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METHOD FOR CLEANING DEPOSITS FROM TURBOCHARGER AND
SUPERCHARGER COMPRESSORS 5 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
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increase 15 engine power dutput by prov hi ge-air density

such that more fuel can be burned in each engine cycle, by scavenging

airflow to clear the cylinders of combustion products, and by cooling

engine parts allowing for poweg,ingreasgs, L heqHfilization of a

turbocharger with an engine remﬁorsepower output and

higher brake mean effective pressure because the higher air density

improves 20 engine performance at low loads and permits the engine to
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compressors are very 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 especially -1
é)acquound 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 engine cycle, by scavenging airflow fo clear the cylinders of
combustion products, and by cooling engine parts allowing for power increases. The
utilization of a turbocharger with an engine resulis in increased horsepower output
and higher brake mean effective pressure because the higher air density improves
engine performance at low loads and permits the engine to operate not only at an
optimum efficlency point, but also at reduced speeds and loads. The use of a
turbocharger may further act to restore sea level ratings on engines operating at
high altitudes by compensating for reduced atmospheric pressures, and may make
possible maximum speed acceleration to synchronous speed for fast reliable starts
as well as reducing fuel and oil consumption.

Turbocharger and supercharger compressors are very- 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 especially
-
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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
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e Inlet system. Theesult these puddles will'be in
mdcmﬁggg&gwill "run away" when the engine is turned back on,
possibly resulting in dangerous operating conditions and damage to the
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the compressor while the output of the compressor is fed into the
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these conditions is to install an air restriction valve in the air intake 15

sppieaciHevie s tbiewddobsdaihgighiiicard engiveerthe mestiaatiodne cannot
and does not prevent the engine from consuming the cleaning fluid as a
sionpidepdyetie Suirgri§iig intovinb avergisseeer edtta thee thagdhko tuemo\iffg however,
turbocharger and supercharger compressor deposits without dismantling
tiselstgaprovuorithaf aleanindoiiite eleasingretidepiaditavihasecumilige and cause
engine, but without the cleaning fluid being 20 consumed by the engine.
R&Arainbthdsleidesieits dne impoltantecaibetdiessshudiesositshsaingested
cause a restriction of intake airflow, loss of compression, loss of power in .
! dhgiRRI BRI HCreARMRYMEAH S8peinally s basisommRE§iRly resulting

the Invention . o :
In dangerous operating conditions and damage to the engine. For the same reason,

one cannot simply spray cleaning fluid into the compressor while the output of the
compressor is fed into the operating engine. One potential solution to prevent “run
away” under these conditions is to install an air restriction valve in the air intake
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 deposits without dismantling the compressor that allows
for the cleaning of deposits on a running engine, but without the cleaning fiuid being
consumed by the engine. Removal of these deposits are important because
excessive deposits can cause a resiriction of intake airflow, loss of compression,

loss of power in the engine, and increased emissions, aspecially smoke.
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One aspect of this invention is directed to a method for removing deposits
5 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 10 from the engine to
a c!isposal orto a means qf Egﬁ%%i::n%ﬂi%el%r\}i%igwd from air. A means
to inject the cleaning fluid i uced in the low
pressure side upstream of said compressor. After starting the engine, and

while IB?\ o ingti%{ L{pﬂﬂl@g{éﬁg Cl%gnc%?[lgré{eg% %cgl igj%c%ﬁ’\dogi?otrh?emovhl% deposits

s ¥ i
aforemention means 10r a sutrcien ean the compressor.
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depos om at least one compressor powered by an engine. The

REDALCARPiRfRe JiRCAARRRINgwivhile the endigr isdudipd afwAdlighm side of

pressure downstream side of the compressor from an intercooler, or an

@t I0iakeraRapialdforponibliesereles: enoiiesmakilaaarig saichon-intercooled
compressor attached to a means used in the engine to 20 drive the

SAGMSESSATIA IcatRditif attaspra dortherdipb Pressure:deyvnsti¢ amtsidengine to
of the compressor, and an input to and output from a means for

gepariinganpheasing fldidsfrontpair iSrisvalzo dittatbe drdh eioutpurhaidiaor away
is diverted from the compressor to the means for separating the cleaning

ftoid frereaginant fartispostitastittga reaamaif depeafahiegaé fidsaronghduid from air.
engine air intake system. A means to 25 inject the cleaning fluid into the
Airmsereasntis iniectiticedcinahiagolivistéstuidsigd apeaeatn dittrduced in the low
compressor. After startin? the engine, and while the engine is -3 _
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 aspect of the invention is directed to a 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 ieaving said compressor attached to a imeans used in the engine io
drive the compressor. A conduit is attached to the high pressure downstream side
of the compressor, and an input to and output from a means for separating a
cleaning fluid from air is as also attached. The output airflow is diverted from the
compressor fo the means for separating the cieaning fiuid from air, and further
directing the remainder of the airflow to the engine air intake system. A means fo

inject the cleaning fluid 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
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running, the cleaning fluid is injected via the aforementioned means for a
sufficient time to clean said compressor. Brief Description of the Drawings
5 Figure 1 is a block diagram of a standard engine configuration prior to
attachment of the cleaning method of this invention Figure 2 is a block
diagram of an engine configuration during turbocharger cleaning with air

recirculation 10 Fijgure 3.is a block diagram of an engine configuration -
TR T S AR AR Ve Al ERB R Bt B ecigh t gHficent

,[of the Invention 15 This invention allows for a chemical cleaning method
Ing Bcl%an $2Id COIPIEsSOr. . . . : .
of turbocharger "deposits oh a running engine without having the cleaning

fluid composition be consumed by the engine. Definitions The term
"hydrocarbon” denotes compounds with purely or predominantly 20
hydrocarbon character, and include the following: (1) Purely hydrocarbon;
that is, aliphatic, (e. g., alkbref DReenpfiodie [rayinggcloalkyl or
cycloalkenyl), aromatic, aliphatic-and alicyclic-substituted aromatic,
aromatic-substituted aliphatic and alicyclic compounds, and the like, as
well as_cyclic comﬁ,ounds wherein the ring is completed through another

bHiEn 1 dF &8 B8 fhaSERNIARBSIRG CARP SRR RIS I glfachment of
her f licyglic -4 . Non-limiti les includ
R e bonzene,

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

with air recirculation

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

without air recirculation

Detailed Descripfion of the lnvention

This invention allows for a chemical cleaning method of turbocharger
deposits on a running engine without having the cleaning fluid composition be
consumed by the engine.

Definitions

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., 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 subsiituenis may together form an alicyclic

e



10

15

20

25

toluene, etc. (2) Substituted hydrocarbon; that is, compounds containing
non-hydrocarbon substituents which do not alter the predominantly
hydrocarbon character of the 5 compound. Those skilled in the art will be
aware of suitable substituents. Non limiting examples of substituents
include hydroxy, nitro, cyano, alkoxy, acyl, etc. (3) Heteroatom

compounds; that is, compqunds which, while predominantly hydrocarbon
GFor bR RS SRR AR s SER B8 7 A0 ARG G RRE Zene.
tlc::??mRose of carbon atoms. Suitable hetero atoms will be apparent to 10

056 SKilléd in the art and include, for example, nitrogen, oxygen and

sulfur- ) QeI R MMANBALALADRIL 1S SRSTINENS L HEIETD.ARAecarbon

and p Y N0 more than one, w € present for eac

Q18917 WRYCH 088" Ptk JEREP-th e LRy BGHE HGROSHRSHIMERIRAEr of the

hetero atoms in the compound. 15 An "aromatic” compound contains at

RATHANRIArPRIAHC SKIBLEYSRS arPRRNYORARBthY! SNt 388IRUSHs. Non-
compound may have substituents on the ring such as alkyl groups, or

pihensehstiprRsSidastestarme dhabexe, die Clearingikduid 28/, etc.

The cleaning fluid employed in this invention is preferably composed.of a

major éheisbafAonarconsiiengdrdoatbioncsotvenindhevaicimalitie predominantly
hydrocarbon solvent of the present invention is present in a "major

bydoerarban” majonaamiant cohtam astenaticohyeirdbarbaragmivent refefwto or ring
a concentration of the solvent within the cleaning solution of at least

atveuvise isimp eserhaficeanivrsofienesn Sudinidatsetaro satngjer with eneppirent to

an aromatic solvent refers to a concentration of the solvent within -5
those skilled in the art and include, for example, nitrogen, oxygen and sulfur.

in general, no moré 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
compound.

An “aromatic” compound contains at least one aromatic ring, such as a
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

The 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 soivent refers to a concentration of the solvent within the
cleaning solution of at least about 40 vol % aromatics. In some embodiments, “a

major amount” of an aromafic solvent refers to a concentration of the solvent within
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the cleaning 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 solution can be measured by any convenient
method, such as by ASTM D 1319, or by gas 5 chromatography. The

Aromatic Hydrocarbon Solvent For reasons of solubility of deposits
S R SO e T2 ISR 08 e e T QmYehys Al BB, sbout 60 vol %

aromatic hydrocarbon nts are the preferred 10 solv for this ;
s 4 A R T RIOT Ao Tt PR Rl o eogpatics. o
019B5EPO8NA SEAIAVES,LALARIASHRBRISS YL AR A BOMALEing solution
solvent. A preferred solvent for use in the present TVERtoN 18 &

Eé%”&%“ IS, w%:ﬁ ixt i S
trimethy&%ga(fgﬁeb%gzﬁyl tque%}g Hﬁﬁ%ﬁ%@%ﬁﬁﬁﬁh} gl:tl 9g’o%rdby gas
eRPsaRay@agisempatibility 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. contain less than about 1% by weight

mapihatestie) Heidee: saphtisalpeatmay be classified as a hazardous air

pollutant. Suitable aromatic petroleum distillates are commercially
availabferassAROMAT IS LOWH 56, 26pdsds) 20ExatbiMpbiliGhemiosd parts and
Company and Aromatic 150 type Caromax 20ND from Petrochem

eagiassiurie safatutiengdeoshrisomsativehydvitioaroferapdjveotsaimentteasgreferred
70 vol% aromatics by ASTM D 1319; more preferably at least 80 vol%
spovRBtrcdontbie ipyefdiemly Suitae oromBiarivants: iackdenbeazene, toluene,

preferably at least about 95 vol% 25 aromatics b¥|_ASTM D 1319. The .
S¥IeRRA WiljsreserABIingafeprERs Bhimig st thinners, such as a Co aromatic

solvent. A preferred solvent for use in the present invention is a Cg aromatic solvent.

This includes mixtures of Cg aromatics such as trimethyl benzene and ethyl toluene
or propyi benzene which exhibit good solvency and compatibility with fuels. Other
aromatic petroleum distillates may aiso be used, and preferably they are not
classified as volatile organic compounds. Preferred aromatic petroleum distillates
are naphthalene depleted (i.e. contain less than about 1% by weight naphthalene)
since naphthalene may be classified as a hazardous air pollutant. Suitabie aromatic
petroleum distillates are commercially available as AROMATIC 100, 150, 200 from
ExxonMobil Chemical Company and Aromatic 150 type Caromax 20ND from
Pefrochem Carless.

The aromatic hydrocarbon solvent wili preferably contain at least 70 vol%
aromatics by ASTM D 1319; more preferably at least 80 vol% aromatics; more
preferably at least 80 vol% aromatics; even more preferably at ieast about 95 vol%

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

B-
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-6 by ASTM D 86 of less than 300 C; more preferably less than 250 C;
more preferably less than 180 C. For safety reasons, it is preferred that
the aromatic hydrocarbon solvent have a flash point of at least 15 C;
more preferably 35 C. Preferably, the viscosity of the aromatic
hydrocarbon solvent is less than 4 cSt cr 25 5 C. Other solvents, such as

liphati ted.solvent din th N

L e, P B obEt /R S8 hafoa ni more
to ch h | tic.nature of the cleani ion. Sui .
R s e o RO LR FeReafe I SR e qromati

ilabl 0 bj ' i lven o
e e T8 ) do N oot T35 Np a2 e °©
BRI ROPIMOBLB8R, BRI ARASHROINRIA SREER IEIGdIKEs than 4 cSt @ 25
Oxygenated solvents include mono and” polyalcohols; glycol ethers such
as ethylene glycol butyl ethers; polyoxyalkylene compounds such as
phenoxy mono- or poly(oxyalkylene) alcohols; and other ethers 15 and
ketonesirdresbliiepgensaantaniagReterpgaiobdditiviect hexglemaied soivents, may
composition employed in the present invention may optionally also
bentaiechidetist dmeznttoogers Contaiaknddetasgeminatibitivel Gaokeratiivents is low
speaking, 20 a detergent additive is a fuel-soluble polar compound added
togagbling tndreiegeltheetsceapeciaiptiuterhotvel thelsisahiol soligarhtoSuitable
clean deposits or keep deposits from forming in at least one area of a fuel
mitakalisy seveniyrdasliiel dsssnmsidatdopclyegisofiHe e Agireesat i fead D60,

injectors, carburetors and intake valves. Areas of deposit formation in

A @tdh feRSTIAERie AP HAVRPStRPIMRIEfRYGH as D15-20 Naphtha, D115-
145 Naphtha and D31-35 Naphtha, also available from ExxonMobil, and

nonaromatic mineral spirits, and the like. Oxygenated solvents include mono and
polyaicohols; glycol ethers such as ethylene glycol butyl ethers; polyoxyalkylene
compounds such as phenoxy mono- or poly(oxyalkylene) alcohols; and other ethers

and kefones.

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,
a detergent additive is a fuel-soluble polar compound added to gasoiine and diesel
fuels, especially automotive fuels, which is used to ciean deposits or keep deposits
from forming in at ieast 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 inciude the fuel pumps and injectors, in

particular the injector nozzles and pump plungers. Suitable detergent additives for

7-
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25 particular the injector nozzles and pump plungers. Suitable detergent
additives for -7 use in this invention include, for example, aliphatic
hydrocarbyl amines, hydrocarbyl- substituted poly(oxyalkylene) amines,
hydrocarbyl-substituted succinimides, Mannich reaction products, nitro
and amino aromatic esters of polyalkylphenoxyalkanols,

lyalkylph inoalk . and mixt h f. 5 The aliphati
1B R et S RC VBl 02 R L B g rocaros
Lvefgn ere Ypieally SURIGH or pranched ol OGN SUBSTLYIE miges

amines navirng asic nitrogen a¥om an ein

TR\, s s e ApCC et W o

0. Preferred ali ydr amines include

@&VMHH@WQ@M%QM@P@HMﬁﬁ)%tﬂﬁﬂé%()lﬂﬁm'ﬁ&ﬁ: r-ggthereof.

aliphatic hydrocarbyl amines employed in this invention are prepared by

conventipnalipraee ke By ibineast BRhaRlIRARTIC ydresasipioyed in the

amines and their preparations are described in detail in U.S. Pat. Nos.
BréSET Sriveh b6k, 804l 1y3ibA My 59104 ig1i48; 05@in1Ra0 Sdin 4§ d b d@diyardostituted

6,203,584, the disclosures of 15 which are incorporated herein by

seferen tavintheir ieatitetye Aasibeitolass citdetenys nifedditiias syiatdadoyl group
use in the present invention are the hydrocarbyl-substituted

bady foryaikele aedmeines adstareleiad f abogublyethtr ADiHeS Ejpical aliphatic
hydrocarbyl-substituted poly(oxyalkylene) amines include hydrocarbyl

P esRyBkaebeltHiehoammasandipelyaeindoiseraiietye 20and  polyisobuty!
hydrocarbyl group contains from 1 to about 30 carbon atoms, the number
BroRRFEIaRe RIS RRYAMIPERge from about 5 to 100, and the amine moiety

is derived from ammonia, a primary alkyl or secondary dialkyl
monoa%@,“BP%t'ﬁcWﬁFﬁﬁ?ébyl amihes empioyed 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;
3,574,578, 3,848,066, 3,960,515, 4,832,702, and 6,203,684, the disclosures of
which are incorporated herein by reference in their entirety.

Another class of detergent additives suitable for use in the present invention
are the hydrocarbyl-substifuted poly(oxyalkylene) amines, also referred to as
polyether amines. Typical hydrocarbyl-substituted poly(oxyalkylene) amines include
hydrocarbyl poly(oxyalkylene} moncamines and polyamines wherein the
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 dialkyli monoamine, or a polyamine
having a terminal amino nitrogen atom. Preferably, the oxyalkylene moiety will be
oxypropyiene or oxybutylene or a mixture thereof, Such hydrocarbyl-substituted

poly(oxyalkylene) amines are described, for example, in U.S. Pat. No. 6,217,624,

8-
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having a terminal amino nitrogen atom. Preferably, the oxyalkylene moiety
will be oxypropylene or oxybutylene or a mixture thereof. Such
hydrocarbyl-substituted 25 poly(oxyalkylene) amines are described, for
example, in U.S. Pat. No. 6,217,624, -8 and U.S. Pat. No. 5,112,364, the
disclosures of which are incorporated herein by reference in their entirety.

A preferr of_hydrocarbyl-supstjtuted poly(oxyalkylene) monoamine .

RSB el ol (S RO WA Cororated herein by
ly(oxyalkylene) moiety 5 contains oxypropylene units or oxybutylene

ﬁaﬁ%rsggr ?ni&)t([bl%g%qté?(%ropylene and oxybutylene units. Preferably, the

alkyl gﬁgﬂeg’ég@(? %5%%{?&#6‘&8@%%-&%%@@(@gg%ﬁ%‘& RN S mine is

of 1to rbon atdms. Anl especidlly pre nyl’ moiety 1S

1R1r A ARREMIP IV 1B S RIS ABERIY GhdBifs ﬂ;grﬁ&%%ﬁuwgne) moiety

alkyl of 12 carbon atoms derived from propylene tetramer. 1

MQQ%WB%%MW&W@H@QW@W@M@L@%@@r&%{g}@mene and

use in the present invention are hydrocarbyl-substituted poly(oxyalkylene)

sRybaoRIhamaEtesrlisrinaad deexrMpiRUP bh3nEalkigsedyRaBRE s a straight
4,236,020; 4,160,648; 4,191,537; 4,270,930; 4,233,168; 4,197,409;

drbiancdBaetalB8k945,1 thedisalbsuwetofreadnadapbighigrpreferred alkyiphenyl
incorporated herein by reference. 15 These hydrocarbyl
puligiyximalieftepepemyipbaryhnibaé Sscontereate astkpingrdaasiis ratiogeched-chain
atom and have an average molecular weight of about 500 to 10,000,

plierepa iR caioans00ms sdeddremipaprifertabigrabout 1,000 to 3,000.

A preferred aminocarbamate is alkylphenyl poly(oxybutylene)
aminoéyHasdEirnal iareirtthyRTRD sy it naly frorrpikyigreiamine finding
diamine or diethylene triamine. 20 A further class of detergent additives

UgRadie 1&hs s@ipsed pr‘@%%rhtﬂ‘?ﬁveﬂ‘fﬁ)n hydrocarbyl-substituted poiy{oxyalkylene)

aminocarbamates disclosed for example, in U.S. Pat. Nos.. 4,288612; 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 disclosure of each of which are incorporatad herein by reference.

These hydrocarbyl poly(oxyalkylene)aminocarbamates contain at least one
basic nitregen 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(oxybutylene) aminocarbamate
wherein the amine molety is derived from ethylene diamine or diethylene triamine.

A further class of detergent additives suitabie for use in the present invention
are the hydrocarbyi-substituted succinimides. Typical hydrocarbyi-substituted
succinimides inciude polyalkyl and poiyalkeny! succinimides wherein the polyalkyl or
polyalkenyl group has an average molecular weight of about 500 to 5,000, and
preferably about 700 to 3,000. The hydrocarbyl-substituted succinimides are

typically prepared by reacting a hydrocarbyl-substituted succinic anhydride with an

9.
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are the hydrocarbyl-substituted succinimides. Typical
hydrocarbyl-substituted succinimides include polyalkyl and polyalkenyl
succinimides wherein the polyalkyl or polyalkenyl group has an average
molecular weight of about 500 to 5,000, and preferably about 700 to
3,000. The hydrocarbyl-substituted succinimides are 25 typically prepared

A e A RS e e A amne
| ne A ctive |
L L M
Joe iR HBRILBIRH AHF SnUidR ARG LSS N PIRSRI

invention 5-are descfibed, for example, in U.S. Pat. Nos. 5,393,3009;
5’588@5@h’g&%@é]ﬁ@%@@&@u@&?éﬁ%ﬂ%&iﬁgﬁéggé%@r@}alélséﬂ@invention
and British Patent No. 1,486,144, the disclosure of each of which are
Heogeamissiharinyigierance i treit eNtikets Yet anotheremss ®f 5 620 486;
detergent additives which may be employed in the present invention are

et grorenetasprod ees whichaarkgypidatiyniath BeitfsdnPaiénihido. 1,486,144,
Mannich condensation of a high molecular weight alkyl-substituted
tnedimoyesoraaticeompowhdhaarammexoatathireyab  basetmenaattitreir enfirety.
hydrogen, and an aldehyde. The high molecular weight alkyl-substituted
hydrox§eiranatieicolape uriddeipsgsrdfcradiiivesiyalkoipiean Sesaomipyed in the
polypropylphenol and polybutylphenol, especially polyisobutylphenol,
WRerSInIEIBsIpakia Manpishasaastion etidsmsiehareyriplbs abiaiped from
600 to 3,000. The amine reactant is typically a polyamine, such as i
HiryldfianiitantinbderspiRialptfIeR9Br JBREMRneWEEIPamited; sypstituted
example, eth%ilene diamine, diethylene triamine, triethylene tetramine

YA RUATRE % SOTRR r AL AIRINE GERRAIN A AEIARARNS JBRGHE hydrogen,

and an aldehyde. The high mq!ecu!ar weight alkyl-substituted hydroxyaromatic
compounds are preferably poiyalkylphenols, such as polypropylphenol and
polybutylphenol, especially polyisobutylphenol, wherein the poiyaky! group has an
average molecular weight of about 600 to 3,000. The amine reactant is typically a
polyamine, such as alkylene polyamines, especially ethylene or polyethyiene

poiyamines, for example, ethyiene diamine, diethylene ftriamine, triethylene

“tetramine, and the like. The aldehyde reactant is generally an aliphatic aidehyde,

such as formaldehyde, including paraformaldehyde and formalin, and acetaldehyde.
A preferred Mannich reaction product is obtained by condensing a
polyisobutylphenol with formaldehyde and diethylene triamine, wherein the
polyisobutyl group has an average molecular weight of about 1,000,

The Mannich reaction products suitable for use in the present invention are
described, for example, in U.S. Pat. Nos. 4,231,759 and 5,697,988, the disclosures

of each of which are incorporated herein by reference in their entirety.
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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 polyisobutyl group has an average molecular weight

of about 1,000. The Mannich reaction products suitable for use in the

present inyention are described, for example, in U.S. Pat, Nos. 4,231,759

e & B GelS R RLERSo e G548 Lty Vi RIS ebr s Fadia e Present
iﬁerei{?o?ly referencgrig their entir%l}gailq % esr%ill ;uarm%ro %I&%% é’g detergent
Rdaitive suitable foF Gse in the pre enkly favention are '

B R R D R S e il 0

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 carbeq atoms; and A is anflho, N-alkylfgmino having about
1 to about 20 e¢rker-Jtams in the alkyl group, N,N- Fkyl amino having

Preferred

about 1 to u 20 n atoms in each alkyl groug, or a polyamine
hg about 2 to gllout 12 amine, itrogemns and about 2
'- ;: yalkyl Xyami anes ormula

5,669,939, w w€ of which is incorporated herein by reference in
its entirety. Mixture¥ of polyalkylphenoxyaminoalkanes and
poly(oxyalkylene) amines are 15 also suitable for use in the present
invention. These mixtures are described in detail

wherein Rs is a polyalkyl group having an average molecuiar weight in the range of
about 800 fo 5,000; Rs; and R; are independently hydrogen or lower alkyl having 1 to
6 carbon atoms; and A is amino, N-alkyi 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 to about 12 amine
nitrogen atoms and about 2 to about 40 carbon atoms.

The polyalkyiphenoxyaminoalkanes of Formuia | above and their
preparations are described in detail in U.S. Pat. No. 5,668,830, the disclosure of
which is incorporated herein by reference in its enfirety.

Mixtures of polyalkylphenoxyaminoalkanes and poly(oxyalkylene) amines are
also suitable for use in the present invention. These mixiures are described in detail
in U.S. Pat. No. 5,851,242 the disciosure of which is incorporated herein by
reference in its entiraty.

A preferred class of detergent additive finding use in the present invention
are nitro and amino aromatic esters of polyalkylphenoxyalkanols. Preferred nitro and

amino aromatic esters of polyalkylphenoxyalkanols include those having the formula
-11-
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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
polyalkyiphenoxyalkanols. Preferred nitro and 20 amino aromatic esters
of polyalkylphenoxyalkanols include those having the formula -11 (lll): Rg
8‘ \I=0-H-----LH-----0 ~ a0 Raa RqQ' R12 wherein R5 is nitro or --(CH2)n
R13 R14, wherein R13 and R14 are independently hydrogen or lower
alkyl having 1 to 6 carbon atoms and nis 0 or 1;, R9 is hydrogen, 5
hydroxy, nitrg{gr --NR15 R16, wherein R15 and R15 are independently
hydrogen or Jower alkyl having 1 to 6 carbon atoms; Rio and Rll are
independently hydrogen or lower alkyl havin

R12 is a polyatk havmg an average

of aboutZE n he aromatlc sters of olyalkylphe

s

detdil in 0.5, 618 320, the |sclosure of WhICh [
herein b in its entirety. Mixtures of nitro and amine.3

esters of poI kylphenoxyalkanols and hydrocarbyl- substltute
poly(oxyalkylene) amines are also preferably contemplated for use in the
present invention. These mixtures are described in detail in U.S. Pat. 15
WhefindB OB %ithe alisc(@dtnm ofNRj¢IRig, indospsiraed ekbiR barefareapsendently
in its entirety.

hydrogen or lower alkyl having 1 to & carbon atoms and nis 0 or 1;, Rg is hydrogen,
hydroxy, nitro or --NRs Ryg, wherein Rys and Ry are independently hydrogen or
lower alkyl having 1 fo 6 carbon atoms; Ry and Ry are independently hydrogen or
lower alky! having 1 to 6 carbon atoms; and Ry, is a polyalkyl group having an
average molecular weight in the range of about 450 to 5,000.

The aromatic esters of polyalkyiphenoxyalkanols shown in Formula il above
and their preparations are described in detait in U.8. Pat. No. 5,618,320, the
disclosure of which is incorporated herein by reference in its entirety.

Mixtures of nitro and amino aromatic esters of polyalkylphenoxyalkanols and
hydrocarbyl-substituted poly(oxyalkyleng) amines are also preferably contemplated
for use in the present invention. These mixtures are described in detail in U.S. Pat.
No. 5,749,929, the disciosure 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

formula (1V):
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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 (1V): -12 J18 i19 R17-O CFI-CIl M B wherein: R17 is
a hydrocarbyl group having from about 1 to about 30 carbon atoms; Rig
and R19 are each independently hydrogen or lower alkyl having about 1
to about 6 carbon atoms and each RIB and R19 is independently
selected in each --O--CHR18 5 --CHR19 -- unit; B is amino, N-alkyl amino
having about tﬁ abouJIRZ carbon atoms in the alkyl group, N,N-dialkyl
amino having ot 1 tg Abbut 20 carbon atoms in each alkyl group, or a
polyamine moie igavi ouf, 2 to about 12 amine nitrogen atoms and

abolt? to #bolit40 carbbatoms; and m is an integer from about 5 to

about 100. 10 The hydrocarbyl-substituted poly(oxyalkylene) amines of
Formula IV above and their preparations are described in detail in U.S.
Pat. No. 6,217,624, the disclosure of which is incorporated herein by

vefereinceRin itseehtficebeaiing byclrpdatiykSutstinbeot poty(akpatk§leoapon atoms;
amines of Formula IV are preferably utilized either by themselves or in
Boarridafaravwithesth érdderengentlylsydoitves, loweicalsylhavihghabout 1 fo about
polyalkylphenoxyaminoalkanes of Formula Ill or the nitro and amino

Breanatic aloesBThosIkyptoRyalkdndtpsndeniinseseirianieastorO--CHRys
preferably, the detergent additives employed in the present invention will

b& B rmbirktibs Braminey dicikvbgnunadinutas pemrlokyalRpryies hRafRan atoms

of Formula 1V. A particularly preferred hydrocarbyl-substituted )
%%M&)ﬂ% Ahdialkyl amino having about 1 to apout 20 carbon atoms in

each alkyl group, or a polyamine moiety having about 2 to about 12 amine nitrogen
atoms and about Z fo about 40 carbon atoms; and m is an integer from about 5 to
about 100.

The hydrocarbyl-substituted poly{oxyalkylene} amines of Formuia IV above
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 poly(oxyalkylene) amines of Formula |V are
preferably utilized either by themseives or in combination with other detergent
additives, particularly with the polyalkylphenoxyaminoalkanes of Formula Il or the
nitro and amino aromatic esters of polyalkylphenoxyalkanols shown in Formula 111
More preferably, the detergent additives employed in the present invention will be
combinations of the hydrocarbyl-substituted poly{oxyalkylene) amines of Formula
IV. A particularly preferred hydrocarbyl-substituted poly(oxyalkylene) amine
detergent additive is dodecyiphenoxy poly(oxybutylene) amine and a particularly
preferred combination of detergent additives is the combination of dodecyiphenoxy

poly(oxybutylene} amine and 4-polyisobutylphenoxyethyl para-aminobenzoate.
13-
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20 detergent additive is dodecylphenoxy poly(oxybutylene) amine and a
particularly preferred combination of detergent additives is the
combination of dodecylphenoxy poly(oxybutylene) amine and
4-polyisobutylphenoxyethyl para-aminobenzoate. -13 Preferred
Application Tools and Procedures With reference to the figures, Figure 1
describes a standard engine 5 configuration with a turbocharger prior to

attachment of the cigaping netgd o s Sy ertion, Fag fubocharger
108 is made up of ) ; exhaust
turbine 104 on a shared axle 103. The exhaust from the engine 106 flows

througlap inlgLGtshpvmCangingdhe-ryliaust tyipestQd 10 QiRigard engine

This rotation moves the shared axle 103 which drives the compressor

4O URiRIoA O EQTBRIPSSERATN I BRbAI asaMat iR Sirhlienddtind hestisd of this

a wastegate (not shown) on the exhaust side that regulates how much of

ihe=arbaust peessbseiargaPliod 19 hadureediarges Bt hawsiusiessor 102,
bypasses it, and some of this exhaust pressure is directed out through an

antlefropx@xshatiiiriineir 6404 alfiearedt@tiain f®nTbenspressd frbd2 tise engine 106
usually cooled by an intercooler 105, which uses 15 the engine cooling
figstentougtaceitis igh semvperaaueiod the. akhbeiiraiibgeesdOihto thdate. This
intake of engine 106. Figure 2 describes an engine configuration during
totatenargevesetisinghavil Axiechedlanoah THEVRRbchagwpres 102, which
made up of three sections, a compressor 202, and an exhaust turbine
POMPIFESShafEPIBAE 20FereMirdi2, #e BB hidhbreddire SRiongRtegate (not
compressor 202 is disconnected from the intercooler 206, or air intake

RSRIPRLMRRRREBIRE S1RjieguimiR hotifty sAid cHIRTEasYpt Rigssure is
ggﬁ%‘@g@g;ﬁetyﬁ}?ﬁééﬂg%%? (F5B28E VoS MU0 BYRERER WMVEnd 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 105, which uses
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 recirculation. The furbocharger 208 is made up of three sections, a
compressor 202, and an exhaust furbine 204 on a shared axle 203. In Figure 2, the
high pressure side of the compressor 202 is disconnected from the intercooler 206,
or alr 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 o a means for separating a cleaning
fluid from air, a non-limiting exampie of such means is the fiuid separation drum
201. All the while, engine 207 is turned off. Preferably, the engine 207 is a

compression ignition engine, and the compressor 202 is a furbocharger or
14
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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 compr SSOf 202 is disconnected from
HBTTSRRGEIer 0B B eVt IR R TIEIAo Yo AN POCRIRE P rgesor. The
tering th ine, 207, Thi irflowy f _
S0 R S A 380 R B sl el e

é&‘&‘mnge‘?%é@é“%@reﬁém p&%ﬁé?fﬁﬁhﬁl% irg;{cyg%aﬂﬁin, ?ﬂ@taﬁnﬁﬁu’f’rairﬂow from

receptac e compressor 202 is powered by the exhaust from the

@6\9&&%@&?,2Ma1iearﬂ%W%M&B&W@nﬂal%mog%mrpaw@mecﬁﬁi&aa%uname

turbine 204 to rotate. This rotation moves the shared axle 203 whic

@i@%@%éh%@?%ﬁph&%rﬂm wkakeoris fof aperRtingdbe aneriag iseekiner, or
passing the compressor, but instead, taken 10 from the atmosphere, and

eRiiphady thiowg boriplidesc20Z0and intereralas 2@ Algaudt ifdatthe engine 207,
essential for the air return from the fluid separation drum 201 to be
ebivtefitadstthtbedbrbodhiatgentaltiomghctinis ivwg dic: [meipred raiiénARB4 o rotate.
starting the engine, a major amount of fresh cleaning fluid 209 is injected

s thetatiostreavesnttise dbargr eaver @ Side/bicinettivesobrmugmmpressor 202, The
compressor 15 202. The cleaning fluid 209 is introduced into the

toakerasseor erejinatyesenabie meahsassanhditiramAEe @mplEdnstead, taken
include: spraying the cleaning fluid via a commaon furnace burner injector,
Hﬁﬂ‘ﬁf@s@ﬁﬂ%ﬂgﬁﬁ@r@é@ QRtonalNdrseHEN e HtenpRoIBRY intptieaiRr 206. Also,

however, that the cleaning fluid introduction means result in a cleanin

LolBiBRt dPSERRTGL Uiy ST So6h ﬁﬁ‘?{tfﬁédcléﬁﬂﬂﬁ@t%dq%ﬁﬁ% to be

connected fo the turbocharger, although this would be preferable.

After starting the engine, a major amount of fresh cleaning fluid 209 is
injected into the air stream in the low pressure side of the turbocharger compressor
202. The cleaning fluid 209 is intreduced 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 aercsols and pumps. ltis
important, however, that the cleaning fluid introduction means result in a cleaning
solution droplet size sufficiently small such that the cleaning fluid is carned
essentially guantitatively by the air stream to the turbocharger. Cleaning fluid 208
having passed through the turbocharger compresser 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 fluid separation drum 201. An additional air vent (hot
shown), on top of the fluid separation drum 201 will prevent any pressure or vacuum

from building up inside the drum 201. Used cleaning fluid can be drained from the
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20 essentially quantitatively by the air stream to the turbocharger.
Cleaning 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 fluid
separation drum 201. An additional air vent (not shown), on top of the

S apETF IAG W LR 208, EEED ey Pk, LGk WRos=d of

the -15 ﬂ%liq separation dru ft(-?r the clean up method and should be
aesording fq local snvironmanial [ules, ,
Sposed of according to local environmental rules. In Figure 3, an

alternafive,methad i3 shiown.iR SeRaIAL e GIBamNe Ml e e Wiakfhg fuid

air in situations where air recirculation is problematic. The 5 turbocharger

08 isrnadrur ohthree SECHiAly AFRIRPEsSeEdR2nanhanR exhdlisthatic.  The

turbine 304 on a shared axle 303. In these situations where air

feescHatiRn sodiebirmatip srmaapssiitpRaminepleasiwtividlianadisxhaust
(a non-limiting example of which is the fluid separation drum 305) can be

HEBRhVIHIAUbAII RHECHIRERT B0BONGHIt{8SS HiNAdie atlaskeditordheculation is
high pressure downstream side of the 10 compressor 302, and the

paippiessier 30Rdackstonected fnp ndieiigtéibddlendas, (amain-intaleg example
manifold for non-intercooled engines, all while the engine 307 is turned
offwhithcisetth¢ofitnd flefhsaiparatiomdGi 8058 heelinplteitbqnotsienimulation. A
and outputs from (not shown) the fluid separation drum 305. The output

adrfidwit friowt compieissoraiaghesn toe igebigh thecfisidsasaratbaairuside of the
305. The fluid separation drum 305 15 is positioned in between the
AFPEEPRAGEPeANANG HRe CconPERE The Pt istannested Mave syipirispger 306,
the intercooler 306, directing the remainder of intake air directly from the

Al RSBl A BANIRIF 8080 KiPARCRIRA ANATSR BlovRIR M) SeingiRe/ is tumned

off. Attached to the fluid separation drum 305 are inputs to (not shown) and outputs
from (not shown) the fluid separation drum 305. The output airflow from compressor
302 can be directed the fluid separation drum 305. The fluid separation drum 305
is positioned in between the turbocharger compressor 302 and the intercooler 308,
or even bypassing the intercooler 308, 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 fluid can be drained after cleaning to prevent cleaning fiuid from
accumulating in the engine. An air restriction vaive (not shown) can be piaced in the
air inlet system for additional safety to 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 powered by the
exhaust from the engine 307, which flows through an inlet (not shown) causing the

exhaust turbine 304 to rotate. This rofation moves the shared axle 303 which drives
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307. This cleaning fluid can be drained after cleaning to prevent cleaning
fluid from accumulating in the engine. An air restriction valve (not shown)
can be placed in the 20 air inlet system for additional safety to prevent
engine runaway. Preferably, the engine 307 is a compression ignition
engine, and the compressor 302 is a turbocharger or supercharger

L G e
llows throuapan et ds o0 2SO 195.25.6 épeatssat Lrhige 306 v

ALON MOVes the enare drved
compr r he, i ta fqQr t| h i [A -
s e S S BAG ¥ e %%ﬁﬁ%?ﬁ‘%g’*ﬁ&%ﬁ’ﬁgré% 309 e

ARHRY F0d i e] SRLURY (e ENGH ﬁr@s@@@%ﬂ@%@%@m?ﬁ%ﬂ?&' R8mpressor

fUId 309 is Injected into the air stream in the low pressure side

M@O%%ﬂﬁmwgo@é%ﬂ@@@@m@tagrﬁ&%é%@atme@@delmuuabie
the compressor through any suitable means, and non-limiting examples

HShEES =5RF AYngrilieng exaing Byt viada coruion thenasening Meidjeciotommon
and pressurized sources such as aerosols and pumps. 10 EXAMPLES
kiiestobaleaning:tidd Amndipvestig@tiahsvasatadeints theredtéstanid pumps.
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 surface, and the

surface was slowly rubbed with a te34dfAirdifferent classes of cleaning

fluids were tested. These classes were oxygenated cleaning fluids similar

to the cleaning fluids employed in US Pat. No.
Effect of cleaning fluid

An investigation was made into the effect of different cleaning fiuids in
cleaning field-dirtied turbocharger compressors. The dirty compressors were
opened, and a droplet of cleaning fluid was placed on the dirty compressor surface,
and the surface was slowly rubbed with a fissue.

Two different classes of cleaning fluids were tested. These classes were
oxygenated cleaning fluids similar to the cleaning fluids employed in US Pat. No.
6652667 and US Pat. No. 8616776, which are composed primarily of oxygenated
solvents such as 2-phenoxysthanol, 2-butoxyethanol, and propylene carbonate, and
also aromatic cleaning fluids based primarily on aromaftic soivents, both with and
without a common polyalkylene succinimide diesel deposit control additive.

It was found that although oxygenated cleaning fluids were not effective in
cleaning turbocharger deposits using the procedure described above, aromatic
cleaning fluids with or without deposit control additive were effective in removing the

typical turbocharger deposits.
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6652667 and US Pat. No. 6616776, which are composed primarily of
oxygenated 20 solvents such as 2-phenoxyethanol, 2-butoxyethanol, and
propylene carbonate, and also aromatic cleaning fluids based primarily on
aromatic solvents, both with and without a common polyalkylene
succinimide diesel deposit control additive. It was found that although
oxygenated cleaning fluids were not effective in cleaning turbocharger
ge%osits uiing the procedure described above, aromatic 25 cleaning

ithout deposit control additive were effective in removing
the typical turbocharger deppsits. -17. Test procedure A major advantage
of this G0 1 BT by Be TR Aot A e LR A ooth parts

E%%ﬂ ﬂ?%‘dﬁﬂ %@%@%@ngﬁ\é%mi%y ﬁ@%ﬁ@%‘?\nﬂgtﬁg%%ﬁ%@gﬁ ég practice

using the equipment descri s follows. A dirty BorgWarner Type

RaChREISkBREIAUNES ABLR 2 N AMBRASOL ALY oa ARGl Thgpe K29

conduit from the air filter to the input of the compressor and the conduit

{{erd dR8raLinNA O fibereempres PMARh e dniescealeraueserPUhgine. The conduit
disconnected at the turbocharger 10 compressor housing. A 55-gallon

flasmtesitfiteras aaapindflue sepgriien davicenswndand fidtng®fetput of
the drum bungs were used to connect conduits to the air input and output
tifehecturbesharger taem priessooibousing, dth thigsconnectianatotitee turbocharger
housing made with rubber hose and ring clamps. This achieved a closed
sysiprasd® Accmmngercially available pressurized brake fluid changer

equipped with pressure and flow regulators was used to provide cleaning

fluid toAHR @atipredsn tyapaisrshre® plesinadvitisrraralivndelvipsctoptandard

was used to spray cleaning fluid into . o
fittings for the drum bungs were used to connect conduits to 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.

A commercially available pressurized brake fluid changer equipped with
pressure and flow regulators was used to provide cleaning fluid to the compressor fo
be cleaned. A common furnace burner injector was used to spray cleaning fluid into
the input side of the compressor air iniet.  The injector was seaied into the
compressor air inlet by removing a sensor, inserting the injector into the sensor
housing, and then sealing with elastic hose and ring clamps.

The engine was started, and a cleaning fluid composed of aromatic solvent
with a flash point of 150 °F containing a minor amount of polyalkylene succinimide
was fed {o the input side of the compressor at 5 liters/ 30 minutes. Cleaning fluid
was sprayed into the compressor for 30 minutes, and then cleaning fluid addition
was discontinued. The engine was run for an additional & minutes to further remove

cleaning fluid from the compressor.
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the input side of the compressor air inlet. The injector was sealed into the
compressor air inlet by removing a sensor, inserting the injector into the
sensor 20 housing, and then sealing with elastic hose and ring clamps.
The engine was started, and a cleaning fluid composed of aromatic
solvent with a flash point of 150 F containing a minor amount of

tere) SORAIEE W AHRG o1 A LT BHFS (e BEATaCB) R0 e

rs/ SOHAAGHES, CRAlRY Hid %E8 Rl
R R S B RS, e

EB%E%QQJS?%W%' ]cﬁs-gg%‘?gﬁiﬂ?aw&pﬂg%oﬁgdt%%&e t‘%{fﬁ}eéﬂtjreiy removed

connections removed, and the turbocharger removed from the engine:
RAnkisasselygel thedraesharariuanigRseasand Wamsissayetemiiabng the
deposits had been essentially entirely removed from the turbocharger
g80aRtgssor, including both the compressor vanes and the 5 housing. -13
That which is claimed: 1. A method for removing deposits from at least
one compressor powered by 5 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 the engine to drive the compressor, (b) diverting the output
airflow from said compressor away from the engine to a disposal or to a
means of 10 separating a cleaning fluid from air, (c) starting said engine,
(d) introducing a means

10-



10

15

20

25

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 2. The method of claim 1, wherein said cleaning
fluid comprises (i) a major 15 amount of an aromatic hydrocarbon solvent.
3. The method of claim 2, wherein said cleaning fluid further comprises (i)
at least one nitrogen containing detergent additive. 4. The method of any
?Hgtc‘)ﬂfmcllc irlrésg I%rrmg;d_Wh.erein said aromatic hydrocarbon solvent .
comprises a §'T8thatic solvent. 20 5. The method of any one of claims 2
to 4, wherein said aromatic hydrocarbon solvent comprises at least 80

\(plum%pﬁg& Bl (;(%n -Er%ségﬁéhﬂgr\?fﬁ%gﬁeoﬂgcl%ilgﬁré%@o?’BPnVéered by

wherein saloﬁaromatlc rocarbon solvent comprises at vol

ﬁr@%@sr@,omﬁﬁﬁsm?g mRbethelany Mief {8RIPERGRANE GRS off a high

whereln said means for 25 separating Said cleaning fluid from air in step

FrisardWevrenRrsatoBigEus <28 Bolhrthed of SiRiMe3WBRICIBrSHdM intake

least one nitrogen containing detergent additive comprises a

htiesiariy-sohstitutesosec ninide, WhlibagagipdH8 anpresebihstiached to a

preceding claims wherein said engine is a compression ignition engine. 5

it afseuswethindief anginaeotithe frecedmprelsims (wheiiemtBaidhe output airflow
compressor is a turbocharger compressor. 11. The method of any one of
frenpreaddicnuissswisavein Baid dbempregse iaasdppudwrgerto @ means of
compressor.

separating a cleaning fluid from air, (c) starting said engine, (d) introducing a means
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 fiuid
via the means in step (d) for a sufficient time to clean said compressor

2. The method of claim 1, wherein said cleaning fiuid comprises (i) a major
amount of an aromatic hydrocarbon solvent.

3. The method of claim 2, wherein said cleaning fluid further comprises (i) at least
one nitrogen containing detergent additive.

4, The method of any one of claims 2 or 3, wherein said aromatic hydrocarbon
solvent comprises a Cy aromatic solvent.

5. The method of any one of claims 2 fo 4, wherein said aromatic hydrocarbon
solvent comprises at least 80 volume percent aromatics.

B. The method of any one of claims 2 to 5, wherein said aromatic hydrocarbon
solvent comprises at least 90 volume percent aromatics.

7. 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.
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12. 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

el B SHE Qo BB 1) SR oo T (4 QoA comaiing
| C51, (0 cthg, A inpit © RdYS
R A R IS g <

gleaning fluicLirom &1, AN AU Bellresingdhg "aRIARdGh LIS AY Wine is a

to said engine, (e) starting said engine and (f) introducing a means to

Sy seih Al eaNiRe: tigiagto an air stream in the low pressure side
upstream of said compressor; and (g) while said 20 engine is running,

ijectinthsatbteaningadivishyiartheprarsingtitl haresulinieabiprieoris a
clean said compressor. 13. The method of claim 12, wherein said cleaning
fluisbehargeisesripr@ssajor amount of an aromatic hydrocarbon solvent.

14. The method of claim 13, wherein said cleaning fluid further comprises

(i} .at Zhieastboe citeogemeaittinipgedetingeritiatitivers@1sabl ddrepressor is a
method of any one of claims 13 or 14, wherein said aromatic hydrocarbon
sobparnbamapasEdwS9aromatic solvent. 16. The method of any one of

claims 13 to 15, wherein said aromatic hydrocarbon solvent comprises at

[ehst 80 piting issrasnednensignesits frpnTakleaste PNy RHFOOPRKAIRS by an
13 to 16, wherein said aromatic hydrocarbon solvent comprises at least )
90SIBRuNTOHERSINE admaigegnnecting, while said engine is turned off, a high

pressure downstreém side of said compressor from an intercooler, or an air intake
manifold for non—intercco!ed engines, while leaving said compressor attached to a
means used in said engine {o drive said compressor, (b) attaching a conduit to the
high pressure downstream side of said compressor, {(c) attaching, an input to and
output from, a means for separating 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 fo said engine, (e) starting
said engine and (f) infroducing 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.

13.  The method of claim 12, wherein said cleaning fluid comprises (i) a major
amount of an aromatic hydrocarbon solvent.

14, The method of claim 13, wherein said cleaning fiuid further comprises (i) at

least one nitrogen containing detergent additive.
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18. The method of any one of claims 12 to 17, wherein said means for
separating said cleaning fluid from air in step (c) is a fluid separation
drum 19. The method of claim 14, wherein said at least one nitrogen
containing 10 detergent additive comprises a hydrocarbyl-substituted
succinimide. 20. The method of any one of claims 12 to 19, wherein said

goaines a compression lgniion epoing, 21. The nefjod ey o 8f oromati

ny. pn
whnerein s |<:Pcompressor IS a turboc arger compressor.

@gd%awsn@swg& b ApkQne LhClaimA e, 'Qo%ﬂezrgf‘.’hefei” said

mpressor Is a supercharger compressor. 20 -
16. The method of any one of claims 13 to 15, wherein said aromatic

hydrocarbon solvent comprises at least 80 volume percent aromatics.

17. The method of any one of claims 13 to 16, wherein said aromatic
hydrocarbon solvent comprises at ieast 90 volume percent aromatics.

18,  The method of any one of claims 12 to 17, wherein said means for separating
said cleaning fluid from air in step (¢) is a fluid separation drum

19. The method of claim 14, wherein said at least one nitrogen containing
detergent additive comprises a hydrocarbyl-substituted succinimide.

20.  The method of any one of claims 12 to 19, wherein said engine is a
compression ignition engine.

21.  The method of any one of claims 12 fo 20, wherein said compressor is &
turbocharger compressor.

22. The method of any one of claims 12 fo 21, wherein said compressor is a

supercharger compressor.
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