this acid treatment is to add the
35 organic acid as the final step in the dispersant
36 preparation process, 1i.e., after”bqfhtion.



23 to 40, optimally 25 to 35, total carbon atoms. These 24 ranges are @
considered to approximate oil-solubility for the 25 general cl asses of

O%anl c-acids sSuitable herein. 26 A preferred category of

organi & aci "ds for use 27 wi th borated djspersants are the oil-soluble

sul fonigraci ds 28  which are typicall y atKaryl sul fonic acids. These

sulfonic 29 acids are typically obtained by the sul fonation of al kyl 30

fsubsz i tut ted 1ar O:Cmﬂ:ls? | VY blSH'ﬁ.Sst s@@\ti@ﬁ? gomm'ileﬁltﬁgg o;loml.éhdéng
ra\cjmnamno peroeum S afion-an rac oL by

t he™al kyl at 2on - ¢ chndegt "rgfﬂ i&']a# o progl ‘Fop’&ﬁﬁﬁ UpPRo8L*S
and-hat ogen %Ek”"aﬁé'ﬁ’%ﬁ?" epiing di“‘*moro“be‘??ééﬁ‘ﬁ”*’ae“"h“g““’ nd ag
chl or onapht flal ene.  The avl%ﬂ a?ﬁr?%a‘@’wbee LEITLY %‘Eﬂ’g% &8}_% kﬁgwﬁggd
processes i 5 t hdnpresormiamde avicidt afhyiss mmén’a:eoﬂ&nay[bergenersl;lyv\pﬂ.hss1-
Such as 27 Ehattisd by tRAE S ShidMlge € BpRioedh AFLH0R1RLRHR,
genat i on of 7par sofliety, Wq}olhﬁs s meﬁe’tl@/I@ne&bqﬂt +p509yl e'ﬁbe tezm pK
Preferred syl foRigq fb? %ﬁeﬁfe&the 27 xfe@@eﬁél%exri*aﬁms%fEHatbaan&o of

hyarocar bons pr epare | on of bénzene_or .toluene wth_
tri-, tetra2 7 th%ﬁ%’éﬂt’dﬁ’dﬂ/l%#%‘hﬁ:tf%st%t‘&?-ﬁ%ﬂcbﬁ't%ﬂﬁ of the oil-

polkyneri zafigpon @olublle Brgud I @acidhe al karyl suI fonic acids contain from

9 9to 7 f bly f 18, t0 34 f 22
car bon a'?o pgﬁeaﬂ(sl gu Om%tfwjﬁgp%}rga iubigp%ﬁpdﬁﬁan?ﬁegﬁ §F8§ﬁs

may be nonaa2al ky:lxgtamia)raqiﬂs/-wtﬂﬂch thdmselvels aayé substartially soluble in
oLt il O e (et Sneen. o wetkbRTbErpERe P02
subst i t uentl4gr oups, 16..(KREpnesenmnniﬁéi¢Ia§ﬁesambohhe g¥%rong orghmsic acids
Oi|’50|Ubl35phO%BQ%E%ﬁfﬁéﬂgfﬂigé&hﬁ%&f&ing.groups suitable for reaction
16 with the.borated-diSpersant are the hydrocarbyl substituted
17 maleic acids, malonic acids, phosphoric: acids, thiof
18 phosphbric acids, phosphonic acids, thiophosphonic acids,
19 phosphinic acids, thiophoéphinic acids, sulfonic acid,
20 sulfuric acid and alpha-substituted or'nitrilocarboxyilic
21 acids wherein the oil-solubilizing group or groups are
22 hydrocarbyl and containing from 9 to 70, preferably from 20
23 . to 40, optimally 25 to. 35- total carbon atoms. These '
24 ranges are considered to approximate o11-solub111ty for the
25 . general classes of - organic acids suitable herein.
26 A preferred category of organic acids for use
s 27 with borated dispersants are the oil-soluble sulfonic acids
28 which.are.typicaily_alkaryl'sulionic acids.  These sulfonic
29 acids'are:typically-obtgined.by,the-sulfonatibn of alkyl
. .30 . substituted aromatic hydrocarbons such as those obtained
31 from the fractionation of petroleum by distillation and/
- 32 or extraction or by the alkylation of aromatic hydrocarbons
33  as, for example, those obtained by alkylating benzene,
34'_ toluene, xylene,~naphtha1ené,_diphenyl and halogen
35 derivatives sueh as chlorobenzene, chlorotoluene and
- 36 chloronaphthale™, The alkylation may be carried out
37 using known processes in the presence of a catalyst such as
38 _A1C13 or BFS with alkylating



are a second preferred category of acids for reaction-19 wth
ated di spersants can be descri bed as hydrocarbyl 20" substituted
grivatives of phosphoric aci d-5R3PO4, 21 phosphoni c acid HP(O) (OH) 2 or
phosphinic acid [err](OH) 22 which have at | east one free acidic hydrogen
and one or 23 two hydrogens are replaced by one or two C9-C70 24
hydrocariby| ragkmtas shawihg afraink$l toaabbntaﬂbalctastb,oﬂatom,als«qdh aasl

“alicyclic h | ih it
oL orel i v ra i athae) B REOUAE Ly pRlBHa Cpduall |11,
deri vat |3ves genation Qérp?rafélaspapoilyoﬂanflly!sprfs‘m readlyshﬁne:;at egory of 29
acids for ”S‘éaféb iEH V'é‘@c?“ eﬁféfgkﬁ‘eﬂr ﬁﬁ‘fﬁgﬁ%d a"i.‘lldr?b

nono/ di hydr oge acid mant SU| tabl e

aC| ds il ud@bﬂ%’d@ ebzothessp@hapngtsen ofo hydgopantens mepﬁﬁﬂﬁ &y

- substg t ut qthd rﬁﬂ@ﬁP&@i‘@ﬁ' 6F B@nzeh@' BEhQ%B.Iih'eWeC wiltH hﬂxqphoaﬁm-c aci ds.
34 The acids ‘are usually reactl % F%ﬁSaP .- P2S5 with

the desired 8% ARNCIRTORY ?"?o BF FﬂthQ tginegd, tion
acids. %7 of prdspyIiaser edrhygdadkErol tsbucflonci@nrmim ondairc htamm n 38

oret orally albt 101 rEFEREPRbS EFbRe T, EPagd - Ortidpiin AR S 4o o f -

sol ubi .10y t(iQhecqxbmtmatomExaapl aikyl SubSé:urttuamte csoripeuraky lar e .nonyl
al cohol ,4 4dod %&P y h enol , x
nonyl phenol %}yéu g%%%lgﬁa ﬁ&ﬁg% ha ?c b ﬁ thelkshcorrespo?%J thio 5

anal ogué2 arﬂihﬁ%@iﬁ@saﬂlam@bﬁﬁﬂgsand/or phenol s such as 6 |sobut.yl

al cohol qand nO“Y'P@é@P&@iargj’rtBQEES]?dea@Q aanxéllkylatédﬁmze&éc -and
mxtures of their corres thio 8 anal ogues. 9 In the,

prepar atlifon FeiiRPif R r‘B?Y RGpat PPLEEY LIRS Wet’-ﬁlh&pﬂtgg’dhd?ﬁc aci ds, any

convent iignal fEinhoti73 ato beoOiswerdin thech1lky1ll tibytaparedit afgbuimcrl bed in
u S Pat1%nts

contain about 18 to 34 carbons. -

17 The oil-soluble’ phosphorous-containing acids -

18 are a second preferred category of acids;for reaction
19 with borated dispersants can be described as hydrocarbyl
20 substituted derivatives of phosphoric acid, R3PO4, |

21 phosphonic -acid HP(O){OH) or phosphinic acid HzP(O)(OH)
22 = which have at least one free acidic hydrogen and one or
23 two hydrogens are replaced by one or two Cg-Cyg

24 hydroqarbyl-radicals-such as alkyl;'arylf:alkalryl, o
25 aralkyl and alicyclic hydrocarbon radicals to provide
26 the required oil solubility. Cg to C3g mono- or

27 - di-alkyl (mono- or di-acid phosphates) derivatives of a

-

28 H3PO4 are a particularly preferred sub-category'of

29 acids for use in improving diesel dispersancy and

30 tridecyl mono/dihydrogen phosphonic acid is a preferfed 
31 embodiment. - Suitable acids include also the corresponding
32 Cg-C7¢ hydrodarbyllmono'ér di-substituted thiophosphoric,
33 thlophosphlnlc or thiophosphonic acids. '

34 The acids are usually prepared by’ reactlng P205

35 or PyS5 with the desired alcohol or thiol to obtain the
36 substituted phosphoric_acids. B

37 The desired hydroxy or thiol ‘compound should contain
38 hydrocarbyl groups of from about 9 to about 70 carbon

39 atoms with preferably about 15 total carbon atoms average



12 2,552,570,. 2,579,038 and 2,689, 220. By way of |Ilustrat|on, 13 a
dk_LkaryI substltuted dlthlophosphorlc acid is prepared by 14 t he
reacti on of, about 2 noles of P2S5 with about 8 noles of 15 a selected

al kyl ated phenol e.g., a mxture of [err]=-afkyl- 16 substituted phenol s,
i.e., Tenyl phenol at a.tenperature 17 of from50 Cto 125 C for about 4
hours.. In the preparation 18 of hydrocarbyl substituted thiophosphinic
aci ds, as coh- 1%© Pﬂ&ﬂﬁdﬁuﬂl¥/$@kﬂhﬂlatn|thShetpredupnospmxwmples of
oxihndi,zed to 20 [ t&gﬁg h i d

Whi tnore's 21 §g&¥§ﬁﬁ€§Che 6dﬂ&§ afe qﬁggggdhgbsEgééraﬁhg%sghfiqgﬁo%%wv

t :
22 York, N¥ (1%9}1'?&;1@4@*;8;1 ,r {3311?{) henol, Ocmiphenbé.r,l popyaipdremed ,f or
breparat | on 2f Celkyldted Al dNoSHI! | CanBNPREIONCE-FALHRANNRY Hhio

aci ds useful525 i 0 the preocess of fnventlon are
al cohol s 26 ° obRRRHEEUSH it RS EHetturedfob| aleobohst Andioophenods dmcy as

and hydr ogensandlsubaegue&udawlowtdéﬁkffai@@géfsubﬁ»%ﬂbc%ésola' %@h%%?%-

to formthe ,Oxo0", al cohol s h. wll contain an average of a
“carbon atoms’ suRRe 39 a GFCCkB@BQJ@Rﬁtuﬁmﬁspﬁoﬁhﬁlﬁcpgrre$R§DQQM%sGmuble

phgsphor ous-8ontanaleguds, acids are readily prepared fron1these al cohol s
byireaction 32 wth P205 aé Is well known in the art.

Anot her clas® of useful st F8ndhsr PRARATALIRD HE the hB¢F°§BFhUﬂeSUbSt1tUted
hydrocarbyIIQubsthiuphdsphbeuc aziids Ofady ccibven 0E6€4 8l mE0LBH! @an be7used

[err] 2 1 suc

wherein R' 1|'s an o t-881 & el‘?@r%ﬁ?tﬂntftﬁwmgl?%%pl%oﬂ S5 Patepks from .
about 9 to ¥® ca?bho92, 57Rep2€§§ﬁt@ﬁ&uanﬁ ZIEBHEZB@JI Bplﬂbyeomahilﬁs%@bdlon
derivativesygre Qe&iéﬂfﬁi‘ﬂ%ﬁbﬁtigﬁ% & cﬂﬁ)i'x C%%%e#f,ﬁggglﬂf ig pﬁepared by

ei cosylmal ej ¢ acid, triaconta St an®
nmonool ef i n§41awﬂ§;ef¥%ﬁ¢919§ 95 rbowt Pomelozw whP sSbswithit 2bloant 8 melds of

maleic aci 5 a selected alkylated phenol, e. g., & mixture of Cg-C,, ‘alkyl-
16  substituted phenols, i.e., nonyl phenol, at a temperature

17 of from 50°C to 125°C for about 4 hours. In the preparation
- 18, of.hvdrocarbyl substltuted-thlophosphlnlc acids, as con-

19 vent1ona11y known, a disubstituted phosphine is ox1d1zed to .
20 .. give disubstituted thlophosphlnic acids (see F.C., Whitmore's
21 - "Organic Chemistry" , published by Dover Pub11cat10ns, New
22 'York NY (1961), page 848)
23 Part1cu1ar1y preferred for preparatlon of oil-
_24 soluble phosphoric, phosphonic and phosphlnlc acids useful
25 - in the preocess of the 1nvent1on are mixed aliphatic alcohols
| _ 26 obtalned by the reaction of olefins with carbon monoxide
¥ .27 and hydrogen and subsequent hydrogenation of the resultant
' - 28 -aldehydes to form the "Oxo" alcohols which will contain
29  an average of about 13 carbon atoms, such as a d1—C13 Oxo
30 . phosphoric acld The 011-solub1e phosphorous—contalnlng
31 acids are readily prepared from these alcohols by reaction
32 with P205, as is well known in the art.
33 S Another class of useful strong organic ac1ds are
34 .011—solub1e hydrocarbyl—substltuted ma1e1c acids of the
35 general formula: '



Addi tional suitable strong acids are those oil- 11 soluble

rr hydrocarbyl-containing substituted malonic 12 acids of the general _J
rmul a: 13 R'CH (COOH) 2 14 wherein R' has the- .
aning set forth above as an oil-solu- 15 bilizing hydrocarbyl group.which
‘is illustrated by the fol- 16 Iomnng.{qpresentatlve conpounds whi ch i'ggt ude
the malonic 17 acid counterparts of the above-referenced hydrocarbyl sub-

.18 stituted naleic acids, i.e., pentadecyl mal onic aci'd, hexa- 19 decyl
nalonlq acid, etc. 20 RARO+0EOHC| ass of useful acids are '
oi |l -sol,uble 21 [err] hydrocarbyl s@b % éuted sul furic acids of the general
22 formula [err] wherein R' is theJvhydrocarbyl oil-solubiliz- 23 ing group
as exedplified by pentadecylsulfurﬁc acid, hexa- 24 decylsul furic acid,

ei cosylys Lklvlfxélféin agt Oistah asﬂntaayhsyizzzﬁgt Lnﬁy&r@@aﬁbyﬁtgmo@& con- A
further {%&é; CIdS mhlﬁn 2@ used 1 n ac; cordagfe W%éh this

i nvent i~ol %Wu%?%“ %o-° GR Q%Salﬁ%%gﬁﬁﬁﬁﬁ?ﬁ B P TSR by
car boxl i @lb:cscnjls.ﬂhhel myleitieagddgdavivativesndre Péntadecylmaleic

\)/(\,hgrle. r? Rgc:u'is, ahexadecyhnaleégrp'%cﬁicﬁl:gg ﬁbéle:.c ac;?butrlaco:é?aér?%ln-ced X
[ | Ll - u B >
above &nhdmadeig eﬁ%lgoaﬁﬁd?ﬂ @Her%l ofi Fp CpimORRO é%&'\%ﬁc hloro, ory -

a cyan® gr®uyo 010 o UPST e ThasboBs sabstiahtearmtepsaas@nhamem ddud.
fol | owigng: al pha- n'ﬁtg&:l.tz.onaﬁ suitanflls E%Q%% A8l 10 SURSLL Lo £U aci ds, s

such as dodecanoi c gnn adecanol c, canol ¢, docosanoi C,
oct acddan®Riuble iCg3C, cRNEEAGREDY I cEPRERIRERG] Subkl trked malonic
The |nmeni¢£as|dfftméhgénekamsfbﬁﬁﬁﬂaby the 5 fol | owi ng exanpl e:

13 . R"CH(COOH)2 .
14 wherein R" has the meaning set forth above as an oil-solu- -
15 bilizing hydrbcarbYl group which is illustrated by the fol-
-.16 lowing representative compounds which include the malonic
17 acid counterparts of the above-referenced hydrocarbyl sub-
- 18 stituted maleic acids, i.e., pentadecylmalonic acid, hexa-
19'decyl malonic acid, etc.
20 Another class of useful acids are oxl-soluble
21 Cgfc7o hydrocarbyl-subst;tuted sulfuric acids of the general.
22 formula R“HSO .wherein R" is the hydrocarbyl oil-solubiliz-
23 ing group as exemplified by pentaaeéylsulfuric acid, hexa-
24 decylsulfurlc acid, elcosylsulfurlc acid, tr;acontanylsul—
25 furic acid, etc. ' _
26 - A further group of acids which can be used in ac- ' -
27 cordance with this invention are oil-soluble mono- and di-
28 albha-substltuted hydrocarbyl ca*boxyllc acids havzng the
29 general formula:

. L :
31 R"-C-COOH
33 S X

34 wherein R" is:a C94C7°-hydrocarbyl, oilfsblubilizing group

s as_referenced above and X refers to hydrogen, nitrilo, nitro,
36 hale, such as-chlo:o, or a cyvano group Or groups. These

37 materials are represented by the following: alpha-nitro



6 EXAMPLE 7 N A paraffinic mneral oil solution was prepared 8 (EED
ontaining 49 wt. % of a polyisobutenyl succinic anhy- 9 dri de/ pol yam ne | ~
drspersant (Mi=980; 2.2 noles of succinic 10 anhydri de per nole of
‘pol yagi ne). The polyanine was a 11 wi 8tare of al kyl ene pol yani nes
-approELnatlng tetraet hyl ene 12 pentan1ne avai |l abl e under the trade nane
-100" from 13 Dow Chenlcal Co., M-dland, Mchigan. This dispersant

has 14 b en har.at €50, aci d
e pro%h%gt“ﬁ%éfdnéﬁ%&f‘%m S, Bodecanbie, 0

0 w. % borpﬁntakiecanm.c, octafircanocisi.d-dacaaanP i s R taeesaneeey atsirn .

accor- 18 dangguidds )i o tRYEBhARMRY Sl Qtidiothily. 19 (1)

I ncorporating into a wt. % sol ytion of 20 _di spersant Q nLHeral oi

1.2 wt. %of tridecyl rﬁ"k%dllz‘leﬂﬁﬁenaﬁ& Fuziher p’n%’s%‘é{% %@ BYJEAG in the

phosphats amialadaiﬁélggaﬁbgea1xture at about [err] for 30 mnutes. 23

(2) Incgﬁpor nto the dispersant solution 24 2.5 w. % (0.2 nolar

equi val e 4l kyl benzene . sul- 25 fonic acid having an Mi=530 by
addi ng t e acud to a 50A2paraf fiicomimeralofoil sylwthoniwashprepagedl oi

t | Li 28
Tolu & (o mtaining A9 upenSopRoR MY iRy £ SREEERTE, 2hyL O
- subpar agrfaph dz:adm(mlrsamgnehélgmgsmdﬂngm. 2 ethmles. oglsuccmlc

Lybricatigng Qidny ﬂ%&&%é?nﬁow ®£P a;raﬁ.;irpé)n- Sfhe t adihBewakagdard
bor at ed %bspersant fore_acid nodifi- cation, noted bel ow as Exze
For mul at¥on aHEEenpht2dkylene EGﬂMﬁmﬁqﬁfe&RﬁFQﬁ1W4EQ?ﬁrE%tEEF& GPfi ed

bor at ed X8 sp&fentdmEidt Svailedble! fded HPAEDY MehéW' BOWFBFEI0bA! Feom 1,
o S SRRl o entgiar Lot e S, Be] AL5RER5aR by, |
irrproverl4 a 'bisdn i B DEEQr byareacal oedth a slurry of 1.4 moles of
15 boric acid in mineral oil and the final product contained
1% 1.5 wt. % nitrogen and 0.5 wt. % boron.
17 - Three acid-treated. dlspersant materlals in accor-

18 ' dance with this invention were provided by:

19 (1) Incorporating into a 50 wt. % solution of
20 dlspersant in the mineral oil 1.2 wt. % of tridecyl mixed
21 . mono and di-acid phosphate by adding in the phosphate’ and
22 - stirring the mixture at about 150°C for 30 minutes.

23 ~© © (2) Incorporating into the dispersant solution
24 2.5 wt. % (0.2 molar equivalents) of an alkyl benzene sul-
25 fonic acid having an Mn=530 by adding the acid to a 50

26 wt. % solution of dispersant in the mineral oil at 150°C.

¥ 27 ' (3) Incorporatlng 1nto the dispersant solutlon '
_' 28 1, 0'wt. t (0.08 molar equlvalents) of the same sulfonlc
& 29 acld as’ in subparagraph 2 above uslng the same blendlng

30 technlque. | | |

31 ) Lubricating oil formulations were prepared con-
32 ' taining the standard borated dispersant before acid modifi-
33 catlon, noted below as Base Formulation and formulations

34 contalnlng each of the three acld—modlfled borated disper-
35 sants, and noted correspondlng below as Formulations 1, 2,

36 and 3. Each formulation was an SAE 10W30 quality crankcase
- 37



gent and a zinc dial kyl di thi ophosphate -in a m neral oi | 4 base. 'I:hese
‘mul ated oils were each subjected to engine 5 testing in the "Caterpillag/

L)
2" test which is an in- 6 dustry and governnment accepted test for the -
A\_H spersancy 7 and overall

ef fectivenegs_of diesel oil lubricants. The-8
resul ts and expl anation of the test~are given below 9 :
240 Hour Caterpillar 1H 2 Test- = 10 Formul ation

TG2 o:n.l wh:.cl-WElsJo Jdorﬂﬁisﬂ:ed conventional amounts ‘of ai6.ci%fin o
é880/1 %2 opolymeé\:'7 0'114 :,\:H:r%ver, a rust- :.rﬂu%tor, a met?S%the]:S- No. 2 135
15 16 Pergdnt and = rzieng tdisllwiw@@hm@ms@ saeinesale @il 17 '

pari 5o igh & l&?&éé@gf@ﬂhxﬂiﬁéé‘&l So1 8t pcrRngh dfectec% to drfyidie a\/ggage
0 ngi ne fests. . - roove, fi o deposi t.s_in groove

[err] 5 Wiy ot f%lg 18~3 testyh aﬁn’%H-Z test is
al so a6U.dustmdeamsi g’ﬂvMeMtémieﬁ‘Q&d Syestantby stnsethsnamcyn litary

speci f inc ::Qil? 12608 NESE ] YarSREC fhygat | ons, 24 o
such als? gaﬂ‘:ég%;é an ra I\%‘%ersc\g 6146%/!%%1e %‘ﬁ%’ae 25 of the test is:
v

to det & meErttR and e%’fpjcﬁnaoﬁ?'%‘i’ 19Hnthe ntesh a%S Y4nd

’ »
accurmlsat ion of deposits: ' The test use34@7Heousi amdel-24r illers
di esel 2" ' 2ie ‘1E-2 test %3 Wi ghted Total j
Dener |lt°s) s J“prl nci pal val ue and#-%-r a 240 hour. -t'est- the target 30 #
speci AlcR4®™ i s a val ue bel ow the 75-886r&hge. This iX8B4 derived from . .
t he pq_lzl iINded speci fication target of W, 440 32 for a 488, four test. WD is -
a cu eév atl ng based on 33 observat} 06|%of deposits .‘H] éhe groove and
| and e "the 34-piston and Iacquer oh piston skirts wth all.these
speci flidc 5. eB/aI uati ons being wei ghted ate®®ding to thel®6relative im 36
portaRge and the final ‘WD val ue being cal culated in accor- 37 dance with

the test procedure.
'eis pB ase - th:.s result is‘an average data base used for com-

17 : parlson in evaluating new diesel formulations and
18 is an average of 25 engine tests.
.19 2pgF - top groove £ill, % deposits in groove
20 3yrp - weighted total demerits
21 . The Caterpillar 1H-2 test is also a U.S. Federal
22 Test Method 791-346 and is used to meet military specifica-
23 tions,.such-as-MIE-L?ZlZGOB'and-indnstryﬁspecifications, o .
24 such as SAE 183 and General Moters GM 6146M. The purpose
25 of the test is to determine the effect of an oil on ring
26 sticking,_weaf.and accumulation of depoéits. The test uses
27 a single cyclihder Caterpillef'diesel 51/8" x 6 1/2". )
28 : + For the 1H-2 test WID (Weighted Total Demerits) T
29 is the pr;nc:pal value and for.a 240 hour test, the target f
30 speczf;cation is a value below the 75-80 range. This is . L
31 derived from the publlshed spec;flcatlon target of WTID 140
32 for a 480 hour test.WTD is a cumulative rating based on
33 observation of deposits in the groove and land areas of the .
34 piston and Iacqﬁerion piston skirts with all these specific .
35 evaluations being weighted according to their relative im-
36 portance and the final WTD value being calculated in accor-
37 dance with the test procedure. |



CLAIMS 1. A fubricatfng oi | conp05|t|on exhi bi ting inproved. dlspersancy |d:§§y
di esel engine conprising a hydro- carbon lubric

ati d-treated, oi |l -sol ubl e borated al kenyl succinim i d
di spegpsant” being acid- treated after boration by haiﬁﬂﬂ“ “F *““ﬂ
thereng, per' nole of said succininde, to 0.5 amm olsl - sol ubl e
organic acid having a pK of -10 to +5 cont nlng a [err] hydrocar byl grOUp.
2. The conposition of claim1 wherein the organic acid is an al karyl
sulfonic acid. 3. @ﬁéﬁﬁ osition of claim2 wherein the sulfonic acid is a
-[é?f] al kyl -substit enzene sulfonic acid. 4. The conposition of clains
1-3 wherein the acid treatnent is with about 0.2 to 0.3 nple of said acid.

. h iti | ai < ' id i I, kel b
Sl fom ¢ acra having i VA DEeFiARYIRRCpLL, BopRss 4 1on Rauh el PPN,
claim 1l wheimproved dispersaacyoih- goldibkelpkuogpher oosxpcdsﬁaigwiangimm- 7.
The CO”pOS'édfqpéﬁ &ﬁ ﬁ Mgeéfi”ahﬁegﬁcgglhTthEtgéo il-soluble borated

hydr ocar byl horic "aci fon o
mhereln trmakknnwlssucclnimldandmspersant.asayn d@snepn@gﬁhb@énggacrnﬁa

osi tiongQfg féq'ﬁg%iﬂhsefaeiweb@chﬁvaﬁgt ihd8s \Mxébrmeea/ %@x@&%qe%er

ﬁ SphOI’IC aCId osition erein the acid treatnent
Zwith 0. ke PL spid suceipimide.nBrd &P Qaﬁdm&}@cpﬁ. A @1di~

organic acid having a pK of -10 to +5 contalnlng a 09—070
hydrocarbyl group.’

2. The composition of claim 1 wherein the organic
acid is an alkaryl sulfonic acid.

3. The composition of claim 2 wherein the sulfonic

acid is a 09-C70 alkyl-substituted benzene sﬁlfqnig acid.

4. The composition of claims 1-3 wherein the acid .
treatment is with about 0.2 to 0.3 mole of said acid.

5. The composition of claims 1-4 wherein the acid
is an alkylated benzene sulfonlc acid having an Mn of from
'about 475 to 600,

_ 6. The composition of claim 1 wherein the acid is
an oil-soluble phosphorous-containing acid.

7. The compbsition of claim 6 wherein the dcid is

a C "hydrocarbyl~substituted phosphoric acid.

9~C70
*- ' ' 8, The composition of claim 7 whereln the acid is
o a Cg—Cy, mono- or di- alkyl acid phosphate.

9. The composition of claim 7 wherein the acid is
tridecyl mono/dihydrogen phosphoric acid.

10. The composition of claim 9 wherein the acid
treatment is with 0.2 to 0.3 mole of acid per mole of said
suc01n1m1de d1spersant.




