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BOJATA
3abpaBeHuAT 3ambpcuTen

3aMbpCsABAHETO C MEXaHUYHWU MPUMECU W BIUSHWETO, KOETO TO
0oKa3Ba BbPXY AbNTOTPaNHOCTTa Ha eneMeHTUTE e Npobrem, Ha KoTo
ca MoCBETEHU MHOXECTBO CTaTWW W MpoyyBaHus. [lobpe e N3BECTHO,
Ye HamarnsiBaHeTO Ha KOMUYECTBOTO MEXaHWYHM 3aMbpcuUTenu
CbrnacHo efHa oT HopmuTe 3a uuctota ISO, moxe fa ysennyu ¢ 10
no 30 % AgbnroTpaHOCTTa Ha YyBCTBUTENHWUTE KbM 3aMbpCsiBaHe
KOMMOHeHTW. Bcsika roavHa B WHOYCTpWUSITa ce Bnarar MUIMMOHW 3a
nonobpsiBaHe TEXHONOMSITa Ha UNTPMPaHe W B ONUTKM J1a ce Hamanu
3aMbPCSBAHETO C MEXaHUYHM MpUMeck. B Hakou oT Hal-pasBuTUTE
KOMMaHuM aBapuute HamansBat ¢ 90 % eauMHCTBEHO Ypes
KOHTpONMpaHe uucToTaTa Ha dnymaute. B Hakou obnactu Ha
MPOMULLNEHOCTa BoAaTta € 3aMbpcuTen, KOWTO HaHacsi noeeve
Bpeau, OTKOMKOTO TBBPAMTE YacTULM, a YecTO He Ce OT4yMTa KaTo
MbPBOMPUYMHA 3a NOBPeaN B OAAENHUTE KOMIMOHEHTM.

CbecTosIHUA Ha BoAaTa

Bopara mMoxe fa ChlLecTByBa B TpU CbCTOAHUA MM dhasu. [TbpBoTo
OT TAX, MO3HATO KaTo pasTBOpeHa BoAa, MPEACTaBABa OTAEMNHY
MOIEeKYnW BOAa, pasnpbCHaT B Macnoto. PasTBopeHaTa B Macroto
BOAA MOXe ia Ce CPaBHW C Briarata BbB Bb3JyXa BbB BMNaXeH AeH —
3HaeM Ye TaM MMa BOa, HO Tbi KaTo TA e nog hopmaTa Ha OTAemnHu
MONMeKynu, He moxe fa Obae 3abenssaHa. o CblA HaumH, B
Macrnoto MoXe Aa Ce ChAbpkKa 3HauYMTEeNHA KOHLEHTpauMs Ha
pasTBopeHa Boja 0e3 HMKaKBM BUOMMW TMPW3HALM 32 HEWHOTO
cbluecTByBaHe. [1OBEYETO WHAYCTPMANHWM Macrna - XWAPAaBMUYHM
TYPOWHHM 1 Op. MoraT fa cbabpxar oT 200 go 600 ppm Boaa (0.02
go 0.06 %) B pasTBOPEHO CBLCTOSHME B  3aBMCUMOCT  OT
Temneparypata W cpoka Ha ekcrnoarauust Ha MacrnoTo, KaTo B Mo-
CTapuTe Macrna KONMM4eCTBOTO pasTBOpeHa Boda e Bb3MOXHO [a
Obe TpY [0 YETMPY MLTW MOBEYE OTKOMKOTO B HOBO MAcro.

Cnep karo CbAbPXaHWETO Ha BOAa MPEBULLIN MaKCMManHOTO HUMBO,
NP1 KOEeTo TA Ce Hamupa B pal3TBOPEHO CbCTOAHME, MaclloTo ce
Hacuila. Ha Toau eTan, Bogara ce pasTBapsA B MacrioTo noj cbopmaTa
Ha MUKPOCKOMUYHL Kan4yuui, nosHaTu Kato emyrcus. ToBa npunuya
Ha o6pa3yBaHeTo Ha MblMa B XnageH NponeteH AeH. B cny4van
KONMM4eCTBOTO Bllara BbB Bb3yxa NpeBuLLIaBa ToOYKaTa Ha HacuLlaHe
W BOAW [0 CYCMeHCUA Ha Manku Kan4uuu Bnara unu Mmbrna. ﬂpl/l
CMa304HWUTE Macna, Tasu “Mbrna” YecTo ce Hapn4ya MbTHOCT.

Ako B eMynrvipaHaTa BofjoMacrneHa cMec noraaHe olle Bofa, BeTe
asu e ce OTAendT, KaTto ce obpasyBa nnacT cBoboAHa Bofa M
cBoGOAHO W/MNM eMynrvpaHo Macno. ToBa Mpuniya Ha Banex ot
ObX[, KOraTo Bnararta BbB Bb3dyxa ce yBenudn. [pn MuHepanHuTe
Macna 1 CUHTETUYHUTE TeuHocT PAO, YMeTo OTHOCKTENHO Termo e
no-marnko ot 1.0, Toau NnacT cBoGoaHa Bofla Ce HamMMpa Ha ABHOTO
Ha pesepBoapuTe.

WATER
The Forgotten Contaminant

Much has been said about particle contamination and its effect on
component longevity. It is well known that an improvement in particle
contamination by one ISO Cleanliness Code can result in a 10 to 30
percent increase in the life of contamination-sensitive components.
Industry spends millions of dollars each year on improved filtration
technology in an attempt to reduce particle contamination, with some of the
more advanced companies reducing failure rates by up to 90 percent
simply by controlling fluid cleanliness. However, in some industries and
environments, water is a far more insidious contaminant than solid
particles, and is often overlooked as the primary cause of component
failure.
States of Coexistence

Water can exist in oil in three states or phases. The first state, known as
dissolved water, is characterized by individual water molecules dispersed
throughout the oil. Dissolved water in a lubricating oil is comparable to
moisture in the air on a humid day - we know the water is there, but
because it is dispersed molecule-by-molecule, it is too small to see. For
this reason, an oil can contain a significant concentration of dissolved
water with no visible indication of its presence. Most industrial oils such as
hydraulic fluids, turbine oils, etc., can hold as much as 200 to 600 ppm of
water (0.02 to 0.06 percent) in the dissolved state depending on the
temperature and age of the oil, with aged oils capable of holding three to
four times more water in the dissolved state than new oil.

Once the amount of water has exceeded the maximum level for it to
remain dissolved, the ail is saturated. At this point, the water is suspended
in the oil in microscopic droplets known as an emulsion. This is similar to
the formation of fog on a cool, spring day. In this case, the amount of
moisture in the air exceeds the saturation point, resulting in a suspension
of small droplets of moisture or fog. In a lubricating oil, this “fog” is often
referred to as haze with the oil said to be cloudy or hazy.

The addition of more water to an emulsified oil/water mixture will lead to a
separation of the two phases producing a layer of free water as well as
free and/or emulsified oil. This is like rain falling when the amount of
moisture in the air becomes excessive. For mineral oils and PAO
synthetics whose specific gravity is less than 1.0, this free water layer is
found on the bottom of tanks and sumps.
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Mocnepuuute ot 3aMBbpcABaHeTO € BoAa

[lBeTe Hal-Bpe[HM CbCTOSHUS Ha BoAata B cMasodHaTa cucTema ca
ceobogHata W emynrMpaHata Boga. [lpu nNmb3rawute narepw
HanpyMep, HECBMBAEMOCTTa Ha BofaTa B MacroTo MoXe fa [oBefe
[0 paspyllaBaHe Ha XUOPOAMHAMUYHUS MacneH unM, KoeTo oT
CBOSI CTpaHa BOAM A0 W3HOCBaHe. HanuumeTo Ha [opu U eauH
MPOLEHT BOga B MacnoTo MOXe Ja Hamamu O4vaKBaHWs
eKcnnoatalumoHeH cpok Ha nnb3rawmte narepy ¢ 90 %. [pu
ThpKanswwTe ce narepu nocneguuute ca owle no-noww. Bogarta He
camo paspyliaBa MasunmHaTta CrocoBHOCT, HO HamMuveTo i B
cBOOOAHO M eMynrMpaHo CLCTOSIHWME B 30HaTa Ha HaToBapBaHe Ha
ThpKaNAWMA enemeHT Mpu eKCTPEMHW TEMMepaTypu W HansraHe,
MOXe [ja IOBEfE 0 MUrHOBEHO M3napsiBaHe, MPUYMHSBALLIO EPO3MS.

Mpu onpeneneHu YCnoBus, BOAHWTE MOMeKynu MoraT fa Gbaat
pasfieneHn Ha CLCTaBALMTE MM KUCINIOPOAHM M BOJOPOMHM aTOMU B
pesynTtaT Ha BWCOKOTO HansraHe, obpasyBaHO B 3oHaTa Ha
HaToBapBaHe Ha TbpKanAWMA eneMeHT Ha narepa. [lopaau
OTHOCUTENHO Markusi G pasMep BOZIOPOAHUTE MOHM, MOMyYeHM Mpu
TO3W npollec, MoraT Aa GbaaT abcopbupaHi Ha MOBLPXHOCTTA Ha
KaHana B NpbCTeHa Ha narepa M ToBa fJa JoBefe [0 SBMeHWe,
Mo3HaTo KaTo BOJOpOAHA KpexkocT. BomopoaHaTa KpexkocT ce
rony4yaBa rof MOBbLPXHOCTTA Ha narepute, TA OTcnabBa NarepHus
MaTepuan 1 npeauaBuKBa CryKBaHe nof MoBLPXHOCTTa Ha KaHana B
NMpbCTEHa Ha ThPKanALWs ce narep. Korato nykHaTMHaTa CTUrHe [0
MOBBLPXHOCTTA CE MoMyYaBaT S3Bi 1 OTNIOMKN.

Tbi KaTo nocneauuuTe oT cBobofHaTa WM emynrvpaHa Boja ca Mno-
ornacHW B CpaBHEHME C Te3W OT pasTBopeHaTa BOAA, OCHOBHO
MpaBuno e 3anasBaHeTo Ha HWBOTO Ha Brara 3HaYuUTenHo nof
TOYKaTa Ha HaculljaHe. 3a MOBEYETO MHOYCTpManHW macna ToBa
o3Ha4aBa ot 100 go 300 ppm wnu no-manko, B 3aBUCUMOCT OT BiAA
Ha MacnoTo W Temnepartypara. Bbhpeku TOBa, 40OpU W MpU Tesu
CTOMHOCTW MOXe fia e nomnyyar ceprosHu aBapuu. Hait-ob1Lo kasaHo
— MOHATMETO “Manko BoAa” He ChlLECTBYBa; HeobXoauMo e fa ce
nonarat BCUYKM Bb3MOXHM YCUMUS 3aMbPCSIBAHETO ¢ Boja Aa Obae
CBEAEHO 10 MUHUMYM.

Bb3pelicTBue Ha BojaTa BbPXYy MAasUNTIHOTO BeLLECTBO

Bomata He camo oOKasBa MPAKO BNMSHME BbPXY MalMHHUTE
eneMeHTH, HO U Busie BbpXy OCTAPSIBAHETO Ha CMa3ouyHUTE Macra.
HanmuveTo Ha Boa B TAX MOXe [Ja MPWYMHM [IECETOKPaTHO
MpOrpecuBHO yBENMYaBaHe Ha OKUCTISIBAHETO, KOETOo Aa foBefe 10
MpexaeBpeMeHHO 0cTapsiBaHe Ha MAcnoTo, Hal-Bede Mpu Hamudue
Ha KaTanuTUYHW MeTanu Kato Mef, onoBo M kanaih. OcBeH TOBa,
onpefeneHn BWOOBE CUHTETWYHM Macna KaTo docdaTHi U
[BYOCHOBHM ecTepu obpasyBaT peakLus ¢ BojaTa, Mpu KOATO
OCHOBHYAT conywfl ce pasnaja 1 ce 06pasyBaT KUCEMUHM.

BoaHoTo 3ambpcsBaHe MoXe [la OKaXe BMUSHWE He CaMo BbpXy
6a30BOTO Macrno. Hskou Mpucafikm CbC ChObpXaHWe Ha csipa W
(DEHOMHM aHTUOKCHAAHTM NIECHO Ce XMIPONW3MpaT OT BOJATa, KOeTo
BOOW [0 GBP30TO MM YHULLOXaBaHe M oOpa3yBaHe Ha KWCENWHHU
CTPaHN4HK NpofykTh. Te Morar fa IoBeaT [10 Kopo3us Hall-Bedye Ha
eneMeHTUTe, ChabpXally Meku MeTann kato 6sn metan (6abur),
W13NON3BaH Mpu NITb3rallyTe narepy U Ha OPOH30BUTE U MECUHIOBMU
enemeHTV. [pyrv npucaaki Karo JeeMynrupally W Avcrnepripally
areHTy, JeTepreHT! U WHXUBUTOPK NPOTUB OOpasyBaHe Ha PbXIa,
MoraT fa GbJaT OTMUTW OT MpeKaneHoTo KOMM4ecTBo Briara. ToBa
BOAM [0 0OpasyBaHe Ha LiNaM U yTalka, 3aApbCTBaHe Ha (unTbpa U
HapyLlBaHe Ha AeeMynrypaLluTe Ka4ecTa Ha MacnoTo.

The Effects of Water Contamination

In a lubricating system, the two most harmful phases are free and
emulsified water. In journal bearings for example, the incompressibility of
water relative to oil can result in a loss of the hydrodynamic ail film that in
turn leads to excessive wear. As little as one percent water in oil can
reduce the life expectancy of a journal bearing by as much as 90 percent.
For rolling element bearings, the situation is even worse. Not only will
water destroy the oil film strength, but both free and emulsified water under
the extreme temperatures and pressures generated in the load zone of a
rolling element bearing can result in instantaneous flash-vaporization
causing erosive wear to occur.

Under certain conditions, water molecules can be ripped up into their
constituent oxygen and hydrogen atoms as a result of the high pressures
generated in the load zone of a rolling element bearing. Due to their
relatively small size, the hydrogen ions produced by this process can
absorb onto the surface of the bearing raceway resulting in a phenomenon
known as hydrogen embrittlement. Hydrogen embrittlement is caused by a
change in subsurface bearing metallurgy. This change causes the bearing
material to become weak or brittle and prone to cracking beneath the
surface of the raceway. When these subsurface cracks spread to the
surface, the result can lead to pitting and spalls.

Because the effects of free and emulsified water are more harmful
compared to dissolved water, a general rule of thumb is to ensure that
moisture levels remain well below the saturation point. For most in-service
oils this means 100 to 300 ppm or less depending on the oil type and
temperature. However, even at these levels, a significant amount of
damage can still occur. Generally speaking, there is no such thing as too
little water and every reasonable effort should be made to keep water
contamination as low as possible.

The Effects of Water on a Lubricant

Not only does water have a direct harmful affect on machine components,
but it also plays a direct role in the aging rate of lubricating oils. The
presence of water in a lubricating cil can cause the progress of oxidation to
increase tenfold, resulting in premature aging of the oil, particularly in the
presence of catalytic metals such as copper, lead and tin. In addition,
certain types of synthetic oils such as phosphate esters and dibasic esters
are known to react with water, resulting in the destruction of the base stock
and the formation of acids.

It is not just the base oil that can be affected by moisture contamination.
Certain additives such as sulfurous AW and EP type additives and
phenolic antioxidants are readily hydrolyzed by water, resulting in both
additive mortality and the formation of acidic by-products. These acidic by-
products can then cause corrosive wear, particularly in components
containing soft metals such as Babbitt used with journal bearings and
bronze and brass components.



Onpe,qemme Ha CbAbpPXKaHMWEeTo Ha BoAa B MacJioTo

3a KOHTpONMpaHe KONMWYecTBOTO Bofla B MacrnoTo, € HeobXoaumo
MbPBO /1a Ce Onpe/ienk Aanu B Hero ce ChabpXa Boaa. ChlLecTByBaT
MeT OCHOBHW MeTofla 3a orpefdensHe ChbAbPXaHWeTO Ha Bofa B
cMa3oyHUTe Macna. [lpn HSKOW OT TAX Ce U3ronaBa enemeHTapHa
anaparypa, a Npu Jpyru - No-CNIoXHU XUMUYECKM TECTOBE UMK Marnko
Mo-CKBMUA TecT 3a onpefensiHe Ha MPoLieHTa Ha HacuLLaHe, KOUTO ce
npoBex/ia Ha MAcTo. MeToauTe Morar [ja BKMoYBaT M M3ron3aBaHe Ha
Mo-MOflepHM TEXHONOrMM B NabopaTOpHWM  YCMOBUA 338  TOYHO
onpefensHe ChIbPXaHWETO Ha BOJia B YacTULM Ha MUMKOH (ppm).

OcHoBHUAT MeToA € TecTwbT 3a pasnykBaHe (Crackle Test). Mpw Hero,
B LieHTBbPpa Ha efHa HaropelleHa o 130° C nnova ce kanea macro.
Bopara B MacnoTo Moxe Aa ce Buan nog cdopmara Ha OanoH4era,
MonyyaBaHu Mpy HEMHOTO W3napeHue. B 3aBMCMMOCT OT Ma3sWmHOTO
BELLLECTBO, OTHOCUTENHO Marnko Ha Opoi apebHM OGanoHdyeTa
nokaseat npudnuautenHo ot 500 go 1000 ppm (ot 0.05 go 0.1 %)
Boga. IloBeye Ha Opoi GanoH4eTa ¢ MO-roNsAIM pasmep O3HaqaBaT
konu4ecTBo Boga ot okono 1000 go 2000 ppm, a eanH AOMOBUM 3BYK
OT pasnaj Ha Monekynu nokassa Hanuuve Ha noeeve or 2000 ppm
Boja. To3W MeToh [aBa TOYHM PesynTaTu camo Npu ornpefensHe
HanuMuMe Ha cBoDOAHA M emynrMpaHa Boda, HO He MO3BOMsABA
Ka4YecTBEH aHann3 1 € BbB BIUCOKA CTEMEH CyOEeKTUBEH.

[pyr neceH 3a U3MbMHEHWe Ha MACTO TECT € U3NON3BaHETO Ha AaTumMK
3a HansraHe, npu KOWTO npobata ce W3roTBA C XMMWYEH PEaKTUB
(kanumeB xuapua), NOCTaBsA Ce B CbA W EHEPTUYHO Ce pasknalua. Mpu
TO3M METOZ Ce W3MoNaBa M3BeCTHaTa peakUWa Ha Bogara C Kanuues
XMapuE B TBbPAO CbCTOSHME, MPU KOSITO Ce OTAENA BOAOPOL. Tbif
KaTo peakuusiTa e CTEXMOMETPUYHA, KONMYECTBOTO OTAENEH BOAOPOA
€ MpaBOMpPOMOPLMOHANHO Ha KOMMYECTBOTO Boda B MacleHarta
npoba. CrepoBaTenHo CbObpXaHWeTo Ha Bofja Moxe da Obae
OMpefeneHo Ypes M3MepBaHe Ha HapacTBAHETO Ha HansraHeTo B
YMITBTHEHNA cbA. oy NpaBUIHO MPUIOXeHWe pesynraTuTe OT TOBa
U3nuTaHWe ca ¢ TouHocT Ao 50 ppm cBobofHa MnM emynrvpaHa Boga.
LleHaTa Ha TO31 TECTOB ype[ e OTHOCUTENHO HicKa, HO TpsibBa fa ce
oT4yeTaT TEKYLUMTE pa3sxodu 3a peakTWBWTE, KaKTO W OMacHuTe 3a
30PaBETO NOCNEANLM OT U3MOM3BAHETO UM.

TpeTvsT BUL TECT 3a MpOBEpKa Ha MSCTO 3a HamnyMe Ha Bofa ce
W3BBPLLUBA MOCPEACTBOM W3MEPBaHEe Ha HacULAHETO B CryyauTe,
Korato KONM4ecTBOTO BOf@ B MacneHata npoba e noj Toukata Ha
HacuwwaHe. TodkaTa Ha HacuLlaHe Ha MacrnoTo e TouKkara, B KOSTO
Mpu onpefeneHa TemnepaTypa KonM4ecTBOTO Ha pa3TBOpeHara Bofja
€ Bb3MOXHO HaW-BMCOKO M MacroTo WMa OTHOCWTENHAa BMaKHOCT
100%. lpn noBeyeTo ypeau 3a M3MepBaHe Ha HacWLLAHETO ce
M3Mon3Ba TbHBK CrOW, 4YMETO KanauuTMBHO CHLIPOTUBMEHWE Ce
MPOMEHA B 3aBUCUMOCT OT OTHOCUTENHATa BMaXHOCT Ha drnyuaa, B
KOMTO € MoTomneH. To3n METOA e TOYEH W HAAEKEH 3a onpefensHe
Ha MPOLieHTa Ha HaCHLLaHe B U3MOoMn3BaHu Macna, HO C Hero He Moxe
[ Ce onpefenu KoNM4YeCcTBOTO BOAA, KOraTo KOHLEHTpaumsTa e mno-
BMCOKa OT TOYKaTa Ha HacuLLaHe, KOETO Mpu MOBEYETO MHAYCTPUANHM
macna e ot 200 go 600 ppm. OcBeH TOBa, ToYKaTa Ha HaculaHe
3aBMCM OT TemnepatypaTa W OT HamM4MeTo (MNM OTCLCTBMETO) Ha
MpucagKky U MexaHu4HU npumeck. MMpegumcTeata Ha TO3W MeTOA ca
OTHOCWTENHO HUCKMTE TEKyLM pasxogu W Bb3MOXHOCTTa da ce
ocurypsiBa  MOCTOSIHEH KOHTPOM B pearnHo BpemMe Mpu KpUTUYHM
CHOPBLXEHMSI B MPOM3BOACTBOTO.

I/Icho‘n

Other additives such as demulsifying agents, dispersants, detergents and
rust inhibitors can be washed away by excessive moisture. This results in
sludge and sediment buildup, filter plugging and poor oil/water
demulsibility.

Measuring Water

In order to control moisture levels, one must be able to detect its presence.
There are five basic test methods used to determine the moisture content
of a lubricating oil. These methods range from a simple apparatus to a
more complex chemical test or slightly more expensive percent saturation
probe test ideal for on-site screening purposes. It may also include more
advanced technology typically used in laboratories for precise
determination of the water level in ppm.

The simplest way to determine the presence of water in oil is the Crackle
Test. In this test, a hot plate is held at 320°F (130°C) and a small drop of
oil placed in the center. Any moisture present in the oil is reflected in the
number of bubbles observed as the water vaporizes. Depending on the
lubricant, relatively few small bubbles indicate approximately 500 to 1,000
ppm (0.05 to 0.1 percent) water. Significantly more bubbles of a larger size
may indicate around 1,000 to 2,000 ppm water, while an audible crackling
sound indicates moisture levels in excess of 2,000 ppm. The Crackle Test
is sensitive only to free and emulsified water. Its biggest limitation is that it
is nonquantitative and fairly subjective.

Another simple on-site test is the use of a pressure cell where the sample
is prepared with a chemical reagent (calcium hydride) and placed in a
container and shaken vigorously. This method employs the known reaction
of water with solid calcium hydride to produce hydrogen gas. Because the
reaction occurs stoichiometrically, the amount of hydrogen gas liberated is
directly proportional to the amount of water present in the sample.
Therefore, the water content in the sample can be determined by
measuring the rise in pressure in a sealed container due to the liberation of
hydrogen gas as any water in the sample reacts with the calcium hydride.
Used correctly, these test kits are reported to be accurate down to 50 ppm
free or emulsified water. The cost of this type of product is relatively low,
although the running costs must be considered with regard to the reagents,
as well as the health and safety issues of these reagents.

A third type of on-site screening test for water is the use of saturation
meters when the amount of water present in an oil sample is below the
saturation point. The saturation point of an oil is simply the point at which
the oil contains as much water in the dissolved state as possible, at a
given temperature. At this point the oil is saturated or has a relative
humidity of 100 percent. Most saturation meters use a thin film capacitive
device, whose capacitance changes depending on the relative humidity of
the fluid in which it is submerged. Saturation meters have proven to be
accurate and reliable at determining the percent saturation of used oils but
are unable to quantify water content accurately with water levels in excess
of the saturation point, typically 200 to 600 ppm for most industrial oils. In
addition, the saturation point is strongly dependent on temperature as well
as the presence (or absence) of additives, contaminants and wear
particles. The advantage of this method is its relatively low running costs
and that it can be permanently mounted on critical plant equipment to
provide real-time monitoring.

Aside from the on-site screening methods, another commonly used
method to screen for water is Fourier Transform Infrared Spectroscopy
(FTIR). This test is sensitive to free, emulsified and dissolved water,
however it is limited in precision to a lower detection limit of about 1000

ppm.
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OcBeH MeToAWTe 3a aHanM3 Ha MSCTO, [PYr LUMPOKO M3MOn3BaH
MeToq 3a MpoBepKka HanMuMeTo Ha cBobofHa, emymnrupaHa W
pasTBopeHa Boga e aHanusbT FTIR. ToyHoctTa My e fo okono 1000
ppm. [llogxofsl, € B HAKOM Cnyyau, HO [aHHUTE OT Hero ca
HeJOCTaTbYHM 32 MHAYCTPUANHW NPUNoXeHWs. B mpoTokonuTe Ha
naboparopumTe, U3non3eaLLy To3M METOA YECTO Ce MOCoYBa Hamnve
Ha Bofia B npobata no-manko ot 0.1 %.

To4yHn pesynTaTv Mpu onpedensiHe CbAbPXAHWETO Ha CBOOOAHA,
emynrpaHa ¥ pasTBopeHa Bofla B MasunHuTe BellecTBa [aBa
M3MEPBaHETO Ha Bnarara rno Metoda Ha Kapn ®uwep. Mpn 103K
METOfl MacrneHaTa npoba ce TUTpyBa C peareHT A0 [ocTUraHe Ha
eKBMBANEeHTHa Todka. MeToABbT MMa HSKONKO pPasHOBWAHOCTU B
3aBUCUMOCT OT KOMMYECTBOTO Ha Mpobara M HauuHa Ha onpefensiHe
Ha eKBMBAamNeHTHaTa ToYKa MpWU TUTPyBaHe. Ype3 To3n TecT ce
onpeaens konu4ecTsoto Boga ¢ TodHocT Ao 10 ppm wnm 0.001%.
[Mpu n3non3saHeTo Ha TecTa Ha Kapn ®uilep TpsidBa a ce BHUMaRa,
3a [1a ce u3berHe BNUSIHWETO Ha cyndaTHUTE MPUCAIKY.

HesaBucUMO OT ToBa, KakbB MeTof Ce Mpunara 3a orpefensHe
CbAbPXaHMETO Ha BOfa, €OHO € CUIypHO. Bodata € rnaBHa
MPW4MHWHA 33 3aMbPCABaHe Ha MasWUMHWUTE BellecTBa, MoBpeay B
eNeMeHTUTE, OKUCNABaHE Ha MacroTo, BLTPeLlHa KOpO3Ust U HI1CKa
HaleXOHOCT Ha CLOpbXeHuATa. KakTo W TMpu  ocTaHanuTe
3aMbPCUTENK, OT 3HAYeHWe € He CaMO KOHCTATMpaHeTo Ha
HanUyneTo Ha BOfa, HO U KOHTPONMpaHe UNk NpeMaxBaHe Ha HelHUS
U3TOYHMK. LlenTa e cbabpXaHWeTo Ha Boda B LIANOTO ofopyasaHe
na Gbfe nof TouKaTa Ha HacuLljaHe, KaTo ce B3eMaT BCUYKW MEPKU TO
na 6bae MuHMManHo. [lanu Lie MOHTMpaTe W3cyllaBaluy dunTpu -
OTAYILHALY, Lie noaobpute YNMBTHEHUSITA WNM e WaronaeaTe
LileHTpoBexeH UNTLP B ronaM BakyyMeH Aexwapatvpall, ypeq,
HamansBaHEeTO Ha CbIbPXaHWETO Ha BOAA 3HAYUTENHO YBEenu4aBa
€KCNNoaTaUMOHHUA CPOK Ha MasuUnHUTe areHTu W Ha  LANOTO
ChOPBLXEHME.

MeToau 3a o6e3BoHsBaHe

B Tabmuua 1 ca MokasaHW Hal-pasnpoCTpaHeHUTe MeToau 3a
00e3BofHsBaHe, KaTo € MocoYeHa crnocobHOCTTa Ha BCEKM OT TsX Aa
0T/iens CLOTBETHO cBOGOMIHA, emMynrypaHa 1 pasTBopeHa Boja.

FpaBuTaUMOHEH MeTOA — Mopafn Mo-BUCOKOTO CM OTHOCUTENHO
TErNo B CpaBHEHWE C MOBEYETO XWAPaBNUYHM priyuayn, Boaata ce
yTasBa Ha [bHOTO Ha pe3epBoapa. PaBUTALMOHHOTO OTaensHe Ha
BojaTa MOXe f[a Ce YCKOpM, ako ce MOBMILIM TemneparypaTa Ha
cdrnyuaa v ce uanonssa koHycooBpaseH cemapatop. [lpolieckT Ha
oThensHe Ha BoflaTa OT MacnoTto ce 3abags, KoraTo pnyuabT e
BMCOKO BMCKO3EH W 3aMbPCEH.

LleHTpobexeH MeToa — LIEHTPOGEXHOTO 3aBUXPSHE YBenu4aBa
pasnuKkaTa B OTHOCUTENHUTE Terna Ha donywaa v Bogata. Otaens ce
W yYacT OT emynrvpaHaTa Bofa. LleHTpoGexHuTe cenapatopu He
MoraT f[a OTAenaT pasTBopeHa Bofa. Te fAaBaT MHOro [oGpu
pesynTaTi Mpu ryuan ¢ OTNMYHN feeMynrupalliy KayecTsa.

KoanecueHumss - MOCPE/CTBOM  KOAMNEeCLiEHTHUTE  cenapaTopy
JpebHUTE Kanuuuyu Bofa ce CheAHsBAT M 0BpasyBaHuUTe Mo TO3M
HauMH MO-TOMEeMW YacTWUM Ce OTAEeNAT MO-NecHoO OT MacroTo.
Koanecuupallute cenaparopit ca no-ecdekTUBHW My Macna ¢ HIUCHK
BMCKO3WTET W ca OTNYHO CPELCTBO 3a OT/ieNnsHe Ha Boaa OT ropyBo.
Te3un cenapaTopu He OTAENAT pasTBOpeHaTa Bofa.

AGcopbuuoHeH MeTop — cBoGoAHaTa W emynrupaHaTa Bofa ce
ynaes OT cunHo abcopbupallyt MonUMEpM, WMMPErHpaHu B
MaTepusiTa Ha Hsakou dounTpu.  Cynepabcopbupalliyte pUnTpu mMorar
Ja OTCTpaHsBaT camo OnpefieneHo KOMMYecTBO BoAa, Criefl KOeTo B
pesynTaT Ha pasflyBaHe Ha NonuMepuTe, ce yBenyasa naga Ha

This is adequate for some applications, but insufficient for typical industrial
applications. Commercial laboratories that use this method often report
that less than 0.1 percent volume of water is present in the sample.

A precise method for determining the amount of free, emulsified and
dissolved water in a lubricating oil is the Karl Fischer moisture test. The oil
sample is titrated with a standard Karl Fischer reagent until an end point is
reached. The difference in test methods is based on the amount of sample
used for the test and the method used to determine the titration end-point.
When used correctly, the Karl Fischer test is capable of quantifying water
levels as low as 10 ppm or 0.001 percent. Care should be exercised when
using the Karl Fischer moisture test to avoid interference effects caused by
sulphurous additives.

Whichever method is used to determine water levels, one thing is certain:
water is a major cause of lubricant failure, component failure, oil oxidation,
internal corrosion and poor machine reliability. Like all contaminants, it is
important not only to recognize its presence, but also to take steps to
control or eliminate the source of water ingression. If possible, water levels
in all equipment should be kept below the saturation limit, with every effort
made to keep moisture levels as low as possible. Whether you choose to
install desiccant style breathers, improve seals, or to use a centrifugal filter
or a large vacuum dehydration unit, reducing the level of water in all types
of equipment can dramatically extend the life of the lubricant and the
machine.

Water Decontamination Techniques

The following is a description of the most common water decontamination
techniques. The table below provides a general rating of the ability of each
technology to remove free, emulsified and dissolved water.

Water Type Removed
Separator Type OtpensHa Boaa
Twun cenapatop i .
Free Emulsified Dissolved
CeobodHa | EmynaupaHa | PasmeopeHa

Gravity Yes Some No
[paBuTaLMOHEH [a [loHsKkbae He
Centrifuge Yes Some No
LleHTpobexeH [a [loHsKkbae He
Coalescing Yes Some No
Koanecuppaly, [a [loHsKkbae He
e |y | v |

povipall Jla Jla He
nonumepw
\B/:E;J;“r;-l Elstlllatlon Yes Yes Yes
AecTunauus fla fla fla
Headspace Yes Yes Yes
Dehumidification Jla Jla Jla

Table 1. Water Removal Techniques

Gravity Separation — Because water generally has a higher specific
gravity than hydraulic fluid (exceptions do exist), water tends to settle at
the bottom of the reservoir. Increasing the fluid's temperature and
employing a cone-shaped separating tank improve the effectiveness of
gravity separation. High fluid viscosity, oxidation by-products and polar
additives and impurities inhibit the effective separation of oil and water.
Gravity separation alone does not remove tightly emulsified or dissolved



HansraHeTo v yuabT NpemMuHaBa Ha Gainac. Tea UNTPU GhLLO
He OT[ensiT pa3TBopeHaTa Boja.

BakyymHa aectunauma — [lectunaumsra BkoyBa pasnpbCckaHe Ha
MacrnoTo Ha LMpOKa MOBBLPXHOCT M MOArpsBaHe [0 TodkaTta Ha
KuneHe Ha BojiaTa B YcroBusiTa Ha Abnook Bakyym (okono 55 - 65°C).
MpoLeckT MpoAbiKaBa C M3NapeHWe Ha Bogara, KOHAeH3auus W
oTBeXfaHe B aTMocdhepara. Tean ypeay yCnewHo oTcTpaHsiBaT Boja
Mpu1 TeMnepaTypa, KOSTO He BNusie OTPULATENHOTO BbPXY Ka4eCTBOTO
Ha 6a30BOTO Macno W npucagkuTe. BakyymHata aectunaums cbluyo
Taka OTCTPaHsBa W APYIM 3aMbPCUTENU KaTo XMaAUrHW areHTn W
pastBoputenu. Mpn TO3W METOA CbLLUECTBYBAT W3BECTHW PUCKOBE OT
n3napsiBaHe Ha npucagkure. To3n MeTop AaBa Hali-gobpu pesynTartu
3a OTCTpaHsiBaHe Ha cBOOOAHA, eMynrvpaHa 1 pa3TBoOpeHa Bofa.

BBLHWHM aexupapaTopy - OTCTPaHsABAT Bb3flyXa OT NPOCTPaHCTBOTO
Hajl HMBOTO Ha MacroTo B pe3epBoapa, [eXMIpUpar ro v Uanpallar
ChlLMst 0GeM (MNM B HSKOW Crydai Mo-ronsM) BbafyX obpaTHO KbM
pesepBoapa, 3a Aa ce NoAAbPXa HanAraHeTo. AKO MacnoTo ChbpXa
BOfa, TA Ce MOrMblia OT CyXWs Bb3flyX, KOWUTO BrOCMEACTBUE Ce
uanpallia OTHOBO KbM Aexuaparopa. MpeauMcTBOTO Ha MeTofia €, Ye
TE3N ypeau He BMU3aT B KOHTAKT C Macnoto. Te OTCTpaHsBar
cBobo/Ha, eMynrupaHa 1 pasTBopeHa Bofia.

Konko e AonycTMMOTO KONMM4YecTBO BoAa B efHa cucTema?
OCHOBHO NpaBuNO e BOAHOTO CbAbpXaHue Aa 6bae nop
TOuYKaTa Ha HaculaHe Ha MacnoTo npu pa6oTHa Temneparypa.
KoHTponsT BBLPXYy BOAHOTO ChbAbpXaHue Tps6ea pAa ce
npoBeXaa pefoBHO, KaTo ce MNpoBepABaT KakTo Macnara,
M3non3BaHu B paGoTHUA NpoLec, Taka M Te3W Ha cknaj,.

NH®PO

Centrifugal Separation - By spinning the fluid, the difference in specific
gravity between the fluid and the water is magnified. Centrifugal separators
remove free water faster than gravity separators. They also remove some
emulsified water depending upon the relative strength of the emulsion vs.
the centrifugal force of the separator. Centrifugal separators do not remove
dissolved water. They are an excellent option for continuous
decontamination of fluids with excellent demulsibility (water separating
characteristics).

Coalescing Separation - Coalescing separators help small droplets of
water combine to form large ones so they will drop out of the oil more
easily. This is achieved because large droplets have less surface contact
with the fluid than an equal volume of water dispersed as tiny droplets.
Coalescing separators are more effective when the oil’s viscosity is low,
making them an ideal solution for removing water from fuel. For instance,
coalescing separators do not remove dissolved water.

Absorbent Polymer Separation - Free and emulsified water is collected
by super absorbent polymers impregnated in the media of certain filters.
These look like conventional spin-on or cartridge type filters. The water
causes the polymer to swell and remain trapped in the filter's media.
Superabsorbent filters can remove only a limited volume of water before
causing the filter to go into pressure-drop induced bypass. They are not
well-suited for removing large volumes of water, but they are a convenient
way to maintain dry conditions in systems that don't normally ingest a lot of
water. These filters do not remove dissolved water.

Vacuum Distillation - The process involves distributing oil over a large
surface area and effectively boiling the water by increasing the
temperature to approximately 55 - 65°C and creating a vacuum. Water is
vapourised and the vapour is condensed or purged to the atmosphere.
The vacuum distillation units effectively remove water at a temperature that
does not cause much damage to the base oil or additives. Vacuum
distillation will also remove other high vapor pressure contaminants like
refrigerants, solvents and fuels. There is some risk of additive vaporization
with this technique. This technique effectively removes free, emulsified and
dissolved water.

Headspace Dehumidification - These units operate by removing air from
the headspace of a sump, dehumidifying it then sending an equal volume
(or a boosted volume, in some cases) of air back to the reservoir to
maintain pressure. If the oil contains water contamination, it will migrate to
the dry air, which is eventually sent to the dehumidifier for removal. The
great advantage of this technique is that it never contacts the oil. This
technique will remove free, emulsified and dissolved water.

How much water should you tolerate? A good role of a thumb is to
control water to the lowest levels you can reasonably achieve,
preferably well below the oil's saturation point at operating
temperature. Once you get water under control, don't leave it to
chance. Monitor stored and in-service oils frequently to ensure water
is kept in check.

Drew D. Troyer, ‘Removing Water Contamination”. Machinery Lubrication Magazine. May 2001
Mark Barnes, "Water - The Forgotten Contaminant". Practicing Oil Analysis Magazine. July 2001
Mark Barnes, “Water — Oil Analysis 101”. Practicing Oil Analysis Magazine. May 2002

water.
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INTERNORMEN FLUID PURIFIER SYSTEMS IFPM / IFPS

MobunHute n crauuoHapHu cuctemu IFPM / IFPS Ha dupma
WHTEPHOPMEH npepnarat necHa u ©GesonacHa ekcnnoarauus.
ToBa ca aBTOHOMHM CUCTEMM, KOUTO:

= OTCTpaHsiBaT cBoOOofHa, eMynrMpaHa v pas3TBopeHa Boja

= pemaxsaT cBOOO[HM ¥ pa3TBOPEHM rasose

= pemaxsaT MexaHU4HU MPUMecK ¢ pasmep > 1 um.

IFPM | IFPS paboTaT Ha MpuHUMNa Ha W3napeHue ¢ nomollra Ha
WHEpTEH ras B YcnoBusTa Ha [AbNOOK Bakyym. Toea e Hau
€hEeKTMBHUAT, MO3HAT 40 MOMeHTa MeTof, Tbi KaTo KoMOuHMpa
BMCOK KanaLWTeT Ha BOZOOTAENsHe ¢ MHOTOCTPaHHO NPUNOXKEHWE W
U3KMIOYMTENHA eHepriHa eheKTMBHOCT. M3non3BaHeTo Ha Cyx
Bb3flyX B Ka4eCTBOTO Ha WHEPTEH ra3 ocurypsiea Bb3MOXHOCT Mpu
mpoLeca Ha fexuaparaumsa CbabpKaHWETO Ha Bofa Aa CriagHe rnog
HWBOTO Ha HacWliaHe Ha dnympa npu Beska 3agageHa paboTHa
Temneparypa. /3non3BaHETo Ha CbBPEMEHEH CEH30P W MOHUTOP
MO3BONSIBA MNOCTOSIHHO HAOMIOLEHNE Ha CbObPXaHWETO Ha Boja B
npeyncTBaHna nyna. ENeKTPOHHUAT ceH3op, oTYMTaLL pasnvkaTa B
HanAraHeTo, OCUrypsiBa OMTUMANHOTO M3Mon3eaHe Ha PUITHPHUA
€NeMeHT W Mo3BONABa fa Ce NnaHupa NpounakTika 1 TEXHUYECKO
obcnyxBaHe. MocTbNBaMSAT BbB BakyymHaTa kamepa Bb3fyx ce
u3cyllaBa, NPeMUHaBalikn npes (UNTLP-M3CYLLMTEN, KaTo Mo TO3u
HauMH ce yBenuyaBa edeKTMBHOCTTA Ha MouvMcTBaLlaTa cucTeMa
[0pY 1 B YCINOBMS HA MHOTO BICOKA BNAXHOCT B OKOMNHaTa cpefa.

internormen® =
(I uid management SR

PLC controlled Purifier with WFD 01 - display unit for
electronical Ap clogging indicator and water sensor

INTERNORMEN FLUID PURIFIER SYSTEMS

Internormen — IFPM/IFPS Fluid Purifier Systems are user friendly and safe
in operation. They are self-contained systems that will:

= remove free, emulsified and dissolved water

= remove free and dissolved gases

= remove particulate contamination down to 1um

Internormen  Fluid Purifier System uses the procedure of vacuum
evaporation with inert gas. Using dry air as inert gas enables the
dehydration process to achieve water levels underneath of the saturation
level of the processed fluid at any given operating temperature. The use of
the most modern water sensor in connection with a display unit allows a
permanent monitoring of the water level in the purified fluid and the
electronic Ap sensor enables the optimal use and maintenance scheduling
of the included particle removal filter element.

The desiccant air breather dries up the inert gas and
increases therefore the efficiency of the purifier even
in high humidity environments.

Operating principle: A vacuum draws the fluid,
which is supposed to be purified, out of the reservoir
into the system. The vacuum is generated by the
vacuum pump. The fluid passes through a small
heatable tank and is preheated to the operation
temperature which is adjustable by the electronic control device. At the set
temperature the heating automatically turns off. A defined quantity of fluid
is lead through a solenoid valve into the vacuum chamber. The fluid
diffuses over dispersal material therein which enlarges the surface area of
the fluid. Free and dissolved water vaporizes in the chamber due to the
lower evaporation point caused by the vacuum. Ambient air is let into the
vacuum chamber through an air filter and a throttle valve. This air moves
upward against the flow of the fluid. Water and gas join in the upward
airflow and - after leaving the vacuum chamber — enter the vacuum pump.
From there the water-gas mix is conveyed into a receptacle of condensate,
respectively vented to the atmosphere.

1 hoator

2 2-way magnetic valve
7 3 vacuumn chamber

4 vacuum pump

5 hydraullc pump

8 fitter

7 desiccant alr breather
& elsctronical control unit
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HauuH Ha paborTa:

OnynabT, KoWTo TpsioBa Aa Obfe MNOYMCTEH, Ce 3acMykea oOT
pesepBoapa B paboTHa kamepa NnocpefcTBOM BakyyM, MPOOU3BEAEH OT
BakyymHaTa romna. Mpeau fa HaBnese BbB BakyyMHaTa Kamepa
bnyMILT NPeMUHaBa NMpe3 MPOTOYEH HarpeBaTer, KbeTO Ce 3arpsiBa
[0 TNpefBapuTeNHO 3afjafeHa 3a CbOTBETHUSI cnydali paboTHa
Temnepatypa. MpuU AOCTUraHETO W  3arpsiBaHETO aBTOMATUYHO Ce
uskmodsa. [lpes [BYMbTEH eneKkTPOMarHWTeH KnanaH BbB
BaKyyMHaTa Kamepa MnocTbrBa onpefeneHo konuyecTso donyug. Toil
Ce pasnpbCKBa BLPXY AUCNEPTMPALLM ENEMEHTM, KOUTO yBEnuyaBar
MHOrOKpaTHO MoBBbPXHOCTTa My. CBoGOAHATa U pasTBOpeHaTa BoAa
ce OTHEensiT rmopadu Mo-HuckaTa TemnepaTypa Ha WanapsiBaHe Ha
BoflaTa B yCrioBUsi Ha Obnbok BakyyMm. [pes unTbp-uacymten u
Jpocen KnamaH BbB BakyyMHaTa Kamepa MocTbhBa CyX Bb3Ayx OT
OKomnHaTa cpefa. Toli ce [BUXM Harope B MOCOKa, MPOTUBOMONOXHA
Ha Tasu Ha IBUXeHWe Ha MacnoTo. BofiaTa 1 rasoBeTe, Hammpally ce
B MacroTo, Ce yNaBsiT OT Bb3fyLIHMS NOTOK, HamycKaT 3aefHO C HEro
KamepaTa W HaBnu3aT BbB BakyyMHaTa nomna. OTTyK Bb3fylUHO-
BOAHWSIT MOTOK Ce W3BEXAA MpPe3 KOHAEH3aLMOHEH Cbf KbM

aTmocdepara.

IFPM 20 IFPM 30 IFPS 60 IFPS 100
Terno Dry weight 315 kg 325 kg 540 kg 730 kg
Pasvepu: Dimensions:
[bmkuHa Length
3aTBOpeH cdepuieH KranaH Ball valve closed 1156 mm 1156 mm 1540 mm 1663 mm
OTBOpEH cdepuyeH KranaH Ball valve open 1226 mm 1676 mm 1676 mm 1797 mm
Lvpura Width 704 mm 704 mm 903 mm 1263 mm
Bucounta Height 1532 mm 1532 mm 1578 mm 1589 mm
Bxopsi, otBop Inlet connection 174" SAE flange 174" SAE flange 2 %" SAE flange 3" SAE flange
HarHetateneH otBop Outlet connection 1 %" SAE flange 17" SAE flange 2" SAE flange 2 %" SAE flange
[lebut * Flow rate * 20 I/min 30 I/min 60 I/min 100 I/min
PabotHo HansraHe Operating pressure 10 bar 10 bar 10 bar 10 bar
PaboteH Bakyym ** Operating vacuum ** -60 to -90 kPa -60 to -90 kPa -60 to -90 kPa -60 to -90 kPa
MolyHocT Ha pBuratens Total motor power 1.1 KW 1.3KW 28 KW 40 KW
MolLHoCT Ha oTonnuTens Heater capacity 3000 W 3000 W 8000 W (3 phase) 16000 W (3 phase)
Tvn Ha unTbpa Filter type 1x NF.631 1 x NF.631 1 x NF.1000 1 x NF.1000
OunTbpeH enemeHT Filter element 01.NR 630 01.NR 630 01.NR 1000 2 x 01.NR 1000
YnnbTHSABALL, MaTepuan Sealing material Viton Viton Viton Viton
MakcumaneH BUCKo3UTET Max. viscosity 650 mm?/s 650 mm?/s 650 mmz/s 650 mm?/s
CKopocT Ha W3BnMYaHe Ha Water extraction rate™* 75 I/day 105 I/day 315 I/day 450 |/day

kk

Bojara

* BuckosuteT Ha dnyupa / Viscosity of the liquid of 32 mm2/s, ** CToifHocTu Ha Bakyyma B 3aBUCUMOCT OT crieLindnynmuTe npunoxerust / Operating vacuum adapted to specific
applications , *** CbabpxaHue Ha Boga 6% npu 40°C u 32 mm?/s / Water content 6% at 40°C and 32 mm2/s

B cneagawoTo usgaHue:

BBAELLETO HA ®UNTPALIUATA

In the next issue:
THE FUTURE OF FILTRATION
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