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1 : PHOSPHO?YLATED AND/ OR BORONATED DI SPERSANTS AS THERNVAL
;STABI LI TY ADDI TI VES FOR DI STI LLATE FUELS BACKGROUND OF THE | NVENTI ON U’OiJ
1. Field of the Invention The present invention relates to

di spersants, which have been phosphoryl ated and/or boronated, useful as
thermal stability additives in distillate fuels. Subjecting distillate
fuels to thernmal stress tends to result in significant deposit formation
in the fuel and exhaust systens. It is highly desirable and an object of

this invention PHOSPHOFYLAEED @NIYOR BORONATED DISPERS ANTS WS FHERMAT
distillate fuels, such aErAsftLITvaDIIMIVES FOR DISWEILLATE pPURpg! s obtained

by formulating - distillate fuel conpositions containing phosphoryl ated
and/ or boronated dispersants which are the reaction products of i) at

| east one pHSPRGROVNIDOPJWEINYENI®ONa boron conpound and ii) at |east one
ashl ess di spersant. 2. Background Di scussi on

Phosphoryl at ed, bor onpitld®f tegpenticant s Wi thin the scope of the present
i nvention are known and disclosed in U S. Pat. No. 4,857,214 (Papay et

al.) for use as qpd %ﬁ&ﬁﬁf in@éiteibd tekRS t @iSperdatis)vWiiéH Habe béh%héspﬂc‘i}lat%&éncﬂéil ent

does not disclose that these dispersants are useful in fuel ~conpositions
0L SudESt, eSS SN IS e KE TSR ORIGEREE |
4,857,214 p%tl o Stress tends %o rest t?xtl selgr'inqcan%j geposn formation in the fuel and exhaust systems. It
is highly desirable and an object of this invention to reduce the deposit formation in thermally
stressed distillate fuels, such as jet fuel and diesel fuel. This goal is obtained by formulating
distillate fuel compositions containing phosphorylated and/or boronated dispefsants which are
the reaction products of i) at least one phosphorus compound and/or a boron compound and ii) at
least one ashless dispersant.
2, Background Discussion
Phosphorylated, boronated dispersants within the scope of the present invention are
known and disclosed in U.S. Pat. No. 4,857,214 (Papay et al.) for use as antiwear additives for
lubricants. The 4,857,214 patent does not disclose that these disperséhts are useful in fuel
compositions or suggest that these additives would be effective at reducing deposit forma:tiqn in
thermally stressed distillate fuels. Most particularly, the 4,857,214 pafent does not relate to fuel
compositions or teach the use of phosphorylated, boronated dispersants in distillate fuels.
U.S. Patent No. 5,505,868 (Ryan et al.) discloses dispersants formed by reacting ashless
dispersants, with at least one dibasic acylating agent, a phosphorus compound and a boron
cémpound. The 5,505,868 patent further mentions that the dispersants can be used as detergents

or deposit reducers in hydrocarbonaceous fuels.



conpositions or teach the use of phosphoryl ated, boronated dispersants in
distillate fuels. U S. Patent No. 5,505,868 (Ryan et al.) discloses
di spersants formed by reacting ashless dispersants, with at |east one

di basi ¢ acyl ati ng agent, a phosphorus conmpound and a boron conpound. The
5, 505, 868 patent further nmentions that the dispersants can be used as
detergents or deposit reducers in hydraqarbonaceous fuels.

2 In U S Patent No 5,139,643 (Roling et al.) phosphorus

derivatives of 0 I as.antif oul an in liquid
hydr ocar bonaceoug %@I}é gclﬁb%ﬁ% &”&os Q@iesed. The reference

does not teach the use of phosphoryl at ed pol yal kenyl succinimdes in

d| stillate fredyalkepylussinimidessas antifoulants in ligud hyfrgrashenapgous mediass, auch dsleapiayilet
.) discloses products formed froma long chain succinimde and a

be nzot r i azolase distlodedaiThe wferinonddes potiieachn thauswof phbspherylated polytikemyilsucéininided by

reaction in the presence of an am ne or an organi ¢ phosphorus conpound. The

use of t hesédn distilge fihedniposifiodsuel s i s menti oned. Eur opean Pat ent

No. 0,678,568 discloses nethods and conpositions for reducing fouling
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succinimide and a benzotriazole which are optionally boronated. These products are formed by
reaction in the pmex;ce of an amine or an organic phésphorus compound. The use of these
dispersants in fuels is mentioned.

European Patent No. 0,678,568 discloses methods and compositions for reducing fouiing

deposit formation in jet engines. The methods employ a derivative of (thio)phosphonic acid

added to the turbine combustion fuel.

SUMMARY OF THE INVENTION
It is an object of this invention to provide a distillate fuel composition containing
phosphorylated and/or boronated dispersants which are the reaction products §f i) at least one
phosphorus compound and/or a boron compound and ii) at least one ashless dispersant.
Further, it is an object of this invention to provide distillate fuel cor'npositions which
exhibit a significant improvement in the reduction of deposit formation in the fuel and exhaust

systems.



SUMVARY OF THE | NVENTI ON It is an object of this invention to
sprovide a distillate fuel conposition containing phosphorylated and/or
bor onat ed di spersants which are the reaction products of i) at |east one
phosphorus conmpound and/or a boron conpound and ii) at ‘| east one ashl ess
di sper sant. Further, it is an object of this invention to provide
distillate fuel conpositions which exhBbit a significant inprovenent in
the reduction of deposit formation in the fuel and exhaust systens.

3 DETAI LE P Subj ecting distillate fuels to thernal
stress tendgﬁifgbﬂgsahpg%ificant deposit formation. The function of
the di spersants of the present invention is to reduce deposit formation
anywhere in t heShiectingdigtillate-fels to thermabsiress tengds taresyli i isigotficans depaisit firmatian

i nstance, this includes reducing deposit formation in the fuel nozzles:-and
spray ri ngs;Thafivhction ofthefdispersarss iafitheysredehteineentjoreis tareddas deposivdoridatibtidnywhere
actuators and turbine vanes and bl ades. In other distillate fuel

conposi ti ongn the BhariSexhalisOsystbmé. Ualjet fid) Cormgtiitions) for ifstanbss; s HEIAGIYusing! t he

present invention serves to prevent injector deposits and to increase fuel
stability. deposit formation in the fuel nozzles and spray rings, and on surfaces such as the augmentor fuel
manifolds, actuators and turbine vanes and blades. In other distillate fuel compositions, such as
diesel fuel, the additi-on of the dlspersants of the present invention serves to prevent injector
deposits and to increase fuel stability.

The distillate fuel compositions of the present invention contain ashless dispersants which
have been phosphorylated and/or boronated. These dispersants are preferably the reaction
products of i) at least one phosphorus compound and/or a boron compound and ii) at least one
ashless dispersant.

Suitable phosphorus compounds for forming the 'dispersants of the present invention
include phosphorus compounds or mixtures of phosphorus compounds capable of introducing a
phosphorus-containing species into the ashless dispersant. Any phosphorus compound, organic
or inorgaqic, capable of undergoing such reaction can thus be used. Accordingly, use can be
made of such inorganic phosphorus compounds as the inorganic phosphorus acids, and the
inorganic phosphorus oxides, including their hydrates. Typical organic phosphorus compounds
include full and partial esters of phosphorus acids, such as the mono-, di-, and tri esters of
phosphoric acid, thiophosphoric acid, dithiophospheric acid, trithiophosphoric acid and
tetrathiophosphoric acid; the mono-, di-, and tri esters of phosphorous acid, thiophosphoroué

acid, dithiophosphorous acid and trithiophosphorous acid; the trihydrocarbyl phosphine oxides;



The distillate fuel conpositions of the present invention contain ashless
.di spersants which have been phosphoryl ated and/ or boronated. These

di spersants are preferably the reaction products of i) at |east one
phosphorus conmpound and/or a boron compound and ii) at |east one ashless
di spersant. Sui t abl e phosphorus conpounds for formng the

di spersants of the present invention itclude phosphorus conpounds or

m xtures of phosphorus conpounds capabl e of |ntrodu0|ng a

phosphor us- conta|n| species into the ashl nt., Any phosphorus
conmpound, oft§ %&’ﬂ%ﬁ%lsﬂl Esag‘ﬁm%“’ﬁ“% Q’ QsphoPaeSact i on can
t hus be used. Accordl ngly, use can be nade of such inorganic gyosphorus
conpounds aéRRCP(@R')(@RBthe@ RoandR) arsrhydrogasbyd end Bhis athydrogenasery and bydosrashyhor us

oxi des, including their hydrates. Typical organic phosphorus conpounds
i ncl ude f ul groap)lampbthéir mbne sdicand tdthiopnalegs) theusonacamdsiihydrociabyl phosphonites,o- |

di-, and tri esters of phosphoric acid, thiophosphoric acid,
di t hi ophos p{rP(OR")EIR'Y whefelR hidqv&eﬁm@éwylaﬂdm" B&dxydrb@éxfa‘ﬂdxﬁlb z
acid; the nono-, di-, and tri esters of phosphorous acid, thiophosphorous

d, dith e 151
aci it '8‘3“9’5‘?}03 ﬁ%ﬁgiﬁﬁﬂﬁﬁbﬁm&ﬁ@%%%s?&h@ nali€of such

tri hydrocar
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phosphonate
sometimes called ortho-phosphorous acid or phosphonic acid), phosphoric acid (H;PO,,
sometimes called orthophosphoric acid), hypophosphoric acid (H,P,0Os), metaphosphoric acid
(HPO;), pyrophosphoric acid (H,P,0;), hypophosphorous acid (H,PO,, sometimes called
phosphinic acid), pyrophosphorous acid (H,P,O;s, sometimes called pyrophosphonic é.cid),
phosphinous acid (H;PO), tril;olyphosphoric acid (H,;P;0,,), tetrapolyphosphoric acid (HsP,0,;),
trimetaphosphoric acid (H,P,0y), phosphorus trioxide, phosphorus tetraoxide, phosphorus
pentoxide, and the like. Partial or total sulfur analogs such as phosphorotetrathioic acid (H;PS,),
phosphoromonothioic acid (H;PO,S), phosphorodithioic acid (H;PO,S,), phosphorotrithioic acid
(H,POS;), phosphorus sesquisulfide, phosphorus heptasulfide, and phosphorus pentasulfide
(P,S;, sometimes referred to as P,S,,) can also be used in forming products suitable for use as
component b) in the practice of this invention. Also usable, though less pr?ferred, are the
inorganic phosphorus halide compounds such as PCl;, PBr;, POCl;, PSCl;, etc. The preferred
phosphdrus reagent is phosphorous acid, (H;PO;).

Likewise use can be made of such organic phosphorus compounds as mono-, di-, and

triesters of phosphoric acid (e.g., trihydrocarbyl phosphates, dihydrocarbyl monoacid phosphates,

monohydrocarbyl diacid phosphates, and mixtures thereof), mono-, di-, and triesters of



(RPOQOOR )(OR') where R and R are hydrocarbyl and R' is a hydrogen atom or
.a hydrocarbyl group), and their nono-, di- and trithi o anal ogs; the nono-
and di hydrocar byl phosphonites, (RP(OR)(OR') where R and R are
hydrocarbyl and R' is a hydrogen atom or a hydrocarbyl group) and their
nmono- and dithio anal ogs; and the |ike. Thus, use can be made of such
compounds as, for exanple, phosphorous aid (Herr]PJ-err], sonetines
depicted as Herr](HPJerr]), and sonetines called ortho- phosphorous acid

or phosphoni_c hosph rjc err P er call ed

?rH}D?fpho]SI)OWF E"ﬁ‘?ﬁa ‘E xfﬂ&#é%ﬁ?ﬁ’l_'[ q't(’g?fp[ i @%l)hy‘#% *ic acid |
err pyrophosphoric aci err err err ypop, osp rous acr

(H er r | PQ[ dwidfocasbyhdiacidiphosphites. and miigeshetaefy esters asphogr;ho

(HAP205, sonetinmes called pyrophosphonic acid), hi nous acr d

(o1 1] PO RE(O)@oy pibpéian”, BoR(OY(OH eetiatiosabine ads, hosphon halides

t et rapol yphosphoric acid (Herr]Plerr]derr]), trinmetaphosphoric acid

(HerrPlerrkg, m’((]))(:lz 1 RSPOOCY) shalophesphitks (e. £ RPCL; arel (RE); PO halephogiharphor us

pent oxi de, and the I1ke. Partial or total sulfur anal ogs such as

hosphor ot PRy not hi oi ¢ aci d

E)H[ elror] PQ e 'Fﬁggéwog%ﬁoroglbﬁlc}))i C acr%}o(pH[err] PO err S[erlr] I) !
hosphor ot r it-Riypf ' ' .
Phosphor us (RIHREOMGHORYH A e ofel o it b ABADRY o mp SR o fpanic
sonetinmes referred to as’ . Plerr er .can also duct s
sui talbl e fdAhosRhgrusgom Bﬂﬂﬁ%%‘%‘iﬁhl’gg( %ﬁg’f%%?g?%&#\&\ﬁetﬁtag%ﬁ%& go
usabl e, though | ess preferred, are the nor gani c horu

conpounds sqagwn&soma??@rably “WBP‘E%‘F #9 WM‘{‘%‘? fopre PF%??@@ ppio ab B’t‘ 4

preferred phosphorus reagent is phosphorous acid, err] Pg err])

Li kewi se usatorgsandmostprferalily yp)toraboutd 2 satbonp#esy h%‘s‘érlésabé ovehdes proferred.
di-, and triesters of phosphoric acid (e.g., trlhydrocarbyl phosphates

di hydr ocar kar¢ thethaloplidsphipdididésse.gs hydrocarhyhphbsphoarsistiahalidgs; |ddlypwgsbﬁat es, and

m xtures thereof), nono-, di-, and triesters of
phosphorus trihalides, and tnhydrocarbyl phosphorus dihalides), and the halophosphines

(monohalophosphines and dihalophosphines).

When using an organic phosphorus compound, itis preferable to use a
water-hydrolyzable phosphorus compound, especially a water hydrolyzable dihydrocarbyl
hydrogen phosphite, and water in the phosphorylation reaction so that the phosphorus compound
is partially (or completely) hydrolyzed during the reaction.

Suitable boron compounds useful in forming the dispersants of the present invention
include any boron compound or mixtures of boron compounds capable of introducing
boron-containing species into the ashless dispersant. Any boron compound, organic or
inorganic, capable of undergoirrg such reaction can be used. Accordingly use can be made of
boron oxide, boron oxide hydrate, boron trifluoride, boron tribromide, boron trichloride, HBF,

boron acids such as boronic acid (e.g., alkyl-B(OH), or aryl-B(OH),), boric acid, (i.e., H;BO;),



5 phosphorous acid (e.g., trihydrocarbyl phosphites, dihydrocar byl
hydrogen phosphites, hydrocarbyl diacid phosphites, and m xtures thereof),
esters of phosphonic acids (both "primary", RP(O (OR)2, and "secondary",
R2P(O (OR)), esters of phosphinic acids, phosphonyl halides (e.g.,
RP(O)d[err] and Rerr]P(OdC), hal oph%hi tes (e.g., (ROPdJerr] and .
(RO[err]Pd), halophosphates (e.g., (OdJerr] and (ROJ[err]P(Od),
tertiary pyrophosphate esters (e.g., (ROJ[err]P(O-OP(O(OR)[err]), and
the total o ' I n . an he foreqojng. or.gani c .
phosphor us (li:ect)}ré%hénazisd, (igh%‘%[’%@’ 'ﬁ%“%’gﬁ\?\ﬁég Zir% @&41 AFEPTEL: %&sﬂ?%‘b%‘ﬂsai ns
up to about 1(90 c‘g{;gcil at ons, ﬁeferﬁgoly up to about_ 50 carbon atons, nore
preferably 8% tHFrsefclth boronagids, fhe use gheompleyss efadiorgs tdhalide puth ethers; ergaiout 12
carbon atons. Al so usable, although |less preferred, are the hal ophosphine
hal i des (e. 8Cids, inpmgapiceidssior hydsenstbons is a convienitntimednsof infradyeing the bbrph reactant
phosphorus trihalides, and trihydrocarbyl phosphorus dihalides), and the
hal ophosphi intsthe featiaimaixtiod Guoh congplexas are dndvat andtaesexamplificd by boron When
usi ng an organi ¢ phosphorus conpound, it is preferable to use a

wat er - hydr otriftetiiediethEddien bofonGaMivRde ghendk Boroh flusride-WidssHorib ¥&ll Boydgab! €

di hydrocar byl hydrogen phosphite, and water in the phosphorylation

reaction soticiRtidé-BRofRREO R, Borof RTBREMIAE didxEne) &d Hoftn! Riflédtide SRR S oler.

hydrol yzed during the reaction.
Specific examples of boronic acids include methyl boronic acid, phenyl-boronic acid,

=0

cyclohexyl boronic acid, p-heptylphenyl boronic acid and dodecyl boronic acid.

The boron acid esters include especially mono, di-, and tri-organic esters of boric acid
with alcohols or phenols such as, e.g., methanol, ethanol, isopropanol, cyclbhexanol,
cyclopentanol, 1-octanol, 2-octanol, dodecanol, beheny! alcohol, oleyl alcohol, stearyl alcohol,
benzyl alcohol, 2-butyl cyclohexanol, ethylene glycol, propylene glycol, trimethylene glycol,
1,3-butanediol, 2,4-hexanediol, 1,2-cyclohexanediol, 1,3-octanediol, glycerol, pentaerythritol,
diethylene glycol, carbitol, Cellosolve, triethylene glycol, tripropylene glycol, phenol, naphthol,
p-butylphenol, o,p-diheptylphenol, n-cyclohexylphenol, 2,2-bis-(p-hydroxyphenyl)propane,
polyisobutene (molecular weight of iSOO)-substituted phenol, ethylene chiorohydrin,
o-chlorophenol, m-nitrophenol, 6-bromo-octanol, m-nitrophenol, 6-bromo-octanol,
m-nitrophenol, 6-bromo-octanol, and 7-keto-decanol. Lower alcohols, l,ﬁ-glycols, and
1,3-glycols, i.e., those having less than about 8 carbon atoms are especially useful for preparing
the boric acid esters for the purpose of this invention.

The ashless dispersants suitable for use in the present invention include those well known

as lubricating oil additives. They include the hydrocarbyl-substituted succinamides and



Sui t abl e boron conpounds useful in forming the dispersants of the present
Jnvention include any boron conpound or m xtures of boron conpounds
capabl e of introducing boron-containing species into the ashless

di spersant. Any boron conpound, organic or inorganic, capable of
under goi ng such reaction can be used. Accordingly use can be nmade of boron
oxi de, boron oxide hydrate, boron trifl ubride, boron tribrom de, boron
‘trichloride, HBF[err] boron acids such as boronic acid (e.g.,

e T

HBQ err]), ammmonium salts of such boron acids nd, es} e f spych boron
aci ds. The ulsecribed fosppampleia W$. Pat. bies- érmﬁ‘%azﬁla@&ﬂ% i‘{ly@ﬁ%@%ﬁswes
acids, inorganic acids, or hydrocarbons is a conveni ent neans of

i nt r oduci ng ardiacdrporated hereintbymeferenden Other examplea of suisablerashiess dispessarta inslwdp (i x es
are known and are exenplified by boron trifluoride-diethyl ether, boron
trifl uori de-miked@hter/aiitedof Kydidchrbgrsubltitpdinnpdinic add medeysitgaliancls, amines, and/or
trichloride-chloroacetic acid, boron tribrom de-di oxane, and boron

trifluori de-ammwmag i) hﬁl‘d%ﬁ%% -substltuted succhile 64ill hpdrex@eers eontathing arlest éneaci ds

I ncl ude net hyl boronic acid, phenyl- boronlc acid, cyclohexyl boronic acid,

p- heptyl phe ?gﬁ!%goq | Ty ron
acid ester srﬁg hp&égﬂg% “gm ar n}ql ?ﬁ%%( s??%oa?eg%ﬁl%se%?t%rssﬁ%fmgorl C

acid

3,381,022 whose disclosure is incorporated herein by reference and (iii) the Mannich dispersants
which are condensation products of hydrocarbyl-substituted phenols, formaldehyde and
polyethylene polyamines such as are described, for example, in U.S. Pat. Nos. 3,368,972;
3,413,374; 3,539,633; 3,649,279; 3,798,247 and 3,803,039 whose disclosures are incorporated
herein by reference. The hydrocarbyl subs_timgnt is usually a polyolefin and preferably a
polyisobutylene group having a number average molecular weight of from about 500 to 5,000.
The ashless dispersant is preferably a hydrocarbyl-substimted succinimide, a Mannich
condensation product, or a mixture of a hydrocarbyl-substituted succinimide and a Mannich
condensation product. When mixtures of ashless dispersants are used, each dispersant may
independently be phosphorylated and/or boronated.

While additional reactants, such as benzotriazoles as taught in U.S. Patents Nos.
4,857,214 and 4,855,074, and dibasic acylating agents as taught in U.S. Patent No. 5,505,868 can
be used in forming the dispersant of the present invention, the preferred dispersants do not
contain benzotriazoles or additional dibasic acylating agents. In a preferred embodiment, the

phosphorylated and/or boronated ashless dispersants of the present invention consist essentially



wi th al cohol s or phenols such as, e.g., nethanol, ethanol, isopropanol,
cycl ohexanol, cycl opentanol, 1-octanol, 2-octanol, dodecanol, behenyl
al cohol, ol eyl al cohol, stearyl alcohol, benzyl alcohol, 2-butyl

cycl ohexanol , ethyl ene glycol, propylene glycol, trinethylene glycol,
1, 3- but anedi ol , 2, 4-hexanediol, 1, 2-cyclohexanediol, 1, 3-octanediol,

gl ycerol, pentaerythritol, diethylene @ ycol, carbitol, Cellosolve,
triethylene gl ycol, tripropylene glycol, phenol napht hol , p-butyl phenol ,
0, p- di heptyl phenol ,. n-cycl ohexyl phenol , 2- bi s- (p- hydroxyphenyl)propane

pol yi sobut erfd thefeacion proruchef § @t least orm@egphg@ssqmmm@@%erbemn cempgundaad i)
chl orohydrin, o-chlorophenol, mnitrophenol, 6-bronp-octanol,

m nit rophencﬂt leaﬂme@sﬂﬁsa)étsmht m ni t rophenol , 6-Dbrono-oct anol , and

7- ket o-decanol . Lower al cohols, 1,2-glycols, and 1,3-glycols, i.e., those
havi ng | ess than OphonnllyBaddﬁrohﬂrso&erbﬁtoauﬁ@aﬁearaﬂelmchuﬁeirudhe f)lliHSpEUr@%HﬁoBg
the boric acid esters for the purpose of this invention. -

ashl ess di sppidmadhiessdipemittthikibfe st 8€tol plovidis REIRSRVunt d(emm PrfbrtidH) bPE’&ct hose

wel | known as lubricating oil additives. They inclu

hydr ocar byl -sibsh g# wtﬁ%yegh%‘f# e H?of!:??m@\ﬂl@ of basic nittogen contributed bﬂ e ashless

succi ni m des ene polyam nes suc raet ene- pentanlne
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reference. Qlley ol PARinGs codtainag o abour 12 fo 24 carbon e, saclodin r%ﬁé#r?y%réxiy%xkyl
and aminoalkyl derivatives. The long chain alkyl group may optionally contain one or more
ether groups. Examples of suitable compounds include but are not limited to oleyl amine,
N-oleyltrimethylene diamine, N-tallow diethanolamine, N,N-dimethyl oleylamine and
myristyloxapropy! amine.

In conducting the foregoing reactions, any temperature at which the desired reaction(s)
occur at a satisfactory reaction rate can be used. Ordinaﬁly, the phosphorylation reaction and/or
the boronation reaction (whether conducted concurrently or separately) are conducted at
temperatures in the range of 80 to 200 °C, more preferably 100 to 150 °C. However, departures
from these ranges can be made whenever deemed necessary or desirable. These reactions may be
conducted in the presence or absence of an ancillary diluent or liquid reaction medium. If the
reaction is conducted in the absence of an ancillary solvent of this type, such is usually added to

the reaction product on completion of the reaction. In this way the final product is in the form of

a convenient solution compatible with the base fuel.



m xed ester/am des of hydrocarbyl -substituted succinic acid made using

al kanols, am nes, and/or am noal kanols, (ii) hydrocarbyl -substituted
succinic acid hydroxyesters containing at | east one free hydroxyl group
made usi-ng pol yhydroxy al cohols such as are disclosed in U S. Pat. No.
3,381, 022 whose disclosure is incorporated herein by reference and (iii)

t he Manni ch di spersants which are cond®nsation products of -
hydr ocar byl - substi tuted phenol s, formal dehyde and pol yet hyl ene pol yam nes
such as are desctjbed, f.or anple, in. U S Pat. S. 68,972;

3,413, 374" 3, 530 THSBOPORtigIspt Bipgeacignis el ?ﬁ“‘&ﬁﬁ‘eét,bggﬁﬁe&%‘%%%é‘a%s%ﬂ&sur es
are incorporated herein by reference. The hydrocar byl substituent is
usual |y a pdshlessdispersantbeing wilizeds prigeipally the sonenyah b3siciEogsR Hheprith alhus gptimal
nunber average nol ecul ar wei ght of from about 500 to 5,000. The ashless
di sper sant ipsoportisie map) iy semewpshschechestydefinadibytperforming afewdilat experiments. Manni ch
condensati on product, or a m xture of a hydrocarbyl-substituted succinimde
and a Manni ch cordeted above thpdispetsaits ofth3inventidn areforméd tbysabjectingdn aghdess ant s
are used, each dispersant may independently be phosphoryl ated and/ or

boronat ed.  dispersant to/$Hoshoylittioh wath 3t lesst 8fd (105 fredgen QAL/BE BorGBAbEHItE S
taught in U S.p Pat e%/gﬂs lgilo{!s’yEm 4,857,214 anlgia , 855, 074,§eand di basi ¢ acyl ati ng

agents as t%rﬁ,?%gh%b&oéﬁ?fﬁ%{. 1P ashic0QisBhBnG AR boliphdSHdrylaied A Toidarkd)®

di sper sant resen ntion, t preferre I'spersants do not
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di spersants ngf:esga?ye thgtrtﬁessg ?etactgorr]x\s/ en éoin tr1]ctecdQ uq %tixess%mg ;Sal'figtn(}r iata plelride of time proximate to
each other. For example, in one embodiment of this invention, a phosphorylated ashless
dispersant from one manufacturer need only be subjected to boronation with a boronating agent
of the type described hereinabove in order to produce a phosphorylai:ed—boronateci ashless
dispersant suitable for use in the present invention. Similarly one may procure a suitable
boronated ashless dispersant from a given supplier and sﬁbject the same to phosphorylatioﬁ in
accordance with the procedures described herein to thereby produce a novel boronated-
phosphorylated ashless dispersant suitable for use in the present invention. In short, the novel
products of this invention can be produced in accordance with this invention by two or more
distinct and separafe parties, if desired.

Although it is preferred to use separate and distinct phosphorus compounds and boron

compounds in effecting the phosphorylation and boronation reactions, it is possible to employ

compounds which contain both phosphorus and boron in the molecule such as borophosphates,

etc., in order to concurrently phosphorylate and boronate the ashless dispersant.



8 of the reaction product of i) at |east one phosphorus conpound and/ or
a boron conmpound and ii) at | east one ashl ess di spersant
Optional ly, additional sources of basic nitrogen can be included in the
phosphorus and/or boron-ashl ess di spersant m xture so as to provide a
mol ar anmount (atom c proportion) of basic nitrogen up to that equal to the
mol ar anmpunt of basic nitrogen contribuggd by the ashless dispersant.
Preferred auxiliary nitrogen conpounds are |long chain primary, secondary
and tertiary al kyl amipes contgaini from about 12 to 24_carpon atons
"ncl uding thei . TpeRERk/F Rpunt of RhosaAORS TRANOd EPIoEadirangss fromabats AGOL Melen
al kyl group optionally contain one or nore ether groups. Exanples of
sui tabl e coff é?ﬁﬁolie Req mefe obbasic ajtogenynd|frephydrenctl én e eepetionmiixture up to one half
N-ol eyl trimet hyl ene di am ne, N-tallow di et hanol am ne, NN-di net hyl :
ol eyl anmi ne efighichynay be goantritagaddyyph awdlianenitrogen compouridn Wien ghrestrit,rthe dni@nt of
foregoing reactions, any tenperature at which the desired reaction(s)
occur at a beronsémapdund ymplofed rasyds frah @bai 0.00 B miekead abdw ¢l mdRy et Molelof Basic
phosphoryl ati on reaction and/or the boronation reaction (whether conducted
concurrent | Hit@berSRRAT i mBaRe ; SO ] e of
80 to 200 C rr%re pre?%?g%%xﬁgo to ‘iﬁg%ﬁ%elrﬁ%’]még mmx\ﬁ;ﬂ%ﬁg’g%%rf%gﬁgé&a?rom
t hese rangeaxﬁ%ﬁmge made whenever deenmed necessary or desirable. These
reactions may be conducted in the presence or absence of an ancillary
canducted in the

diluent or liquigd reactiagn.medium..|f the reaction.i

absence of an a nﬂfel JoHpt og'ngflé}g r’i‘faye&flf s '8 n?%&‘,"g@{% Ff‘tf‘:&?ﬁéiﬁwv ed to
distillation at the end of the reaction. Amounts of water up to about one percent by weight of the
mixture are preferred. When used, the amount of diluent generally ranges from about 10 to about
50 percent by weight of the mixture. When added, the amount of copper protectant generally

ranges from about 0.5 to 5 percent by weight of the mixture.

Generally, the following amounts of ingredients in relative proportions by weight are

used in the reaction:
Dispersant 0.2 to 10 parts
Phosphorus Acid 0.005 to 2 parts
H,0 0 to 2 parts
Diluent Oil or Solvent 0 to 10 parts
Boric Acid 0 to 2 parts
Auxiliary Nitrogen 0 to 5.0 parts

Compound




the reaction product on conpletion of the reaction. In this way the final
product is in the formof a convenient solution conpatible with the base
fuel . 9 The
proportions of the reactants.will to sonme extent be dependent on the nature
of the ashless dispersant being utilized, principally the content of basic
nitrogen therein. Thus optimal proportildns may, in sone cases, be best

defi ned by perforning a few pilot experinents. As noted above, the
dispersants venglon are formed by subjecting an ashl ess

di sper sant ?o p1o§5ﬁory?§t|on with at | east one phosphorylation reagent,
and/ or boronation with at |east one boronation reagent. If the ashless

di spersants ese reactions will be
conducted either congyfepnbd y or in seqygn Enw't is, of course, not
necessary that these be condu e sanme plant or at periods
of tinme proxinmate toIfg h@?%m Bb? |n one enbodi nent of this

i nvention, a phosphor, ﬁ?ted ashless gg? from one manuf acturer need
only be subjected toé% ion with a ng agent of the type

descri bed herei nabov A5t er to produ sphorylated bor onat ed

ashl ess di spersant ﬁH"IQ‘B{ itogen ;5e j n0 We roe%agﬁt I nvention. Simlarly
one may procure a suiGompownd por onat ed ashl ess di spersant froma given
supplier and subject the same to phosphorylatlon in accordance with the
procedur es WeSTribedheretrmto thereby produce a ovet bor onat ed-

The dispersants of the present invention are used in a fuel in any amount sufficient to
reduce the formation of deposits in the fuel and exhaust systems of an engine, such as a
compression ignition or jet engine. Preferably, the dispersant is used in an amount of from about
1 to about 1000 mg/liter of fuel, most preferably in the range of from about 30 to about 200
mg/liter of fuel, on an active ingredient basis, i.e., excluding diluent or solvent.

The preferred distillate fuels for use in the present invention are diesel fuels and jet fuels,
more preferably, JP-8 jet fuels. |

Other components which may be used with the dispersants of the present invention
include ashless dispersants which are non-phosphorylated and non-boronated, antioxidants, metal
deactivators, corrosion inhibitors, conductivity improvers (e.g., static dissipators), fuel system
icing inhibitors, distillate fuel stabilizers, cetane improvers and demulsifiers.

The various additional components that can be included in the distillate fuel compositions
of this invention are used in conventional amounts. Thus, the amounts of such optional
components are not critical to the practiee of this invention. The amounts used in any particular
case are sufficient to provide the desired functional property to the fuel composition, and such

amounts are well known to those skilled in the art.



phosphoryl ated ashl ess di spersant suitable for use in the present

. invention. In short, the novel products of this invention can be produced
in accordance with this invention by two or nore distinct and separate
parties, if desired. " Although it is preferred to use separate and
di stinct phosphorus conmpounds and boron conpounds in effecting the
phosphoryl ati on and boronation reactioh®, it is possible to enploy
conpounds whi ch contain both phosphorus and boron in the nol ecul e such as

bor ophosphates, etc., in order to concurrently phosphoryl at e and boronate
t he ashl ess dispersant. HLPS Test
10 resent, the anmpunt of phosphorus conpound enpl oyed ranges

f r om about 0 00 o evpluate theyvagiogndisperskuss arrtheinsfiscts on Biek campositionspubjesteditof ree
hydroxyl in the reaction mxture up to one half of which may be

cont ri but e theinyal atress, alli shinpley were tested esing o HplLiquid Pitieess Spmalsten@LPSheFanmastiiy  of

boron conpound enpl oyed ranges from about 0.001 nole to about 1 nole per

nol e of baﬁtu@ose@hl‘lﬁdlﬂ@&s&G@Mﬁatémmyétﬁleﬂwhl‘hﬁwfﬂuﬁﬁ:bﬂﬁrm&ﬂmt&ﬁaﬂm excess
of the nol ar anDunt of phosphorus conpound The amount of added

water . i f pithoin by £Ribe B 2600, Yo k&f&gémt%aﬂa Ll ROH e fa¥e

dlstlllatlon at e end of the react unts o water up to Bbout one

percent by t he re prefer ] e anount of
G | ent  guTaPiiF e s At e g o doffanic 0 s A he ol 2E
shown in Table 1. The dispersants used were polyisobutylene (PIB) based succinimides and

Mannichs, as set forth in Table 2. All treat rates are based on active ingredients, i.e., excluding

diluents or carrier fluids.



50 percent by weight of the mixture. Wien added, the anount of copper
protectant generally ranges fromabout 0.5 to 5 percent by weight of the

m xt ure. General ly, the follow ng anmounts of ingredients in
relative proportions by weight are used in the reaction:
Di sper sant 0.2 to 10 parts Phosphorus Aci d
0.005 to 2 parts H[err]O13 O to 2 parts
Diluent Ol or Solvent 0 to 10 parts Boric Acid
O0to 2 parts Auxiliary N trogen O0to 5.0 parts
Conpound  Tablel. HLP$Results: oq anpunt s ar e: Di sper sant
\]/.\a: gr S5 part Example # Additive(s'i'o'UE ETTI uzArg‘;gf Preat T UDlp”S fl
0.5 to 3 pafts BYr i nction Rate) ¢ o 0. Eaﬁﬁ t
Auxiliary Njtrogen 0.001 tg 2.0 parts Conpound
(mg/) (g
I* None (base fuel) - 710
2* S1 Succinimide dispersant 60 400
3 S1-B1-P1 S1 treated with boric and 44 200
phosphorous acids -
4* . 82 Succinimide dispersant 81 400
5 . S2-P1 S2 treated with 81 250
phosphorous acid
6* S3 Succinimide dispersant 61 410
7 S3-P1 S3 treated with 61 300
phosphorous acid :
8* M1 Mannich dispersant 44 390
9 M1-P1 M1 treated with 45 200
phosphorous acid
10 M1-P2 M1 treated with 45 160
phosphorous acid
11 M1-P3 M1 treated with 45 170
. phosphorous acid
12 M1-B1 M1 treated with boric acid 45 250
13 M1-B1-P1 M1 treated with boric and 42 140
phosphorous acids
14 M1-B1-P2 M1 treated with boric and 42 100
phosphorous acids

* Comparative Examples



The di spersants of the present invention are used in a fuel
reduce the formation of deposits in the fuel
systens of an engine,

sufficient to

such

as a

i n any

anount

and exhaust
conpression ignition or jet engine.

Preferably, the dispersant is used in an anount of fromabout 1 to about
1000 ng/liter of fuel, nost preferably in the range of from about 30 to
about 200 nyg/liter of fuel, on an acti 03 I ngredi ent basis, i.e., excluding
di l uent or solvent. The preferred distillate fuels for use in the
present invention are diesel fuels and jet fuels, nore preferably, JP-8
jet fuels. Table2 O her conponents which may be used with the di spersants
of the present inpvgrattor—iacttd hiressodsspe SARGSS, W T3
non- phosphoryl at ¢ KRESHn WB}?EE}‘Z%’ aiﬁvgﬁdmﬁb ggt asl é‘e/'é?f’mnalt ors,
corrosion inhibitlors., condict i V¥R i mpr GYEPE o] FUOSPMPENS b i ssi patlors),
fuel system icing ir8iibitprs, Mostilllate3Blel $tabilizerp, cetane
i mprovers and defm IR FT S Ne yagl ous adfyf 1 onpl pgonegnt s t hat
can be included i Sfiél ﬁl = I!!agtog f el co.gr“e%%t oRs—oef—tRi-s—+hvenrt on are
used in conventi¢nal Rounts. ™hs, the addlnt s| of such obti ona
conponents are ngt qglpi cal to dspe practigegy of {hisognvention. The janounts
used in any partipett cape—at g uffictre ‘51—0 provide thegdestred
functional propenty t% the f uefr g rrpovjtizwk{ anfl such anpunts are el |
known to those sKil IS8l n {he 4,300 291 0.56
12 Ml 1,500 2.89

M1-B1 1,500 2.9 0.48

M1-P1 1,500 2.85 0.43

M1-P2 1,500 2.83 0.91

M1-P3 1,500 2.75 1.67

M1-P4 1,500 2.85 0.38

M1-B1-P1 1,500 2.85 0.46 0.48
M1-B1-P2 1,500 2.83 1.05 0.48

The HLPS results, shown in Table 1, demonstrate that the phosphorylated and/or

boronated dispersants of the present invention provide fuel compositions which exhibit

significantly reduced deposit formation upon being subjected to thermal stress as compared to

fuel compositions containing dispersants outside the scope of the present invention as is

evidenced by the lower deposit weights obtained in fuel compositions of the present invention.

L-10 Test

The effectiveness of the dispersants of the present invention in improving injector

cleanliness in diesel engines was also tested. The tests were run in a multi-cylinder diesel

engine. The engine was operated on a typical commercial diesel fuel as a base fuel and the

injector deposits were measured. The engine was then operated on a fuel containing the above



HLPS Test To eval uate the various dispersants and their effects on
fuel conpositions subjected to thermal stress, all sanples were tested
using a Hot Liquid Process Sinulator (HLPS). For testing purposes al
additives are evaluated in JP-8 jet fuel which is punped for 250 m nutes at
2.0 mM/mn past a tube set at 320[err]C. The wei ght of deposit which
accunul ates on the tube is recorded, theefore | ower deposit weight
nunbers are desirable in this test. The results are shown in Table 1. The

Ve che, - adsediely i ot diprind. T e empleyed o CEa L0 Gl

i ngredi ents, i.e., excluding diluents or carrigr qu_l ds. . .

13 Tabl e 1 Com-:EnRagine menufmsturaiipeated in Colmenbus, indiang.) This test is designaditn provide a

Tr eat Deposi t Chem stry/ Functi on

Rat e( s) tesmygletcapz(hhyﬂp)oducmg d1e(e[ m;chog Yeposits. The injector Neposit {elstoesmpldys €in)

- 710 Succi ni m de di sper sant 60
400 3 Cummins L-$0 eEgInd?l:onnected ﬁilsetﬁdsmhﬁ(d -redrtwithtaairiveshaft dWhild one engine is 200
phosphor ous aci ds 4* S2 Succi ni m de di spersant

g éo péREting (appRoximately 55 to 6¥hdrdepower), the other engdne!it Bl8§Adhrditlelotoring. 81

The engines run for 125 hours. Coolant in/out temperatures and fuel temperatures are
controlled to obtain répeatable results. The engine fuel systém is then flushed to remove residual
additive and the injectors with their respective plungers are removed. Without removing the
plunger from the injectors, the injectors are flowed on a flow stand to determine percent Flow
Rate Loss. The plungers are then carefully removed, so as not to disturb the deposits, from the
injector bodies. Then the plunger minor diameter deposits are rated by the CRC (Coordinated
Research Council, Atlanta, Georgia) rating method Manual #18. A higher rating indicates more
deposits. By the CRC rating system, 0 represents new and 100 represents extremely dirty.

The fuels, additives and test results in terms of average Floﬁ/ Rate Loss and average CRC
Rating employing the Cummins L-10 Test are presented in Table 3. Treat rates are based on
active ingredients in pounds per thousand barrels of base fuel. The description of the additives

are set forth above in Table 2.



It is clear from the results in Table 3 that engines operated on fuels containing the

phosphorous acid 6* S3 Succi ni m de di spersant 61
. 410 7 S3- P1 S3 treated with 61 300
phosphorous acid 8* ML Manni ch di sper sant 44
390 9 ML- P1 ML treated with 45 200
phosphor ous aci d 10 ML- P2 ML treated with 45
160 phokehor ous aci d 11 ML- P3
ML treated with 45 170

phosphor oustgnt §. Clitamins L-10 TeMR&dits ML treated with boric acid 45
250 13 M- B1- P1 ML treated with boric and 42 140
phosphor ous aci {SExampld# Additivk - BYl- PReat Rate AveIaRtRE | AVd.InRetotf and 42
égo | Haerrp0ey} aRatiig * | PRRALAS | yez

a es T ranre

Di sggrsant PI B{mml &X1| ar | Nonafpase fyel) - w.d6 279w ¢ Boldn

wei ght Nitrodéh | PhosBhorus 323 1.2 2 90

3.31 S[FBI-HI 1°|YY) $. 28 71

0.79 —_Sil’j s2-¥ 50 324 3- 7f’4 2'Jl§z-Pl

950 .7 18 M1P4 17.8 s3_6.1 94300

2.95 . S3- P1 1, 300 2.91 0. 56

ML Compeygtive Examples > gg ML- B1 1, 500

2.9 0. 48

dispersants of the present invention exhibit reduced injector deposits, as evidenced by the lower

numerical values for Average Injector Rating and Average Injector Flow Loss.

This invention is susceptible to considerable variation in its practice. Accordingly, this

invention is not limited to the specific exemplifications set forth hereinabove. Rather, this

invention is within the spirit and scope of the appended ¢laims, including the equivalents thereof

available as a matter of law.

o~



ML- P1 1, 500 . 2.8 ML- P2

1, 500 2. 83 oo 1IN O NN R 1,500
2.75 _ 1.67 ML-P4* ¢ L n 185500 255

0. 38 ML- B1- P1 1, 500 2.85 THIS SHEETA4$AS BEEN
0. 48 ML- B1- P2 1, 500 2.83 RERLAGED

0. 48 The HLPS results, shown i A7Table 1, denonsSirate thnat tne. .

phosphoryl at ed and/ or boronated di spersants of the present invention
provi de fuelCLadM$osi tions which exhibit significantly reduced deposit
formati on upon being subjected to thernmal stress as conpared to fuel
conposi ti ongcl@t ai ni ng di spersants outside the scope of the present
invention as is evidenced by the | ower deposit weights obtained in fuel
conposi tions of the present invention.

L- 10 Test The effectiveness of the dispersants of the present

I nvention in inprqvi,ng inpector. cleanling i | esel ,engi.nes .al.so
t est ed. Theqt est écl’wéfgm?‘tﬁ?%‘ W%éfhr‘fﬁlf’?’i‘%eﬁﬁaﬁsﬁ@a& R'ﬁ'ldaélgg? ”@ﬁg#%@%% ne
was operated on_a typical c¢comrercial diesel fuel as a base fuel and the
i nj ector de SN R Ragonated Whergin the dimersank s fhegpRetian B OB pfeast
contai ning the above . .
15 base fuepephgspheryssemperndandlers bosomeompyund and if) atdersi app ashlessdisper@atmi ns
L-10 Test. Cunmins Corp: is an engi ne manufacturer | ocated in Colunbus,
I ndi ana. This test is designed to provide a
2, The composition of claim 1 wherein the ashless dispersant is selected from the group
consisting of hydrocarbyl succinimides, hydrocarbyl succinamides, mixed ester/amides of
hydrocarbyl-substituted succinic acid, hydroxyesters of hydrocarbyl-substituted succinic acid,
Mannich condensation products of hydrocarbyl-substituted phenols, formaldehyde and

- polyamines, and mixtures thereof,

3. The composition of claim 1 wherein the amount of phosphorus compound is from about
0.001 mole to 0.999 mole per mole of basic nitrogen and hydroxyl in the composition and the
amount of boron compound is from about 0.001 mole to 1 mole per mole of basic nitrogen and

hydroxyl in the mixture which is in excess of the molar amount of phosphorus compound.

4, The composition of claim 1 wherein the phosphorus compound is an inorganic

phosphorus containing acid or anhydride, including partial sulfur analogs thereof.

5. The composition of claim 2 wherein the ashless dispersant is a hydrocarbyl succinimide.

This Sheet Has Been Rerlaced




test cycle capable of producing diesel injector deposits. Thammili
deposit test enploys two Cummins L-10 engi nes connected inT m"mgﬂ'ﬂ""mmm
front-to-rear with a driveshaft. While one engine is powerinrg ¢ v x s '«
(approximately 55 to 65 horsepower), the other engine is closed throttle

not ori ng. The engines run for 125 hours. Cool ant in/out

temperatures and fuel tenmperatures are I®ntrolled to obtain repeatable
results. The engine fuel systemis then flushed to renove residual

additive angl thergerbg ' brbin SR [ ViSont ed.

W t hout renoving the 9%?&%5&1%%%%%% I nj Igggtsor e%ggﬁ nj e%%?éﬁgga\éggl owed
on a flow sfgmgdeto determ ne percent Flow Rate Loss. The plungers are then
carefully renoved, so as not to disturb the deposits, fromthe injector

bodi es. Then the plunger m nor dianeter deposits are rated by the CRC
(Coordi nated Research Council, Atlanta, Ceorgia) rating nmethod Manual #18.
A higher rating_indicates nore deposits. By the CRC rating system O
represents hew ahg cemppsitiop pfelaim Zwhstein thewshlessidispersant is a mixtureRifat least bue
additives and test results in terns of average Flow Rate Loss and average
CRC Rat i ndwérpstrbyli suecinimide@ndratileast dne Muniiieh commlensaiorgweditced i n Tabl e 3. Treat
rates are based on active ingredients in pounds per thousand barrels of
base fuel. The description of the additives are set forth above in Table

2 16 Table 3.

Cunmi ns L- 0 Tedhe Bfipdsition of claim 2 wherein the hydrocarbyl group of the ashless dispersant is a

polyisobuteny! group having a number average molecular weight of from about 500 to 5,000.

9. The fuel composition of claim 1 wherein the phosphorylated and/or boronated dispersant
is present in an amount sufficient to reduce the formation of deposits on the fuel and exhaust

systems of an engine operating on said fuel composition.

10. " The fuel composition of claim 1 wherein the phosphorylated and/or boronated dispersant

is present in an amount of from about 1 to about 1000 mg/liter of fuel.

11. The fuel composition of claim 1 wherein the phosphorylated and/or boronated dispersant

is present in an amount of from about 30 to about 200 mg/liter of fuel.

12. The fuel composition of claim 1 wherein the distillate fuel is selected from diesel fuel or

jet fuel.



Exanpl e # Additive Tr eat j or -t
(1b/1000 bbl) Rating Flow Lossle“H“mwl “ "m} TUBSHERIHAS BEFY |
- 27.9 3.1 e L le* s w S2 REPLACED -
32.3 10. 2 2 .17 ‘ —PI

32.4 8.4 2.1 18 ML- P4

17.8 6.1 0.4 * ConparHive Exanpl es It is

clear fromthe results in Table 3 that engi nes operated on fuels containing

the dispersants gt Meh&n%ﬁﬁ&ﬂ?fdéﬂﬂ%%dh@z@inﬂﬁéﬁe@u&lﬁﬁﬁslﬁﬁwi. nj ect or

deposits, as evidenced by the lower nunerical val ues r Average |njector
Rati ng and Average |Injector Flow Loss. This invention is
susceptible to considerable variation in its practice. Accordingly, this

invention is not _lipifed ta.the ecific.exenpljfications set. forth

her ei nabove.l4Rat ﬂ-h? g{e[ ‘fﬁ“?“‘f‘?ﬂ/‘éfr‘?fq?%ﬁ wherefg ‘F‘ﬁf °ti°ﬁé"°?ﬁ‘ft|‘? 0“3%{]‘“@(?5%’%‘? f he
appended cl ai s, including the equivalents thereof available as a matter
of | aw. a C;, to C,, alkyl amine so as to provide a molar amount of nitrogen up to thateqyalto the molar 1

A fuel conposition which conprises a distillate fuel and an ashl ess

di sper sant \shiouht dfhasibritrogepicospibused bytheashiessilispersands onat ed, wherein the

di spersant is a mxture of dispersants conprising a) the reaction product
of i) at |east one phosphorus conpound and at |east one boron conpound and
ii) at |east one hydrocarbyl succinimde and b) the reaction product of i)

at | east ongsbor qfie ARIRIHASl G Ucdrlithg & clAifASfurthé! BodiBriNiCAAdRIvALRRSEBA B the

product of hydrocarbyl -substituted phenols, fornaldehyde and pol yam nes,
group consisting of ashless dispersants which are non-phosphorylated and non-boronated,
antioxidants, metal deactivators, corrosion inhibitors, conductivity improvers, fuel system icing

inhibitors, distillate fuel stabilizers, cetane improvers and demulsifiers.

16. A method of reducing deposit formation in engines, wherein said deposit formations are a
result of distillate fuel subjected to thermal stress, which comprises fueling said engine with and
operating said engine on a fuel composition comprising a distillate fuel and a dispersant which
has been phosphorylated and/or boronated, wherein the dispersant is the reaction product of i) at

least one phosphorus compound and/or a boron compound and ii) at least one ashless dispersant.

17.  The method of claim 16 wherein the phosphorus compound is an inorganic phosphorus

containing acid or anhydride, including partial sulfur analogs thereof.

18. A method of reducing deposit formation in engines according to claim 16 wherein the

ashless dispersant is selected from the group consisting of hydrocarbyl succinimides, hydrocarbyl

This Sheet Has Been Rerlaced




and wherein the dispersants have not been further reacted

addi tional dibasic acylating agent. 2. The corrp05| t | onmﬂ" mﬂ"""]lllll " ||||
wherein the ashl ess dispersant is selected fromthe g €onsi

hydrocar byl succi ni m des, hydrocarbyl succinam des, n1xed ester/an1des of
hydr ocar byl - substituted succinic acid, hydroxyesters of

hydr ocar byl - substituted succinic acid, 2@nnich condensation products of
hydr ocar byl - subst ituted phenols, forrral dehyde and poI yam' nes, and m xtures

t her eof . The corrp03| ti.on cl wher.ei n of

phosphor us E‘B‘ﬁﬁﬁ‘ﬂﬂﬂs’lngquﬁéﬁf %{B‘S€ﬁ°f Ir aby%‘ll 'Pf?dﬁuqﬁg’éf’ %@Fye%qsef of
basic nitrogen and hydroxyl in the conp05|t|on and the anount of boron
conpound i shydreserbybreihstitgted succipist asid; Manniehgandenstiomprasuets obhydrasanhyt-gubstisutedand
hydroxyl i.n the m xture which is in excess of the nolar amount of
phosphor us phemplsyfornaldehyde and poljirrines) aptrsixturestheséofc| ai m 1 wherein t he
phosphorus conpound is an inorganic phosphorus containing acid or
anhydride, including partial sulfur anal ogs thereof. 5. The
conposition of claim2 wherein the ashless dispersant is a hydrocar byl

succinim dejg, A method of reducing deposit formation in engines according to claim 18 wherein the 18

ashless dispersant is a hydrocarbyl succinimide.

20. The compositién of claim 18 wherein the ashless dispersant is a Mannich condensation

product.

21.  The composition of claim 18 wherein the ashless dispersant is a mixture of at least one

hydrocarbyl succinimide and at least one Mannich condensation product.

22. A method of reducing deposit formation in engines according to claim 18 wherein the
hydrocarbyl group of the ashless dispersant is a polyisobutenyl group having a number average

molecular weight of from about 500 to 5,000.

23. A method of reducing deposit formation in engines according to claim 16 wherein the
phosphorylated and/or boronated dispersant is present in an amount of from about 1 to about

1000 mg/liter of fuel.



6. = The conposition of claim?2 wherei kSpersant is a
Manni ch condensati on pr oduct . 7. M'!ﬂ ﬂﬂg\ ﬁﬂl ' et duGloabin. 2
wherein the ashl ess dispersant is a m Xt dnkEHIS SHEGT d¢&8 BREN

succi ni-ni de and at | east one Manni ch condensati on product]. PBPLACEDThe
conposition of claim2 wherein the hydroggrbyl group of tHfE<astiess

di spersant «is a pol yi sobut enyl group having a nunber average nol ecul ar
wei ght of from about 500 to 5,000. - 9. The fuel conposition of claim

s} 8 ST AR

The T el coRbrop Bir 3BT e et eraeoh R ATt TR 32t B Bifbnat el

di spersant IS present in an anmount of fron1about 1 to about 1000 ng/liter
of fuel. 204 me/litergf fuel. | conposition of claim1 wherein the

phosphoryl ated and/ or boronated di spersant Is present in an anount of
from about 30 to about 200 ng/liter of fuel. 12. The fuel conposition
of claim1l1l wherein the distillate fuel is selected fromdiesel fuel or jet
fuel . 25. A method of reducing deposit formation in engines according to.claim 16 wherein the

distillate fuel is selected from diesel fuel or jet fuel.

26. A method of reducing deposit formation in engines according to claim 25 wherein the jet

fuei is JP-8 jet fuel.

27. A method of reducing deposit formation in engines according to claim 16 wherein said
fuel composition further comprising additives selected from the group consisting of ashless
dispersants which are non-phosphorylated and non-boronated, antioxidants, metal deactivators,
corrosion inhibitors, conductivity improvers, fuel system icing inhibitors, distillate fuel

stabilizers, cetane improvers and demulsifiers.

28. A fuel composition produced by adding to a distillate fuel.the reaction product of i) at

least one phosphorus compound and/or a boron compound and ii) at least one ashless dispersant.

This Sheet Has Been Re ﬂ
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19 13. The fuel conposition of claim12 wherein the jet fuel is JP-8 jet
fuel. 14. The fuel conposition of claiml1l wherein the reaction product
is formed in the presence of a (Jerr] to (err] alkyl amne so as to
provi de a nol ar anount of nitrogen up to that equal to the nolar anount of
basic nitrogen contributed by the ashl ess di spersant. 15. The fuel
conposition according to claim1l further conprising additives selected from
the group consisting of ashless dispersants which are non-phosphoryl at ed
and non-boronated, antioxidants, netal ggactivators, corrosion inhibitors,
conductivity inprovers, fuel systemicin inhibitors, distillate fuel
stabilizers, cetane inprovers and demnul sifiers. 16. A net hod of

r educi ng deposEHCEQHQNMDNTEDnAunqonesonmhamnnnDISPERQANWSIAstHERMADnS are
a result of distillate, fuel SUbéthe to thermal stress, which conprises

fueling said engine ABILITY APDITIVES , FUR. RLSTILLATE FHEFsconp05|t|on

conprising a distillate fuel and a di spersant whi ch has been phosphoryl at ed

and/ or boronated, wherein the dABSTRATTIOF THE DISGLOSOREBI di spersants
conprising a) the reaction product of i) at |east one phosphorus conpound

and at | east one boron conpound and ii) at |east one hydrocar byl
succi nimde and b) the reaction product of i) at |east one boron conpound

ﬁ;grLL;rggllgﬁggt??ﬁtggﬂ eno QQ@%?%% 3%@E®§§H@“ﬁ%?ﬁéﬁ?ﬂ@?“ﬂ&ﬂﬂﬁﬁﬁ@fe.n
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compositions containing said dispersants.
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17. The nethod of claim 16 wherein the ph : s an 5
i norgani ¢ phosphorus ‘containing acid or anﬂmmnﬂlmulﬂHMQ parti al {ro 8y
sul fur anal ogs t hereof. 18. A net hod of "retuci nd déposit formation in
engi nées aecording to claim 16 wherein thg ashless dispersant is selected
fromthe grwgig@{lsi sting of hydrocarbyl succinimdes, hydrocar byl
20 succi nam des, m xed ester/am des of hydrocarbyl -substituted succinic
acid, hydroxyesters of hydrocarbyl -substituted succinic acid, Mnnich

condensat i orf- pr oduBiekcampasitignowhiehgamprises gi disiliale fuglieed anashiess digpersAgide and

Forat 1 on | nitich fiastbedifihsffcriled ana/cr boronafsd Whalth e i nfart s S RBAToo

i s a hydr oc&lispersaiti e9mprigingea) the regction preduct efif) @ leash Ane PhesphiorHs1SPIRRLNd| n

the ashl ess f4SR=288ke béroR MRIPBLADaSPRARNSRE bRE hydtbestBfsuccinimide and b) the
reaction product of i) at least one boron compound and ii) at least one Mannich
condensation product of hydrocarbyl-substituted phenols, formaldehyde and polyamines,

and wherein the dispersants have not been further reacted with an additional dibasic

L)

acylating agent.

2. The composition of claim 1 wherein the ashless dispersant is selected from the group

b’ consisting of hydrocarbyl succinimides, hydrocarbyl succinamides, mixed esterfamides of
" hydrocarbyl-substituted succinic acid, hydroxyesters of hydrocarbyl-substituted succinic acid,

Mannich condensation products of hydrocarbyl-substituted phenols, formaldehyde and

polyamines, and mixtures thereof,

3. The composition of claim | wherein the amount of phosphofus compound is from about
0.001 mole to 0.999 mole per mole of basic nitrogen and hydroxyl in the composition and the
amount of boron compound is from about 0.001 mole to 1 mole per mole of basic nitrogen and

hydroxyl in the mixture which is in excess of the molar amount of phosphorus compound.

4. The composition of claim | wherein the phosphorus compound is an inorganic

phosphorus containing acid or anhydride, including partial sulfur analogs thereof.

in

The composition of claim 2 wherein the ashless dispersant is a hydrocarbyl succinimide.
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21. The coenposition of claim 18 wher m ”l’ | SPET, , -

m xture of at |east one hydrocar byl sﬁlmm "ﬁ mﬁ I 5&%@ \ P‘nﬁgﬁET
condensati on product. 22. A met hod" of® r édudi ng deposi ormation in
engi nes according to claim18 wherein the hydrocarbyl grolp} ofy g Revambheds

di spersant is a polyisobutenyl group haﬁ.igng a nunber averapel nol ecul ar
wei ght of from about 500 to 5, 000. 23, A net hod of refutt '

formation i,§ engines, accor.di n 0 aj m16 wherein the phbsphoryl ated
and/ or bordgat eg.&"%lﬁ?b“é’f@gﬂ{w‘}%CEP%E%WL“F‘H ﬁetgﬁiﬂfﬂlp‘@ﬁ@%m about 1 to
about 1000 ny/liter of fuel.

21 24. A net hod of reducing deposit fornmation in engines according to
claim 16 wherein the phosphorylated and/or boronated di spersant is present
in an anoudé- of The 61l coppasiti@ofickaing bwherein2pOreantion product ixf fofmedlin the prédénce of A
met hod of reducing deposit formation in engines according to claim 16

wher ei n t he Cy, to C,, alkyl amine so as to provide a molar amount of nitrogen up to that equal to the molar

amount of basic nitrogen contributed by the ashless dispersant.

15.  The fuel composition according to claim 1 further comprising additives selected from the
group consisting of ashless dispersants which are non-phosphorylated and non-boronated,
antioxidants, metal deactivators, corrosion inhibitors, conductivity improvers, fuel system icing

inhibitors, distillate fuel stabilizers, cetane improvers and demulsifiers.

16. A method of reducing deposit formation in engines, wherein said deposit
formations are a result of distillate fuel subjected to thermal stress, which comprises
fueling said engine with and operating said engine on a fuel composition comprising a
distiffate fuel and a dispersant which has been phosphorylated and/or boronated,
wherein the dispersant is a mixture of dispersants comprising a) the reaction product of i)
at least one phosphorus compound and at least one boron compound and ii) at least one
hydrocarbyl succinimide and b) the reaction product of i) at least one boron compound
and ii) at least one Mannich condensation product of hydrocarbyl-substituted phenols,
formaldehyde and polyamines, and wherein the dispersants have not been further
reacted with an additional dibasic acylating agent.

17. The method of claim 16 wherein the phosphorus compound is an inorganic phosphorus

containing acid or anhydride, including partial sulfur analogs thereof.

18. A method of reducing deposit formation in engines according to claim 16 wherein the

ashless dispersant is selected from the group consisting of hvdrocarbyl succinimides, hydrocarbyl



distillate fuel is selected fromdiesel fuel or jet fuel. _

of reduci.ng deposi't formation in engines according to claim Zém{mr’mlmmﬂ"l",
jet fuel is.JP-8 jet fuel. 27. A nmet hod of reducing deposit cfOLnakI *
in engines according to claim 16 wherein said fuel conposition further
conprising additives selected fromthe group consisting of ashless

di spersants whi ch are non-phosphoryl at ed ;gnd non-boronat ed, anti oxi dants,

met al deact, vators, orrosion inhibitors, conductivity inprovers, fuel
system i ciIEFé-intF&hS of redycingidepasit érmatian in enginss Recoeding folimrl6 wheptroer s and
denmul sifiers. 28. A fuel conposition produced by adding to a distillate

fuel a m xtPliPEpherylaigd andior besanatedatispprsadiispreseadt in in anovncaRfron B UPIOGRBE US
conpound and at | east one boron conpound and ii) at |east one hydrocar byl
succi ni m d@08mp/liter ofifeelr eacti on product of i) at |east one boron conpound
and ii) at |east one Mannich condensation product of

hydr ocar byl - substituted phenols, fornal dehyde and pol yam nes, and wherein
a) and b) have not been further reacted wi.th an additional dibasic

acyl ating ggent A method of reducing deposit formation in engines according to claim 16 wherein the

distillate fuel is selected from diesel fuel or jet fuel.

LJ 26. A method of reducing deposit formation in engines according to claim 25 wherein the jet

fuel is JP-8 jet fuel.

27. A method of reducing deposit formation in engines according to claim 16 wherein said
fuel composition further comprising additives selected from the group consisting of ashless
dispersants which are non-phosphorylated and non-boronated, antioxidants, metal deactivators,

corrosion inhibitors, conductivity improvers, fuel system icing inhibitors, distillate fuel

stabilizers, cetane improvers and demulsifiers.

k,/ 28. A fuel composition produced by adding to a distillate fuel a mixture of a) the
reaction product of i) at least one phosphorus compound and at least one boron
compound and ii) at least one hydrocarbyl succinimide and b) the reaction product of i)
at least one boron compound and ii) at least one Mannich condensation product of
hydrocarbyl-substituted phenols, formaldehyde and polyamines, and wherein a) and b)
have not been further reacted with an additional dibasic acylating agent.




