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“Field This invention relates to fuel conpositions and, nore 1 arly,

to marine diesel fuel conpositions. Specifically, this i ' lates to
a fuel O¥APYE2HT on conprising a marine diesel fuel .and ar%elﬂé?%é’éﬁueri ng

- reduci ng anount of a hydrocar byl -substitht ed sul phoni ¢ acid. Background of
the I nvention A problemrecently observed in connection wt Wmmuwmwmummel
engi nes, particularly those operating on | ow sul phur marine S

that of |iner lacquering whereby a hard resin-like material formssedh

cylinder Mit&rs and fills the hdt ITION s probl em nani fests itself
I n increased lubricating oil consunption which incurs a fi nagm’m’lﬂ

nal tv.
A solution to the problem namely replacing the cylinder lin mmmmmmmr
intervals, also carries a financi aM&a&%ﬂIi_éla t hat the vess
tenporarily out of comm ssion during replacenent of the liners i AC088&ition
to the cost of Tidpliaeendsr relates fto fuslt tednpysitionsmantihangord pTahtﬁ’éule?, to
probl em was caused by deficiencies in engine design. Later the problem was

ascri bed fmarpubdiasgbfuelacomgositionpualSpscifiqally. ibikinersian eelatest to lefualgi ne
and the | oads thereon were al so thou

ght to.be contributory factors., .
Hovever . SOMRSSIHON FMPHIGCRMATRE Qsehiie fnd &t JAET Jrequeitisfeducins
Conbust i i : j ' T L mf | f Mari Fuel
o QanfdliHe e hBREOby LS eriEbY sulthodipiagdl | Uence o Marine Fue
frive

I nternational Marine presents r iiperi orating marine diesel
fuel quality being a major factor, together wth engine overloading, in the
occurrence of therehletl ementheopapaednimkesnnectiab ydilv aardme diegel gagindd,

ld into th ' ket i.s i |, of | Lty (high il
o "R 3F s BSACH bR I B L R0,
o s RSB G e RSTRER SR A e R N |

over | oadetopirey RfFBovés W rrhis:gﬁbbmm ianifests dthetieth dndrezeed havRiasiBgObiIli t s
| ower cost. 1 2J UN 2002 z WO 97144414 di scl oses that the problem can

be si gni f conaumptiond whidh bipcuosliandinaocialepenalty.a Aeselugiont tartheaptahiemst i on

e RS R S Al MR SR il
Comot ! SRnafP RN Bul ekran Suebt ool tinpe Bty

sai d nari ¢ tHeawels filadditivh f B9cbyt volrgprceareetselfduri ng distillation of
greater than 340C, and an aromatics content of greater than 25% by wei ght.

Accor di ng to t Heitiallydhiwas thoughts twatntheappellem was eaused by\deficleaciesdbess

for reduciiding d8tign? 5T the grolfem \WWal ateribed o pSor ibMiating"di quality.
The working pattern of the engine and the loads thereon were also thought to
be contributory factors. However, a recent paper presented at the 20th
International Congress of Combustion Engines, London, 1893, entitled 'The
Influence of Marine Fuel Quality On Lubricating Oil Performance’' by R W Allen
of Castrol International Marine presents a strong case for deteriorating marine
diesel fuel quality being a major factor, together with engine overloading, in the
occurrence of the problem. The paper makes the observation that gas oil sold
into the marine market is in general of lower quality (higher boiling ranges end-
point and higher aromatics content) and lower cost than that sold for automotive
applications and concludes realistically that even though this type of fuel may
be associated with the formation of liner lacauers in overloaded engines it will

continue to be produced and sold because of its lower cost.



operating said diesel engine using a fuel conposition conprising a marine

is diesel fuel and a liner |acquering reducing anount of a 12 JUN 2002
hydr ocar byl - substi tuted sul phonic acid. Description of the Preferred
Enbodi nents Marine di esel engines which are prone to liner |acquering ;

“problens are generally four stroke enginges running on gas oils and to a

| esser extent two 20 stroke crosshead engi nes. Marine diesel fuels of a
quality capable of giving rise to |liner lacquering are generally those
having a hi gh, typ ly..qreater thap,340C, and in one enbodi ment greater
than 360C, and i\%‘/@oﬁz)‘*é#ﬂ%ﬁmﬁesgnheﬂmprpf%mga%,e %lgﬂ%@ﬁa&w@%ﬂw 90%
vol unme recovery duriqg distillation and a high, ie, greater 2s than 25%
and i n one asdygitante fugl a setergenbandsgombusieniidyreaitssieh.as a cedumUNO02 2a
Generally this is acconpanied by a | ow saturates content (less than 60%
and a | ow axidic eenpmunent (|1 ess than 3% . The cetane nunber of such fuels
is also generally about 40, or less. In addition, marine diesel fuels of a

qual i tyscapabl e s of giving rise&gmRalyididhe IRrttiohi Ng are generally those of
a | ow sul phur content for exanple Tess than 2% and in one enbodi ment |ess

than 0.5% 'eSS.A&%Fdﬂg%?{OtPél ifVeingBh in yﬂ?st‘%%%@L't@@reaigﬁﬁo{iagéta%eiO a marine
di esel fuel additive conposition conprising'a Hydrocarbyl-substituted
sul phonic acid and a fuel .soluble carrier or 10solvent. Thus, the
i nvention, GOMRIRIUMESGRASIHY conprises a nmarine diesel fuel conprising a
mari ne diesel fuel and the foregoing additive conposition. The carrier or
sol vent car® margedigsRifHeln@d ocar bon sol vent, with mineral oil being
preferred. The concentration of the sul phonic acid in the carrier or
sol vent r arglrerflacgueringoredbizingyameurthaf, a Aydrocarbyhsulestiiotdidnaiph@dc aci)% by
is weight.

10  wherein said marine diesel fuel has a 90% by volume recovery during distillation

of greater than 340°C, and an aromatics content of greater than 25% by weight.
According to the invention in a second aspect, there is provided a
process for reducing liner lacquer in a marine diesel engine, comprising:
operating said diesel engine using a fuel composition comprising a marine
15 diesel fuel and a liner lacquering reducing amount of a hydrocarbyl-substituted
sulphonic acid.

Description of the Preferred Embodiments

Marine diesel engines which are prone to liner lacquering problems are

generally four stroke engines running on gas oils and to a lesser extent two
20 stroke crosshead engines.

Marine diesel fuels of a quality capable of giving rise to liner lacquering
are generally those having a high, typically greater than 340°C, and in one
embodiment greater than 360°C, and in one embodiment greater than 420°C,
temperature for a 90% volume recovery during distillation and a high, ie, greater

25  than 25%, and in one embodiment greater than 35%, aromatics content.



. WD'99/ 3717 PCT/ G B99/00049 .1 2 JUN 2002 3 ' The concentration of the
.additive conposition in the fuel conposition typically ranges frohpljyn 9

50, 000 ppm and in one enbodi nent 1000 to 6000 ppm The

hydr ocar byi - substi tuted sul phonic acids include the (C,-C24)al kyl sul phonic

“acids, (C6-C24)aryl sul phonic acids, anga(Cl1C24) al kyl (C6-Cl) aryl

sul phoni ¢ aci ds. Exanples include al kyl substituted benzene sul phonic acid,

al kyl substituted naphthyl ene sul phonic acid, and para-al kyl substituted

phenol sul ghoni c,agi.d. A preferr al kyl substituept on eithe he

L phont o ReeariT B s AoRrip RS By Y e SRS oaHn: (Bsh a0t and a
dodecyl benzenesu] phoni ¢ aci d. Theoannunt of hydrocarbyl -substituted

sul phoni ¢ dewleling eentepkllesmipana3®)-1 Feacetanegnumbenoiseh el isakmt

requi red depending at least partly on the quality, and particularly the
sul phur corgeneraliyoaboutet(, o¢lessUudefadditicny enarirer dieselduesodf a gualip@apable and
in one enbodi nent from500 to 2000 ppm In addition to the

hydr ocarbylofgiNiAg irsettedingtiaefasting ace genératly tRsdene dlickssliiphuptorm@yt fopnt ai n
conventional additives such as detergents, conbustion inprovers, cetane

inprovers,egﬁyw i fid ant b 9xj ' 5] ol O
prevent the bui @gl%%r%]aﬁg%/ﬁogw @Pﬁé‘?hﬁb&d‘ﬂgﬁﬁﬁlbﬁgﬁﬁgﬁ&éﬁg%é'glﬁysrt g%}o
particul arl th%PEnjector nozzl e, of a diesel engine which can adversely
affect bot P%XW&9 el flow and fuel atonisation characteristics of the
injector. The term' di esel deteggent' i ncludes all tg&ﬁe mat eri al s which
woul d be suit abl €'§ veptien alsodeites aadnarine dirgelive Hye cagpostiont
action, generally classified as di spersants whi ch have detergency action.
Det er gency domprisiag b fenlgocarbyli-subséitided isuiphasinadidiead afush salughmgmrief oani ne
type detergents and polyneric dispersants typified by the foll ow ng
conpounds: -sovante Jhusnthdainoénties in ane desbodimiehy, canntiseser marifiediésel

pol yal kyl ene succi ni m des, pol yal kyl ene am nes and pol yet her am nes. Usef ul
det er gent s fgg dm?)rieﬂhg?%ﬂ'aHﬁé Ryl flRS afd thgﬁ&%ggﬁﬂg ARG @b Mpositio

hydr ocar byl - subst t ut nmono- or dicarboxylic s or their anhyaiides and

ot o R o g S A B 1
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t he conmbustion of hydrocarbon_fuels, in particular diesel r

PCT/ GB99/ 0G®i@ENt rangesnromo’ taxdhYobsweight4and fnyens empegdimente3delG05e &Y to act
as catalysts for the oxidation of conbustion residues and exhaust gases of
hydr ocasborwéight.s. Any of the additives which have been suggested for use
in diesel fuels to reduce particul ate em ssions nmay be enpl oyed as a
conmbustion i nprover, for exanple those described in US 5 Patent Nos.

2,926, 454; 3,410,670; 3,413,102; 3,539,312 and 3,499, 742. The opti onal
cetane inprover is preferably an alkyl nitrate, ether nitrate, dinitrate of
a pol yethyl ene glycol or a peroxide. The antioxidant is useful for
inhibiting gumformation during fuel storage. Diesel antioxidants in
current use are nmainly based on hindered phenol or am ne, 10 for exanple
phenyl enedi am nes, structures. Any of the commercially avail abl e diesel
anti oxi dants nay be enployed. Additives such as antifoans, for exanple

pol ysi |l i cone based conpounds, corrosion inhibitors, for exanple carboxylic
aci ds, am nes, am des and am ne salts of carboxylic acids, wax crystal

nodi fiers/distillate flow inprovers, etc., 15 may be incorporated if
desired. The hydrocarbyl -substituted sul phonic acid or fuel additive
conposition containing it may be incorporated into the fuel during its
manuf acture, or alternatively may be blended into additive-free fuel
contained in the fuel storage tanks of individual vessels. 20 The invention
wll now be further illustrated by reference to the follow ng Exanples. In
t hese exanples an attenpt is made to sinulate liner |acquer in the

| aboratory, and tests are then conducted to determ ne what would renove it.
This is based on the theory that liner |acquer is caused by the oxidation
in the presence of iron of anthracene (a typical polycyclic aromatic
present in diesel)



25 to form guinone species, which then deposit onto the ceelrRizsspbdspder
liners. "1 - Formation of synthetic 'liner |acquer' Anthraquinone is

di ssolved in warm (65 C) acetic acid to forma saturated solution. .t SUN S2002
pi petted onto a warm (60C) steel dish, where the acetic acid is evaporated
"to |l eave a brown-orange |acquer, which ig used as 30 'liner |acquer' -for

by sol phor T GRnasntratses Cat FRBIS GomPSERIoR Bty csBaas Hoh typRaTy !

| f 5T2 .
Pouer prighdesifond 1 e 54 SOMBMEy anhin Briid i ABCR S0 TR Bolh. 14
one i nut e Thithd yeRagabyRaLbMittelhsulphenre dohes inelubibafhes YCRIBY)diyal S

where liner lacquering Is not a problem the sul phuric acid forma% duri ng

conbust i osutphuadbexcidsyayC -0, )eadasdphonicoatids, arahkCale,loalky! KOyESier aryin
| ow sul phur fuels there is insufficient acid to doci)gigg.é Exanple 3 -

Efam)\éalj _oBUiphaflieradigs.di gxamws if@FéP?%@ch‘F‘ﬂiﬁﬁé%ﬁt'Wfiqu IR FE&@@"%@ ?@Cid.
50% i n,, ' . .
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di shes ar %u?ﬁ?ﬁﬁé&‘%\%jﬁd ﬁhr%‘gﬂed%ﬁﬂ%ﬂ%ﬁt@é’w on &fthef t%bﬂghgh??ﬁg%g tfEe

renmoved fro ai ne e lacquer is exam ne egree

of renovalar@vagrioudt ieHoddryl addiddfubsoinpdiued igrdodeylmdrizenssulphomecidi e,
base oil only). 15 2. 1000 MV I owreactive polyi sobut ene, (Pig) succinate in
33% SN 150 oi | .The amount 0bbyNiedashyrsthstitviedrsEpheniciasid & thedysd meyovamy

| ' Pj | ' 3% SN 150 oi.l.. 4. 40% 10 MV hi gh- '

Pi B succi fHTD 1088940000 RRATAILOR raautt tRasel depéhalhe #hilnetinrly 983N6i 1 -
20 5. 50%api i i L6nACH ISt ke FhdPhidefui90!

Podecyl be Ry anol it cha AU EIBRL eBnBTheBr e fygCr Eefyliey e Rhe oy e

Chemi cal s.100 eh500RppnY,carkd B bhe drhbogipn@it frohi 800atd 200005pMASF.
Dodecyl benzenesul phonic acid is "LA AB90" obtainable_ from Manro. 25 (n

cases 1 to 5, thaddjmratathechydrocatyil-sugatiuted seiphionie afidy the mesingrdiesele
t;;;i f i L:;ﬁycta emg\,g dci:érix'éla?n hggnggn ionnoalefaégﬁftv'esl QuéR°Ss 6detrécr)§'\e'eﬁ/t%f ' c&mbustion
improvers, cetane improvers, emulsifiers and antioxidants. Diesel detergents
function to prevent the build-up of deposits in inter alia the injection system,
particularly the injector nozzle, of a diesel engine which can adversely affect
both the fuel flow and fuel atomisation characteristics of the injector. The term
‘diesel detergent' includes all those materials which would be suitable for use
in diesel engines and which have detergent action, generally classified as
dispersants which have detergency action. Detergency in diesel engines is
generally associated with a range of amine type detergents 'and polymeric
dispersants typified by the following compounds:- amines, imidazolines, amides,
fatty acid succinimides, polyalkylene succinimides, polyalkylene amines and
polyether amines. Useful detergents are (i) oil-soluble amides or imides of long-
chain hydrocarbyl-substituted mono- or dicarboxylic acids or their anhydrides
and (i} long-chain hydrocarbons having a polyamine attached directly thereto.
A useful detergent is an imide or amide formed by the reaction of a polyatkene
substituted succinic acylating agent and an amine.
As regards the combustion improver, these are compounds which are

useful in promoting the combustion of hydrocarbon fuels, in particular diesel



. amount of the lacquer is renoved. While the invention has been explained in
rel ati onw@99/3sstmpref erred 30 enbodinents, it is to be undBFI{GRIGOPA4At 12 JUN 2002

various nodifications thereof will becone apparent to those skilled in the

art upon readi ng the specification. 12, J UN 2002 WD 991 35217 6

PCf/ GB99/ 00049 Therefore, it is to be understood that the invention _

di scl osed herein is intended to cover such nodifications as fall within the

scope of ffhelsappbaydeatechalieved to act asdddtaliGes far ahesoxidattonm wfl carmbpstiohi on,

conprising: .4 narine diesel fuel; and s a liner |acquering reducing anount
of a hydréé%laBW 28 beﬁhquﬁ@@sgm%mﬁjreca@m fugler HRY Sditheradditivesiveieh

bnd an or DR 8RBk sifldsTFed SR ih dEE e 88 bedi el malitlidle SR Highd Thay * O
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content of |ess than 2% by wel . The conposition of claim1l wherern

Sai d sul plfaterst Hosd2|$2@,452;24)1 BRY; FZ4113Hho02e 328688,3 02 (4t 8490 42,
sul phonic acid,_ or a (CilC24) al kyl (C6-Cl) ~15 aryl sulphonic acid. 4. The
conposi tion of Idea@ptidnalinstane irsarayves s prieferablycan alkyl aitrateethenipétrateut ed

par a- al kyEStat of & eolveRebne N HLPEEPAEE20 5 The Composition’ of
The. composi t 1 on e ] e o B A o ibfhae
Diesel antioxidants in current use are mainly based on hindered phenol or amine,

10 for example phenylenediamines, structures. Any of the commercially available
diesel antioxidants may be employed.

Additives such as antifoams, for example polysilicone based compounds,
corrosion inhibitors, for example carboxylic acids, amines, amides and amine
salts of carboxylic acids, wax crystal modifiers/distillate flow improvers, etc.,

15 may be incorporated if desired.

The hydrocarbyl-substituted sulphonic acid or fuel additive composition
containing it may be incorporated into the fuel during its manufacture, or
alternatively may be blended into additive-free fuel contained in the fuel storage
tanks of individual vessels.

20 The invention will now be further iliustrated by reference to the following
Examples. In these examples an attempt is made to simulate liner lacquer in the
laboratory, and tests are then conducted to determine what would remove it.
This is based on the theory that liner lacquer is caused by the oxidation in the
presence of iron of anthracene (a typical polycyclic aromatic present in diesel)

25 to form quinone species, which then deposit onto the cooler cylinder liners.

X 1- i f synthetic ‘liner lacquer’

Anthraquinone is dissolved in warm (65°C) acetic acid to form a
saturated solution. This is pipetted onto a warm (60°C) steel dish, where the
acetic acid is evaporated to leave a brown-orange lacquer, which is used as

30 ‘liner lacquer’ for the purposes of the tests below.

- icl er by sul ri i



. 2s acid in said fuel conposition is in the range of 10 t
7. The &Wp¥&Ton of claim1l wherein said fuel conposi t%ocrj{g &ORB 12 JbN 2002

conprises at |east one of a detergent, conbustion inprover, cetane

i nprover, enulsifier, antioxidant, antifoam agent) corrosion inhibitor, wax
s crystal nodifier or distillate flow i prover. 8. A process for reducing

liner lacquering in a nmarine diesel %lne conprising: operating said

di esel engine WpTgXimatedy 2cuingfodi tViosu §buﬁr3|a§ildl@r%1dﬂ@mdr¢mf@ disaseplefafel

d I I d f JUN 20
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degree of removal evaluated.

The additives tested are as follows:
1. None (ie, base oil only).
15 2. 1000 MW low-reactive polyisobutene {PiB) succinate in 33% SN 150 oil.
3. 40% 1000 MW low-reactive PiB succinate / 60% 2300 MW low-reactive
PiB succinate in 33% SN 150 ail.
4. 40% 1000 MW high-reactive PiB succinate / 60% 2300 MW high-
reactive PiB succinate in 33% SN 150 oil.
20 5. 50% ramified polymeric carboxylic acids in aliphatic solvent.
6. Dodecylbenzenesulphonic acid.
Low-reactive PiB is “Hyvis” obtainable from BP Chemicals. High-reactive
PiB is “Glissopal” obtainable from BASF. Dodecylbenzenesulphonic acid is “LA
ABS0" obtainable from Manro.
25 In cases 1 to 5, the appearance of the lacquer is essentially as before the
test - ie, the additive has had no effect. In case 6, however, a significant

amount of the lacquer is removed.

While the invention has been explained in relation to its preferred
30 embodiments, it is to be understood that various modifications thereof will

become apparent to those skilled in the art upon reading the specification.
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to cover such modifications as fall within the scope of the appended claims.
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10 10 5 a liner lacquering reducing amount of a hydrocarbyl-substituted sulphonic
acid, wherein said marine diesel fuel has a 90% by volume recovery
during distillation of greater than 340°C, and an aromatics content of

greater than 25% by weight.

0 2 The composition of claim 1 wherein said marine diesel fuel has a sulphur

content of less than 2% by weight.

3. The composition of claim 1 wherein said sulphonic acid is a (C1-C24) alkyl
sulphonic acid, a (Ce-C24) ary! sulphonic acid, or a (C1-Cz4) alkyl (Cs-C12)

15 aryl sulphonic acid.

4, The composition of claim 1 wherein said sulphonic acid is an alkyl
substituted benzene sulphonic acid, alkyl substituted napthylene
sulphonic acid, or para-alky! substituted phenol sulphonic acid.

20
5. The composition of claim 1 wherein said sulphonic acid is

dodecylbenzene sulphonic acid.

6. The composition of claim 1 wherein the concentration of said sulphonic

25 acid in said fuel composition is in the range of 10 to 10,000 ppm.
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8. A process for reducing liner lacquering in a marine diesel engine,
comprising:
operating said diesel engine using a fuel composition comprising a
10 marine diesel fuel and a liner lacquering reducing amount of a

hydrocarbyl-substituted sulphonic acid.



