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\Mu;jﬂELjLLa a hydrocarbon radical having at |east about 50 20 aliphatic

' (b) rmonocarboxylic acids having the structural fornula:
erein Rlerr] is a branched-chain hydrocarbon radical having

12 P¥=about 50. al i phati 8hegtar b8n at ons i n t he ApRiitatiesiNpa| 91302768.6
25 | east .one allphatlc substituent aryl pendant group, (c)

—5— :
succinic acids of (a) and nonocarboxylic acids selected fromthe

cl ass consi sting. of the npnocarboxylic acids of (b) and aliphatic
nmonocar boxyl i c. aci ds_havi ng .from about 12 to about 50 carbon atons, and
(d) the esters apgeeamriiides of said acids. 5 The reaction of

pol yepoxi des wi A 2rsots to produce. di spersants having enhanced

| ow t enper at ur i3’ properties - is also known from :
EP- A- 0317353. einis an oil sol ubl e di spersant useful as
an ol eagi nous {&npo dditive _ conprising the reaction products
of : - 10 (1) X, ‘nitrogen or ester containing adduct selected
from t he gro.ncgg;* t|ng of (i) oil soluble salts, am des, imdes,

oxazol i nes, esters, or mxtures thereof of |ong-chain hydrocarbyl
substltuted NOROpuviad di carboxylic acids or their anhydrides, (ii)
| ong- chai n hydrewalitiesofficeri ng a pol yam ne attached directly 15 thereto,

and (iii) MannTeliNocdfih A88:804% pr oduct fornmed by condensing a long

chain hydrocarE subs ed hydroxy aronmatic conmpound W th an

al dehyde and a %‘8? E$S%: g& 1,08 yoSRlhadduct containing at | east
e’rélevan u uments . . _

one rea ctive grou el 8 ron1reac Tve am no groups and reactive

hydr oxyl groups; and 20 (2) at |east one pol yepoxide. Preferred

pol yepoxi des for use in the reaction are said to be the di epoxi des, ie

t hose containing two oxirane rings. The pol yepoxi des

Registered letter K



are reacted wrth t he acyl at ed ni trogen derivatives of hydrocarbyl

suté_s.r_i_r_u.t_e.d di carboxylic acids in a singl i an ?5 W have

f ound i npRowedraties per sant s havi ng d%{“ﬁgm%‘ §L§ LY ndegé""er:“,';‘t’:““ |
i npr ro en:t?agasf"oesu'\t when al i phat yepoxI are reacted

with sper%ﬁpﬁﬁ,ﬁ@,ﬁﬁf“m at least one. - reactlve nltrogen cont ai ni ng

o] In at |east two sequential ScerRiASirektih@ Directdfifa@@herl b N Vbirechiol Gsnsrate 2
present |nvent|on provides a process for t he . production of a

| ub catr ng oI ubl e corrpound sui.tabl e for us® as a di spersant

addi \ghl ch- conprises reacting at el evat ed tenperature
a polpgg Eega% g anh havi ng at | east one reactive

nitrg characterised in that the 35 pol yepoxi de is an
ali prmgfgsego gpoxr e and that the pol yepoxide is '

- 3-° Sunbury-ohffifdugd, W th the di spersant in at least two sequential steps,
V\/nerquadlégeg -j:wf§t7mt ep a first portion of dispersant is reacted wth
t he prRANVSR ®RETEENEat | east 0. 75 ‘equival ents of pol yepoxi de _being used

for each reactive [err]N-H group present in the di §psw®amt, and in 5 a
subsequent step or steps at- | east one further. portion of di spersant is

reagted with the product of the preceding step, thése be-rg—added—+rom

0 5 nnlll -al-ept-s—of—di ennre:\'\t pe+ Qﬂ_llL\lQthf of d_Lcnnrcanj' usod
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contai nj GALS| I amino groups.  Dispersants having at

| east' 2 reactive nitrogens-are pr eferred, rmre preferably they contain
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Any digpersént havi ng at | east one reactive nitrogen - 20 cont ai ni ng

noiety may be enpl oyed. Suitable dispersants include (i) oil-sol uble
am des or imdes of |ong-chain hydrocarbyl -substituted . nmono- and

di carboxylic acids or their -anhydrides, (ii) |ong-chain hydr ocar bons
havi ng a pol yam ne attached direc thereto, and (iii) Manni ch
condensati on products forned: by CO%Lg

ﬂ%@fgﬂa,lon -chain 25

hydr ocar byl - substi t ut ed hydr oxy -artet tplﬂ\a bsﬂ)r‘%‘x

al kyl phenol,. with an al dehyde and a pol yal kefe’ vl £h

adduct contains at | east one reactive anino group. The di spersant
is preferably an inmide or amde formed by the reaction of a polyal kene
substituted succinic acylating agent and an 30 am ne.

Succinindes are a well-known class of dispersant. . Typical of the art

relating to such materials is GB-A 1565627 and the prior art

acknow edged therein. Typically, they are prepared by reacting a

pol yal kene, in the presence or absence of chlorine, with either 35 naleic
acid, or preferably maleic anhydride, to produce a '
-4- pol yal kene-substituted succinic acid or anhydride and

t hereafter reacting the pol yal kene-substituted succinic acid or

anhydride with a nitrOgenous materi al , SUItablzegﬂ“gglgin¥gbL£§s\_
be a nmono-, di- or
forml a: - [err] ;RQCBSSS%E& £§§~;£6DUCT__g;QE,LUBRIe-TING OIL ADDITIVES

| - /;?§ﬁ>¢HEIRAnni~//,—\\\\

The present invenfion relates generally to é process for the
preparation of oil soluble dispersant additives which are comprised
of the reaction product of a dispersant having at least one reactive
nitrogen containing moiety and a polyepoxide.

5 The reaction of mono-epoxides with dispersants to attach
.hydroxyalkyl residoes thereto and thereby improve their dispersancy
properties has been described in for example US Patents Nos.
3,373,111 and 4,798,612._ Typically, US Patent No. 3,373,111
discloses a process for preparing oil-soluble, nitrogen-containing

10 compositions. by treating an acylated amine with at least 0.2
.equivalent of an organic epoxide at a temperature within the range
from about 50°C to the decomposition temperature, said acylated
amine being prepared'b& reacting at a temperature aoove about 80°C
an alkylene amine with from about 0. 2 to 2 equivalents of an

15 .acid-produoing compound selected from the class consisting of (a)
substituted Succlnlo acids having the structural formula:

R-CH-COOH
éHz-COOH
wherein.R is a hydrocafbon radical having at least about 50

20 aliphatic'carbon atoms, (b) monocorboxylic acids having the’

structural formula: -

_ ricoon
wherein rl 1s a branched—chaln hydrocarbon radical having from about
12 to about 50 aliphatic carbon atoms in the priacipal chain and at

25 least one-allphatlc substituent aryl pendant group, (c) mixtures of



10 V\,herel n R[err] s a hydrocar byl group, typically a pol yol efin

grd’up R[err] : preferably contai ns between 30 and 300 carbon atons,
nore preferably bet ween 50 and 150 and R3 is a dival ent group such
that Herr]NR err] NXY is -~ an al kyl ene anmi ne, such as an_.ethyl ene or

propyl ene amne eg Rlerr] is 15. -(CHerr]CHerr]NH)[err]CH err]CH err]
where k is zero or an integer froml to 7, - o . preferably 2 to 6;
alternatively a m xed et hyl ene/ propyl ene am ne e.g.

Herr]N(CH err])[err]NH(CH err])[err]NH(CH err])[err] NH err] can be used.
X and Y are independently either hydrogen al kyl, or hydroxy al kyls,

fegfg] ?Lelg; ngc?r bgggci% c ac1u¥| of ?tp and monoc¥3d£ yxe{: h:x: sosrelteggec{ t}%gm Zr,%e

Al ternatively, R ertdss gobsieting mfl Bhe kn):nqrmgrbbmlacdw:eﬂlsent @x)oenpd aliphatich

that Herr] NR[ err] NXYJa$oaiy 13k kaak ol ige O roBOLYGRIN 8 3ThB&t 50 carbon atoms,
Typi cally, such al kano] am nes may contain the group

=N. CH[ er r ] CH[ er r | NRpEH{d9er FhecaEEs s @F(ﬁnhédriﬂf'ér?ﬁ 'SG:HF éif®H err], X=H,
Y=CH err] CH ers ] OH) ami'hbyfh&atw o30poly$ﬁ6ﬂd]ae|tyﬂﬂ'xheispﬁaﬁ‘bﬂle& RBYpaatdi n

(e R Brr] =( o oF RSB GFT L poRtiset 1 b ahii s LR Bt e cee

commerci al l'y avai | &bl elqookwtrheronamﬂe@mnﬁt heDikefiboed nbgrein is F{uReM)
marketed by Texacogq; il élﬁeﬁgﬂ@%é{ﬂﬁ” @'J%V k?@fg;%@é’l%oﬁ oQifuoﬁ adcﬁt&v% 40

carbons; optionally interrupte | east one -0- or [err]|N
group and in partlGB‘P&’?lsébﬁttd‘FnE"-%émbrPfﬁB‘t“i-?suﬁf't‘s of al kyl ene oxa

10 (1) at least one nitrogen or ester containing adduct selected from
the group consisting of (i) oil soluble salts, amides, imides,
oxazolines, esters, or mixtures thereof of long-chain hydrocarbyl
substituted mono~ and dicarboxylic acids or their anhydrides, (ii)
long-chain hydrocarbons having a polyaﬁine attached directly

15 thereto, and (iii) Mannich condensation product formed by condensing
a long chain hydrocarbyl substituted hydroxy aromatic compouhd with
an aldehyde and a polyalkylene polyamine, said adduct containing at
least oné_feactive group selected from reactive amino groups and
reactive hydroxyl groups; and

20 (2) at least one-polyepoxide. _
Preferfed_polyepoxideé for use in the reaction are said to be the
diepoxides,.ie those coptaining two oxirane rings. The polyepoxides
are reacted with the acylated nitrogen derivatives of hydrocarbyl
substituted.dicarboxylié acids in a single step regction.

25 We have found that improved dispersants having desirable
viscosity index improvér-properties result when aliphatic
polyepoxldes are reacted w;th a dlspersant having at least one
reactive nxtrogen—contalnlng moiety in at least two sequential
steps. _ _

30 " Accordingly, the present invention provides a process for the
production of é lubricating 0il soluble compound suitable for use as
a dispérsant additive by a process which comprises reacting at
elevated tehﬁéfatﬁré a pblyepoxide with.a dispersant having"21 least

one. reactive nitrogen-containing moiety characterised in that the

35 polyepoxide is an aliphatic polyepoxide and that the polyepoxide is



or al kyl ene am no groups each of 2 - 4 carbons. ’ R3 may aI SO be a

di val ent group such that Herr]NRlerr] NXY.is:an aromatic or
aral i phatic .ami ne eg of' 6 - 20 carbons, such as phenyl ene or

bi phenyl ene diam ne or bis (am no benzyl). 5 Suitably in the
formula (1) Rerr] is derived fromeither ethylene, propyl ene,
1-butene, isobutene, 1-hexene, -1-octene and {he |ike. Al ternatively,

t he pol yal kene may be derived from an internal olefin, e.g. 2-butene,
or an interpolynmer, eg an ethyl ene/ propyl ene copolyner Preferably the
pol yal kene is a polyisobutene. 10 The succininide may be either a

nono- or a bis-succinj es of this_invention :
the term pol yepoxi Tgact erQ with tha disrpEs ?"r‘g:aﬁn e&cg ?‘i WP eI NP east 2
oxirane rings. wherem ifhe fpcbyatenldefirsulpbabitm b@rdu@ersamﬂ he yEaotess

of the I nventj;pf Gee pé‘i;%%ﬁide, af r]%fag{ rda‘?sp&l&{i% P%&lt‘l.eéf Cé%'l%vé‘#&i‘d? ﬁecing

four 15 oxirane rings. ~Mre preferfed are IepOXI ie confal nin
oxi rane rings per usef ekas E“*Eiaﬁ?ﬂ‘éfs.«df'*‘slf?‘ﬁ’bpée%ﬁ"itphlatqh@ dispersant, and in

pol yepoxi des 3re descridy@ent etbbeo;afseéﬁsatdle%etﬂo& f3§t1?he35§ertlon oSl tably
t he dlepOX|des nay be t hose, o

where 6 20 or 1 GSPERITGIR SPBRtetP Ihabs PHGEFDOd By PSPCHLng, Bher:  thare
subst i tut ed ali pha:telmg hadded ctroly®. sgrouls ehoivadeanplof dfsmirkyheper equivalent

cycl oal kyl ene eg qfg 5151115%91@{ RQDS : 1n Eh@léggylse_ggngr oup eg of 2 - 20

carbons, R6 can optionally contal nou oxirane rings. Rerr] . and
Rlerr] 25 are i ndepe&ﬂeﬁ%*%ﬁréiatlhéllavﬁw%gé?sér°125ﬁ |rpna%iive pifchogenTdppLaining

groups,. - fier %agp}eaaglkevIemgxo,a;hkemﬂuswﬁmesarwsehwﬁgl ErﬁAali«yl ang/eyps

VWere R err] or err].is ah drocarb rou refer to
Jarey e o Rasebhaam gnibeceosipochen oomngyeb i res £oatd mopceiniah
ethyl group. It iexcpuefveryecckrthaty Bhéts jgramss.R[ Pisgeraastd heepmpndentdagt 3D

hydrogen or a met hyl, u e 0
gr bogs it is suprt)éabﬁ =~ Pitrogens Fe. ?or rrurg@ k%ﬁ%[qx%% Lq? Tt?eqj ggng&lﬂ[ 3eftr
i s hydrogen or a (] epeh -rdteeggnspr ftedapteiigved, theygdy -4 apk [vighotp benbrund

preferably nmetjgyl aﬁ} htleor¥, |t§a@-rke|a8£ﬁgxerisfﬁ'e@.%én the rd2t30e 8 tlogend of
preferably 1 to 6; 3?& of the rou}{)ess%{fﬂ-l err l€ t he, 35 sanme or
a r

different. The gr%’ﬁp ReFFfng &nd 338 T4P8d Bolyepoxide to open the

oxirane rings in a manner whereby different molecules of the
dispersant_aré cross-linked by the polyepoxide molecules.

Any dispersant having at least one reactive nitrogen -

20 containing moiety may be employed. Suitable dispersants include (i)
oil-solubleiamides or imidee of long-chain h?drocarbyl-substituted
mono- and dicarboxylic acids or their anhydrides, (ii) long-chain
hydrocarbons having a polyamine attached.directly thereto, and (iii)
Mannich condensation products forﬁed b§ condensing a long~chain

25_ hydrocarBleSﬁBStiiﬁfed”hydroxy aromatic cbmpound, for exaﬁple an
alkyl phenol,iﬁith an aldehyde and a polyalkene polyamine, which
adduct contains at least one reactive amino group.

The dispersant is preferably an imide or amide formed by the
reaction of a polyalkene'substituted succinic acylatiné.agent and an

30 amine. _ o .

Succinimides are a well~-known class of dispersant. Typical of
the art relating to sﬁch materials is GB-A-1565627 and the prior art
aeknowledged.therein. Typicélly, they are prepared by reacigzg a
polyalkene, in the preséhée or absence of chlorine, with either

35 maleic acid, or preferably maleic anhydride, to produce a -



oy

- 6. .'polyolefin e.g. polyethylene. - Wien Rlerr] is a

het€ro eg 0 - substituted aliphatic hydrocar byl group, the pol yepoxi-de
will typically be prepared by reaction of a diol (e.g. 1,4 butanediol,
2,2-dimethyl -1, 3-propane diol) or a 5 glycol (e.g. polyethylene,

pol ypropyl ene or pol ybutene glycols) with epi chl orohydrin or the
correspondi ng dichloride with glycidol. -~ 4 - Exanpl es of suitable

di epoxi des are 1, 4-butane di ol diglycidyl et her, 1, 6-hexane di ol

di gl yci dyl ether, pol ypropyl ene oxide di gl yci dyl ether, and
2,2-dimethyl -1, 3- propane diol diglycidyl 10 ether (neopentenyl diglycidyl
et her) . avai (Rl BhRIBUG L EROHLATS S USEPLE LREaHISE Lk LS RREEN!
i nvention are availabfe comrercially. err] can al so be an

al kyl ene or al kyl eneeagkjrpithgrenlgabipneonithsttytuted suqdigi¢ tapiddomianhydnide cuith
one eg 1 - 4 groups, Qfickbenb@s MAkdrildd, suitably an amine, which may bel £moho-, di-
where Rl err] is an al kylene group eg of. 1 - 4 carbons such as CHerr] or
al kyl ene gl ycol gr RpPRYBHRS-- 40 carbons and at |east 2 oxygens; 20. R4
is as defined above; | Ai suizabbe @lucdinimide has theExampllas-of suitable
pol yepoxi des having an R6 group as defjjned above are gl ycerol
triglycidyl ether and pentaerythritol H_ - tetraglycidyl ether.

di

It is believed that cross-linkin§%af spersang ¥s 25 acconplished in
a manner whi ch enhances the -visconetfic prapergine when reaction gghth
t he polyepoxide is effected’in at |ekgt ito >equential steps.

The reaction of the dispersant with thﬁ pol yepoxi de Ttonpri ses in a
first step reaati ng di'spersant” at el eveted tenperature with 30

pol yepoxi de, and in,a furtler_s] ps_reactin r t .. fromgs
the preceding step ‘g%rse -!épfgeé? ge?‘gego[cgg_{’f’gkgrpgt tﬁly% vﬁtlgﬁ Pp%gy?cltfrftlﬁegrmup’ R
di spersant. preferaib}y copminphedveen S8 anaB0P rrarhen ayghsed9eptpreferably

sequential step  petwdknS§ceREd 11360kad BY i@ addiibhonRhp fdlchheiar uoNR3NXY is
di spersant, a different : ' . 3
: an alkylene amine, such as an ethylene or propylene amine eg R

is
15  -(CH2CHoNH)CHyCHy where k is zero or an integer from 1l to 7,
preferably 2 to 6; alternativeiy a mixed ethylene/propylene amine
e.g. HoN(CHj)3NH(CHy)3NH(CH9)3NHy can be used. i
X and Y are indépendently either hydrogen, alkyl, or hydroxy alkyls,
each of 1 -~ 6 carbons eg methyl, ethyl; oﬁ-hydroxyethyl, or together

20 form the group:-

. e~ ::I/’ ' . .
L - ' ' : (11)
'Alternatively;_R3 in the formula (I) may be a divalent group
such'thatLHzﬂRsNXY is Qﬁ alkanolamine or polyether amine.
Typiéally{_such alkanolamines may contain the group .
=N. CHoCHoNH.CHyCHoOH (i.e. R3=CH,CH,, X=H, Y=CHyCHyOH) and typically
30 such polyéthef amines_may-contain the group :
=NCH2CH20CH2CH2 .OCHoCHgNHy (i.e. rR3 =(CHCH90)9CHyCHy, X=Y=H).
- Useful commercialiy available polyether amines are the Jeffamines
(RTM) marketed by Texaco. R3 is preferably an alkylene groﬁg eg of
2 to 40 carbdns,.optioﬂélly interrupted with at least one -0- or‘>NH

35 group and in.particulaf contains one or more units of alkylene oxa

_'4._



35 di spersant or dlspersants to that used in the first. step may be

-7-* enpl oyed. - The reaction of the dispersant with t he
polyepOX|de of the present invention is acconplished in tw sequenti al
st eps. Suitably, for. exanple (i) dispersant and pol yepoxi de are m xed
at a 5 tenperature in the range.fromanbient to 120[err]C (ii) the

t enperat ure of the mixture is then adjusted, if necessary, to a val ue
above 70[err]C and bel ow t he deconposi+ Boxi tenperature of the
conponents of the m xture for a period, for exanple, from 10 to 180

m nutes, (iii) the m xture is mai-ntained at this tenperature for a
period of, for 10 exanpl e, from15 to 300 mnutes, (iv) a further portion
of di.sper sant ok SalKyX 6k Winl b REuR QatiClor0f { i bdrtdhsa tenper at ur ein

the range from 15 to 22Q@[err] t-h t erature of 2}
then adjusted, if necegs a&ﬁgﬁ)vﬁl %Rt BESYR, " fﬁ&'ﬁﬁt%‘fﬁtgx’? is an
250[err] C and (vi) armtrtnxamraealaahaaimtaaimdgaef t6hi-S2Q empeemt,usecf @s a 15

period of, for exagg+r§, lek2 4 e t%gbgl%tggamme or bis éﬁnge 5%t he anopunts

of di sper sant and pol yepoxi- east sui tably
0.75 to 1.1, nbre pref SudbsBlypig the formyly @9 % msVéweimeé Srom af thesogthydene,

are gener al I y usedpfiedy1Rae) 1-buterd!)l Mbﬁyskqu@rhd&reasertt-ohaeztétenah@ﬁetﬂmt
in the first step.

Thereafter ti step_or ste fromO.5
to 15, or ef o ALFYIRLOTRIZ: ot ey pelyagReRt iy ot AP TYAT GFEp are e rpal
equi val ent of di spelLsint, awd 2+-butiehe, farr st :sxttemca.meadehedan ethylene/préopylane
preferred embodi mept,of,Lhe L t,l}ruental&gué%e is o Ho3DLduB, Pl Lhe
yepoxi de I

di spersant is react ed® W|t tions; in a
step (l) the f1%st port'qhﬁns‘tﬁclﬁi@ﬁér%%tbel%“her a F“éa%'té’d' W‘B’t‘F"é“ccmimlde

pol yepoxi de, the producstorotnet lauspa‘slegsaf thep 161b;ndzehn€he temswtseweatue
reacted in a second oun at | east two

ani no hydr ogens. 3@?‘? of ‘B?Qnt ﬁe°°§‘88‘b'(r:t’3”§'5?‘ﬁsb ae. 1e?ﬁt ?h%’gjgragﬁe‘??éﬁt can
be effected at the san&hei pelyagoxiast swinable 30r useodpouhedpédfesai oh thhe

product of the af Oriﬁm:‘.iognﬂ -fai{Ehtat§é.6pP£éﬁérred polyepoxides contain up to four

15 oxirane rings. More preferred are diepoxides, ie containing two
oxirane rings per molecule. Examples of suitable aliphatic
polyepoxides are described in the aforesaid EP-A-0. 317 353,
Suitably the diepoxides may be those of the formula:-

/ .
CH - (R6)q - HC HR> (III)

where q = 0 or 1, R6_is a divalent aliphatic hydrocarbyl or hetero-—

o /
20 . HR%c

substituted aliphatic hydrbcarbyl group, for example an alkylene,
cycloalkylehé.eg'of 5-10 cérbons,~er alkenylene greup eg of 2 - 20
carbons, R6 can optionally contain up to 3 oxirane rings. R* and RS
25 are indepeﬁdently either hydrogen or aliphatic hydrocarbyl groups,
for exaﬁple alkyl'e: alkenil groups, preferably alkyl groﬁps.
Where R* or R is a'hydrocafbyl group it is preferably a Cj to Cq4
more preferably a Cl to C3 group for ekample a methyl or an
ethyl greup.'-It is preéerred that R# and 35 are independently
30 hydrogen or a methjl gfoup. |
When RO is an alkylene eg of 1 - 300 carbons, it is suitably of
the formula —[CHRb]r—‘where Rb.is hydrogen or a C;-Cgg preferably a
C;~Cg group, more'preﬁerably methyl or ethyl; r is an integé?ﬁfrom_t
to 30 eg 1 - 8, preferably 1 to 6; each of the groups -[CHRp] is the

35 same or different. The group RS is suitably derived from a

s . | ‘;:”.



in this case compound (A) and the second portion of the dispersarit can
suistably be bl ended prior to reaction. Alternatively, ina T
particularly preferred enbodi nent reaction of the second portion of

di spersant can be effected after reaction of conpound (A) with the 35

product of the aforementioned first step (i). In this latter case

- 8- t he process conprises at |east. 3 steps. Conmpound (A)
is suitably of a | ower nol ecular weight than the di spersant.
Typically the nol ecul ar wei ght of conpound (A) is in t he range
32-1,000. 5 The am no hydrogens of conpound (A) may be bonded to

t he sane nitrQ om( as | I exarrple Herr]N [err] NMe[err]) or
may be bondeagf °letf ( OF " roT gfba’ilff‘erent nitrogen atons (as in for

exanple MeNH  [err] WheNHb?e)’-s a Gekpourd  A) snestibeted pakphavindiydrocarbyl
alternatively COWPEU b ,( Rhe ’B%Xrbﬁo:ﬁﬁe Wl@efytp%glﬂaﬁa‘édp&%i‘@& eyl Fé‘a?célgn of a

gl ycol (the polyal Kyl ene gI yCco be am ne term nated at- oné

e.g. Herr]N[err] ﬁl‘l_’]er(te] d—d“oP“%ﬁ?Fﬂlet’e?tﬁﬂal“%'H‘Y&rlb%tpﬁ%ﬁﬂfsdml) oreag.

H[ Ierr] N( I[ Erlr] )8 [eglyedyHierg) bol%ﬁh@h&dﬂ)ohﬂ?pﬁ*%ﬁeﬂe & @bl yditlgs rdlye%) @ith
ol yoxya ene am ne e

(F:)asg n>—/ 1 %/o 20, pFB?’%lﬁ'ngV%?f‘ ﬁ%hL ‘?’k Q%‘Fé’i‘%ﬁl}lyml rti8L mthTﬁg"’f%“

am ne - term nated pol \Exahylenef gluiteble diemixdfiesniare hydtbutane diol diglycidyl
pol yoxyal kyl ene ame@ﬁe:max 6%::9&&'&‘{%9 Jlgeyzféﬁyéﬁg% 05% (}? Maaxlmﬁe

oxi de or m xed oxid ternati vel can
nmonoami ne provi deddﬁﬁ%}tciﬁﬁé ether, % - idém%FhPIilThérmeﬁaﬁe diogd, dlBch’-dyl

H er r:] N( CH[errlo[e@&iaﬂ[(aésﬂentmaugwcﬁ&h|e?ch29) preferably a diam ne
e g. ethylene diam ne Sye%rx?ma gh%poxzdgs sg¥t£bTengbr %sterzl.nat err%Ler?t

tetramne e.g. tris(am
- invention are awvailable commerclally.

RS can also be an alkylene or alkylene glycol group optionally
substituted with at least one eg 1 - 4 groups of the formula
15 '
HRAC . \CH[Ra]--

where R, is an alkylene group eg of 1 - 4 carbons such as CHp or
alkylene glycol group eg of 2 - 40 carbons .and at least 2 oxygens;
20 _R4 is as defined above; j is zero or 1.
Examples of suitablé-polyepoxides having an RS group as defined
above are glycerol friglycidyl ether and pentaerythritol
\ . tetraglycidyl ether. | ' .
It is Sélieved that cross-linking of the dispersant is
25 aécomplished'in afmanner which enhances the viscometric“properties
when reaction with the polyepoxide is effected in at least two
sequential steps. ' R -
The reaction of the dispersant with the polyepoxide comprises
in a first step'reaéﬁiné dispersant at elevated temperature with
30 polyepoxide,'and in a'further step or steps reacting the product
from the preceding step or steps at elevated temperature with
further dispersant.
It will-be.app;eciated that in the subsequent sequentiéigstep
or steps invoiving'the addition of further dispersant, a different

35 dispersant”or dispersants to that used in the first step may be

-6 - | L



or a polyoxyalkylene am ne contalnlng a primary amno group at t ached
to‘the term nus of a pol yether backbone where the pol yet her backbone
is based on propyl ene oxide, ethylene oxide or mixed 25

propyl ene/ et hyl ene oxi des. . Products of step (i) conprise a nove
conpound of the general formul a

[err] 30 wherein R err] 'and Rl err] are4 ndependent]y a di-val ent

al i phati c, het ero-substituted aliphatic, aromatic or

het er o-substituted - . aromatic group, eg as defined by R err] and mnth
any aromati c groups containing 6 - 20 carbons, 35

-9- 3&%& ;mg?d R[err] arF |ndependently a hydrocar byl group

or S - err

The reactlon of the d1spersant with the polyepoxide of the
present invention is accompllshed in two sequential steéps.

Suitably, for exgmplg (i) dispersant and polyepoxide are mixed at a

5 temperature in the.range from ambient to 120°C, (ii) the temperature
of the mixture is then adjusted, if necessary, to a value above 70°C
and below the decomposition'temperature of the components of the
mixture for’a period, for example, from 10 to 180 minutes, (iii) the
mixture is maintaihed at this temperaturé for a period of, for

10 example, from 15 to 300 mlnutes, (iv) a further portlon of
dlspersant is mixed w1th the product of (iii) at a temperature in
the range from 15 to 220°C (v) the temperature of the mixture is

" then adjusted, if necessary, to a value in the range from 70 to
250°C and (vi) the mixture is maintained at this temperature for a

15 period of, for example, 15.to 300 minutes.

As-regérds the amounts of dispersant and pol}epoxide to be
"employed, at least 0.75, suitably 0.75 to 1.1, more preferably 0.8
to 0.95 equivalents.of polyepoxide, are generally used for each
amino hydrogén.preseht in the dispersant in the first step.

20 Thereafter; in a sequentiﬁl Step or steps, from 0.5 to 15,
preferably from 1.0 to 10.0, equivalents of dispersant per
equivalent of dispersant uséd in the first step afe added.

Ih a preferred embodiment of the. present invention, a
proportion of the dispersant is reacted with polyepoxide in two

25 portions; in a first step (i) the first portion of dispersant ié

' reacted with a polyepoxide, the product of this first step (i) being
subsequently,reacted in a second step (ii) with a compound (A)
having at least .two amino hydrogens. Reaction of the second portion
of the'dispéréﬁnt can be effected at the same time as reaction of

30 compound (A) with the product of the aforementioned fifsﬁ step (i);
in this case compound {A) and the second portion of the dispersant
can suitébly be bléﬁded prior to reaction. Alternatively, in a
particularly preferred embodiment reaction of the second pof@ion of

' dispersant can be effected after reaction of compound (A) with the

35 product of the aforementioned first step (i). In this latter case



10 . _ or the group Y[err] wherein Y[err] is
CR-Rlerr] . [err] where one of R and R'"is hydr ogen and the other
is a hydroxyl group, wherein R err] Rerr] and R err] are i ndependently
a nonoval ent aliphatic or hetero eg 0 - 15 substituted aliphatic group, eg
as defined for RS, Rlerr] is an alkylene or hetero (eg 0) -
substituted al kyl ene . group.- S Rbgis a divalent aliphatic or
hetero (eg 0) - substituted . al i phatic group optionally conprising up
to 2 oxirane rings, or as-20 further described for R6 above, Rl err]
and Rlerr] are independently hydrogen or- a hydrocarbyl group as

defined herei nabovg are inde ndently zero or an-integer
from1 to 10, and the Pra"?%s f@?‘%r%‘fslft 28a5£§ Warr] group, each Rlerr]
group and each Y[err] @oopgunds(dhesSsuitadbly of adidwkermyliecular weight Bhar It]ie

and Rerr] are '”dEPSJL@%QLU %ygjbé/aeﬁfrghealnepeqalhc’wea.%ht Q?t&!m%o PS(tAI)ng

aliphatic, aromatic or hetero-5S ere
or Rlerr] is an al Fphaange g%odp®®y hydrocarbyl 30 of 1 - 300 car bons |t

is suitably ofsthe for maleaarﬁi%%ﬁhfokleﬁ@wf] cMﬁBﬁﬁ'd R[A?hﬁaly be bondb& Y €ho UGk

or a (err]- C[err] referab err C[err Kk ro
preferably methyl gﬁ?l at‘?‘ﬁy(g %?Ft' EGEF lfergiﬁll N 12 BV%E)ePéﬂT‘XY be o

to 6, each of thenbgzﬁcmms epdCHIBE atiarke) diFfebentt Aft:ogeR atfomdi (afserienﬁqr

the groups R err] ,a—r‘%/m*( edjved fr ef i here
Rlerr] 35 or R[er@;r2 aﬁ%eter -subﬁ?lepu (fmgggndhé??]m%rg% P?lyam
preferably an alternatlvely compound (A) may be an amlne termlnategopolyalkylene

oxygen-substitif edgddhathe pg.&wncy@ege Akkyl aog wwﬁzé’\ﬁﬂh%uﬁ%&t& one end
suitably derived from an et hyl ene oxi de, yl ene oxi de.

XI .
Wiere Rlerr] or RPefr 2N |? ﬁl ky PR o5 prinerFesminatgd égl Dot ep
' e.g. HzN(z”\VO)an\\/, NH9), an alcoholamine e.g. HyN OH, a

polyoxyalkylene amine e.g. HZN(’A\\IO'\\/, NH)n-’”\\/,/NHz, in each
case n=1 to 20, preferably 'l to 10, more preferably 1 to 4. The
15 amine - terminated polyalkylene glycol, alcoholamine and
polyoxyalkylene amine may be derlved from ethylene oxide, propylene
oxide or mixed oxides.
Alternatively compound (A) can be a monoamine provided that the
amine is a prlmary amine e.g. HoN(CHy3)5CH3. Compound (A) is
20 preferably a diamine e. g ethylene diamine dimethyl amino
- propylamine, a triamine or a_tetramine e. g. tris(amino ethyl) amine,
or a polyoxyalkylene amine containing a primary amino group attached
to the terminus of a ﬁolyether backbone where the polyether backbone
is based on propylene oxide, ethylene oxide or mixed
25 propylene/ethylene oxides. .
: Products of step (1) comprlse a novel compound of the general
formula .
vl
B Rm{_ﬁa]x_}}_m%ﬂy_glo
30 i R < TP 2
wherein Rsland R9_are indepehdently a divalent aliphatic,
hetero-substituted. aliphatic, aromatic or hetero-~substituted
aromatic group, eg as defined by Rr3 and with any aromatic groups
contalnlng 6 - 20 carbons,
35




fOI.‘_rY-l.J|..8\. -['MC-:I-lR[érr]Cl-lR[lerr]O][err]CI-lR[err]Cl-lR[err]- wher e R[erf] .arlld.R[err]

are 5 i ndependently hydrogen or a Clerr]-Clerr] preferably .
Cerr]-Cerr], nore preferably Clerr]-Cerr] alkyl group, for exanple
met hyl or ethyl. - Preferably Rlerr] is hydrogen and Rlerr] is hydrogen
met hyl or ethyl. p is |:to 20, preferably from1l to 4. Were Rerr]
i s .hydrogen, nethyl or ethyl, the al kylgne oxide will usually be

derived from et hyl ene, 10 propyl ene or butyl ene oxi des respectively.
Wiere R err] and/or R err] is a hydrocarbyl group it is preferably an

al kyl group having at |east 50 carbon atons. The al kyl group can be a .
pol yol ef in group deriyed fr an olef in e, g. ethylene, propylene,

1- but ene, i sobut ene, 1¥ﬁe%?gngfﬁ 8¢ néﬁ_@?ndé’ﬁ’ag’fhaeLF"i){f((’ec.arbs_'L]ggrQX’ '
Preferably the hydrocarbyl grou® is derived fronﬂpol yi sobut ene.

The groups R11, R12 and R13 ar‘.e{hgii ned as for Rﬂ:err] aogl Rlerr].

above, when Rlerr] and R err]. are h'y.droc%r byl gro , or can be al kyl oxy
al kyl .~ Al ternatively, R err] - B ]R[‘Tég%] cpn i ndependently be a
group derived s20 froma substituted succinimdeT.e. '

[err] 25 : . _ _ ‘g 0 - Rlerr] is as
defined for the group -(CHR[err]][err], above; an ani de
[err] 30 or a Manni ch condensati on product formed by condensing a

hydr ocar byl subgjyi tuted phenol with an al dehyde e.g. formal dehyde and
a pol yal kyl ene gol yam ne ' oH
CH2- 35 er (CH2 -
i0 o or the group vl
Rr13 N R."
: 1 7 N\
wherein Y! is CR'R* - CH(RS) CH— CHRSwhere one of R' and R'' is

hydrogen and the other'is a hydroxyl group, wherein Rll, R2 apg Rr13
are independently a monovalent aliphatic or hetero eg 0 -
-15 substituted aliphatic'g;oup, eg as defined for R3,

h14-is ah'alkylene or hetero (eg 0) - substituted alkylene
group. _' | ' _

RO is:a divalent aliphatic or hetero (eg 0) ~ substituted
aliphatic group optionally comprising up to 2 oxirane rings, or as

20  further described for RS aboﬁe, '
R%* and RS are indepépdéntlj hydrogen or a hydrocafbyl group'as
defined_hereinabéve, _ :
X, and' 'y are independent;y zero or an integer froﬁ l.to 10, and
q is zero or |, - ' ]

25 each Rs.gfbup;wéhéhfkg group and each Y! group is the same or
different. . .

R8 and RY are indepéndently a divalent aliphatic;
hetero-substituted aliphatic, aromatic or hetero-substituted
aromatic_gfoup.  Wheretﬁe or RY is an aliphatic group eg hydrocarbyl

30 of 1 - 300'car$6ns it is'suitably of the formula'[CHRls_]m where 315 -
is hydrogen or a Cj-Cgg, preferably C)-Cjp alkyl group, more
préferably methyl or ethyl, m is an integer from 1 to 12 preferably
2 to 6, each §f thé.m.grouﬁs -[cHR13]~ can be the same of di%?erenti
the. groups R8 and RS are éuitably derived from an olefin. Where R®

35 or R? is aihete?64substituted aliphatic group it is preferably an

-9 -



Rlerr] and Rlerr] can be the group Y[err] where Y[err] is- .
[erf] 5 . where one of R and R' is hydrogen, the other is a-hydroxyl -

group. ' Rlerr] is an aliphatic or hetero-substituted aliphatic group as
defi ned her ei nabove, R6 can optionally conprise up to 3 oxirane rings.
Rl err] and R5 are Independently a hydrogen or an aliphatic hydrocarbyl

group; where Rerr] or Rerr] . is a hydrocarfgylL group it is an alkyl, or
10 al kenyl group preferably an alkyl -group. Preferably the hydrocar byl
group is a (Jerr]-Cerr] nore preferably Clerr]-Cferr] alkyl group, for
exanpl e met hyI or ethyl. It-is preferred that R4 and RS are

i ndependent |y K r t dent
zero or an int eger en sggfrh(% BQF ?x?[%atlc %rouf’e?egrreglgy% c%rid i 'S 15 eas
1, preferably 2- 65u1tably derivgdj fromeam e@pxi_l_de e.g. ethylenﬁhexedebherqwéenmt of

st ep (i) is reactegd;qd ! hynérd ‘RW dokRecid ap alkyleiﬁ@'o&li&e Y B8 RcdSfly QEOEhe
her ei nabove (corrpound (A) be1f sequent, additign of the

second portion of forRulfi 5 7?8PCHPY1 Slion"”?ﬁretﬁ cﬁ“gp%rséﬁ? and

pol yepoxi de i B st aa&eﬁeudansw hgh&qgen or aCaj+d.a¢ prfenhbly CENNQL addiee i N the
range 60- 120[err]C 8¢ I Olerr f,ar riod tinme in
the range 15m ns lp g?’nra Ya@l'\eﬁre]fkgr aﬁﬁoj‘]g[ e"'fer L%meprlf]m?'uéﬁg épﬁeg%tl on of

t he | ow nol ecul ar Pweﬁgmblarﬁlr?els hydrogerh aph R r dsldodregenst neihyl ¢ edhyl p

carried out at a tl‘?,”PeJ@tzHrepx‘e@e?a'?bly Hlﬁ‘n 06, Gcﬁ:el-goim ril-Q:ydEBEJnerﬁ@iMl
80-100[err]C, for a period of tine in e 15 mns to 3hr

preferably [err]-IFeftir. he alkylene efpide e"”c]dnﬁﬁ y(bg desivefuéaon ﬁéhﬁ]tﬁ%er
of noles of sadd propyTewepot ity one 6xFsist a&ﬂpﬁchmﬁhan t he nunber of

nol es -of di spersant rFe@Ct §Q{°r 8567%% G foga bsyclf é}? ﬁ;g%";ys erabf

0.1 to 0.95 30 preferaeb ant
step (i). V%(@rléYb(ﬂmeariwvéﬁg gts laweéot@rtbhe mauctﬂ-‘hefalévépqm’)lp a1d bey
second porti oNpeiydlie?RR330h deTiv&AGLEA dnNoRed i bls SteRyRBegnebiNad,
her ei nabove, the second portion of d| S ersant is suitab react ed at a
tenperature in the PHReRS 76sRsGene sk byl P68 BDORRY rhe, L

15 Preferably the hydrocarbyl group is derived from polyisobutene.

The groups Rll, R12 and R13 are defined as for R’ and RIO
above, when_RTIand RiO ere hydrocerbyl groups, or can be alkyloxy
alkyl. | ' |
Alternati&ely, R’ and R10 can independently be a group derived

20 from a substituted'succinimide i.e.

e
9
0

R14 is as defined for the group —[CHR15]m, above;

‘R7, R0 = -[rl4]-N
25

an amide

R7 RlO - g - rll

30 or a Mannlch condensatlon product formed by condensxng a hydrocarbyl
subst;;uted phenol with an aldehyde e.g. from aldehyde and a
polyalkylene polyamine - -

- OH

- . _ - CHg~
35 | - R7,RLI0 = °

- 10 -



35 preferably 130 170[err]C for a period between | and 6hr, preferably
2-4 - - |

-12 hrs. The ‘second portlon of di spersant in this case is added

i n such an anmount that the ratio of noles of second portion of

di spersant/ nol es of di epoxide added in step(i) is in the range of

0.5-8.0, preferably 1.0-4.0. 5 - Prodycts of step (ii) wherein the
product of step (i) is reacted with conpound A conprise a novel
conmpound of the general ' formula: [err] 10
where one of R and R' and one of R*'" and R*''"' is hydrogen and the
other is a hydrox grou err grr], Rerr], Rerr], Rerr],
Rlerr], Rerr], Fler?‘] E') ‘Vmah‘ﬂ %P“HR% -as defl ned her ei nabove, and

where Y* is _
R"
-CR'R4-CH(R5) C{I—\CHR-S

5 where one of R' and R'' is hydrogen, the other is a hydroxyl group.

- R6 is an aliphatic or hetero-substituted aliphatic group as defined
hereinabove, R6 can optionally comprise up to 3 oxirane rings; R4
and R are independently a hydrogen or an aliphatic hydrocarbyl
group, where R* or R3 is a hydrocarbyl group ‘it is an alkyl, or

10 alkenyl group preferably an alkyl group. Preferably the hydrocarbyl
group is a C}-Cg more preferably C;-C3 alkyl group, for example
methyl or ethyl. It is preferred that R* and RS are independently
hydrogen or methyl. ' '

X and y are independently zero or an integer from 1 to 10; it

15 is preferred that x+y is at least i, preferably 2-6.

q is zero or 1. -

Where the product of step (i) is reacted with. a low molecular
weight amine as defined hereinabove (compound (A)) before the
subsequent addition of the second portion of the dispersant,

20 reaction of the dispersaﬁt and polyepoxide in step(i) is suitably
carried out at a temperature in the range 60-120°C, preferably
80-100°C, for a period of time in the range 15mins to 3hr,

. preferably %-1% hours.'.Reaction of the low moleculaf weight amine
with the product of step(i) is also carried out at a temperature in

25 the range 60-120°C, preferably 80-100°C, for a period of time in the
range 15 mins to 3hr, preferably %-1%hr. _

Where compound'(A) is added the number of moles of said
compound (A) 1s sultably less than the number of moles of dispersant
reacted in step (1) and is preferably in the range 0.1 to 0.95

30 preferably 0.2 to 0.7 per mole of dispersant reacted in step (i).
Where compound (A) is_added to the product of step(i), and a second
portion of dispersant is reacted in a third step as desEribed
hereinabove, the second portion of disperéant is suitably rézzted at
a temperature iﬁ the renge 70-250, preferably 100-200°C, more

35 preferably 130—17C°C,Nfo; a period between 1 and 6hr, preferably 2-4

- 11 -



R err] 'is a divalent radical derived from conmpound having 2 am no

hydr ogens .by renoval of said ami no hydrogens. The di val ent

radical is derived fromthe renoval of 2 amiho 20 . hydrogens froma
conpound (A) as defined hereinabove (for exanple ' .
=N(CH err])[err]CH err] fromHerr]N(CH err])[err]CHerr]). The
two (or nore) step reaction is preferably carried out in a sol vent
for the reactants. Lubricating oils are preferred as sol vent s because
(i) commercially avail able succinimdes are 25 general ly marketed in
the formof lubricating oil solutions and (ii) the i ntended use of the
product of the reaction is as a |lubricati n? ' oi| additive. Both '
natural and synthétiSe | Ty iseatihgosiics phdipeersant in thig)icayeds midadaph such
the | u_blri cating g:dn BRYuie taamﬁhﬁrﬁité.ei bf mbOés gf seo?mngﬂdzeiazn o$N15g oi | .b

It is also possi to_use ,an.inert, diluent .1 f spo . desired, ui tabl e
inert diluents i nc‘ﬁfasrﬁ lﬂ“&l%"yﬁfo%laﬁpﬁ’é’ﬁ%,'addged mf%’f"@?ar’fﬁl & %}Ferr?é‘,ge °

toluene, or the |iké&-8.0, preferabIfel Précdlict of the reaction carried out in

a lubricatingsoil P§&Hu\é@9t<a€ $tép Q%E%Lkﬂnetﬁgrmgam Q2 Gt giyiag the
oi |l soluble di spersant additive. 3 ".An ‘advant age o procfum ng
t he di spersant con‘i?@§i"—f—“f1 JHthncqmpeund A comprise a novel compound of the general
- 13 - mangmudk oresal.d is that there i sl ess possibility of the
pr oduct bei ng cont am nat &w_hg r_$,_s_hﬁiy_ I] Ghlpgri gﬁ, unli ke alternative
rout es in which chlorine s[(e }’b e agI & ledctant. In consequence the
product is potentially nore bavivtonnental | ylaccegtable. 5 I n
anot her aspect;q the present invention provides a lubricating oi |
conpesi tion which conposition .corrpr}iz-'s.es aR'r'rr;lj or proportion of a
s 3
 wherein Z = (CR'R"(l:_H(RG)qCHCR""R5)2R18
where one of R' and R'' and one of R''' and R'''! is hydrogen

and the other is a hydroxyl group, _
15 R4, RS, RS, R7, R8, RY, R!O, ¥!, x, y and q are all as defined
hereinabove; and . _
R18 ig a diva1ent radical derived from compound having 2- amino
hydrogens by rémoval of said aminoc hydrogens. '
Tﬁe divalent radical is derived from the removal of 2 amino
20 hydrogens from a compound (A) as dgfined hereinabove (for example
=N(CHy )5CHy £rom HoN(CHy)sCH3). o
The two (or more) step reaction is preferably carried out in a
‘L solvent for the.reactaﬁts. Lubricating'oils.are preferred as
solvents because (i) commefcially availéble succinimides are
25 generally marketéd in the form of lubricating oil solutions and (ii)
the intended use'éf the_product of the reaction is as a lubricating
oil additive. Both natural and synthetic lubricating oils may be
employeQQ Suitablj.tpe lubricating oil may be a mineral oil, for
example an SN150 oil. It is also possible to use an inert diluent
30 if so desired. Suitable inert diluents include liquid hydrocarbons;
for example xylene, toluene, or the like. _
The product of the reaction carried out in a lubricating oil
solvent is a concentrate composition containing the oil soluble
diépersant-additive.

35 An advantagef@ﬁ'prpducing_the dispersant composition in the
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| ubricating oil and a minor proportion of the dispersant additive of

t he present invention. - The lubricating oil nmay be any natural or
synthetic lubricating 10 oil. _ Into the lubricating oil
conposition there may al so be ~incorporated any of the convent i onal
additives normally enpl oyed, . which additives include antioxidants,
detergents, extrene pressure/ anti - wear ggents and viscosity i ndex

i nprovers. It is an 15 advantage of t he presént invention that, because

t he di spersant conposi tion of the invention has viscosity index
properties, |less of - t he conventiOnaI viscosity index inprover may be
requir ed. ' The | ubricati ng oi gsition may be used for rlly

| ubricating aBﬁT’fe(FataF%?Fsar‘ﬁc’tsuaf‘ﬁtg tﬁﬁn%r’rﬁt 1478 B el e ohsHe pepduct
For autonotive usebéhsy lcohtimiabtay wﬁtlh eefiPedi thiuriney \mﬂllikabllyernatlve routes
contain up to 10% g.th*h c%x Etﬁo%‘gr{g J.S em 1o3;9<{°asb)£ }/xeacgprgt of IJi conse uence the

di spersant additivé o X resent e engl ne
use the lubricati ngre}itictceﬁmwpntiﬂilmre envlsamqmlaillit:@npaﬂ’wb&p to 10% (eg

0.1 to 10% or g 10% ﬂyai{\ﬁilﬂbt aél:fech t:het E‘Fesqm?%%ﬁﬁona gidiia¥e é)flutmatmg'
present invention. I nvention wll now be illustrated

reference to the ©il ‘?‘B’IPPBWWQ %ﬁpf%“?%h@%l gRfPEdses a major Pr‘FR°g'E¥?§‘ PEi%
a plot of Viscosityubficatidd %ii ncal Winc@NpAdportion BECKHeNEDdEkeseeY iadd{t iveSof

described in Oorrpa Lson. Les 2 at 30 100[err] C as a
function of the nol a? presené 3’1’“’8?‘5‘%6&. de to succinimde. Figure 2
is a plot of Viscosity 'J@fe &@ﬂs%mgl ogblmayi om any naturakeecyrtipetEc lubricating
derivative desggibggyin Exanple 9 and Conparison Test 2 at 100[err]C
as a function of the nmolar ratio of BDGE to succininde. 35 Figure 3
is a plot of VI of an @othe dBPTAGREPHPIL OBPATIHIgR there may also be

- 13 - incorporated any of the conventional addifliies normally employed,

which additives include antioxidants, detergents, extreme
pressure/anti¥wear agents and viscosity index improvers. It is an

15 advantage of the present invention that, because the dispersant
composition of the invention has viscosity index properties, less of
the conventionél viscosity index improver may be required. _

The 1ubriéating_oil composition méy be used for any lubricating
application, including automotive and marine use.

20 For aﬁtomotive use the lubricating oil composition may suitably
contain up to lO%I(ég 6.1 to 10% or 2 - 10%) by weight of the
dispersaht,additive.of the present invention.

Fér mérine engine:use the lubricating oil compoéitién may
suftably contain up to 102 (eg 0.1 to 10% or 2 - 10%) by weight of

25 the dispersant additive of the present invention.

The invention:wi;l now be illustrated by reference to the
following Examples and Figures.

Figure 1 is a plot of Viscosity of an 11% oil solution of
succinimide”dgrivatives.described in Comparison Tests 1 and 2 at

30 100°C.as' '

- a functlon of the molar ratio of diepoxide to succinimide.
Flgure 2 is a plot of Viscosity of an 11% oil solution of
succinimide derivatlve descr1bed in Example 9 and Comparison Test 2

at -100°C as a function of the molar ratio of BDGE to succinimide.

35 Figure 3 is a plot of V1 of an 11% oil solution of succinimide
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derivative described in Exanple 9 and Conpari son Test 2 as a - function
of the nmolar ratio of BDGE: succi ni m de. ' Exanpl es 1-8 (according
to the invention) are exanpl es of where the reaction product of step
i) is reacted with Compound (A) as 5 defined herei-nabove. Exanple 9
(according to the invention) is-an exanpl e where no Conpound (A) is
added to the product of step (i). I,n_all the Exanples there was
used ADX201 (a commercially " avai | abl e succi ni mi de di spersant) forned
by the reaction of a pol yi sobutene (M err] about 1000) - substituted
succi ni ¢ anhydri de and 10 tetraethyl ene pentam ne or ADX212 (a _
commercially avail abl e C m de di s er sant roduced by the
reaction of a pol VeSoRSA descrl{"’(‘*\/ﬁ 13 689 8° Eﬁﬁ%’ﬁf’tﬁ?sé:d 28}t @i ni c
anhydride and tri euhyt8meof the helarapatin omeEesﬁdtenimdm "succinimde" i s

[oed In the B ory hogiss 1B BUIER ob onshfiohe ko B Upudfen YELIG
more preferably 0.t@etpeartdsn apadvett oft stepf- iboﬂs)/epmeéew%h*’ecmnﬁoﬂ) as

each reactivesN HQEQH Re8sfilbobd. | BRakiiSPS! &RBbId 1n g esid;%d {reftion) is ax;
di spersant derivative havin | east one reactive roqgn cont ai ni ng

noi ety (that is prA@Pie d’?‘eg"’ed’enﬁ%i?%?“ﬁ?n% is addpd ttr°o§’é‘?1)"r°§‘fc of ets@r Sthur e
in the range from anbi emtall othk? Rksiplk €. thEe was uséEEPERGH aecdmekdialny Xt ur e
is then adjusted, jf S from60:,120[err] C over a
period of, for exaavaﬁggblg% §@£é/,,m}n&f ﬁlspersaf%#%o 8 P gL?ﬁf ]ﬁflalér/led at
this terrperat ure fmlyasmtr-w @, ajoyt  pOPO) exsmsretur-sdn#mmbc 2nhydrida 4ngy

mol ecul ar vei ght aigtRed 1e£@r,ﬁhwmme or Mbk3iz XQ00dmia 0L ALY HkidkpiLast two
reactive amino nitrogen (N oups is_added, at a teggerature in the

range from 15. [errﬁ“ecf’b“’?‘f%l_gisl’“bﬂ )i REPYSEHtDY the (RacHioh: BfF & PPV isqhutene
range 0.1-0.95 nol@n about @qe0)al eutise itstedt abddintlc Zanhgd Pide Hﬁda:l’rlethylene
equi val ent s per nq_le% 9 1r{ehe ﬁ?h ere E'rLeSQgi»éa‘lhc?ldnqgﬁ?é'“ 1§t ( t&e ples and
tenperature is adj iste necessar err]

120[ err] C. The mi xthgr éli\sfeﬁaim aphexs &e ADXZOlt his tenperature for a period

of , for exanplig, J,@_tm)@slto 3 hr. A further portion of di spersant
derivative (not necessarl% the s gne-as above; generally_0. 5-
nol ar equi val ents, prePettaBLy 2 ?81731’1”‘6‘191 (@ FidIoFr BKfui DEFRETERIDH A 7hPe 10‘f

di epoxi de added i mozkeprdferpbly 0.8 to 0.95 equivalents of polyepoxide are used for
each reactive N?H group pfesent in the dispersant) is added to a
dispersant derivative having at least one reactive

20 nitrogen-containing moiety (that is primary or secondary amino
nitfogen), at aefemperature in ihe range from ambient to 120°C. The
temperature of the mixture is then adjusted, if necessary, to a

i value from 60-120°C over a period.of, for example 15'mins to 1 hr.
: The.mikture is mainﬁained*at this temperature for a period of, for

25 example 15}miheu£6“2'hfztheiow molecular weight amiﬁe (preferablY
MW 31F1000) centaining at'leest two reactive amino nitrogen (N-H)
groups is added, at a;temperatﬁre in the range from.l5°C to its
boiling point, to the mixture (in the range 0.1-0.95 molar
equivalents,'sﬁitabljeolz_to 0.7 molar equivalents per mole of the

30 dispersaht'added 1n'step'(i)l " The temperature is adjusted, if
necessary, to.between 60°C and 120°C. The mixture is maintained at
this temperature for a period of, for example, 15 mins to 3 hr. A
further portion of dispersant derivative (not necessarlly the same
one-as abeve, generally 0.5-8.0 molar equivalents, preferably

35 1.0-4.0 molar equivalents per mole of diepoxide added in step (i))
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cont ai n| ng at | east one reactive nitrogen group (N-H) is added to t he
m xture at a tenperature in the range from15 to 220[err]C. The

tenperature of the mxture is adjusted, if necessary, to a value in t he
range from 70 to 250[err]C, preferably 100-200[err]C, -and the m xture is 5
mai nt ai ned at this tenperature for a period of, for exanple, 15 to 300
m nutes, preferably Ih to 4hrs. ExarrpL-elSL— _ Four nol ar

equi val ents of butanedi ol diglycidyl ether were added to 200g of a 25%
actives solution of ADX201 in SN150 oil at 10 20[err] C. The m xture was
heated to 90[err]C and stirred at this - - tenperature for 1 hour.

N, N- di net hyl - 3- aon%QquQﬂ%' agi mséOo;é5reactwéwwagéng%uygﬁemaqgeﬁdtee tdi S
m xture and it was stir : furt her hour perio err

second-portion (276%) ”"f)’F""é"5@*%a tempéé'é?‘i‘%&“sﬁ?eut"?’éﬁ? SrompBRotr %2R &N bewas
added and the. m xtuﬂu@er\mﬂeSof el tilxedratisl 28] wited C ﬂ‘fszee’lesI&euy,s to a value in
Exanpl e 2: eguixalbents t idyl. et her,
were  added to 1% 52 ‘55% g%tz:é\geg Fuﬁa(l)%z o E%(S’Llj ih &/%hi g}‘fe
20[ err] C. The 5m xtmtmdhetat@dﬂ bem[rewr]e(fmd periodedf aifot lixample, 15 to

tenperature for 1 fRULinutlsl sidBREMMy 18-Tgapr opyl ani ne (0. 50
equi val ents) were added to this mxture and it was stirred for a

further 1 hour per§*3@2le Io[err]C. A second portion (100g) of a 73%
actives solution of ADF2GH mbDa:SNEbvarastadadesurunddidie dipistdiagl her were

stirred at 150[err f.0 Qurs SU| t

pol yepoxi de (0.75 %)dr% m)g egogﬁe? a%?r’z aﬁl:\%s s°€“‘f°n of ADXZ0te ﬁéy °§11 %h. 8
to 0,95 equi valllent ¥ 6% pﬁtey@pmréeweﬁ deated tge%éﬁa#stusmdf @t tddsh

r eaCt ive N-H gr oupe ey %§§fﬁre' Bot h.ehour ﬁ'l@-ﬁ?ﬁé@ﬂtl)- ijamaggﬁ%pgpmﬁag' ;(sooggsant

having at |east one reactive 30 nitrogen coniaining no; et
primary or secondafdpPiZfisnys) verenpddedyép thie %"’éﬁﬁeﬁ”&t &F é"“isns"c’f’i'é"’-il Fegea
from anbient to 12ﬂ{:e.lhé].-0. hdlf period ta2NPEYTCAL UK Gse@bnd R roiod l@izmg)sof hﬁlsoz

adj usted, if necessar. % fro Lo, 1 rr over, erio
of, for exanple 153%)6135 1Bt ion gt ﬁ;)&SJI':lr Qkf’%u %%'g r{% Hie (Tlﬁ h?'gs

terrperature fors a yerired 85150’63‘ Eof o hexespl e 15 ni ns to 3 hr A | ow
nol ecul ar wei ght agifiSie 2: : . :

Four molar equivalents of butanediol diglycidyl ether were
added to 100g of -a 25% actives solution of ADX20l in SN150 oil at
20°C. The mixture was heated to 90°C and stirred at this

20 temperature for 1 hour N yN-dimethyl- 3-aminopropylamine (0.50
' equlvalents) were added to this mixture and it was stirred for a
further 1 hour period at 90°C. A second portion (100g) of a 73%
i ‘actives solution of ADX20l in SN150° was added and the mixture was
' - stirred at 150° C for 4 hours.
25 Method 2: .

Suitably_a polyepoxide (0.75 or more, pfeferably 0.75 to 1.1,
more preferably_o.s-to'b.95 equivalents of polyepoxide. are
ggnerally.used for each reactive N-H group présent in the
dispersant) is added to'a dispersant having at least one reactive

30 nitrogen éontéining moiety, that_is-priﬁary or secondafy‘amino '
nitrogen,.at'a temperature in the range from ambient to 120°C. The
temperature of;the mixture is then adjusted, if necessary, to a
value from 50 to’l20°C.over a period of, for example 15 mins to
1 hr. The ﬁixturé is maintained at this temperature for a period

35 of, for example 15 mins to 3 hr. A low molecular weight amine (mw
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- 16 -t (preferably MV 31 - 1000), 'in-the range 0.1-0.95 rolar .-

equi val ents, . suitably 0.2 to 0.7 nolar equival ents per nol e of

di spersant added in step (i) containing at |east two reactive am no
nitrogen (N-H) groups, is blended with a further portion of a

di spersant derivative 5 (not necessarily the sane as above) contai ni ng

at | east one reactive nitrogen containipgiety. This is then added to-
the internediate at a tenperature in the range from15 to 220[err]C
The tenperature of - the mxture is adjusted, if necessary, to a value in
the range from 70 to 250[err]C, preferably 100-200[err]C, and the

xampl o, 15 To sobiratay e N ISEICLRLH] kRl £ 08805t delfvargnes,

Four ol ar equi va$*eima§11r)f° But—‘arﬂedl e lad WPH%H’CSeP%rm%r%f dis?er&éﬂ%@dﬁeﬂa
50% sol ution of ARKZQlpi &ﬁ%ﬁ@i&lﬁl@g\k 8das20LRy &L-Qetmeaﬂﬁm hmeatw-a)was

raised to 90[err]C over 30_mnu nd stirred at .th ture

35 minutes. 246g &T°URSp| b%dﬂS’Fded wit 1“n§‘f’ﬁ§/‘|e‘érﬁ°r’f8b?’bﬁl Sn‘fﬁféef%&g? 1l'iﬁ”“él’“’""
50% o0i | sol uts on QfictARXR&dsarily tha5me wsbadebe@boanahmhe aedetsopnet faacetive

at 120[err]C for 1. hour a 4. -
of but anedi ol di gf‘ycf’&efx tnﬁain% HPie'%y %’g st(‘).'h?in s%g%o thlﬁ%n o%yriud;%é ’
in SNISO (100g) aet20[tempqmBturd] He the rapggrfeemtlr 80P Fai S tempsopkyne] ef

over 30 m nutes aeﬂe s&m&a@ it aéjmssea, i ARURSS uw J Qal1dd iR ﬂsg eange%@em
of a blend of ylam nopr 50% sol u on of

0
ADX201 25 (250970\/\%2580%1’5?1{??!%2; H&Sc%@ﬁ rF%%l “&E‘t‘i%%ér'i"‘]’etf‘ ed) at
hour.. Exporpl ehfs- temperature floaUs perlied oeqwamle&mp;leof 1Huoad@imdhutes,
di gl'yci dyl et her wer : a 50% sol ution of ADX201 in SN150
(100g) at 20[err]&"'e rgoly I tggdr%grature was raised to 90[err] C over 30
m nutes and stirr 8damplet Bi s 30 tenperature for 35 mnutes. 242g of a

bl end of di met hylE%mrrmragp¥4\ﬁ%fl§xt@4o§g>)1thx{hd§o5oc%gquk1&%‘1' smanweie
ADX212 (2509) was added and the react.i on stir ﬁ gg%h %]C f'?
hour . Exanpleddgs to a S01” solutifp Sfpfif? éqh‘f \Fgllg °8F edi of e

di gl yci dyl et hber weﬁpeﬁ‘iure agdedaised at 5OV S @vet | IN mdhutdEX2Nd stirSN150 this

(1009) at 20[err] Qempgly%ure for 35 minutes. 246g of a blend of
dimethylaminopropylamine (4.4g) in a 50% oil solution of ADX201
(250g) was added and the reaction stirred at 120°C for 1l hour.
Example 4: '

20 Four molar equivalents of butanediol diglycidyl ether were

. added to a 50% solution of ADX20l in SN150 (100g) at 20°C. The
temperature was raised to 90°C over 30.minutes and stirred at this
temperature for 35 minutes. 243g of a blend of _'
d1methy1am1nopropylam1ne (8.9g) in a 50% oil solution of ADX201

25 {(250g) was. ‘added’ and the reaction stirred at 120°C for 1 hour.
Example 5: '

Four molar.eqeivalents of butanediol diglycidyl ether were
added to a 50% solution of ADX201 in SN150 (100g) at 20°C. The
temperatu:e was-reised_io 90°C over 30 minutes and stirred at this

30 temperature for 35 minutes. 242g of a blend of
dimethylaminopropylamine (4.3g) in a 50% oil solution ADX212 (250g)
was added end the reaction stirred at 120°C for 1 hour. |
Examgle'6i

- Four molar equivalents of butanediol diglycidyl ether were

35 added to a 50% solution of ADX201 in SN150 (100g) at 20°C. The

oo,
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- 17 - ' tenperature was raised to 90[err]C over- 30 m nutes and

stirred at this tenperature for 35 mnutes. 232g of a blend of

et hyl enedi am ne ~(2.5g) in a 50%o0il solution of.- ADX201 (250g) was
added and the reaction stirred at 120[err]C for-1 hour. 5 Exanpl e
7: Si x nol ar equi val ents of butanedi ol diglycidyl ether were
added to a 50% sol uti on of ADX201 in-§¥150 (100g) at 20[err]C The .

tenperature was raised to 90[err]C over 30 mnutes and stirred at this .
tenperature for 35 mnutes. 243.6g of a blend of 10

di met hyl am nopr opyl ami ne (4.59) in a.50%o0il solution of ADX201 (2509)
was added and th%eh?éPééuQE wis! £~£fs‘lda£o %%Q&GJJJr%G %n&té@%d stlrre@sﬂnpﬂl%
Si x nol ar equi val ut anedi ol di gl yci dyl ether .were added

50% sol uti on of A®BKXPeHatuge SNF585 ('“EGBE;‘)S at 23%9 @frg dleqh Pt ethylteéﬁﬁb%‘“&f‘ﬁr e :
was raised to 90[@rbgf laversoaoom Bl E€6icANEE ADKLO L 280g ) Rias ddied hiRAE At Ure

for 30 mnutes. 2379 of (3 q dé,&yl dlamne _ (2.59) in a 50%
oi | solution of Arﬁiﬁg’fn( fgbrgr)e 2 ded°An reaction stirred at
120[err]C fobs 1 I|Bxample 7: The Vi sc05|t|es at -20, 40 and 100[err]C
for each of the produghsmgs et, ) BRI CHy chnbas N1 81 Al Nk b P RRI3 AR
and a commercially 20 avala {‘ é ersant LZ64 are given in Tab
25 to a 50% solutlon of ADX 0l in SN150 (lOOg) at 20°C. The
temperature 'was raised to 90°C over 30 minutes and stirred at this
temperaturelfor 35 minutes. . 243.6g of a blend of
10 dlmethylamlnopropylamine (4.5g) in a 50% oil solution of ADX20l
(250g) was added and the reaction stirred at 120°C for 1 hour.
Example 8:
' Six molar equivalents of butanediol diglycidyl ether were added
to a 50% solﬁtion of ADX201 in SN150 (100g) at 20°C. The
temperature was raised to 90°C over 30 minutes and stirred at this
15 tempefature for 30 minutes. 237g of a blend of ethylenediamine
(2{Sg) in a.SOZ 0il solution of ADX201 (250g) was added and the
reaction stirred at 120°C for 1 hour.
The viscosities at.;20,-40 and 100°C for each of the products
from Examples 1-8, the starting d;spersants and a commerciaily

20 available dispersant LZ6420 are giﬁen in Table 1.

25

30

35
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Table 1 . _ B Vi scosity oo
Di spersant 5 Act ual Acti ves .-20[err]C 40[err] C
100[err]C - Conc(% Conc(% Poi se: c/s c/s
VI - Lz6420 - .. 5.5 38. 00 53.2 8.38 131
ADX201 - - .5.5 . 33.75 431g__' 6.76 108 10" -
7.3 47. 00 50.7 7.38. 106 - ADX212 - 6.0
38.0 48. 6 o 7.41 115 Exanpl e 1 - 13.0 5.7
26. 6 50. 35 8.34 139 Exanple 2 10.0 5.3 32.5
49,91 8.11 134 ' B '%ﬁbg 1 6.9 42.5 '
58. 25 9.26 141 : o S
Viscosity
Dispersant _ :
5 ‘Actual  Actives | .-20°C 40°C 100°C
Conc(%Z) Conc(%Z) | Poise c/s c/s Vi~
Lz6420 - = = 5.5 38.00 53.2 8.38 | 131
ADX201 - 5.5 33.75 43,2 6.76 | 108
10 y - 7.3 47.00 50.7 7.38 | 106
ADX212 - 6.0 38.0 48.6 7.41 | 115.
Example 1 ) 13.0 5.7 26.6 50.35 8.34 139
Example 2 . . 10.0 5.3 32.5 49.91 8.11 | 134
'13.0 6.9 42.5 58.25 9.26 | 141
15 |Example 3. 13.0° 7.2 | 32.8 52.0 8.52 | 139
Example 4 13.0 7.3 37.7 51.3 8.47 | 141
Example 5 ° -.13.0 = 7.2 . 29.6 50.8 8.23 | 134
Example 6  13.0 7.2 | 24.5 © 52.8 8.62 | 139
|Example 7 13.0 7.4 '37.3 ~ 75.8 12.47 | 164
20 |Example 8 " 13.0 7.4 28.2 71.6 11.93 | 163

* 'Actives conc.' refers to any material that is not mineral
oil;_igfth§ émount'of suécin;mide + diepoxide present by
weight. ' . _
25 *k 'Acfual conc.' refers to % weight.of end material (which
contains oil'ai:eédy) diluted in oil.
In Compérison Test 1 there is used Epikote (RTM) 828. This has

the formula:

-0 _CHy ~ CHj c 0
\ ] /
30 Av —c ) VAN
: . CH3 "
LZ6420_is“a_d;§pe;sapt having VI credit marketed by Lubrizol.
It is ﬁsed hereinafter for compafison purposes.
35
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15 Exhnple 3 13.0 7.2 32.8 52.0 8.52 139

Exanmpl e 4 13.0 7.3 37.7 51.3 8. 47 141

Exanple 5 13.0 7.2 0 29.6 ' 50. 8 8.23 134

Exanpl e 6 13.0 7.2 24. 5 52.8 - 8.62 139

Exanpl e 7 - 13.0 7.4 . 37.3 75.8 - 12. 47 164 20
Exanple 8 = 13.0 7.4 28. 2 o/1. 6 - 11.93 163

* ' Actives conc.' refers to any materi al tha]t i's not mneral oil,
i e the amount of succini mde + di epoxi de present by wei ght. 25
** ' Actual conc.' refers to %weight of end material (which cont ai ns
oil already) diluted in oil ' : I n Conpari son Test 1 there is used
Epi kote (RTM) 828.Comparisomafest 1 (he formul a: [err]

LZ6420 is a di sperg@phrdtdshneE ul dw@dsinma&ﬂﬁed ﬂm/rbubtin@la succininlilide i S
used hereinafter f o r S..

- 19 - witn G lish 0ORIGE in °ne EERE of a di spersant additive

by reacting a succi ni nd 2% by wejighth sphutiosnef ithedfunsdninile hn dirdventeYeutral

A 50% by wei giat .SOlsihi 68 QL 42 ekl B Nizdec] N ASeL R &Ed%iﬂteS(RTM)(MﬂSO
oil was heated to 125[err]C.- A di epoxi de (Epikote (RT
was added to the succinimide solution over 15 minutes and the

‘resulting mixture was heated to 130°C and maintained at this
temperature’ for 90 minutes.
The reaction was performed over a range of molar ratios of -

10 diepoxide to succinimide. The viscosities of 11.0%Z by weight of
product solutions'at —20; 40 and 100°C were recorded. A graph of
the viscosity at 100°C as a function of the molar ratio of diepoxide

to succinimide is provided in Figure 1. The graph shows that
the viscosity of the solution increases*merkedly at a molar ratio of

15 diepoxide : succinimide in the range from about 0.7 to about 0.8,
‘the maximum viscosity being ebserved at a molar ratio of about 0.8.

Molar retioe in excess of 0.8 generated gels which were
insoluble in oil.
A comperison-betﬁeen the viscosities of one of the
20 products(O 79 molar ratio) w1th the untreated succlnlmlde startlng

mater1a1 is shown in Table 2.

Table 2
Temperature | Viscosity of 11.0% |Viscosity of 11.0% solution
25 (°cy solution of starting of 0.79 molar ratio
) ' “succinimide derivative '
-20 .| 35.75 poise | 37.0 poise
40 43,2 cSt 50.97 oSt
30 100  6.76 cSt 8.24 cSt

The figures in Table 2 show that whilst the -20°C viscosity was
relatively unaffected (3 5% increase), relatively the 100° c”
v1se051ty was substantlally (21.9%) increased.

35 Comparison Test 2

- 19 -



was added to the succinimde solution over 15 mnutes and the

resulting mxture was heated to 130[err]C and nmintained at this _
tenperature for 90 m nutes. : - The reaction was perforned over a
range of nolar ratios of 10  diepoxide to succinimde. The viscosities of
11. 0% by wei ght of product solutions at -20, 40 and 100[err]C were
recorded. A graph of: the viscosity at_31Q0[err]C as a function of the
nol ar ratio of diepoxide ' to succinimde is provided in Figure 1.
The graph shows that the-viscosity of the solution increases markedly
at a nolar ratio of 15 . diepoxide : succininmde in the range from about

0.7 to about 0.8, - the XI mV| sc03|t / bei ng observed at a erI ar.
5 aration o o t ] € X

2

rati o of about 0.&% BB - GRHE

whi ch were [ I&&O&;Mh&tid‘ldd)eﬁax de in one stép_gorrparl son’ bet ween t he

vi scosities of one of {s at_raf i t

untreated succini mde &S![%g? sonut:.&r QQ%}e Q‘Qcﬁlgﬁ'gpdsehgvmﬁ 194 %ylll ‘pié #ated to
Table 2 Téhper att u’r@utanedarpé cHeilygidyt qthegof BDGEY| Bepoiided dronwiseds
solution 25 5 over a period of @Ln‘ﬂﬁdt@@ OfThSt @éxﬁﬂe?gture of e pegcg.lgpl ar
fggl ° @nfguﬁolwg.é ma:.ntained at 125 %-foa apéf.xgtgher 60 mlnuteﬁ.{)l Vat e
43.2 cSt viscosity o5@ 9¥.0%SkoBkion of thd Gflccinimide products.iA6sSNK S50
8.24 cSt The fi.qures |l e 2 show that whilst the -20[err]C
Vi scosity was reYa rS% %egné#?ec?gd (3.5%increase), relatively the
100[err]C vi scosi¥he mtsabs'{aanﬁmc?lryec( 2YeD%) rpRRY efsmalar B8 ios of

COHperiscn1 Tesp szieﬁbxide to succinimide. The viscosities of the products were
' recorded on 11.0% solutions at 40 and 100°C.
A comparison between the viscosities of the products at 100°C
as a function of the molar ratio of diepoxide to succinimide .is
shown in Figure 1 and in Figure 2.
15 Example 9 ' '
Preparation of a digpersant by reaetingga succinimide with an
aliphatic diepoxide in two segﬁential.stegs.
The succinimide was combined with four equivalents of

l,4-butanediol diglycidyl ether (BDGE) at ambient temperature. The
20 mixture was heated to 90°C over 30 minutes and maintained at this
temperature for a further 30 minutes. A further portion of the
succinimide at a temperature of 75°C was then added. The .
temperature of the hixture_was raised to 120°C and held at this
value for one hour. . This reaction wes carried out for alrange of
.25 molar ratios of diepoxide. ' ' o ' |
A summéfy pf the results from the one step (Comparison Test 2)
and two-steé (Example 9) reactions of succinimide with
1,4-butenediol diglycidyl ether is shoﬁn in Table 3. The
differences between the.viscosities of the products at 100°C as
30 11.0% solutions is highiighted in Figure 2. Figure 3 contrasts the
effect on the viscosity index of the product of increasing the ratio
of the aiiphatic dieppxide eo the succinimide frem Comparison Test 2

=T

and Example 9.

35
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- 20 - | Preparat| on of a di spersant additive by reacting a L
sucCinimde with an aliphatic diepoxide i n one step. A 50%

solution of the succinimde in SN 150 oil was heated to 125[err] C.

1, 4- But anedi ol diglycidyl ether (BDGE) -was added dropwise 5 = over a
period of 40 minutes. The terrper ature of the reaction m xture was

mai ntained at 125[err]C for a further 60 ninytes. The viscosity of a
11. 0% sol ution of the succininide product in SN 150 oil was recorded
at 100[err]C. o The reaction was perforned over a range of nolar
ratios of 10 .di epoxide to succininmde. The viscosities of the products
wer e recorded on 11.0% sol uti ons at 4_11 : 100[err]C. A
conparison between the viscosi ties of themgcts at 100[err]C as a
function of the : to §ULLI tmde—=Ts anuwm-+fr‘
Figure | and in Fijgure 2. 15 Exa,g;pl e 9 Concn ’aratl Gﬂ:seasﬁydl sper gant by

reactingasuccinimde W th an - aliphatic bOX|de|ntwo sequenti al

st eps. he succi ni mij§&n%Rs °€ o HE‘CF% t T our gu!‘val ent s g7
1, 4- but anedi ol di g yci dyl et hd® ("BESGS A PraFtent | t@Rperlaffre *ﬁ% &
m xture was heated to 90[err]g &vRyv hiAuP 9% Yant BRErhitlachARd [af/Thid VI
tenperature for a further 30 nutes. A further pprtion jof thg
succininmde at a temgeszure df Yb{terr]C was.% henj Bddedl.| She2 | 8.38 131
_ ! R
tenperature of the rgué HGsuas raispd tp 12p[err] u3§r.19I5 el,d atj thigs 1Ci8
val ue for one hourl I's reagtion was garried ouf for rangg of 25| nolar
rati os of diepoxi dg- ATsunmarly of _the TEsults ffromne one [Step
( Conpar i sOn Test 2) comparmwofl tjwo-step (Exanple 9)|reactijns ofj succi i m de
with-~ - Tgﬁ di gl yici dyl ether is showp in Taple 3.{ The
d|fferences b NG %i scosfities of fhe producis at 1j00[err]] C as 30
11. 0% sol uti ons |s lovgh$TEPht ed) in Figurp 2. Figufe 3 contrastis the |
effect on the visc %E&Iﬁ gX.lof the prpduct of ipcreasijng the ratio
of the aliphatic dj epoxide to {he succi i m de from Conpafi son Test 2
and Exanple 9.  3p BDGE : :
1 : 0.75 ' 11.0 5.8 - 41.7 { 6.80 119
15 1 :0.85 11.0 5.9 - 43.5 | 6.93 116
1:1.50 11.0 6.1 - 43.5 | 7.04 119
1 :1.75 ~11.0 6.2 - 42.9 6.90 118
_ EXAMPLE 9
- 20 "STEPWISE
SUCCINIMIDE:
L BDGE:
SUCCINIMIDE - : _
1:4:7| 11.0 5.7 33.9 | 41.6 | 6.78 120
25 1:4:3]} 11.0 5.9 33.5 47.2 | 7.74 130
| 1300 7.0 38.0 | 52.2 | 8.45 135
1:6 2 11.0 6.1 34.7 48.9 | 8.00 | 134
12.0 6.6 37.0 57.4°| 9.40 146
1 :4: 1 11.0 6.3 36.5 67.3 |12.12 179
30 : '
* 'Actives' refers to any material that is not mineral oil, ie’
the amount of succinimide + diepoxide present by weigﬁ%.
-%% 1Concn. of product' refers to % weight of end material (which
contains oil already) diluted in oil. '
35 With_reference'to Figure 3 it can be seen that by comparison
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21 A o TABLE 3

L Concn. of - - VI SCOSI TY _ Concn. of
actives* - product . present . -20[err]C " 40[err]C
100[err]C (% b.w) (% b.w) - Poise c/s cls
VI 5 LZ6420 : 11.0 55 38. 00 53.2 8. 38

131 _ Succi ni m de, 11.0 . 5.52 35.75 43. 2 6.76

108 COMPARI SON 10 TEST 2 CNE STEP SUCCI NI M DE
BDGE 1: 0.75 11..0 58 . . 41. 7 6. 80

119 15 1 : 0. 85 11 0 5 9 S 43 5 6. 93

116 10 1. - 7.04

119 1 - fgth the tyqfq;ep reaction élgple VI crealt is oggglged q; gbe

118 EXAWoErQSp?:QdJ.ng OSIEQWbSEeactlon SUCCI NI M DE: - BDGE:
SUCCI NI M DE %3.9 . 41.6

6.78 120 25 33.5 47. 2
7.74 . 130 This bench Test mea&ﬂke@ how far a aiﬁpersant c38.1ove aGeld

. 8.45 1355 oj1. 1 : 4 2 11 0 . 6 1 34. 7 48. 9

8. 00 134 37.0 57. 4
9. 40 146 . The digparsgnts tfitep were (i) th} 3ucc1nim§g§ geacted wikth
12.12 179 3Gpikote (RTM) *828ACdH ‘éQSmatJiefd?ire%oiﬂieQnSIn meldrlkat iabei 5:0168

m neral oil, ie "in a single’ step reaction (Compar1son Test 1) and (ii) the

| succinimide reacted with BDGE (an aliphatie aiepoxide) followed by

i0 further specinimide.in a molar ratio.of 1:4:3 in a two-step
reaction (from Example 9). The succinimide itself was tested, as
was also LZ6420. |

The results of the Test are given in Table 4.

TABLE &4
15
- . % used oil % used oil
Material tested moved - total streak
S length (cm)
(i) Succinimide:Epikote 828 (1:0.82)| 36.6 © 100.0
20 (ii) Succinimide:BDGE : Succinimide 83.4 91.8
' (1:4:3) | | _ -
(iii) Succinimide _ 92.5 92.2
(iv) LZ6420 | | 79.0 ©91.2
25 ‘PASS RATING greater than| greater than
. . : 70.0 85.0
According to the results reported in Table 4, the Test predicts
the aromatic (one—step) product (i) to be a poor dlspersant and in
contrast the allphatic (two—step) product (ii) to be a good one.
30 The aromatic (one-step) product (i) was rated in a Petter AVB
engine test. It received an overall rating of 15, which is a bad
fail (base;oil rating = 30, pass rating is greater than 60).
35
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t he anount of succinimde + di epoxi de present by weight. - xE -
‘concn. of product' refers to % weight of end material (which

contains oil already) diluted in oil. 35 Wth reference to Figure 3
it can be seen that by conparison :

- 22 - “with the two-step reaction little VI credit is obtaingd b
t he ~correspondi ng one-step reaction. Thi n Layer Chigsati/ods ¥
(TLC) Dispersancy Test This bench Test neasures how Fr a

di spersant can nove a used 5 oil. The di spersants tested were

(i) the succinimde reacted with Epi kote. (RTM 828 (an aromati c

di epoxide) in a nolar ratio of 1:0.82 in asingle step reaction

(Comparison Test 1) and (ii) the - succi-nim de reacted with BDGE (an

al i phati c -di epoxide) followed by 10 further succinimde in.a nolar ratio

of 1:4:3 in a two-step reaction (from Exanple 9). The succinimde

itself was tested, as ~ was al so LZ6420. The results of the

Test are given in Table 4. : TABLE 4 15

% used oi | % used oil Material . tested

noved - total streak . -

| ength (cm - (i) Succinimde: Epi kote 828 (1:0.82) 36. 6

100.0 20 (ii) Succininde: BDGE : Succininide 83.4 91.8

(1: 4:3) (iii) Succinimde _ 92.5 92.2

(iv) LzZ6420 ' : 79.0 91. 2 _
Claims:

1. A process for the production of a lubricating oil soluble .
compound suitable for use as a dispersant additive by a process
which comprises reacting at elevated temperature a polyepoxide with

a dispersanﬁ having at least one reactive nitrogen-containing moiety

5 characterised in that the polyepoxide is an aliphatic polyepoxide

and that the polyepoxide is reacted with the dispersant'in at least
two sequential steps, wherein in a first step a first portion of
dispersant is reacted with the poiyepoxide, at least 0.75
equivalents of polyepoxide being used for each reactive N-H group
10 present in the dispersant, and in a subsequent step or steps at
least one further portion of dispersant is reacted with the product
of the preceding step, there being added from 0.5 to 15 equivalents
of dispersant per'equivalent'of dispersant used in the first step.
2. A process as claimed in claim 1 wherein the di;persant ig an
15 imide or amide'formed-byithe reaction of a polyalkene substituted
succinic acylating'agent'and an amine.
3. A process as claihgd in claim 2 wherein the imide. is a
succinimide of_formulg'I:

R ¢ X
o \[ >N - R3N< (D)
| | c Y |
' N |
0

20

wherein R2 is 'a ‘polyalkene group having more than 30 carbon atoms

25 and R3 is a divalent group such that HZNR3NXY is an alkylene amine,

-.23 -



25 . - PASS RATING | - great er thHW’ greater than. .ﬁ'

70.0 . 85b.0 . “According to the: results reported in Tabl'e.: 7.7,
4, the Test predicts t he aromatic (one- step) product. (i) to bé.a poon.' .
di spersant and in contrast the aliphatic (two-step) product (ii) to be

a good one. 30 . The aromatic (one-step) product (i) was rated in a

Petter AVB - engine test. It -received aR overall rating of 15, which is

a bad fail (base oiI-ratlng -30, pass ratlng is greater than 60).

35 : - 23 - :

C ai ns: 1. A process for the productlon of a lubricating oil soluble

an alkanolamine, a polyetheramlne, an aromatic or an araliphatic
amine, X and Y are independently a hydrogen, an alkyl or a

hydroxyalkyl group or together form the group

tn
Q::O

/ rizf
.\,f-;
4. A process as elaimed in claim 3 wherein R? is a polyisobutene
10 group. ' . |
5. - A process as clalmed in either clalm 3 or claim 4 wherein the
. group R3 is a ‘divalent group of the formula:
' ~(CHyCHyNH ) CHyCHy ~
where k is-ap'integer from 2 to 6.
15 6. A prdcessias-claimed in any one of claims 1l to 5 wherein the
dispersanf contains between 3 and 7 active nitrogens.
7. _ A process as claimed in any one of claims 1 to 6 wherein the
polyepoxide has the formula
' 0
20 HR4C<;>bH-(R6)qCﬁ:—:bHR5
- where q is zero or i,
RO is a divalent allphatlc hydrocarbyl or hetero-substxtuted
allphatlc hydrocarbyl group,
_ R% and R are "independently hydrogeﬁ'er an aliphatic hydrocarbyl
25 group.. o . . o7 .
8. A p;ocess.as claimed in claim 7 wherein ¢=1 and RS is an
'jalkylene_group of fdrmuia ~{CHRy ]~ where r = 1-6, and Ry is
hydrogen, methyl 6: ethyl, and each of the -[CHRp]- groups is_ﬁhe
same or differeﬁt. - - :
30 9. & pfocess.as'claimed in claim 7 wherein RS is a hetero-
'_substituted aliphatic_hydrocarbyl group and the polyepoxide is
prepared-by-reaction of a diol or glycoi with epichlorohydrin or by
reaction.of“the'corresponding dichloride with glycidol. e
.10._ A process as clalmed in claim 9 wherein the polyepoxide is one-

35 of 1 4-butane diol- dlglycidyl ether; 1,6-hexane d101 diglycidyl
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conpound suitable for use as a di spersant additive by a process - whjch -’
conprises reacting at el'evated tenperature a pol yepoxide with -

di spersant having at | east one reactive nitrogen-containing noiety 5
characterised in that the pol yepoxide is an aliphatic pol yepoxide and
that the pol yepoxide is reacted with the dispersant in at |east t wo
sequential steps, wherein in a first step-ag§irst portion of

di spersant is reacted with the pol yepoxide, at |least 0.75 ~equival ents
of pol yepoxi de being used for. each reactive N-H group 10 - present in. the
di spersant, and in a subsequent step or steps at | east one further.

portion of dlsper 1S e t he_ Qe inQ _.
step, there being a(ﬁédp?lty %&Eﬁ%nW&J}gL %Q% gthers al tzd?sd%énrg%ﬁt gBer
equi val ent of di sprapsantdigdedighycidel PF’F@I st ep. 2. A process as

clainmed in-claimg, Vmﬁrfidlesg'easdbif)ﬁieaam c'li:uﬁml %ﬁerel‘nnde.soﬁn EHIkQEeJeOBPEd
by the reaction of a polyal kene substitut uccinic acylating agent -

and an ani ne: alkylene lﬁlﬂf‘%gg“%ss“(‘?!sﬁjr%adl‘ﬁ‘t&‘l Hrm83°Wherein the

imde.is a 5 succinimde of fornmlal : [err]

wherein R err] is a polyal kene P&tmﬁﬁ 1g nore than 30 carbon atonms 25
and R3 is a divalent group such at NXY I s an al kyl ene am ne,
- 24 - avheglek antd gafner &, A Jetdrcpdiiyivae om 2AFpiATe glysel group,

aral i phatic 2 ke, ;1 X Andefinakicid Rdgpendently a hydrogen, an alkyl or a
hydroxyal kyl grouP or toget her formthelgroup

ocess as claimed any one of claims 7 to 11 wherein R4

10 and RS are independently hydrogen or methyl.

' 13. A process as claimed in any one of the preceding claims wherein
in the first step said polyepoxide is used in an amount in the range
0.85 te 1.1 equivalents of polyepoxide to amino hydrogens present. in
the dispersant. '

15 14. A process as claimed in any one of the preceding claims wherein
a first'por%ion offdispersant is reacted with the polyepoxide in a
first step and in a second step the product of the first step is
reacted with a'compouﬁd (A) having a molecular weight lower than
said dispersant and having at least 2 amino hydrogens; a second

20 - portion of dispersant being added at the same time as or subsequent
to reaction ef compound (A) with the product of the first step.

15. A process as claihed in claim 14 wherein said second portion of
dispersant is added subsequent to the reaction of compound (A) with
the product of the: first step. '

25 16. A process as claxmed in either claim i4 or clalm lS where1n
compound (A) is a polyamine, an amine termlnated polyalkylene
glycol, an’ alcoholamine or a polyoxy alkylene amine.

17. A.process_according'to claim 14 wherein the product of the
first step iseof the_fofmula'IV:'

30 syt

R7[N-R® 1x-15- {R9-n]y,-R10 Iv
%1 o0 . %l
where R8 and R? are 1ndependently a divalent aliphatic,
hetero—substltuted aliphatic, aromatic or hetero-substltuted

35 aromatic group,’
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5 ' [err] 4. A process as clained in claim3. -

mhereln R2 is a polyisobutene 10 group. 5. A process as clained in -,

either claim3 or claim4 mhereln t he group R[err] is a divalent group

of ‘the formul a: _
(CI-l[err]CI—l[err]NI-l)[err]Cl—l[err]CI—l[err] _ where k is an integer from 2 .

to 6. 15 6. A process as clainmed in- anyzéne of clainms 1 to 5 wherein

t he di spersant contains between 3 and 7 active nitrogens. 7. A

process as clained in any one of clalns 1 to 6 wherein the pol yepoxi de
has the fornul a 20 [err] - where q is zero or 1,

Rlerr] is a'divalent ékl7l @xktatmlﬁ il:}édﬁﬂ&‘éi{ebaénﬂl& hetyh6cstyst g tdubebhich is an
al i phatic hydrocarg I%;l L R%err are |ndependently
hydrogen or an al # ‘Hg&?&t%ﬁ Vet a@fﬁﬁ on &LomSg O A process as

claimed in claim?7 mhereln g=1 and R[err] is an 0 aIkerne group of
formula -[CHR[err]][err]y where r = 1-6, and R[er%} I K12 hydr ogen

met hyl or ethgl -and eac Pf t he - [C}qurrTH- group ¥s the same or
different. A prG%ess as cl ai med i TRt erein R6 is a hetero-
substituted allphatlc hydrocar byl group and the pOky€poxide i,s

prepared by reaction of a diol or glycol wth epictl orohydrin or by
reaction of the correspondi ng dichloride with glycidol. 10. A
process as clainmed in claim90®herein the pol yepoxide is one 35  of

1, 4-but ane di ol diglycidyl et r'cﬁzﬁ-hexane'diol di gl yci dyl

10 - ' s . or the group v!

: _ /R" //,g
wherein Y! is CR'R#-CH(R®) CH~— CHR®
15 where one of R' and R'' is hydrogen and the other is a hydroxyl
group, ' .
Rll' R12 and R13 are 1ndependently a monovalent aliphatic or
hetero-substituted aliphatic group,.
R4 is a divalent aliphatic or hetero-substituted aliphatic group,
20 X and y:éfe independently zero or an integer from ! to 10,
| each group RS, each group Rg, and each group vl is the same or
different,
RA, R5, RO and q are as defined in claim 7.
18. A process'accofding to claim 14 wherein the product of the

25 second step-is of the formula

R7[N-R8]x-N[R9—N]YR1 'z
_Yl | Yl 2
. “R** T R'!"
30 wherein Z =1(CR;R4éH(Ra)qéHCR""R5)2R18

where one of R* and R'' and one of R''' and R'''' is hydrogen and
_the other'is'é hydroxyl group,
_ Rla is a diﬁalent radical derived from a compound having 2 afiino
hydgogéns by remo#al of said amino hydrogéns,

35 . R%, R3, R0 and q are as defined in claim 7, R7, R8, RY, RIO, ¥l «x
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- 25 - et her; pol ypropyl ene oxi de diglycidyl- et her; and

2,2-di met hyl 1, 3- propane diol diglycidyl ether. 11 A process as
clainmed in claim7 wherein R6 is an al kyl ene or al kyl ene gl ycol group
substituted with the group 5 [err] where j is zero
or 1, Ra is an al kyl ene or al kyl ene gl ycol group, ‘and R4 is as defined
inclaim?7. 12. - A process as clai med-iyy any one of claims 7 to 11
wherein R4 10 and R5 are independently hydrogen or nethyl .. 13. A
process as clainmed in any one- of the preceding clainms wherein in the
first step said polyepoxide is used in an anount in the range ~ 0.85 to
1.1 equivalents c;fndpyl%gpggld%lﬁeg ﬂ%;@ﬂjﬁ ogens present in t he

di spersant. 15 .~ A process as alne in any one of the preceding

cl ai mrs wherein a first portlon of ‘dispersant is reacted with the

pol yepoxide in a first step and in a second step the product of the
first step is reacted with a conpound (A) having a nol ecul ar wei ght

| ower than sai d di spersant and having at |east 2 am no hydrogens, a .
second 20 portion of dispersant being added at the same tine as or
subsequent to reaction of conpound (A) with the product of the first
st ep. 15. A process as clained in claim14 wherein said second
portion of di spersant i s added subsequent to the reaction of conpound
(A with t he product of the first step. 25 16. A process as clai ned
in either claim14 or claim15 wherein - conpound (A) is a polyan ne, an
am ne term nated. polyal kyl ene glycol, an al cohol am ne or a pol yoxy

al kyl ene am ne. ~17. A process according to claim 14 wherein the
product of the first step is of the formula 1V: 30

[err] where Rl err] and R err] are independently a divalent aliphatic,

het ero-substituted aliphatic, aromatic or hetero-substituted

15

20

25

30

35
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35 aronatlc group, - - 26 -

Rlerr] and Rlerr] are independently a hydrocar byI group which is an é
al kyl group having at |east 50 .carbon atons, ' [err] : 4
15 where one of R .and R ' is hydrogen an? ge other is a hydroxyl

group, Rlerr], Rerr] and Rerr] are /f pendently a nonoval ent

aliphatic or hetero substi.t ut ed allphatlc group, -Rlerr] is a

di val ent aliphatic or hetero-substituted aliphatic group 20 ' x and y

are independently zero or an i-nteger from1l to 10, each group RS,
each group Rlerr], and each group Y[err] is the sane or di fferent,

Rlerr], Rerr], R[err] and g -are as defined in claim?7.

FlG.1
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18. AiproceSs according to claim14 wherein the product of the 25 %éscgpd :

step is of the fornuta [err] 30 where one of R._
and R' and one of R' ' and R ég%?rogen and the other is a h
hydr oxyl group, Rlerr] is a dlval radi cal derived froma conpound

havi ng 2 am no hydrogens by renoval of said am no hydrogens, 35
Rlerr], Rerr], Rerr] and g are as deflned inclaim7, Rerr], Rerr],

Rlerr], Rerr], y[err], x -
27 -

and y are as deflned in claimi17. 5

. FlaZ |
ne I ]
R . /
1o I o /
05| o /
0y /

| (C/S) n : :. - - . y

6.5
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Molar ratio of BDGE: succinimide
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