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met hods is known as Exhaust Gas Recirculation (EGR). US Patent 3,872, 845
describes an early EGR system as applied to a passenger vehicle. EGR has
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BACKGROUND OF THE INVENTION

[0002] Internal combustion engines have been employed for over a century.

However, with the continuing high cost of fuel and quest to reduce emissions,

manufacturers have developed many methods to make the combustion process

more efficient and, at the same time, with lower emissions. One of these
methods is known as Exhaust Gas Recirculation (EGR). US Patent 3,872,845
describes an early EGR system as applied to a passenger vehicle. EGR has been

shown extremely effective for removing NO, from internal combustion

emissions.

[0003] EGR systems are also being employed in heavy duty diesel engines as

pending environmental regulations are requiring significant reduction in NO,

emissions. USP 4,055,158 teaches that an effective way to improve the EGR

effectiveness in reducing NO, emission is to cool the recirculated exhaust before it is
fed into the intake system. By cooling the exhaust from 400-800 °F to 150- 250 °F, the

NO, emissions were reduced by an additional 10%. As an added advantage, cooling

the EGR also allows lower charge air temperature (thus a higher air to fuel ratio) which

is also critical to the efficiency of modern heavy diesel engines equipped with turbo

charger and intercooler.



charger and intercooler. 0 3 F E B 2006 WD 2004/ 011784 PCT/ US2003/ 023802
[0004] One probl em associated with cooling the recircul ated exAuB Wesses
is that Rhidkped noisture is likely to condense. Ir};ie[ggs

appr oxi na‘{vg’lez3;ﬁ’5ﬁ’{lokﬂ% of the intake air is actually water va 73?3“”?8"2th
exhaust gas, the water content is even higher due to the fact that water is
one of the conbustion byproducts. USP -2; 055, 158 teaches that a condensate
trap shoul d be situated downstream of the heat-exchange device. USP 6,

367, 256B1 further teaches that the condensate fromthe EGR streamis acidic
i n nature [6004Faughse dpn'tﬂiléiﬁ assutigted with eslimdtie resircilaced edmusnpssses isaches
that a series of condensate traps should be enployed, the condensate |ater
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nonoxi de from t he exhaust gas were devel oped nmany decades ago, as discl osed

in USP 2, dfromsbg EGR susmnlszamlwmnamoméwausmm@@mpquw wi t hout
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renove NOga§¥ds. Hild soRitich kﬂace%a%woﬁﬂ&nM%@hann@ﬁ%mbmk e@Rr |l ier
in USP 5,451,558. In these catalytic absorber systens, the catalysts and

absor ber s byrintidubmg gaseous atidd to tpedihe Atdhe same time it cannot remove the

condensate formed after the traps, such as those in the intake manifold..

[OOOé] Another possible way to reduce the acidic gasses from the EGR
stream is to remove NO, and SO, in the exhaust gas before recirculating to the
engine intake. The techniques of using absorbents such as charcoal, calcium
carbonate, and calcium hydroxide to remove harmful species such as carbon
monoxide from the exhaust gas were developed many decades ago, as disclosed
in USP 2,077,563 and USP 2,216,763. However, these techniques, without
further refinements, have now been found to be less effective in general exhaust
gas treatment compared to the modern catalysis/absorption techniques. USP
3,739,583 discloses the use of a catalyst bed in the exhaust stream to reduce the
NO, level. The use of catalytic absorber to remove NO,, SO,, and CO in the
exhaust gas has also been disclosed earlier in USP 5,451,558. In these catalytic
absorber systems, the catalysts and absorbers are either fabricated together or
located in proximity. The catalysts oxidize the NO, SO, and CO to NO,, SO,
and CO;, respectively, so that they can be readily absorbed by the absorbers.



| ocated in proximty. The catal ysts oxidize the NO SO2 and CO to NO2, SQG3,
and CQ2. respectively, so that they can be readily absorbed b)ﬂipg} 7006

absor bers-\wg%@ﬁFﬁP&? WO 21104/ 1) 11784 PCT/ US2003/ 1123803rré12g% 3é(?g-lséohough

treating t I'r'e exhaust gas is desirable for em ssi removi ng
the acidic gases in the EGR streamis nore critical to engine protection. A
recent application WO 02/ 22239A1 teaches3-t he use of a conbi ned

catal ytic/sorber systemthat first oxidizes SO2 to SO3 and then renoves the

S t hrough an absorption process in an EGR stream [0007] The use of

catal yst t C[OO@G]DVGATQouEHQreﬁﬁhﬁ th@entReXxhast gARqS debirable €8r emissiciyest i gation

in the last few years dle to the future environnental regulations such as
Euro |V andohidl, 2emdving thei avidistgaseknindthe BGRsweam ishmoteecrtiticdl aggngier heavy
duty diesel engines has not matured_due to a nunber of_ issues around
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portion is not effective bel ow 200C for the renoval of NO Simlarly,
W02/ 22239A1 teaches that the sorber is far |less effective below 400 C for
t he renoval[0807]SO The use of batalyst thfemowe N and8@) has been br impydantares t he

significant heat .generati.o of the system.tself. Si.nce diesel engines are
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stream This teChnique is not suitable for heavy duty trucks since it
requi res t lcatahaniifé suclnasiSO, poisoning etc. In addition, most of the catalyst/sorber

systems are based on a honeycomb structure and the diffusion rates of the NO,

and SOy are critical to absorption efficiency.

[0008] One problem with the catalyst/sober systems is that they are highly
sensitive to temperature. Indeed, EP 0597106B teaches that the sorber portion is
not effective below 200°C for the removal of NO,. Similarly, W002/22239A1
teaches that the sorber is far less effective below 400 °C for the removal of SO;.
Another problem with a catalyst/sorber system is the significant heat generation
of the system itself. Since diesel engines are more efficient with lower EGR
stream temperature, the catalyst/sorber system process is inefficient because it

adds heat to the EGR stream that must be removed.

[0009] Taking a different approach, GB2301865 teaches the use of an
aqueous ammonia solution to treat carbon dioxide in an EGR stream. This
technique is not suitable for heavy duty trucks since it requires the handling and

recurring replenishment of large quantities of volatile ammonia and water.



recurring replenishnment of large quantities of volatile ammonia and water. O
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significagtol f-ocpn the useful life of the engine |ubrjcant because of
the aci ds“f%rwrr’ggg'l'ﬁ"the oi | as oxidation products as wel I'L(glgug"t"ﬂﬂm&ﬁ‘fzdi c
nature of the blow by gas, lubricating oils are formulated to be basic in
nature. |ndeed, "overbased" detergents ate usually used to give the

| ubricant the capability to act as a neutralization agent. However, a
recurring problemin EGR diesel engines is that the useful life of the
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t he | ubri aamaturd. | Indeed, evesbhsed's deter gentteatearsuallyrusedpe @ive thel lupricamte
current inyvention_enploys a conhination of a_heat exchanger /cooler and a
chenical ftheicapabilidy to act ava neptralizationAgent. r dhQWEVE, a Iewang RIGRISSR &bt s
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suppl enentthidenvifenmetity. These three filters may be used independently or
simul taneously to nmaxim ze the oil life. DETAI LED DESCRI PTI ON [ 0012] The

i ncreased performance denands of nodem di esel engi nes have
SUMMARY OF THE INVENTION

[0011]  One of the objectives of the present invention is to extend the
Iubricant life in EGR equipped diesel engines by ensuring that the entrained -
acidic components in the EGR stream are removed before allowing them to re-
enter the combustion chamber. In this manner, the basicity of the lubricant will
not be adversely affected. More specifically, the current invention employs a
combination of a heat exchanger /cooler and a chemical filter/trap in the EGR
stream to remove the acidic components effectively. A similar chemical filter
can also be placed after the EGR stream is mixed with the intake air but before
the air is charged into the engine. In addition, a chemical filter may also be
placed in the lubricant to remove the acidic components and metal ions in the
lubricant and to supplement the basicity. These three filters may be used

independently or simultaneously to maximize the oil life.
DETAILED DESCRIPTION

[0012]  The increased performance demands of modern diesel engines have
resulted in their mounting sophistication, complexity and sensitivity. In

response, engine oils have also become more advanced by utilizing more



resulted in their nmounting sophistication, conplexity and sensitivity. In
response, engine oils have al so becone nore advanced by utilizi 0@ FFrgre0 3 F
E.B 2006 V&%ﬁ%gﬂh;g 1784 PCT, ROS2003/ 023802 conpl ex base stggks gnd
additives. One particul ar advancenent in lubricant techf&iTog#*2¥%Been to
"overbase"” the detergent in the lubricant. This provides a basic "reserve"
to neutralize the acids generated due [$roxidation in the oil as well as
the acids introduced from bl ow by gas. The basic "reserve" of a |ubricant
is known as the total base nunber (TBN). Typically, an engine oil has a TBN

of 8-12. TBN higher than the typical range,could |ead to higher piston
deposi t. MompleXdase stocks ,anﬁ Rd@itivescPae @éﬁicﬂ%frﬂ(bfﬁ‘c%f&ﬁnhms]&gﬁic%‘er t he
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engi nes, the useful life of cants is expected to be reduced

dramat i calwyll abtthevasids épwodivedifrorbAfowape gasl 9 9Phe basi83retetvedtoflaGR | ncr eases
soot accunul ation, lubricant oxidation, and additive depletion under high
| oad condilubogartis knowmyamthe total baseshumber (IBINY. diypraliyusn engine oil has
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devel oped fiffweitalgehts! 44l dikpersdmté:_engi ne oils. The APl Cl-4 category was
descri bed i n SAE paper 2002-01-1673 (J. A MGCeehan, et al. "APl Cl-4: The

First Ol Category for Diesel Engines Using Cool ed Exhaust Gas

Recircul ation"). [001 en though.a new di esel engine Qil category was
devel oped,[ogé?fy iese ]lugﬁcants are designed to remove a known an. expec:teffg Y

amount of acidic by-products over the useful life of the oil. However, with the

introduction of EGR in diesel engines, the useful life of diesel lubricants is
expected to be reduced dramatically. It was reported in SAE paper 1999-01-
3574 that EGR increases soot accumulation, lubricant oxidation, and additive
depletion under high load condition (T. W. Ryan III, et al, "Effects of Exhaust
Gas Recirculation on the Degradation Rates of Lubnicating Oil in a Heavy-Duty
Diesel Engine"). A new engine oil category, known as AP1 CI-4, was defined in
December of 2001to address the needs of cooled EGR engines. In the API CI-4
specifications, two EGR engine tests, M11 EGR and Mack T-10, were
developed for qualifying API CI-4 engine oils. The API CI-4 category was
described in SAE paper 2002-01-1673 (J. A. McGeehan, et al. "API CI-4: The
First Oil Category for Diesel Engines Using Cooled Exhaust Gas

Recirculation").

[0014] Even though a new diesel engine oil category was developed, early
testing indicates that lubricant life is significantly shortened in cooled EGR
engines. It is theorized that the required cooling of the recirculated exhaust

gasses entrain the gaseous acids as water vapor condenses and seep through the



testing indicates that lubricant life is significantly shortenﬁ%é%ﬂ;@ ol ed
EGR englnes I's theorized that the required cooling of the i0r at ed
exhaust a5 S kain the gaseous acids as water vapor d seep
through t he éﬁg""ﬁné ' 2006 W 2004; 041784 peT/ Uso005, boschor LSRG AAR
chanber to reach the engine lubricant. The addition of the acidic
condensate to the oil would have signifigant inpact on the oil life. [0015]
The current invention extends the useful lubricant life in an EGR equi pped
di esel engine by using a conbination of a heat exchanger (cooler) and a

They “are FHpPhatide %ﬁﬁwﬁéﬁ%eeasﬁ?*‘éignéﬁlﬁ‘i¥§véﬁﬂﬁléi%&lﬁ§ ERAAgE ot e <o

that the mg{cf%%% theRE1 *EREhd i ncPlﬁﬁgaétQ) d he absor pt i on of
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cal ciumor negnesium carbonates), netal oxides (e.g., zinc oxide and
Alum na), silica, metal hydroxides (e.g., calciumor sodium hﬁdroxi des),
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(CaC®B), aﬁre%&'ﬂ‘od%%e@hh@&h@ﬁitﬁ?@ﬁiamﬁﬁ&t Th'EGRIcI6r Radpsstéd so @araRe a, ., can
effectively absorb and neutralize the acidic conponents in the exhaust

stream at hamdidity aif the EGR stvearh isrhiihiey to Phemote the absotptivar efsthefgaseause
i nsol ubl e |r1 wat er, but. becone soluble after converted to nitrates,
nitriles, andsyTheabsorbents wsadenchude metal sarbpnatest(gie. <calem Ak r eact ed
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synthetic polymer resins (e.g, ion-exchange resins), and other natural absorbents

such as limestone and various clays, as well as their mixtures. A single or

multiple layers of the absorbents can be used in the filter.

[0016] Metal carbonates, including sodium carbonate (Na,CQO;), potassium
carbonate (K,CO;), magnesium carbonate (MgCQ3), calcium carbonate
(CaCO:s), as well as other carbonate salts of organic bases and ammonia,, can
effectively absorb and neutralize the acidic components in the exhaust stream at
a certain relative humidity. The metal carbonates that are insoluble in water, but
become soluble after converted to nitrates, nitriles, or sulfates, would be
particularly useful since the reacted layers (inactive) can be washed away when
the exhaust gas reaches its dew-point during contact with the absorbent.
Similarly, metal oxides, specially zinc oxide, magnesium oxide, and aluminum
oxide (Alumina), and metal hydroxides such as calcium hydroxide, magnesium
hydroxide, and sodium hydroxides can also remove the acidic components

effectively.



oxide (Alum na), and netal hydroxi des such as cal ci um hydroxi de, nagnesium
hydr oxi de, and sodi um hydroxi des can al so renove the acidic co Hi

ef fectivel B 2006 WD 2114/0 1 1 784 PCT/USZOOS/O 3802 -

I'n addltlaﬁgﬁa“% Eﬁg i nor gani ¢ conpounds mentioned above, PECHTVAVES®
carbons, particularly the inpregnated carbons, are also very effective in
renmovi ng the acidic conmponents in the exhaust gas at a certain relative
hum dity. The activated carbon can be prepared fromeither coconut shell,
coal, wood, or other raw material. Activated carbon fibers can al so be

soed. 1001 arA™ Tocpeansg %ﬁg'ﬁ%nﬁrgaﬁﬁf&?ﬁép@ LTt e
CoMpOnent S carbbh8riarfbulaH e TG RE SarbBlls, M AIGNRO AR ETAO the f11ter.

Typi cal ion-exc res ed on s ’yrene-di ezene copol yners.

| on- EXCha_n%néﬁﬁFrtﬁe laéldich@o VHEMS i thé eXaRt Badat éammlrelaﬂver}ﬁﬁﬁld&ynce
these resins will" release water only when reacted with acids. A typical

i on- exchandbe raeﬂivateﬂoarhdn sambp premiréd frons eithervaiconutvsiredh loosl, Medxal, O ( Sybr on
Chem cal s, I nc. Sone an| oni ¢ ¢lay conposjte terials, as disclosed
in US Pat eﬁﬂ?”%WHBgeU Agtivasedcartyon bbersiegn alsbeasedi SO from flue gas
streans and reference therein, should be also suitable for the present
application. The SO  content in the flue gas streamis nuch. higher than
that 1n throisysellofxdinahee APl Ardfot Thmily oT dRUbITD Bt ciih beaided i oh
humdity e nment of present 1nvention would be nore favorable for

t he absor pin this gpplication. [ effectivedy aleatralia¢ thel ddidic dompdrtentsyistropgage i s
illustrated as Figure 1. The filter consists of one or nore | ayers of
filters whwenk bage msinsrranshgrincorporgteadiiatathe fillere Typisakioarexchapge wsins by

synthetic or cel Lul ose
y e basedon's ene rIﬁvmy‘fbezene copolymers. Ion-exchange resins in the

hydroxide form are of special interest since these resins will release water only
when reacted with acids. A typical ion-exchange resin for this application is
Lewatit Monoplus M500 OH (Sybron Chemicals, Inc.).

[0019]  Some anionic clay composite materials, as disclosed in US Patents
5,583,082 and US 5,785,938 for removal of SO, from flue gas streams and
reference therein, should be also suitable for the present application. The SO,
content in the flue gas stream is much higher than that in the diesel exhaust
stream. However, the low temperature and high humidity environment of the

present invention would be more favorable for the absorption process.

[0020] The chemical filter for the air phase is illustrated as Figure 1.

The filter consists of one or more layers of filters which may be the same or
different. The layers are separated by synthetic or cellulose membranes. As a
non-limiting example, filter #1 might be calcium carbonate, while filter #2 might
be zinc oxide, and filter #3 might be activated}carbon. Although not a necessity,
another non-limiting example might include a water trap to prevent the

condensate from contacting other engine parts. In another non-limiting example,



non-limting exanple, filter #1 m ght be cal ci um carbonate, whil %{M@ﬁﬁr #2
m ght be zinc oxide, and filter #3 m ght be activated carbon. ,B\I not
a necessi \ r non-limting exanple mght include y\ﬁger trap to
prevent the 2"&%ﬁ§2£§ate from contacting other engi ne par t@. / ﬁ"%‘&”ﬁgr ’
non-limting exanple, 0 3 FEB 2006 WO 21)04/011781 PCT/ US2003/ 023802 a

repl aceabl e water purifier nay be used-80 renove the harnful conponents. A
typi cal water purifier would contain activated carbon. [0021] In contrast to
the catal yst/sorber systens taught in WO02/22239A1 and USP 5, 451, 558 whi ch
target thg Rajd fiiek &Reto oV Ve HARRRKAImbbhdL A the

pr esent inv@ﬁﬁc&ﬁbl%g?g%{?ve y %al}éi\%ut eoaC| cﬂ c conponents f)n %tﬁge exhaust

system Thgpidabeatsy pi@iTRVesld cotdih aefivatedarbakel y to condensate out as
acids, such as NO (which is 90% of NOX) are |less affected by the chem cal

filter of the present invention than the above discussed catalyst/sorber

systens. The chem cal filter is especially effective.in relatively) |ow
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filters placed In an treamwith a relati

t enper at uiie e exkiausreydtemO Ehegaeons dompohenisswhich drbddssdisely phase wat er
droplets are formed trapping acidégroduqing aseous precursors, including
S8 and Negndewsste ontascadidsy sach dis NQdwdichirso0 % of NEahare lgssaffeeted bywi t h a

b in t 1 cal_.fil , th . i gkl traljzed. Simlarly, th
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become caq a??st)évb}ﬁ’br fEm&SThe cﬁ?x@f&?%? hée Es}e‘éf‘éﬁf&f@éﬁvecﬁxeé‘“ ng a basic

sol ution that I ssol'ves and neu lzes t aseous acidic precursors. Both
theories gred@@eedy) low temperature, high humidity environment in which the

catalyst/absorber systems admit to being far less effective.

[0022] While the present invention is not limited by any theory discussed
herein, the inventors propose two mechanisms to explain the unexpected
efficiency of chemical filters placed in an EGR stream with a relatively high
humidity, low temperature environment. One proposed mechanism is that gas
phase water droplets are formed trapping acid-producing gaseous precursors,
including SO3; and NO,. When these now acidic water droplets, come in contact
with a base in the chemical filter, they are quickly neutralized. Similarly, the
second mechanism proposes that the bases in the in the chemical filter become
coated with water as it approaches its dew-point, creating a basic solution that
dissolves and neutralizes the gaseous acidic precursors. Both theories propose
that the present invention does not completely depend on the high-temperature
gas/solid phase diffusion mechanism of the catalyst/sober systems, instead
replacing it with a much quicker and effective liquid/gas phase acid-base
reaction. The active surface of the filters may also be refreshed if the salts

formed are water-soluble. The chemical filter can be replaced or recharged,

without the issues related to catalyst regeneration and poisoning.



that the present invention does not conpletely depend on the
hi gh-tenperature gas/solid phase diffusion nmechani smof the c9t3aﬁE>Bszlnpﬁsober
systens, | placing it wwth a nuch qui cker and eff l.ve | 1guid/ gas
phase aci év-rlgt“e’a@gﬂ”régction. The active surface of the fil tpgre‘rgégf‘?ﬁ‘)'f‘méll’@g be
refreshed if the salts fornmed are water-soluble. The chemcal filter can be
repl aced or recharged, wthout the issyes related to catal yst regeneration
and poi soni ng. 03FEB2006 WD 2014 /0 1 1 784 PCT! US2003! 023802 [ 0023] The
chemcal filter may be placed in any |ocation, preferably where the EGR
streamtenperatures nmay be controlled to be near the dew point. The

chemcal filter efficiency increases with the naxi mzation of the exhaust
gas/ wat er al i L¥ini: ' at g s ol g% Ak Yredl €
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filters w the BERI stream teafipératites iy detdoatiofied b beaieat ehe dewtpuist. | Thenl y
slightly above its dewpoint. Non-limting exanples of filter locations are
i 1| ustr at echemical flterefficianny ncreases wish4h¢ oraximizdtiosy of the exbmistool er. The

2nd | ti i s bef .the intak ifold, after.the E t ' d

W th the | BRtCARPL pzaior RGN | BEHE JosAtings Of ST RIS DISBRTFEd
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also by the tenperature of the intake air. Thus, rs shoul d "be
consi der edNbp+lithiting examplies ofi filtef dixadbnAhtehibingtrateldendrigarn?. Thedist on' s
pl acenent of a chenjcal filter in a_ humd environnment jn_ the EGR gas stream
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due to the combustion process, but also the entrained humidity in the intake air.

Similarly, the temperature will not only be affected by the EGR cooler, but also
by the temperature of the intake air. Thus, filters should be considered for both

locations.

[0024]  Although the present invention's placement of a chemical filter in a
humid environment in the EGR gas stream will significantly increase lubricant
life by itself, the inventors have discovered that the present invention, used in
combination with chemical filters placed in the lubrication recirculation system,
synergistically enhances lubricant life unexpectedly greater than that from either
single component. A typical oil filter with acid neutralizing absorbent is shown

in Figure 3.

[0025] The acids that reach the piston ring zone will come into contact with
the lubricant. As disclosed in USP 5,478,463 and other references therein, oil
filters in the downstream of the piston ring zone can be used to neutralize the
acids. In the piston ring zone area, the acids will first react with the weak bases

in the oil such as the dispersants to form salts. The neutral salts are then



singl e conmponent. A typical oil filter with acid neutralizing tgsg@l;ﬁ%t S
shown in Figure 3. [0025] The acids that reach the piston ri n@ |1

' ith he | ubri . di scl di d
cone int Qv&%ﬁﬁﬁhswt the lubricant. As disclosed in fgﬁ’??{g’?ﬁéﬁoan

ot her references therein, oil filters in the downstrea n ring
zone can be used to neutralize the acids. In the piston ring zone area, the
acids will first react with the weak hases 1in the oil such as the

di spersants to formsalts. The neutral salts are then 0 3 F E B 2006 WO
2001/ 011791 PCT/ U82003/ 023802 - 10 contacted with a heterogeneous strong
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"prot on cef thespistopyring zone strongard preferably baast okide aihfilteesystgime. The

typi cal dispersant concentration in an APl Cl-4 engine oil is between 6-10
We/a. Hi gher dispersant treat m ght have negative inpact on seal
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to treat ‘protorccament riat also todisperséssoandnd shadgeiih the ehgineacFhd typicaxi mum
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wear protection of the lubricant. If the amount of acids in contact with the

lubricant were high, the amount of dispersant available as "proton carrier" would
be insufficient. It is thus expected that the method of using heterogeneous base
in the oil filter will not be sufficient to treat high concentration of acids and the

oil will reach its maximum useful life in a very short timeframe.

[0027] While not limiting the present invention in any way, it is theorized that
there is a strong synergy between the EGR filter in the present invention and the
heterogeneous base in the oil filter since if the concentration of the acids reached
the oil is lower than the concentration of the dispersant at a given time, the
heterogeneous base in the oil filter can be effective in removing the proton from
the dispersant and return the dispersant in its original form. This cycle enables a

much longer dipsersant life and oil life.

Example 1

[0028] A Mack T-10 engine was modified to conduct the experiments. First,
a side stream was taken from the EGR stream in the engine to collect

condensate. The side stream was taken after the EGR cooler. A filter made of a



the oil is lower than the concentration of the dispersant at a given tine,
the heterogeneous base in the oil filter can be effective in rgEopapmet he
pr ot on fr(w%e)za(gﬁ) djggpersant and return the dispersant in its Oor.i.%(»nf%‘.ln form
This cycl € enabl 88 nuch I onger dipsersant life and oi IPYTPRUESE R e 1
[0028] A Mack T-10 engine was nodified to conduct the experinents. First, a
side streamwas taken fromthe EGR stregmin the engine to coll ect
condensate. The side stream was taken after the EGR cooler. A filter nade of
a WD 2004/011784 - 11 O3FEB1006 PCT! US21! 03/ 023S02 stai nl ess steel housing,
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mcron in Size co e con at exchanger
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further. A codensate trap was used to collected the condensate. The pH
val ues of whth >QSmiscreatinsizeolIncrdenitoaradlegt \the condérstes atheaPexalianigout
Filterl.6 With Filter, 2.5 Col]ectio L (first 10 hrs.) Wth Filter, 5.4
Col | ect i On&gﬁg@n‘ﬁa&@lme@_ after the c emlnca ﬁlt(er to cool the side gtream er. A

codensate trap was used to collected the condensate. The pH values of the

condensates collected are given in Table 1.

PH
Without Filter 1.6
With Filter, 2.5
Collection #1 (first 10 hrs.)
With Filter, 5.4
Collection #2 (2nd 10 hrs.)

Example 2

[0029]  The same device as Example 1 was used except that the chemical
filter is filled with two-third of Chemsorb 1505 G3 (8x16) activated carbon from
C*Chem (L Lafayette, Colorado, A Division of Molecular Products Inc.) and one-
third of calcium carbonate from Aldrich (Milwaukee, Wisconsin). In addition, a
trapezoid-shape aluminum tube was installed between the head exchanger and
the condensate trap. The condensates collected were analyzed for their PH

values and aluminum contents (by use of ICP).



Exanmpl e 2 [0029] The sane device as Exanple 1 was used except that_the
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instal |l ed between the head exchanger and2-the condensate trap. The

condensates col |l ected were analyzed for their
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[0030] From Examples 1 and 2, it is clear that the chemical filter can reduce

acidity of the condensate. In Example 2, it was further demonstrated that the

corrosion effect of the condensate was minimized.
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trapezoi d- shape al umi num t ube was

12



CLAIM5S: 0 3 F E B 2006 1. A device to extend the useful life of a |ubricant
in an EGR equi pped engine conprising: a) a chemical filter place@l3iffBtl608
EGR stream and b) a heat exchanger/coedBer placed in the upstream of the
filter to reduce the tenperature of said EGR stream and to increase the
relative humdity the chemcal filter being at a location in the EGR stream
wherein theAienperature of the EGR streamis such that the relative

hum dity of the EGR streamis greater than about 20% 2. The device as in
claiml wherein the chemcal filter is pI aced in said EGR stream wherein

EGR ot rodm i < gaisear <P HesRR bt gIoicRlin AEOR Bhinbfa b cdr ol 11

of an EGRcegpfigipgd i nternal conmbustion engine conprising: a) pI acing a
chemcal filter in the EGR streamy and b) coollr@g the EGR stream using a
heat exchangerP)cc?cﬂhéml%ll@ﬂtébgla?‘?ﬁ’dﬂéléf‘sk:ﬁ stgam; #d ati ve humidity of the EGR

stream Lo or eabel nihaRcialalood By kPR LpHERARIRL hROObELYCRRY P! aced

upstream of the ere IC CO onents Int stream are
renoved byenipeeataleefisaid EGR bttrmm bef wriacreine thdRlaive damidisy i nt r oduced into the

i nt ake manlfold 4. A vice to extend.t useful life of a lubricant in an
EGR equi pped el “@bfdfg?r kg taalj’caé‘t‘?nd’b&e(ﬁ%? SEF@%V@&FCUP Fhett%‘PP‘HPTé‘Ef‘ed in

the EQR %f&l@@m@ rénf NaNLE atﬁferasﬁ AR Joiﬂafeé@m{r ek g, mani f ol d;
Int t %

and c) a heat exc anger/coo r place upstream o em cal
filters tabow@0%e the tenperature of said EGR streamand to increase the
relative humdity

2. The device as in claim 1 wherein the chemical filter is placed in said EGR stream

wherein the temperature of the EGR stream is such that the relative humidity of the EGR

stream is greater than about 50%.

3. A method to extend the useful life of an EGR equipped internal combustion
engine comprising:

a) placing a chemical filter in the EGR stream; and

b) cooling the EGR stream using a heat exchanger/cooler thereby increasing the
relative humidity of the EGR stream to greater than about 20%, the heat exchanger/cooler
being placed upstream of the filter, whereby acidic components in the EGR stream are
removed by the chemical filter before the EGR stream is introduced into the intake

manifold.

4. A device to extend the useful life of a lubricant in an EGR equipped engine
comprising:

a) an optional chemical filter placed in the EGR stream;

b) a chemical filter placed just before the intake manifold; and

¢) a heat exchanger/cooler placed in the upstream of the chemical filters to reduce
the temperature of said EGR stream and to increase the relative humidity

the chemical filter being at a location in the EGR stream wherein the temperature

of the EGR stream is such that the relative humidity of the EGR stream is greater than



the chemcal filter being at a location in the EGR stream wherein the
tenperature of the EGR streamis such that the relative hum di[}% E)é Zgﬂpe EGR
streamis greater than -14 about 20% -043 F E B 2006 5. The devi é as In
claim4 wherein the chemical filter is placed in |ocations in the EGR
stream wherein the tenperature of the EGR streamis such that the relative
hum dity apst@o®ater than about 50% 6. A nethod to extend the useful life
of an EGR equi pped internal conbustion engine conprising: a) placing an
optional chemcal filter in the EGR stream b) placing a chemcal filter

j ust before theyl AN ol i . Sf I IS
e ged w ¢h | nibkerars s AR A ulioefh hOERERL Rl N phlf in KOS SR
exchanger EGRosteant Whereinythe tetipeesure@f theeE GR atradm vesueh nhad itheyretitive hemidd st ream
to greater than taggut 2Q0% the heat exchanger/cool er being placed upstream
of the fi FYEFEer Bk >%¢ di c conponents in the EGR streamare renoved by
the chemcal filters before the EGR streamis introduced into the intake

mani fold. 7. A device to extend the useful life of a lubricant in an EGR
equi pped éngi né& methnto sitemyd tha usefuklifernif ea EGR ¢queppedlineeth] combimstioRGR st r eam
b) a heat exchanger/cooler placed in the upstreamof the chemcal filter to
reduce t FAEBPeHPBP LY re of said EGR streamand to increase the relative

humi dity; and g)plaéin@hh opfibdatthmpaTiRr &f the®ER &rdapd;ng acids in the engine
|l ubricant the chemcal filter being at a location in the EGR stream wherein
t he t enper at ur &) ple¢ing hehgi@Rakfiltergnstibsfose tie intake mahidoldalt adgoptiomati¢rdhe y of t he

ER str ea@d'Rs st%%glaits emreréerzia\gith ?nt%ﬁ(%tairz; %’.?1/8
¢) cooling the EGR stream using a heat exchanger/cooler thereby increasing the
relative humidity of the EGR stream to greater than about 20%, the heat exchanger/cooler
being placed upstream of the filters, whereby acidic components in the EGR stream are
removed by the chemical filters before the EGR stream is introduced into the intake

manifold.

7. A device to extend the useful life of a lubricant in an EGR equipped engine
comprising:

a) a chemical filter placed in the EGR stream;

b) a heat exchanger/cooler placed in the upstream of the chemical filter to reduce
the temperature of said EGR stream and to increase the relative humidity; and

¢) an oil filter capable of neutralizing acids in the engine lubricant

the chemical filter being at a location in the EGR stream wherein the temperature
of the EGR stream is such that the relative humidity of the EGR stream is greater than
about 20%.

8. The device as in claim 7 wherein the chemical filter is placed in locations in the
EGR stream wherein the temperature of the EGR stream is such that the relative humidity

is greater than about 50%.



8. The device as in claim7 wherein the chemcal filter is placed in

| ocations in the EGR streamwherein the tenperature of the EGR str j
such that the relative humdity is grekter than about 50% -15 0 Qeﬁﬁg @05
2006 9. A nmethod to extend the useful life of an ECGR equi pped internal
conbustion engine conprising: a) placing a chemcal filter in the EGR

system Db coolA p@tHold@o EdBng tHeQRBRY S a8 HERq@NpEPMGSHA] CORIbAStidnher eby
increasing the relative humdity of the EGR streamto greater than 20% the

heat excheﬂﬂé@?ﬁ@@m@flgbel ng pI aced upstreamof the filter, whereby acidic
conponents in t S t he chem cal fil ter before the
2 ﬁgc e& | tg llil%ﬂ%)]\égﬁ srségt%mf ol d: . .

EGR streamis i e’in and c) placing an oil

filter into the) Icudﬂrngaaé E(ﬁgR StycatreNsi e hdat exchfang&mbbaf 'thfe'rerbg ifcreaking the t he
engi ne Iubrlc;ant . A device to extend the useful life of a lubricant in

an EGR equf 6B\éf‘dh‘1§w&itﬁ§f thedifpR istparg o &z)eatahthaﬁgp%ﬁe heprtichaneer/Foqlerbeiigaced i n

the EGR s ni fold
at a Locar e apricem ARTHEE, shelhpolleAsihohtEd ik Bl ehart B ol
exchanger /byah¢ drenpbedd‘étdr befotdthe EGR steram isfinttddmcehmmo thalinthkd tnanifoldparrdeduce

theterrperatur said stre d to increase he rel ative hymdity;

and d) an oil ‘r‘lg@&pﬁ’gﬁéﬂé‘ﬁo%@Bﬁ?‘i@gﬁ@t%lcﬁga ﬁof?%‘tréhﬁpﬁé‘:‘aﬁlj’rl cant .

11. The dgpd &f”gnr%lubﬁca?n't.a' m 10 wherein the chemical filter is placed in

| ocations in ECR stream wherein the tenperature of the EGR streamis

such t hat the relative humdity is greater than about 20% 12. The device
erein the .c pl ac tions in the

o i clal 10 eretn e e ot ki ) ASETA SoASSA B8 1,
rel ative hdfipdiing:
a) an optional chemical filter placed in the EGR stream,;
b) a chemical filter placed just before the intake manifold at a location after the
EGR stream is merged with intake air;
c) a heat exchanger/cooler placed in the upstream of the chemical filters to reduce

the temperature of said EGR stream and to increase the relative humidity; and

d) an oil filter capable of neutralizing acids in the engine lubricant.

11.  The device as in claim 10 wherein the chemical filter is placed in locations in the
EGR stream wherein the temperature of the EGR stream is such that the relative humidity
is greater than about 20%.

12.  The device as in claim 10 wherein the chemical filter is placed in locations in the
EGR stream wherein the temperature of the EGR stream is such that the relative humidity

is greater than about 50%.

13. A method to extend the useful life of an EGR equipped internal combustion
engine comprising:

a) placing an optional chemical filter in the EGR stream;

b) placing a chemical filter just before the intake manifold at a location after the

EGR stream is merged with intake air;



is greater than about 50% 13. A nethod to extend the useful Iif ?E @?OUFGR
equi pped i nternal conbustion engine conprising: a) placing an 031' f‘]
chemical filter in the EGR stream b) -gbacing a chemical filter just before
the intake manifold at a |l ocation after the EGR streamis nerged with
intake air; 0 3 F E 8 2006 -16 c) cooling the EGR stream usi ng a heat

exchanger/ cool gy cdoliag ERYEGRGUeAS uSEglalRat dx@h@igel€odlettherieby ir@featsilﬂgﬂﬁm
stream the heat exc anger/ cool er being placed upstreamof the filter,

wher eby atdldive hughigibneiths EGR strranedie hvet exhanges/codapbaing placedwpsipaniot al
ey, > preE S . . . ond d
bl acing_ ad A Rherels RAGELTRbSenfhAULEOR b L ORnIEAET RNk 200 O

aci ds in filtkebeftngitieEGRstieamris inttbducehatody imtakeaharifodd;andi, 4, 7 or 10
wherein the chemcal filter is placed.in |locations in the EGR stream
wherein the teﬁb@‘a@p&ﬁ%oaffﬁieﬁ@tﬁm lupricaipn syt cgpabls oftiepiralidpy acifit @ dew
poi nt. 154 lheiReidd,ef claim3, 6, 9 or 13 wherein the EGR streamis
cool ed usi ng rlheat exchanger/cooler to a tenperature only slightly above
its dew point.

14. The device of claim 1, 4, 7 or 10 wherein the chemical filter is placed in locations
in the EGR stream wherein the temperature of the EGR stream is only slightly above its

dew point.

15. The method of claim 3, 6, 9 or 13 wherein the EGR stream is cooled using a heat

exchanger/cooler to a temperature only slightly above its dew point.





