METHOD FOR CLEANING DEPOSITS FROM TURBOCHARGER AND SUPERCHARGER
COMPRESSORS Field of the Invention The present invention relates to a method for removing
turbocharger and supercharger compressor deposits without dismantling the compressor, and allowing
for the cleaning of deposits on a running engine without the cleaning fluid 10being consumed by the
engine. Background of the Invention Turbochargers, and less commonly, superchargers, are used
to increase engine power output by providing higher charge-air density such that more fuel can be

burned in each engl ﬁ o?%%ﬁ’fé‘%@é'ﬁ%@ §§a§§ Ug%e{%q gombystion products, and
allowing

by cooling engine parts or RReIHALIRASAs) NS B eRpka turbocharger with an engine
results in increased horsepower output and higher brake mean effective pressure because the higher

air density improves 20 engine performance at low loads and permits the engine to operate not only at
an optimum efficiency point ,but also at reduced speeds and loads. The use of a turbocharger may
further actio restore sea level ratings on engingsodpieratingréithigh altitudes by compensating for
reduced atmospheric pressures, and may make possible maximum speed acceleration to synchronous
speed for fast reliable starts 25as well as reducing fuel and oil consumption. Turbocharger and
supercharger compressorg-asgMeryipgly mashined anchsun-at ienehighispagasgergsaliymany
thousands of revolutions per minute, and therefore are very sensitive to deposit deposition. These
deposits are espeeiherdsr compressor deposits without dismantiing the compressor, and

aliowing for the cleaning of deposits on & running engine without the cleaning fluid

10 being consumed by the engine.

Background of the Invention

Turbochargers, and less commonly, superchargers, are used to increase
15 engine power output by providing higher charge-air density such that more fuel can
be burned in sach engine cycle, by scavenging airflow fo clear the coylinders of
combustion products, and by cooling engine paris allowing for power increases. The
utilization of a turbocharger with an engine results in increased horsepower output
and higher brake mean effective pressure because the higher air density improves
20 engine performance at fow loads and permits the engine to operate not oniy at an
optimum efficiency poini, but also at reduced spesds and loads. The use of 2
turbocharger may further act fo restore sea level ratings on engines operating at
high altitudes by compensating for reduced atmospheric pressures, and may make
possible maximum speed acceleration o synchronous speed for fast reliable starts

25  as well as reducing fuel and off consumpfion.
Turbocharger and supercharger comprassors are \sery‘ finely machined and
run at very high speeds, generally many thousands of revolutions per minute, and

therefore are very sensitive to deposit deposition. These deposits are espedially
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severe in engines equipped with exhaust gas recirculation (EGR) or where crankcase ventilation
gases are fed into the intake system of the engine upstream of the compressor. Previously,
compressor deposits had to be removed by removing and 5 dismantling the compressor and cleaning
the parts away from the engine. One approach is to use chemical cleaning fluids to dissolve the
deposits. One cannot simply spray cleaning fluid into the compressor with the engine turned off,
however, as large amounts of cleaning fluid are required which will accumulate and cause puddles in
the inlet systefEVERR rBs ANSIMAf iSAHRPERsWBUdEIES VR K gesied BtiahdBeRhdineWwidi™run
away" when the engine is turned back on, possibly resulting in dangerous operating conditions and
damage to the*ErytHasE YR iitrEameasassrr Bifecinis & Eﬁ/@ﬁ?ﬁ?&ém@ﬂkﬁ@ impsttRam of
compressor while the output of the compressor is fed into the operating engine. One potential solution
to prevent "ru Ak hese conditions is to install an air restriction valve in the air intake 15

system. However, thligrwould nt%é% pe[flggptgn éneerlﬁ%ggglf%%ﬁgﬁég’o\%z E%E}gégﬁ\ée%gt@g ia

engine from consuming the- Qiéaning Huid as a Sdea

method fog rermayig ko arger ad supstenaracy campiessor deposts ihout dismanting tne

compressor that ng of deposits on a running engine, but w hou%qgg%leanlng fluid

being 20 consypd oy the @glae. ReMOKalOLNES  ARROBIS A BPPRAILDSGRAUST RICEsa

deposits can cause a restriction of intake airflow, I[6ss of compression, loss of power in the engine, and

increased emiggigns.2SRECIRIMAFTMN R RIIRARSNELIPRAIMAR LIS diRclosyfe iR disgsied to a
method for removing deposits
as large amounts of cleaning fluid are reguired which will accumulate and cause
puddles in the inlet system. The result of this is that these puddies will be ingested
10 and the engine will “run away” when the engine is turned back on, possibly resuliing
in dangerous operating condiftons and damage 1o the engine. For the same reason,
one cannot simply spray cleaning fluid info the compressor while the output of the
compressor is fed info the operating-eng'me. One potential solufion to prevent “run
away” under these conditions is fo ins‘tal% an air restriction valve in the air infake

15 system. However, this would entail significant engineering modification and does not

prevent the engine from consuming the cleaning fluid as a non-ideal fuel.

Surprisingly, we have discovered a method for removing turbocharger and
supercharger compressor aeposits without dismantiing the compressor that allows
for the cleaning of deposits on & running engine, but without the cleaning fluid being

20  consumed by the engine. Removal of these deposits are important because
excessive deposits can cause a restriction of intake airflow, loss of compression,

loss of power in the engine, and increased emissions, especially smoke.



from at least one compressor powered by an engine The method comprises disconnecting, while the
engine is turned off, a high pressure downstream side of the compressor from an intercooler, or an air
intake manifold for non-intercooled engines, while leaving the compressor attached to a means used in
the engine to drive the compressor. The output airflow is diverted from the compressor away from the
engine to a disposal or to a means of separating a cleaning fluid from air. A means to inject the
cleaning fluid into the air stream is introduced in the .low pressure side upstream of said compressor.
After starting the engine, and while, the engine is running, the cleaning fluid is injected via the
aforementioned means fOr a sufficient time to clean the compressor. Another embodiment
of the disclosure is directed to a methodSgn@ioning deposits from at least one compressor powered
by an engine. The method comprises disconnecting, while the engine is turned off, a high pressure
downstream side of the compressor from an intercooler, or an air intake manifold for non-intercooled
engines, while leaving said €onfpresdBieateidha diss/es e indresed indhesngioe tondrive theosits
compressor. A conduit is attached to the high pressure downstream side of the compressor, and an
input to andromtpatt femst ameansigrsegerpivgeaetcayingfleddion aifl easaisodttachesisBge
output airflow is diverted from the compressor to the means for separating the cleaning fluid from air,
and furtherdig@stiverting remikin fioe Fnbnaif curtetheBngirdgir preslsersy siewnsiremanside iofect the
cleaning fluid into the air stream is introduced in the low pressure side upstream of -the compressor.
After startifigettenemgissparftowhirntHetermgiaieis oUminglr thesteaningifrlitl Torinjectettermahied
aforementioned means for a sufficient time to clean said compressor. In a first aspect, there is
provided a#f&thes MWhlENRAED S SEIRSRTERIcaBReNBL dmprEwssrh oReicl Bhacealmdp
comprising (a) disconnecting, while said engine is turned off, a high pressure downstream side of said
compressdt Tn{ i GRTBREEBRA or Mr%%ﬁ% %mlésf@%ﬁﬁtg%ﬁ% ERTIREBSHHilavEaing
said compressor attached to a means used in the engine to drive the corgi)ressor, b) diverting the

output airfIGRIF &G SERRE it A SUBP TR H M FABSEH Y BERERENBE A 5138 NEJUAE drEB FFating a
S e ety
compressa ST TS e R CHBELEER) A S it AR SR B o
compress B B e KRR

high pressyig-aowpsiean éﬂggr?ftﬁéigd?ﬂﬁ}%%ﬁpr from an intercooler, or an air intake manifold for

non-intercooled engines, while leaving said compressor attached to a means used in said engine to

drive said compressor, (R)@Hachigdasanduitdaihmhighipmsstetdawrsitaan sitlevwisaitosits
compressor, (c) attaching, an input to and output from, a means for separating a cleaning fluid from
air, (d) diveriing thesuipurairfowdessaid o $Spy tasaishgieans isseRatpting SaieoFeaning
fluid from air, and further directing the remainder of said airflow to said engine, (e) starting said engine
and (f) intrdéatingeztingang fitei rijeet sajine cartismédic it e anighr pstresumeiuthersnsaiessive side
upstream of said compressor; and (g) while said engine is running, injecting said cleaning fluid via the
means in §tep ¢Hrigrassoffitiont tiate eleapigaidtanpaisiurake manifold for non-intercooled

DRSS

engines, while leaving said compressor attached to a2 means used in the engine ©
drive the compressor. A caﬂduif is attached to the high pressure downstream side
of the compressor, and an input 1o and output from a means for separating a
cleaning fluid from air is &s also attached. The output airfiow is diveried from the
compressor to the means for é&paraﬁng the cleaning fluid from air, and further
directing the remainder of the airflow fo the engine air intake system. A means to
inject the cleaning fiuid into the air stream is introduced in the low pressure side

upstream of the compressor.  After starting the engine, and while the engine is
~3-



In a third aspect, there is provided a method for removing deposits from at least one compressor
powered by an engine, comprising (a) disconnecting, while said engine is turned off, a high pressure
downstream side of said compressor from an intercooler, or an air intake manifold for non-intercooled
engines, while leaving said compressor attached to a means used in said engine to drive said
compressor, (b) attaching a conduit to the high pressure downstream side of said compressor, (c)

attaching, an, it {0 ARCLUIRG/ RS AGERIORE LRSS ARABIG caaotln Elrbiasting

the output air m sal ressor to Said means for separating said cleaning fluid from air, and

further directmé%é ﬁig&gré&ﬁﬁk&@g}ow to said engine, (e) starting said engine and (f) introducing
a means to inject said cleaning fluid into an air stream in the low pressure side upstream of said

compressor; and (g) while said engine is running, injecting said cleanjng fluid via the m %%s n step (f)
for a sufficient time 8 %IE@E%&%Wﬁé%%?}‘\%‘él%megﬁf%gg@arﬁ'ﬁ‘ﬁ‘ﬂﬂ%d&ﬂ%ﬂ}% gra)ai %ﬁ'%r amount

of an aromatic hydrocarbon solv%pé;. grief Description of the Drawings Figure 1 is a block diagram of a
standard eng?ﬁg SSH’%%ﬁ%ﬂB%%or o Attachment of the cleaning method of this invention Figure 2 is a

block diagram of an_engine canfiguratio ' 0 e ' ih ai irgklationJrigure 3 is
a block diagr%%e%eeﬁgmgﬂc%?%ig(ﬁﬁa |g%%uﬁ?%%%ﬁb%%réﬁ%%ﬁ%&%v%}tﬁjgétg gir&k%g%culgéﬁion

rbocharger Ho e S e o oe o e (e Cleaniig Tuie Composizon b6 consLmed

by the engine. Defipitiansion-intercocled engines, while leaving said compressor attached to a
means used in the engine o drive the compressor, (b) diverting the oulput airflow
from said compressor away from the engine to a disposal or to a means of
separating a cleaning fluid from air, (¢) starting said engine, (d) infroducing & means
to inject said cleaning fluid into an air stream in the low pressure side upstream of
said compressor; and (&) while said engine is running, injecting said cleaning fluid
via the means in step (d) for a sufficient time to clean said compressor,
wherein said cieaniné fluid comprises (i) a major amount of an aromatic
hydrocarbon solvent.

in a second aspect, there is provided a method for removing deposits from at

least one compressor powered by an
engine, comprising (&) disconnecting, while said engine is tumed off, a high
pressure downstream side of said compressor from an intercocler, or an air intake
manifold for non-intercooled engines, while leaving said compressor attached to a
means used in said engine to drive said compressor, (b) attaching a co:nduit to the
high pressure downstream side of said compressor, (¢) attaching, an input to and
output from, a means for separating a cleaning fluid from air, (d) diverting the output
airflow from said compressor o said means for separating said cleaning fluid from
air, and further directing the remainder of said airflow to said engine, (e) starting

said engine and (f) introducing a means to inject said cleaning fluid into an air

A



The term "hydrocarbon™ denotes compounds with purely or predominantly hydrocarbon character, and
include the following: (1) Purely hydrocarbon; that is, aliphatic, (e. g., alkyl or alkenyl), alicyclic (e.
g., cycioalkyl or cycloalkenyl), aromatic, aliphatic-and alicyck-substituted aromatic,
aromatic-substituted aliphatic and alicyclic compounds, and the like, as well as cyclic compounds

wherein the ringrisaeoinplesevinpesigluan e periomobihaamaleridrthat issanydwgindicaied
substituents may together form an acyclic group). Non-limiting examples include octane, octadecane,
cyclohexane, lsegirends toloeing, dtjecting @lidulstiting dibidirdaathenmiiaidsincempogndseantaining
non-hydrocarbon substituents which do not alter the predominantly hydrocarbon character of the
5compound. THOB&YKITEeEiPtHEHHERIA PRARTBSECST suitable substituents. Non- limiting examples of

substituents include hydroxy, nitro, cyano, alkoxy, acyl, etc. (3) Heteroatom compounds; that is,
compounds which, whil redsRrFaME RYdRRETEE I iRehahieresntam dparvitotmer didaashrbon in

a chain or ring %teheé\{};’!s? comﬁwosed 8f carbon atoms. Suitable hetero atoms will be apparent to
10those skilled'iff the Afand CHTGE 1%¥ gQampIe, nitrogen, oxygen and sulfur. In general, no
more than about three substituents or hetero atoms, and preferably no more than one, will be present

for each 10 catBBR&toTRERIHS h{R oBSBVITGHINE P& 2 BRI HEEIBPe Ko &imditeEntd ofiBRtero

atoms in the c&itggod%nd 15An "arom%tic" ompound contair}s at least one aromatic ring, such as a
sure downstrean sioe of said commpressor frorm an infercooier, of an air intake

manifold for non-intercooled engines, while leaving said compressor attached to a
means used in said engine to drive sald compressor, (b) attaching a conduit to the
high pressure downstream side of said compressor, (¢) attaching, an input to and
output from, & means for separaﬁng a cleaning fluid from air, (d) diverting the output
airflow from said compressor to said means for separating said cleaning fluid from

air, and further directing the remainder of said airflow to said engine, (e) starting

said engine and (f) introducing a means to inject said cleaning fluid into an air
stream in the low pressure side upstream of said compressor, and (g) while said
engine is running, injecting said cleaning fluid via the means in step (f) for a
sufficient time to clean said compressor, wherein said cleaning fluid comprises (i) a

major amount of an aromatic hydrocarben solvent,
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phenyl or naphthyl ring. An aromatic compound may have substituents on the ring such as alkyl
groups, or other substituents such as those named above. The Cleaning Fluid 20The cleaning fluid
employed in this invention is preferably composed of a major amount of an aromatic hydrocarbon
solvent. The aromatic hydrocarbon solvent of the present invention is present in a "major amount.” A
"major amount” of an aromatic hydrocarbon solvent refers to a concentratlon of the solvent within the
cleaning solution of at least about 40 vol A@{g%i ) nts, "a 25major amount” of
an aromatic solvent refers to a concentration o eanlng solution of at least
about 50 vol % aromatics, at least about 60 vol % aromatics, at least about 70 vol % aromatics, at
least about 80 vol % aromatics, or at least about 90 vol % aromatics. The volume % aromatics of a
cleaning solutioRigars beisneasstkdidy iy 60RvaRIRYE MeheReSHChRBRAP MO I 343 AkRUGRS
5chromatography. The Aromatic Hydrocarbon Solvent For reasons of solubility of deposits,
compatibility withengiaeiparsinatiarigine foedsiigafety, and cost, aromatic hydrocarbon solvents are
the preferred

Figure 2 is a block diagram of an engine configuration during turbocharger cleaning

with air recirculation

Figure 3 is a block diagram of an engine configuration during turbocharger cleaning

. without air recirculation

Detailed Description of the Invention

This invention allows for a chemical cleaning method of turbocharger
deposits on a running engine without having the cleaning fiuid corﬁposition be
canéumed by the engine.

Definitions

The term “*hydrocarbon” denotes compounds with purely or predominantly
hydrocarbon charactéri and include the following:

(1) Purely hydrocarbon; that is, aliphatic, (e. g., alkyl or alkenyl), alicyclic (e.
g., cycloalkyl or cycloalkenyl), aromatic, aliphatic-and alicyclic-substituted aromatic,
aromatic-substituted aliphatic and alicyclic compounds, and the like, as well as
cyclic compounds wherein the ring is completed through another portion of the

molecule (that is, any two indicated substifuents may together form an alicyclic

4b



10 solvents for this invention. Suitable aromatic solvents include benzene, toluene, xylene or higher
boiling aromatics or aromatic thinners, such as a C9 aromatic solvent. A preferred solvent for use in
the present invention is a C9 aromatic solvent. This includes mixtures of C9 aromatics such as
trimethyl benzene and ethyl toluene or propyl benzene which exhibit good solvency and compatibility
with fuels. Other 15 aromatic petroleum distillates may also be used, and preferably they are not
classified as volatile organic compounds. Preferred aromatic petroleum distillates are naphthalene
depleted (i.e. 86Rn B HERIBERIEI08BY EIHAE RERRSAIBREBPSHFRREN SYREREEAB B HE CRassified
as a hazardous air pollutant. Suitable aromatic petroleum distillates are commercially available as
AROMATIC 153??%, %60 from 20 ExxonMobil Chemical Company and Aromatic 150 type Caromax

20ND from Petroche rless. The aromatic _hydrocarbon solvent will preferably gontaip at least
70 voloh aromatics byASTRR IS SVANERP Bfer Iy i SRR VG BN BRCRO e FrerGiably
least 90 vol% ar tics: even more preferably .at least abaut 95 vol% 25aromatics by AST 13109.
The sotvent wil SraLAEET, HALG et baltry eirt B5CACAIS g SRR Tge e

preferabl less kb Crate ey uiess 'anl80 G BRL sa'epyysasonayfp prsferieg that the

aromatic hydro ave a point of at least 15 C; more prefera eferably, the

viscosity of the aramatichydiacaraapselent iBirssdhonbES @238, alQeiSpeats. such as

aliphatic hydrocarbon or oxygenated solvents, may be used in the invention, as long as the

concentration of suchssolaats isdancenuanAo! foshanaethe ovesalarmatind alwie.of thegeaning

solution. Suitable aliphatic solvents include dearomafized solvents, such as Exxsol D40 and D60, 10

available frompipxecddehil, ptheratiphaticcsalvantsicueh 855 15:20 NapldhainD4 16ndid5Napktha and

D31-35 Naphtha, also available from ExxonMobil, and nonaromatic mineral spirits, and the like.
Oxygenated sotientssiacludesmand aindzpolyalanels; glitalliethetsrsuekvas: efiy|@aegpaotkutyl

ethers; polyoxyalkylene compounds such as phenoxy mono- or poly(oxyalkylene) alcohols; and other
ethers 188nd keteredkilled in the art and include, for example, nitrogen, oxygen and sulfur,
in general, no more than about three substituents or hetero atoms, and
preferably no more than one, will be present for each 10 carbon atoms in the
hydrocarbyl group.  Preferably, there are no substituents or hetero atoms in the
compaound.
15 An “aromaiic” compound contains at least one aromatic ring, such as a

phenyl or naphthyi ring. An aromatic compound may have subsiituents on the ring

such as alky! groups, or other substituents such as those named above.

The Cisaning Fluid

20 The cleaning fluid employed in this invention is preferably composed of a
major amount of an aromatic hydrocarbon solvent. The aromafic hydrocarbon
solvent of the present invention is present in a "major amount.” A "major amount” of
an aromatic hydrocarbon solvent refers to a concentration of the solvent within the
cieaning solufion of at least about 40 vol % aromatics. In some embodiments, “a

25  mailor amount” of an aromatic solvent refers to a concentration of the solvent within

5.



The Nitrogen-containing Deteraent Additive The cleaning composition employed in the present
invention may optionally also contain at least one nitrogen-containing detergent additive. Generally
speaking, 20 a detergent additive is a fuel-soluble polar compound added to gasoline and diesel fuels,
especially automotive fuels, which is used to clean deposits or keep deposits from forming in at least
one area of a fuel intake system. Areas of deposit formation in gasoline engines include fuel injectors,
carburetors and intake valves. Areas of deposit formation in diesel engines include the fuel pumps and
injectors, in 23Par&EARINBEMESHORE: 2838 hARBERP pRINGerREoDaliab @tiseshehoatGitives for use

in this invention include, for example, a%éhatic hydrocarbyl amines, hydrocarbylsubstituted

poly(oxyalkyleR&) a2 HedR Gipyl- S0ttt ttintmmideamafach 78 alion SrodiRYiss nitfo and
amino aromatic esters of polyalkylphenoxyalkanols, polyalkylphenoxyaminoalkanes, and mixtures
thereot. & Thé BIETRTEH Aty o ABTNGR alC ARG e o B gt e ieSoraLah
invention are typically straight or, branched chain hydrocarbyl-substitute ?Pﬂi{" S |ng at least one
basic nitrogen¥31%rc"5r%€%a/f’p1ﬁ %ﬁ‘é%%nbf’h%’]!{ya%‘é%r l?/%%%ﬁ%’%%ps%’ %%r% égP/ é%/erageanléaé\%u%rfb V\ye%%%t of
about 700:to 3 aliphatic hydrocarbyl-substituted amines include poiyisobutenyl and
polyisobl%)yl 1&%)(2%"5? ?r%erégénd polyamines. The aliphatic hydrocarbyl amines employed in this
invention are prepared by conventional procedures known in the art. Such aliphatic hydrocarbyl
amines and their preparations are described in detail in U.S. Pat. Nos. 3,438,757; 3,565,804,

3,574,576; 3,848:086;3:080-B45 4834 €rdahd 6.203,584, the disclosures of 15which are

incorporated herein by reference In their entirety. Another class of detergent additives suitable for

use in the present inventien.armtherhyerasarybsuesiisied pahxyalkylene) amines, pise referred to

as polyether amines. Typical hydrocarbyl-substituted poly(oxyalkylene) amines include hydrocarbyl
poly(oxyalkylesa}imorfoaminesand palyaminesrameieinitii¢rocarbon solvents are the preferred

10 solvents for this invention. Suitabie aromatic solvents include benzene, toluene,
iyiene or higher boiling aromatics or aromatic thinners, such as a Cg aromatic
soivent. A preferred solvent for use in the present invention is a Cg aromatic solvent.
This includes mixtures of Cy aromatics such as trimethy! benzene and ethyl toluens
or propyl benzene which exhibit good solvency and compatibility with fueis. Other

15 aromatic pefroleum distiliates may aiso be used, and preferably they are not
classified as volatile organic compounds. Preferred aromatic pefroleum distillates
are naphthalene depleted (i.e. contain less than about 1% by weight naphthalene)
since naphthaiene may be classified as a hazardous air poliutant. Suitable aromatic
petroleum disiillates are commercially available as AROMATIC 100, 150, 200 from

20  ExxonMobil Chemical Company and Aromatic 150 type Caromax 20ND from
Petrochem Carless.

The aromatic hydrocarbon scivent will preferably confain at least 70 vol%
aromatics by ASTM D 1318, more preferably at least 80 vol% aromatics; more
preferably at least 90 vol% aromatics; even more preferably at least about 85 vol%

25 aromatics by ASTM D 1319. The solvent will preferably have an end boiling point

..



20 hydrocarbyl group contains from 1 to about 30 carbon atoms, the number of oxyalkylene units will
range from about 5 to 100, and the amine moiety is derived from ammonia, a primary alkyl or
secondary dialkyl monoamine, or a polyamine having a terminal amino nitrogen atom. Preferably, the
oxyalkylene moiety will be oxypropylene or oxybutylene or a mixture thereof. Such
hydrocarbyl-substituted 25poly(oxyalkyiene) amines are described, for example, in U.S. Pat. No.
6,217,624, and U.S. Pat. No. 5,112,364, the disclosures of which are incorporated herein by reference

in their entiretyy A5 BhrEidiPeftyFeoRFRIroC b s THERUBSE BEP Gk R ) 4RBndamfiss an
cxyoropylene BB SR B TERe e or gk FEiot SRRy LS ATEI T3 3 BE A B terably.
A cspecially BIISR AIOTIENy TRt 1 S BR Ao RERD hatie, WHErE TE AR Sfoup s &
ycrocarbyl ot LR ph OOy L R R e e s rBs

hydrocarhyl-supstituted poly(oxyalkylene) aminocarbamates disclosed for example, in U.S. Pat. Nos.
4,288,612; 4,236,020; 4,160,648; 4,191,537; 4,270,930; 4,233,168; 4,197,409; 4,243,798 and

4,881,945, the disclosyig-of astkof whisharaipranRoratee hetsin By Falrisnsrq15heag hydrpcarby!

poly(oxyalkylene)aminocarbamates contain at least one basic nitrogen atom and have an average

molecular weight gé ahaHt HR0iR, 800, frefergbly abeut:aR0LmERN0, AnsLIeRrsfRsakly@bout

1,000 to 3,000. A preferred aminocarbamate is alkylphenyl poly(oxybutylene) aminocarbamate
wherein the amire:ghoietyiisdemiedifrorvetaylene digimine oiedit thy enesttiamine. 2éh Adulthgeclass
of detergent additives suitable for use in the present invention are the hydrocarbyl-substituted
succinimides. et hysivecasbytcsutstitisted suteainddsinsludagiolyallifpb-and Pl atiehyico,
succinimides wherein the polyalkyl or polyalkenyl group has an average molecular weight of about 500
to 5,000,18nd prefisrbislyrabour7odvio 3| 00MeT kérhatiosaHytsulsstituted o fiMigedrareD 1 15-

145 Naphtha and D31-35 Naphtha, also available from ExxonMobil, and

nonaromatic rrineral spirits, and the like. Oxygenated solvents inciude mono and

polyalcohois; glycol ethers such as e‘i:hyiéne glycol butyl ethers; polyoxyalkylene

compounds such as phenoxy mono- or poly({oxyalkylene) alcohols; and other ethers

15  and ketonses.

The Nitrogen-containing Detergent Addifive

The cleaning composition employed in the present invention may optionally

aiso contain at least one nitrogen-containing detergent additive. Generally speaking,

20  a defergent additive is a fuel-soluble polar compound added {o gasocline and diesel
fuels, especially automotive fuels, which is used to clean deposits or keep deposits

from forming in at least one area of a fuel intake system. Areas of deposit formation

in gasoline engines include fuel injectors, carburetors and intake valves. Areas of
deposit formation in diesel engines include the fuel pumps and injectors, in

25  particular the injector nozzies and pump plungers. Suitable detergent additives for
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25typically prepared by reacting a hydrocarbyl-substituted succinic anhydride with an amine or
polyamine having at least one reactive hydrogen bonded to an amine nitrogen atom. Preferred
hydrocarbyl-substituted succinimides include polyisobutenyl and polyisobutanyl succinimides, and
derivatives thereof. The hydrocarbyl-substituted succinimides finding use in the present invention 5 are
described, for example, in U.S. Pat. Nos. 5,393,309; 5,588,973; 5,620,486; 5,916,825; 5,954,843,
5,993,497; and 6,114,542, and British Patent No. 1,486,144, the disclosure of each of which are
incorporated H&RIR By &repatics i’ﬁcfh’é*?efﬁﬁr%’fﬁmpte'@Paﬁﬁm%%@wlmﬁénf‘w&iﬁ@@Which

may be employed in the present invention are Mannich reaction products which are typically obtained
from 10 the ARRILH EomABFRARBHFIPACH G nAUTaE o ORI ESSTIES ny SHAAMBHStC

compound, a m;i{? conftginiggﬁat least on rea%ti%/e hy%rnofgen, anlg an al?&%gg' Thepi h mngecuIar
weight alkyl-su iilited hyﬁ%xyaron%ﬁg%oﬁ‘npouﬁég arep efergmy Bolyﬁky P enolse;ssﬁc as

SR N R e
such as aylene POl RO ARPRAIALLSIYISNE AR Rl CNRIEAANATIARS S SuATalencylene

diamine, diethylene triamine, triethylene te.tramine, and the like. T de reactant is generally an

aliphatic a'de*&@@e%%%ﬁem‘ﬂg%ﬁﬁ%s&ﬂ%ﬂgigst R aipsmalee ol Ang dpsraRig:- 8iktituted

acetaldehyde. 20 A preferred Mannich reaction product is obtained by condensing a

polyisobutylphgnglanit:{anmaldeihyde and giethylene-Hiamineawhereirthamolyisebiybgrowh has an

average molecular weight of about 1,000. The Mannich reaction products suitable for use in the
present inventier aresleserad-fgeexamplaainidighPat dNea: 423 1o/ 5andreS8nA8Siithetic

disclosures 25 of each of which are incorporated herein by reference in their entirety. -10-
hydrocarbyl-substituted amines include polyisobutenyl and  polyisobutyl
10 monoamines and polyamines.

The aliphatic hydrocarbyl amines employed in this invention are prepared by
conventional procedures known in the art. Such aliphatic hydrocarbyl amines and
their preparatiohs are described in detail in U.S. Pal. Nos. 3438,757; 3,565,804,
3,574 576, 3,848,056; 3,860 515; 4,832,702; and 8,203,584, the disclosures of

15  which are incorporated herein by reference in their entirsty.

Another class of detergent additives suitable for use in the present invention
are the hydrocarbyi-substituted poly(oxyalkyiene) amines, also referred o as
polyether amines. Typical hydrocarbyl-substituted poly(oxyalkyiene) amines include
hydrocarby! poly(oxyalkylene) monoamines and polyamines wherein the

20  hydrocarby! group contains from 1 fo about 30 carbon atoms, the number of
oxyalkyiene units will range from about 5 to 100, and the amine moisty s derived
from ammonia, a primary alkyl or secondary dialkyl monoamine, or a polyamine
having a terminal amino nifrogen atom. Preferably, the oxyalkylene moiety will be

oxypropylene or oxybutylene or a mixiure thereof Such hydrocarbyi-substituted

25 poly{oxyalkyiene) amines are described, for exampie, in U.S. Pat. No. 6,217,624,

8



A still further class of detergent additive suitable for use in the present
inventionarepolyalkylphenoxyaminoalkanes.Preferred
polyalkylphenoxyaminoalkanesincludethosehavingtheformula(ll): | CH-CH-A 5wherein R5 is a
polyalkyl group having an average molecular weight in the range of about 600 to 5,000. R6 and R7 are
independently hydrogen or lower alkyl having 1 to 6 carbon atoms; and A is amino, N-alkyl amino
having about 1 to about 20 carbon atoms in the alkyl group, N,N-dialkyl amino having about 1 to about
20 carbon atof¥in-eaci @lkjigréup! oP&ipdiamiRRasies Mavingnssatizoopsied Tarmindy
10nitrogen atoms and about 2 to about 40 carbon atoms. The polyalkylphenoxyaminoalkanes of
Formula Il abdS&5RRrmBl R E SRk are described in detail in U.S. Pat. No. 5,669,939, the

disclosure of which is incorporated herein by reference. in its entirety, .
A preggfred type of hydrocarbyl-substituted poi%(oxyaikytene) mongamine is

an alkylphenyl poly(oxyalkylene)monoamine wherein the poly(oxyalkylene) moiety

o

contains oxypropylene units or oxybutylene units or mixtures of oxypropylene and

oxybutylene units. Preferably, the alky! group on the alkylphenyl moiety is a straight

or branched-chain alkyl of 1 to 24 carbon atoms. An especially preferred alkylphenyl
moiety is tetrapropenylphenyl, that is, where the alkyl group is & branched-chain
alkyl of 12 carben atoms derived from propylene fetramer.

10 An additional type of hydrocarbyl-substituted poiy(oxyalkylenejamine finding
use in the present invention are hydrocarbyl-substituied poly(oxyalkylene)
aminocarbamates disclosed for example, in U.S. Pat. Nos. 4,288,612; 4,236,020;
4,160,648; 4,191,537, 4,270,830; 4,233,168, 4,197 409; 4,243,798 and 4,881,945,
the disclosure of each of which are incorporated herein by reference.

15 These hydrocarbyl poly{oxyalkylene)aminocarbamates contain at ieast one
basic nitrogen atom and have an average molecular weight of about 500 to 10,000,
preferably about 500 to 5,000, and more preferably about 1,000 to 3,000. A
preferred aminocarbamate is  alkyiphenyl poly(oxybutviene) aminocarbamate
wherein the amine moiety is derived from ethylene diamine or diethylens triamine.

20 A further class of detergent additives suitable for use in the present invention

are the hydrocarbyl-substituted succinimides. Typical hydrocarbyl-substituted

succinimides include polyalkyl and polyalkenyl succinimides wherein the polyalkyi or
polyalkeny! group has an average molecuiar weight of about 500 to 5,000, and
preferably about 700 to 3,00C. The hydrocarbyl-substifuted succinimides are

25 typically prepared by reacting a hydrocarbyl-substituted succinic anhydride with an
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Mixtures of polyalkylphenoxyaminoalkanes and poly(oxyalkylene) amines are 15 also suitable for use
in the present invention. These mixtures are described in detail in U.S. Pat. No. 5,851,242, the
disclosure of which is incorporated herein by reference in its entirety. A preferred class of
detergent additive finding use in the present invention are nitro and amino aromatic esters of
polyalkylphenoxyalkanols. Preferred nitro and 20amino aromatic esters of polyalkylphenoxyalkanols
include those having the formula wherein R8 is nitro or --(CH2)n --NR13 R14, wherein R13 and R14
are independ PRy RF RRAVESH W BR WG| RlfTS 1 A8% EIBHT SYATSSFTY RIgdsdrie: 38088 WFdrogen,
5 hydroxy, nitro or --NRis Rib, wherein R1 angW 16 are independently hydrogen.qr lower alkyl having
1 to 6 carbon a%ﬁ%rl?io RIRII }( fr?’cﬁ@?gend %%%%’EEH%F%@ r alikYf FAVING o 6’9@

atoms; and R12 is aﬁo%

3000, | TR DR A BN AR SHer ARARDIE LAt A MU A above. 10 and the

y noxyalkanols shown in Form ffabove 10 and their

preparations are destyibed.ip deialin,h SuRal No AR 329 Medlisclosahtich fsggpsporated

herein by reference in | irety. IXtures of n omatic es

A B O R L A
No. 5,749,929 dypdiselosuef yhisiyisinenrparateciharsin by Keferange saiks eRbelysss, 144,
the disciosure of each of which are incorporated herein by reference in their entirety.
Yet another class of detergent additives which may be employed in the
present invention are Mannich reaction products which are typically obtained from
10 the WMannich condensation of & high molecular weight alkyl-substituted
hydroxyaromatic compound, an amine containing at least one reactive hydrogen,
and an aldehyde. The high molecuiar weight alkyl-substituted hydroxyaromatic
compounds are preferably polyalkylphenois, such as polypropylphenol and
polybutyiphenol, especially polyischutylpheno!, wherein the polyakyl group has an
15  average molecular weight of about 600 to 3,000. The amine reactant is typically a
polyamine, such as alkylene polyamines, especially ethylene or polyethylene
polyamines, for example, ethylene diamine, diethylene ftriamine, triethylene
“fetramine, and the like. The aldehyde reactant is generally an aliphatic aldehyde,
such as formaldehyde, including paraformaldehyde and formalin, and acetaldehyde.
20 A preferred Mannich reaction product is obtained by condensing a
polyisobutylphenol with formaldehyde and diethylene triamine, wherein the
polyisobuty! group has an average molecuiar weight of about 1,000.
The Mannich reaction products suitable for use in the present invention are
described, for example, in U.S. Pat. Nog. 4,231,759 and 5,897,988, the disclosures

25  of each of which are incorporated nerein by reference in their entirety.
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Preferred hydrocarbyl-substituted poly(oxyalkylene) amines which may be employed as detergent
additives in the present invention include those having the formula (IV): RisRi9 R1qOCHCH wherein:
R17 is a hydrocarbyl group having from about 1 to about 30 carbon atoms; R18 and R19 are each
independently hydrogen or lower alkyl having about 1 to about 6 carbon atoms and each R18 and R19
is independently selected in each --0--CHR18 5 --CHRI9 -- unit; B is amino, N-alkyl amino having
about 1 to about 20 carbon atoms in the alkyl group, N,N-dialkyl amino having about 1 to about 20
carbon atoms in each 2yl §E0R" 28 oRjafnirEIRBleRPARYRGHEBAI o abtRit T2 tAmiREMPbgen

atoms and about 2 to about 40 carbon atoms; arg;l F'? is an integer. from about 5 to aboug} 1?0. 10The
hydrocarbyl-stB&EREREY poly(oxyalicylene) amiRBY BFESHRTK 15‘5\?@;3”85- referre

polvalkyiphenoxyaminoalkanes include  those having the formula ()

5 wherein Rg is a polyalky! group having an average molecular weight in the range of
about 600 to 5,000; R and R; are independently hydrogen or lower alkyl ha\?ing 1to
6 carbon atoms; and A is amino, N-alky! amino having about 1 to about 20 carbon
atoms in the alkyl group, N,N-dialkyl amino having about 1 to about 20 carbon
atoms in each alky! group, or a polyamine moiety having about 2 {o about 12 amine

10  nitrogen atoms and about 2 to about 40 carbon atoms.

The polyalkylphenoxyaminoalkanes of Formula | above and their
preparations are described in detail in U.S. Pat No. 5,668,839, the disclosure of
which is incorporated herein by reference in its entirety.

Mixtures of polyalkylphenoxyaminoalkanes and poly{oxyalkyleng) amines are

15 also suifabie for use in the present invention. These mixiures are described in detall
in W.S. Pat. No. 5,851,242, the disciosure of which is incorporated herein by
reference in its entirety.

A preferred class of detergent additive finding use in the present invention
are nitro and aminc aromatic esiers of polyalkylphenoxyalkanois. Preferred nitrc and

20  amino aromatic esters of polyalkylphenoxyalkanois include those having the formuia
EEN



and their preparations are described in detail in U.S. Pat. No. 6,217,624, the disclosure of which is
incorporated herein by reference in its entirety. The hydrocarbyl-substituted poiy(oxyalkylene)
amines of Formula IV are preferably utilized either by themselves or in combination with other
detergent 15 additives, particularly with the polyalkylphenoxyaminoalkanes of Formula Il or the nitro
and amino aromatic esters of poiyalkylphenoxyalkanols shown in Formula Ill. More preferably, the
detergent additives employed in the present invention will be combinations of the
hydrocarbyl- -stiBtituted poly(oxyalkylene) amines of Formula IV. A particularly preferred
hydrocarbyl-substituted poly(oxyalkylene) amine 20 detergent additive is dodecylphenoxy
poly(oxybutylene) amine amg a particularly preferred combination of detergent additives is the
combination of dodecylphe §xy poly(oxybutylene) amine and 4-polyisobutyiphenoxyethyl para-am
nobenzoate. Preferred Apglication Tools and Procedures With reference to the figures, Figure 1
describes a standard ..~ confl ration with Q?iwnbochgrg@r prior to attackment of the cleaning
107 : ch rger 108 is ggde up df three sectioff$:a comp

an exhaust turb&;ge fon a shared Ie 103.The ust fromythe -‘-o.ﬂnfr.,:,,‘_m h an inlet
(not shown) ca fhg tf ;__ ’" urblne 1047to rotaté ThIS rotation moves d axle*t03 which
drives the compressor-4.p: 10 compresses ambient air received vid 01. Thereis a

Fietlist pressure is applied
to the turbocharger 108 and how much bypasses it, and some of this exhaust pressure is directed out
through an outlet on exhaust turbine 104. The outlet air from compressor 102 is usually cooled by an
intercooler 109nwhigh Eses nkbdhe engineg soaling systenviersdure; thadigh, terapatripeagdibe.air
before it goes into the intake of engine 106. Figure 2 describes an engine configuration during
turbocharger clganipgiith@iaesikgitationg The Bikaotbarger20& i maslé up of tRgde Spdtions, a
compressor 202, and an exhaust turbine 204 on a shared axle 203. in Figure 2, the

5  hydroxy, nitro or —~NRys R, wherein Rys and Ry are independently hydrogen or

wastegate (not shown) on 't € exhaust side that regulates how much of the

lower alkyl having 1 to 6 carbon atoms; R and Ry, are independently hydrogen or
lower alkyl having 1 to 8 carbon atoms; and Ry is a poiyalkyl group having an
average molecuiar weight in the range of about 450 to 5,000.
The aromalic esters of pokyalkylphenaxya!kanols shown in Formula 1 above
10  and their preparations are described in detail in U.S. Pal. No. 5,618,320, the
disclosure of which is incorporated herein by referance in its entirety.

Mixtures of nitro and amino aromatic esters of polyalkylphenoxyalkanols and
hydrocarbyl-substituted poly(oxyvalkylene) amines are aiso preferably contemplated
for use in the present invention. These mixiures are described in detail in U.S. Pat.

15 Ne. 5,749,929, the disclosure of which is incorporated herein by reference in its
entirety.

Preferred hydrocarbyl-substituted poly(oxyalkylene) amines which may be
employed as detergent additives in the present invention include those having the

formuia (V)

-12-



20 high pressure side of the compressor 202 is disconnected from the intercooler 206, or air intake
manifold for non-intercooled engines, while leaving said compressor 202 attached to a typical means
(exhaust) used in the engine to drive compressor 202, and recirculated to the low pressure side to a
means for separating a cleaning fluid from air, a non-limiting example of such means is the fluid
separation drum 25 201. All the while, engine 207 is turned off. Preferably, the engine 207 is a
compression ignition engine, and the compressor 202 is a turbocharger or -14- supercharger
compressor, and more preferably, a turbocharger compressor. The compressor 202 is disconnected
from the intercooler 206 to preyent cleaning fluid-containing intake air from entering the engine 207.
This output airflow from comprgs8or ’can be directed to the fluid separation drum 201 or to a
suitable 5 disposal (not shoén), non-limiting examples of which include a drain, container, or
receptacle. The cglmjf—é”é%r "s"“ﬁi’"oWér gy the exhaust from the engine 207, which flows through
an inlet (not shown) causing the exhaust turbine 204 to rotate. This rotation moves the shared axle
203 which drives the compressor 202. The intake air for operating the engine is not passing the
compressor, but instead, taken 10 from the atmosphere, and optionally through air filter 205 and
intercooler 20§/lganitis NRt £ssendahiovthaal rriviiresmtaeduid sepaationodrdm SO htade
connected to the turbocharger, although this would be preferable. After starting the engine, a
major amount Rf frash RlganingdkidReDiminieatedvintodbe airisttenmidn the/lew sressurasige.af the
turbocharger compressor 15 202. The cleaning fluid 209 is introduced into the compressor through any
suitable mean8, @ntdarorttimiingderampiesiaciude; Spraviapahicciéanimglieidiviasaicorimamfiynace
burner injector, and pressurized sources such as aerosols and pumps. It is important, however, that
the cleanihg fluidiitreductioh heansivesul-allycieamiodiselogarb dudglée size sidficientiprsaiatinsuch
that the cleaning fluid is carried 20 essentially quantitatively by the air stream to the turbocharger.
Cleaning fluid POWaaiiing pexsediHriodighvhemifsodaiberaetpredecizng, Hawntpeo adeam
dispersed dirty or used cleaning fluid, will separate/drop out of the air stream due to a lower air velocity
in the fluid seRAGAGHITETPEDLONA REVFIBING SRt TABIShBAAY Bhdberie RTinsepliedRih drum

201 will prevent any pressure or vacuum 25from building up inside the drum 201. Used cleaning fluid
can be draine@iP5ns @R about 2 1o about 40 carbon atoms; and m is an integer from about 5 0

about 100.

10 The hydrocarbyl-substituted poiy(oxyalkylene) amines of Formula IV above
and their preparations are described in detail in US. Pal. No. 6,217,824, the
disclosure of which is incorporated herein by reference in its entirety.

The hydrocarbyl-substituted poly(oxyalkylene) amines of Formula IV are
preferably utilized either by themselves or in combination with other detergent

15  additives, particularly with the polyalkylphenoxyaminoalkanes of Formula Il or the
nitro and amino aromatic esters of polyalkyiphenoxyalkanols shown in Formula il
More preferably, the detergent additives employed in the present invention will be
combinations of the hydrocarbyl-substiiuted poly(oxyalkylene) amines of Formula
V. A particularly preferred hydrocarbyl-substituied poly{oxyalkylene) amine

20  detergent additive is dodecyiphenoxy poly(oxybutylene) amine and a particularly
preferred combinatfion of detergent additives is the combination of dodecyiphenoxy

poly{oxybutylene) amine and 4-polyisobutylphenoxyethyl para-aminobenzoate.
13-



-15- fluid separation drum after the clean up method and should be disposed of according to local
environmental rules. In Figure 3, an alternative method is shown to separate the cleaning fluid from
the intake air in situations where air recirculation is problematic. The 5 turbocharger 308 is made up of
three sections, a compressor 302, and an exhaust turbine 304 on a shared axle 303. In these
situations where air recirculation is problematic, a means for separating cleaning fluid from air (a
non-limiting example of which is the fluid separation drum 305) can be used without air recirculation. A
conduit (not shown) is attached to_the high pressure downstream side of the 10 compressor 302, and
the compressor 302 is disconnectetEomthe ie?e8Ble 2366287 -ail ekt hanifold for non-intercooled
engines, all while the engine 307 is turned off. Attached to the fluid separation drum 305 are inputs to
(not shown) and outputs fro énot sh?w the_fluid separation drum 305. The ou u{tj airflow from
compressor 302 caanlé “yég? e idid sgpg%ﬁgﬁ’d U505, Té% G Eass\’ep%ras:‘tl G Im B 'Ts is
positioned.in between_the turbocharger e 0 he intergool e sing
the interc%olercgé\ﬁ% %E?e'c‘?tﬁ‘n‘é"’ earg#a?ﬁﬁég%giﬁgiiéiéﬁéﬁﬁyg rlggrﬁ 2 ﬁ%§%%%%&§tﬁ{c‘j#%gn§i%05 to
an air inlet manaitne! eI RARe 394 CHRASING HideaBaRAened R Fés@§ﬁat5>_9 to
prevent cleaning fluid from accumulating in the engine. An air restriction valve (not shown) can be

placed in the 20ajrinletsystemdonaddiionaksaighsdoRIe ient epgine.JUNRWEYM heRigigiallysthe

engine 307 is a compression ignition engine, and the compressor 302 is a turbocharger or
supercharger ﬂ@%%@?haﬁ@ merqaieierahly adlubochasdsrcmPIesses The compMRssanB2 is
powered by the exhaust from the engine 307, which flows through an inlet (not shown) causing the
25exhaust turbing: 304 ieoieiatend his setatienimones theishamegaxlend03ohichsdivesn?, which

10  compresses ambient air received via air filter 101. There is a wastegate (not
shown) on the exhaust side that regulates how much of the exhaust pressure is
applied fo the turbocharger 108 and how much bypasses it, and some of this
exhaust pressure is direcied out through an outlet on exhaust turbine 104, The
outiet air from compressor 102 is usually cooled by an intercooler 105, which uses

’!5 the engine cooling system to reduce the high temperature of the . air before it goes

into the intake of engine 106.

Figure 2 describes an engine configuration during turbocharger cleaning

with air recircuiation. The turbocharger 208 is made up of three sectlions, a
compressor 202, and an exhaust turbine 204 on a shared axie 203. in Figure 2, the

20 high pressure side of the compressor 202 is disconnected from the intercooler 206,
or air intake manifold for non-intercooled engines, while leaving said compressor

202 atftached to a typical means (exhaust) used in the engine to drive compressor

202, and recirculated fo the low pressure side to a means for separating a cleaning

fluid from air, 8 non-limiting example of such means is the fluid separation drum

25 201, All the while, engine 207 is turned off. Preferably, the engine 207 15 a

compression ignition engine, and the compressor 202 is a turbocharger or
b



the compressor 302. The intake air for operating the engine 307 is not passing the compressor 302,
but instead, taken from the atmosphere via air filter 301. After starting the engine, a major amount
of fresh cleaning fluid 309 is injected into the air stream in the low pressure side of the turbocharger
compressor 5 302. The cleaning fluid 309 is introduced into the compressor through any suitable
means, and non-limiting examples include: spraying the cleaning fluid via a common furnace burner
injector, and pressurized sources such as aerosols and pumps. 10EXAMPLES Effect of cleaning fluid
An investigatiGhRFASHEGE RRBTRIESSRECRBH diie MelB LAy AulHEIRCERBIShGHBRIRRRRE The

turbocharger compressors,The dirty compres %fs were 15 opened, and a droplet of cIe,ani?g,quid was

placed on the HTPES ATtk IS HFIRENEH @Brﬁ&@e*%ﬁ@@%ﬁﬁﬁﬂ?o%&%ﬁ% tegning fuigyq
different classes of cleaning fluids. were tested.. These classes oxygenated cleaning fluids similar
bty Y RN M R e A e Y

composed p”'@&ﬂgré’és%ygﬁé‘aégg 52 %9#%8@3 %&ﬁﬂeaﬁﬁapggg%&%ﬁ%}%l»n%%tfe%xy@thanoga%ggth with

0 g S
propylene carbonate, and also aromatic cleaning fluids based primarily on aromatic solven

and withoylt 2 gamman Reveiue e sl dissplatenpaheantal Al eain, diaRdoURd that

although oxygenated cleaning fluids were not éffective in cleaning turbocharger deposits using the

procedure desgriagthaRovenaremAlifRacleaning it ity WiEhaui SlRRasiheanl o asidisivg were
effective in removing the
which flows through an intet (not shown) causing the exhaust turbine 204 to rotate.
Thie rotation moves the shared axle 203 which drives the compressor 202, The
infake air for operating the engine is not passing the compressor, but instead, taken
10 from the atmosphere, and optionally through air filter 205 and intercooler 206. Aiso,
it is not essential for the air return from the fluid separation drum 201 fo be
connected to the turbocharger, although this would be preferable.
After starfing the engine, a major amount of fresh cleaning fluid 209 is
injected into the air stream in the low pressure side of the furbocharger compressor
156 202. The cieaning fiuid 209 1s introduced into the compressor through any suitabie
means, and non-limiting examples include: spraying the cleaning fluid via a common
furnace burner injector, and pressurized sources such as aerosois and pumps. It is
important. however, that the cleaning fluid introduction means result in a cleaning
solution dropiet size sufficiently small such that the cleaning fluid is carried
20  essentially gquantitativeiy by the air stream to the turbocharger. Cieaning fluid 209
having passed through the turbocharger compressor 202, having solved and
dispersed dirty or used cleaning fluid, will separate/drop out of the air stream due to
a lower air velocity in the fiuid separation drum 201. An additional air vent (not
shown), on top of the fluid separation drum 201 will prevent any pressure or vacuum

25  from building up inside the drum 201, Used cleaning fiuid can be drained from the
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typical turbocharger deposits. Test procedure A major advantage of this invention is that it may
be implemented with parts 5 commonly found in service garages. The invention was demonstrated in
practice using the equipment described as follows. A dirty BorgVVarner Type K29 turbocharger was
mounted onto a MAN D2066LF11 Euro IV engine. The conduit from the air filter to the input of the
compressor and the conduit from the output of the compressor to the intercooler were both
disconnected at the turbocharger 10compressor housin allon drum was used as a

: A 55-
cleaning fluid SE{a SRR R AT STARYERH fitfhJisap tl"r'g d?‘ﬁﬁ*ﬁégn etdlL PR R Rduits to
the air input and ou%put f the ﬁurbo.char er.compressor housing, with the connections to the housing
made with rudfBerho'sE g‘?\ ﬁﬁf@lﬁﬁ?ﬁﬁ%@ﬁf&?eved a closed system. 15A commercially available
pressurized brake fiyid changer equinped WL ressure and flow regulalarswagised e prayige
cleaning fluid to the comptessor t3'bé cleaned, A common Turnace burrer Injector was USed to spray

cleaning fluid ipigy (NN RiRAC (e SRMRISRSALAU e TREIVBEIANYAS HBlfdIRne The

compressor air in y removing a sensor, inserting the injector into the sensor 20housing, and then

sealing with elasfic hose-AnchENg FaBPSp of 1128 SRBIGWAS Starsdsand beleaning fluigh cogposed

of aromatic solvent with"a flash point of 150 F containing a minor amount of polyalkylene succinimide

was fed to theippidesisigobihe corpigssokat deliters/ BR4pinifes:Sreaningdlud was-sorasd igto the
compressor for 30 minutes, and then cleaning fluid addition

problematic, a means for separating cleaning fluid from éir {a non-limiting example
of which is the fluid separation drum 305) can be used without air recirculation. A
conduit (not shown) is attached to the high pressure downstream side of the
10  compressor 302, and the compressor 302 is disconnected from the intercooler 306,
or air intake manifold for non-intercooled engines, all while the engine 307 is turned
off. Attached to the fluid separation drum 305 are inputs to (not shown) and oufputs
from (not shown) the fiuid separation drum 305. The output airflow from compressor
302 can be directed the fiuid separation drum 305.  The fiuid separation drum 305
15  is positioned in between the turbocharger compressor 302 and the intercooler 306,
or even bypassing the intercooler 306, directing the remainder of intake air directly
from the fluid separation drum 305 fo an air inlet manifold (not shown) of engine
307. This cleaning fiuid can be drained after cleaning fo prevent cleaning fluid from
accumulating in the engine. An air restriction valve (not shown) can be placed in the
20  air iniet system for additional safety {o prevent engine runaway.

Preferably, the engine 307 is a compression ignition engine, and the
compressor 302 is a turbocharger or supercharger compressor, and more
preferably, a turbocharger compressor. The compressor 302 is powerad by the
exhaust from the engine 307, which flows through an intet (not shown) causing the

25  exnaust turbine 304 to rotate. This rotation moves the shared axie 303 which drives
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25was discontinued. The engine was run for an additional 5 minutes to further remove cleaning fluid
from the compressor. The engine was stopped, the cleaning system connections removed, and
the turbocharger removed from the engine. Upon disassembly of the turbocharger compressor it was
discovered that deposits had been essentially entirely removed from the turbocharger compressor,
including both the compressor vanes and the 5housing. That which is claimed: 1.A method for
removing deposits from at least one compressor powered by an engine, comprising (a) disconnecting,
while said engife FHRRREEBI3EGigh's PredSuRY dBhvwREEARP R SfeaR %gﬁlﬁrg%&aﬁ%'ﬁg&ﬂe
intercooler, or an air intake manifold for non-intercooled engines, while ,Ieavig% said compressor

attached to a IFYBREGERH IHANBUE IRAth B (IR BIM% NBYOKR AR GTRE Sltput airflow from

said compressor awg;%/ from the engine to a disposal or to a means og se ar?tinf% a cgfani éluid from
Gt fHotr Uid¥in

air, (c) starting said c?ﬁ}gig?neaa@ﬁﬁtoamﬁ%? sgl% i 5% B 8!gn Air stfeam in
the low pressyie.side, yasteam, ol said compressr, and. e) whilesaicl engines, rnipg Jpiggiino said
cleaning fluid viathé means in step ?3) or a sufficient time to cléan said compressor,

5 302, The cleaning fiuid 308 Is introduced into the compressor through any suitable

means, and non-limiting examples include: spraying the cleaning fiuid via a common

furnace bumer injector, and pressurized sources such as aerosols and pumps.,

10 EAAMPLES

Effect of cleaning fluid

An investigation was made into the effect of different cleaning fluids in

cleaning field-dirtied turbocharger compressors, The dirty compressors were
15  opened, and a droplet of cleaning fluid was placed on the dirty compressor sutface,
and the surface was slowly rubbed with a fissue.

Two different classes of cleaning fivids were tested. These classes were
oxygenated cieaning fluids similar fo the cleaning fluids employed in US Pat. No.
6652667 and US Pat. No. 6616776, which are composed primarily of oxygenated

20 solvents such as 2-phenoxyethano!, 2-butoxyethanol, and propylene carbonate, and
also aromatic cleaning fiuids based primarily on aromatic solvents, both with and
without a common polyalkylene succinimide diesel depaosit control additive.

It was found that although oxygenated cleaning fluids were not effeciive in
cleaning turbocharger deposifs using the procedure described above, aromatic

25 cleaning fiuids with or without deposit controi additive were effective in removing the

typical furbocharger deposiis.
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wherein said cleaning fluid comprises (i) a major amount of an aromatic hydrocarbon solvent. 15 2.
The method of claim 1,, wherein said cleaning fluid further comprises (i) at least one nitrogen
containing detergent additive. 3. The method of any one of claims 1 or 2, wherein said aromatic
hydrocarbon solvent comprises a C9 aromatic solvent. 4. The method of any one of claims 1 to 3,
wherein said aromatic hydrocarbon 20 solvent comprises at least 80 volume percent aromatics. 5. The
method of any one of claims 1 to 4, wherein said aromatic hydrocarbon solvent comprises at least 90
volume percent aromatlcs 6. The method of any one of the preceding claims wherein said means
for separating-saxckereartng=fluid from air in step (c) is a fluid separatlon drum. 25 7 The method of

I 2 wh id at least t det ddt
ﬁf&?écavrvbﬁf&%;i'ué@%?icﬁﬁ%%ﬁéég% AR 8 dry B o1 e 5 AEBAGE IS WheH I saie

engine 'S§ Comopﬂ%ems’gﬁ?y \ngtao nnesngvme garages. The invention was demonstrated in practice

using the eguipment described as follows. A dirty BorgWamner Type K28
turbocharger was mounted onto a MAN D20686LF11 Euro IV engine. The conduit
from the air filter to the input of the compressor and the conduit from the output of
the compressor to the intercooler were both disconnected at the turbocharger

10 compressor housing.

A 55-galion drum was used as a cleaning fluid separation device. Standard
fittings for the drum bungs were used to connect conduits o the air input and output
of the turbocharger compressor housing, with the connections to the housing made
with rubber hose and ring clamps. This achieved a closed system.

15 A commercially available pressurized brake fluid changer eguipped with
pressure and flow reguiators 'was used fo provide cleaning fluid to the compressor to
be cleaned. A common furnace burner injector was used fo spray cleaning fluid into
the input side of the compressor air iniet,  The injecior was sealed into the
compressor air inlet by removing a sensor, inserting the injector into the sensor

20  housing, and then sealing with eiastic hose and ring clamps.

The engine was started, and a cleaning fiuid composed of aromatic solvent
with a flash point of 150 °F containing a minor amount of poiyalkylene succinimide
was fed to the input side of the compressor at 5 liters/ 30 minutes. Cleaning fiuid
was sprayed intc the compressor for 30 minutes, and then cleaning fluid addition

25  was discontinued. The engine was run for an additional 5 minutes fo further remove

cleaning fluid from the compressor.
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5 9.The method of any one of the preceding claims wherein said compressor is a turbocharger
compressor. 10. The method of any one of the preceding claims wherein said compressor is a
supercharger compressor. 11. A method for removing deposits from at least one compressor powered
by an 10 engine, comprising (a) disconnecting, while said engine is turned off, a high pressure
downstream side of said compressor from an intercooler, or an air intake manifold for non-intercooled
engines, while leaving said compressor attached to a means used in said engine to drive said
compressor, (b) attadHi§oHEHHAE BReTHIgHBreCaBY SIS arn S S BHIrQYRTbrasddhec)

attaching, an input to and 15 output from, a means for separating a cleaning fgjid from air, (d) diverting

the output airffBW ASIA 88 EORMRESIH o LS RHELRS for ReDaT s Earlcighiiify HIRPASRHOS, and
further directing the remainder of said airflow,to,said engine starting said engine and (f) introducing
anbans to B SAR SoanEIRRIS & AT (e ot BroSare Ue SEiF g
compressor; and while _said_20engine is running.. injectin id cleaning fluid via the me in step
(101 & suffci o e D e s B e e B AR e g
fluid com%riseﬁcms%g?ajor amount of an aromatic hydrocarbon solvent.
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13. The method of claim 12, wherein said cleaning fluid further comprises (i) at 25 least one nitrogen
containing detergent additive. 14. The method of any one of claims 12 or 13, wherein said aromatic
hydrocarbon solvent comprises a C9 aromatic solvent.  15. The method of any one of claims 12 to
14, wherein said aromatic 5 hydrocarbon solvent comprises at least 80 volume percent aromatics. 16.
The method of any one of claims 12 to 15, wherein said aromatic hydrocarbon solvent comprises at
least 9(} volume percent aromatics. 17. The method of any one of claims 11 to 16, wherein said
means for separating said cleaning fluid from air in step (c) is a fluid separation drum 10 18.The
method of cla rﬁﬁ@f%é?eﬁ?gﬁ?&‘at least one nitrogen con)taining detergent additive comprises a

hyd_roca_lrbyl-substitute_d s_ucc_:i_nimide. 19. The method of any one of claims 11 to 18, wherein said
engine Is a compresgiQn LGN SRMACHg deposits from at ieast one compressor powered by

an engine, comprising (a) disconnecting, while sald engine is turned off, a high
5 pressure downstream side of said compressor from an intercocler, or an air intake
manifold for non-intercooled engines, while leaving said compressor attached 1o a
means used in the engine to drive the compressor, (b) diverting the output airflow
from said compressor away from the engine fo a disposal or fo a means of
separating a cleaning fluid from air, (¢) starting said engine, (d) introducing a means
10 to inject said cleaning fluid into an air stream in the low pressure side upstream of
said compressor; and (e} while said engine is running, injecting said cleaning fluid
via the means in step (d) for a sufficient time to clean said compressor,
wherein said cleaning fiuid comprises (i) a major amount of an aromatic
hydrocarbon solvent.
16 2. The method of claim 1, wherein said cleaning fluid further comprises (i) at ieast
one nitrogen containing detergent additive.
3. The method of any one of claims 1 or 2, wherein said aromatic hydrocarbon
solvent comprises a Cy arematic solvent.
4. The method of any one of claims 1 to 3, wherein said aromatic hydrocarbon
20 solvent comprises at least 80 volume percent aromatics.
5. The method of any one of claims 1 to 4, wherein said aromatic hydrocarbon
solvent comprises at ieast 90 volume percent aromatics.
8. The method of any one of the preceding claims wherein said means for
separating said cleaning fluid from air in step (c) is a fluid separation drum.

25

20



20. The method of any one of claims 11 to 19, wherein said compressor is a 15 turbocharger
compressor. 21. The method of any one of claims 11 to 20, wherein said compressor is a
supercharger compressor. 22. A method for removing deposits from at least one compressor powered
by an engine, comprising (a) disconnecting, while said engine is turned off, a high 20 pressure
downstream side of said compressor from an intercooler, or an air intake manifold for non-intercooled
engines, while leaving said compressor attached to a means used in said engine to drive said

compressor, (k) attacfiag ASRHE U te g OMBERSHUIEHPMASEBIMcFIEeritt SGi CEFRRIBRROT, (C)
attaching, an input to and output from, a means for separating a cleaning fluid from air, (d) diverting

the output 25 aiftonefromiditie compressar itpcsaid meansdoiusapanatimgrsaed cleaning fluid from air,
and further directing the remainder of said airflow to said engine, (e) starting said engine and (f)
introducing a Means TdnjeetisaldotieaningelaidtimaeEreiirgralan e el prssigitide @stream of
said compressor; and (g) while said engine is running, injecting said cleaning fluid via the means in
step (f) for a sEFCRERESIRE I8 MEL{E€4I8 compressor, wherein said cleaning fluid comprises (i) a 5
major am nté)f an a]rgmati(i‘hhédorpcarbon ) %ent. 23..The metho% of claim 22: wherein saiad cleaning

fluid further comprises ﬁ)rg? EER oﬁgynﬁ}t?ggoen & nrt%?ﬁ?r%gd%?éipgsevﬁ ea%ﬁti%/aeifj compressor is
turbocharger compressor.
10. The method of any one of the preceding claims wherein said compressoris a
supercharger compressor.
1. A method for removing deposits from at least one compressor powered by an
10 engine, comprising (a) disconnecting, while said engine is furned off, a high
pressure downstream side of said compressor from an intercooler, or an air intake
manifold for non-intercooled engines, while leaving said compressor attached to a
means used in said engine to drive said compressor, (b) attaching a conduit to the
high pressure downstream side of said compressor, {c) attaching, an input to and
15 output from, a means for separating a cleaning fiuid from air, (d) diverting the output
airflow from said compressor to said means for separating said cleaning fluid from
air, and further directing the remainder of said airflow to said engine, {(e) starting
said engine and (f) introducing a means to inject said cleaning fluid into an air
stream in the low pressure side upstream of said compressor;, and {(g) while said
20 engine is running, injecting said cleaning fluid via the means in step (f) for a
sufficient fime to clean said compressor.
12. The method of claim 11, wherein said cleaning fiuid comprises (i) a major
amount of an aromatic hydrocarbon solvent.
13. The method of claim 12, wherein said cleaning fluid further comprises (i) at

25 least one nitrogen containing detergent additive.
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24. The method of any one of claims 22 or 23, wherein said aromatic hydrocarbon solvent comprises a
C9 aromatic solvent. 10 25.The method of any one of claims 22 to 24, wherein said aromatic
hyqlrocarbon solvent comprises at least 80 volume percent aromatics. 26. The method of any one of
claims _22 to 25, wherein said aromatic hydrocarbon solvent comprises at least 90 volume percent
aromatics. 27. The method of any one of claims 22 to 26, wherein said means for 15separating said
cleaning fluid from air in step (c) is a fluid separation drum 28. The method of claim 23, wherein said
at least one nitrogen containing detergent additive comprises a hydrocarbyl-substituted succinimide.
29. The method of any one of claims 22 to 28, wherein said engine is a compression ignition engine.

20 30.The meffod of-any 008, of claims, 22402 % WhsgHein said Gompreaserdma durbogharnget
compressor. 31.The method of any one of claims 22 to 30, wherein said compressor is a

hydrocarbon solvent comprises a Cy aromatic solvent.
15, The method of any one of claims 12 to 14, wherein said aromatic
5  hydrocarbon solvent comprises at least 80 volume percent aromatics.
18. The method of any one of claims 12 to 15, wherein said aromatic
hydrocarbon solvent comprises at least 90 volume percent aromatics.
17. The method of any one of claims 11 to 16, wherein said means for
separating said cleaning fluid from air in step (¢) is a fluid separation drum
10 18 The method of claim 13, wherein said at least one nitrogen containing
detergent additive comprises a hydrocarbyl-substituted succinimide.
19. The method of any one of claims 11 to 18, wherein said engine is a
compression ignition engine.
20. The method of any one of claims 11 to 19, wherein said compressor is a
15  turbocharger compressor.
21. The method of any one of claims 11 to 20, wherein said compressor is a
supercharger compressor.
22. A method for removing deposits from at least one compressor powered by an
engine, comprising (a) disconnecting, while said engine is turned off, a high
20 pressure downsiream side of said compressor from an intercooler, or an air intake
manifold for non-intercooled engines, while leaving said compressor attached to a
means used in said engine to drive said compressor, (b) attaching a conduit {o the
high pressure downstream side of said compressor, (¢) attaching, an input to and
output from, a means for separa{ing a cleaning fluid from air, (d) diverting the output
25  airflow from said compressor to said means for separating said cleaning fluid from

air, and further directing the remainder of said airflow to said engine, (e) starting
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supercharger compressor. 25 METHOD FOR CLEANING DEPOSITS FROM TURBOCHARGER
AND SUPERCHARGER COMPRESSORS Abstract of the Disclosure 5A method for removing
deposits from at least one compressor powered by an engine. The method comprises disconnecting,
while the engine is turned off, a high pressure downstream side of the compressor from an intercooler,
or an air intake manifold for non-intercooled engines, while leaving the compressor attached to a
means used in the engine to drive the compressor. The output airflow is diverted 10 from the
compressor away from the engine to a disposal or to a means of sep ratir,tlﬁg%afilcleaning fluid from air.

After starting e RIS FE RIS TS SHEhE iSRRI, THELIGAINNY FRIEYS TH|E 18 1P £Lufficient

time to clean t&%{égﬂrqgrﬁ]ses%wl&(e@%rree %z'ie upstream of said compressor, and (g) while said

engine is running, injecting said cleaning fluid via the means in step (f) for a
sufficient time to clean said comprassor, wherein said cieaning fluid comprises (i) a
5 major amount of an aromatic hydrocarbon solvent.
23. The method of claim 22, wherein said cleaning fluid further comprises (i) at
ieast one nitrogen containing detergent additive.
24, The method of any one of claims 22 or 23, wherein said aromatic
hydrocarbon solvent comprises a Cg aromatic solvent.
10 25 The method of any one of claims 22 {o 24, wherein said aromatic
hydrocarbon solvent comprises at least 80 volume percent aromatics.
28. The method of any one of claims 22 to 25, wherein said aromatic
hydrocarbon solvent comprises at least 90 volume percent aromatics.
27. The method of any one of claims 22 to 26, wherein said means for
15 separating said cleaning fluid from air in step (¢) is a fluid separation drum
28. The method of claim 23, wherein said at least one nitrogen containing
detergent additive comprises a hydrocarbyl-substituted succinimide.
29. The method of any one of claims 22 to 28, wherein said engine is a
compression ignition engine.
20 30. The method of any one of claims 22 to 28, wherein said compressor is a
turbocharger compressor.
31. The method of any one of claims 22 to 30, wherein said compressor is a

supercharger compressor.

25
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