Proceedings of COBEM 2011 21* Brazilian Congress of Mechanical Engineering
Copyright © 2011 by ABCM October 24-28, 2011, Natal, RN, Brazil

TRIBOLOGYCAL EVALUATION OF OGR BIODIESEL USE IN DIE SEL
ENGINES

Anderson Favero Porte anderson.porte@riogrande.ifrs.edu.br
Instituto Federal do Rio Grande do Sul — Rua Engedtf Huck 475, Centro — Rio Grande / RS

Pedro Barbosa Mello,mello@mecanica.ufrgs.br
Universidade Federal do Rio Grande do Sul — Rua &#orleite, 425, Cidade Baixa — Porto Alegre / RS

Rosana de Cassia Souza Schneidepsana@unisc.br
Adilson Ben da Costaadilson@unisc.br
Universidade de Santa Cruz do Sul — Av. Independé&293, Bairro Universitario — Santa Cruz do Sul / RS

Nataniel Sampaio nataniel@afubra.com.br
Associagdo dos Fumicultores do Brasil — Rua Juli@atgilhos 1021, Centro — Santa Cruz do Sul / RS

Erico Marlon de Moraes Flores,flores@quimica.ufsm.br
Valderi Dressler, vdressler@gmail.com
Universidade Federal de Santa Maria — Av. Roraint®1Cidade Universitaria — Santa Maria / RS

Abstract. To become technically viable the large-scale usthis biodiesel, some technical aspects deserspeaial
attention, within them it can be highlighted iteeusonsequences on the engine lubricant oil. Thidysts important
because of the presence of biodiesel in lubricdrdegrades its quality, directly interfering onetlengine mobile parts
lubricating conditions. This way, this research l@sobjective to evaluate which is the effect eflitodiesel produced
from OGR - residual fats and oils- on the engirt@itant oil as well as the wearing caused on thgiea components
by its use. The OGR biodiesel physical chemistop@rties used were evaluated and indicated thabtbdiesel was
within the patterns of the National Petroleum Ageni®o the evaluation of the lubricant oil degradatj it was used the
OGR biodiesel in a diesel stationary engine, waglah constant speed of 1800rpm, under variable loatdition. The
engine, a Tramontini model TR 22, with mechaniecathp and direct injection system has a nominal paf&t2CV to
1800 rpm and was coupled to a 12,5 kVA Kolbach ggoe During the tests, the engine-generator set the energy
demand of the electrical engines of a 1000 litey-dapacity biodiesel production plant. The teststdd 300 hours,
with lubricant oil sampling each 50-hour use. Thsults showed significant variation on the kinensatind dynamic
viscosities and presence of biodiesel in the lwbricoil on the early 100-test hours, indicating thassage of the
biodiesel to the crankcase from a combustion chantbeough the tribologycal piston rings systemyiraer jacket.
Also, ICP - MS analyses were performed to veriéydbntamination of the lubricant oil by metals. Tasults showed a
constant increase of oil contamination by Al, Cw),NFe, Pb and Cr. A visual and metrological evaioiatof the
engine’s internal conditions was performed at timel ®f the tests. It was observed an accented deddion of the
compression piston ring in its upper face. Alsdias been noticed variation on the cylinder jadietghness by the
end of testing. Its conicity and the ovalizatiorravalso measured and their values meet the prodispecifications.
The pressure of the injection nozzle was 170badhinvthe established by the manufacturer and it matsobserved any
formation of significant deposits inside the engi@ensidering that the manufacturer recommends gimanlubricant
oil every 100 hours-use and that the tests haweda300 hours, it can be concluded that OGR biadiemy be used in
stationary diesel engines since the lubricant bimge occurs periodically.
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1. INTRODUCTION

The use of vegetal origin fuel recalls to the diesggine cycle development period, in 1897, whean Mechanical
Engineer Rudolph Diesel elaborated and patentexhgime by internal combustion through pistons withnjection in
a container with oxygen, causing an explosion whexing. At that moment, Rudolph Diesel used the ddilpure
peanut as combustible. However, because the masgnsion of oil in the following decades, suchieagwvas
projected and commercially used with oil dieselgeeding from the extraction of petroleum, what tedsgated the
vegetal oil use for second plane. In such a wasinduwall century XX, some research had continuedgaleveloped on
the subject, attempting to especially adapt thesta @il to the diesel engine, which got being pot¢d to work with a
fluid of lightly different properties, especiallyp terms of viscosity. In 1922, Mailhe used acidabeters to assist the
vegetal oil transformation in hydro-carbons and1®24, Wattermann and Perquin had applied the Bengiocess of
hydro-carbons synthesis for high pressure hidragioin of coal to the vegetal oil and had gottenaimost total
conversion of these hydro-carbons. Although, onlyniddle of years 70, in the scene After World Waand, more
specifically, after the oail crisis, in 1973, is thtoe research in the biofuels area became toveocsdnsiderable
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incentives again. In these conditions, Brazil, e in decade 80, started to increase these réstaough the Pro-
alcohol, a federal program that allowed the develept of an alternative biofuel (ethanol) for usespark ignition
engines, or Otto cycle. In the current decade, lezaf economic and environmental questions, tbiidlis use came
back to be an interesting alternative in the wavide market, of form that, in Brazil, since 2006raall percentage of
biodiesel is already added to diesel commercialimadll the country, with increasing values in t@mposition of this
fuel which arrive, today, 5%. So, many alternatiees being evaluated as sources for biodiesel ptmdy in a way
that different cultures of oil plants can supplg timarket, depending on the geographic region irchvifiit is found.
Moreover, the environmental appeal is also a stgartner in the development of these technologiespnly because
the question of the reduction of the particulatéssions of material and sulphur composites for regidiesel, but also
because the question of the recycling of oils aidual fats (OGR), thus reducing its environmentgact. It is
appropriate to point out, however, that the bicgugde in engines can cause differentiated weamnth® parts of the
engine, as well as intervening with the performané€dhe lubricant oil that, in a full analysis, cpromises the
performance of the engine as a whole. In such g wmayy companies of the private sector, as wethadMinistry of
Science and Technology, through the National Pragsé Production and Use of Biodiesel, are promotiegearches
and studies in short, medium and long run throtggimodule of Technological Development. One ofaheas in study
refers to the tribologycal issues associated tobibeiesel use in diesel engines (MCT, 2009), whicint to the
necessities of modifications and adjustments vé#ipect to optimum exploitation of this technology.

2. THEORETICAL REFERENTIAL
2.1 Use of biodiesel in engines

The lubrication deficiency in mechanical systemsh&f motor cause inestimable damages, mainly wispect to
premature wearing, efficiency loss, reduction & domponents useful life and, in the most seri@ses, the blocking
of the engine. Aiming to reduce costs, the lubricaih analysis becomes an important technique ffier predictive
maintenance of engines, that is, through a sefiesalytical techniques of the used oil it can baleated where and
when the probable problems will appear.

Corréa et al (2008), had evaluated the sunflonwadibsel and diesel use in the performance of ab@&gine with
direct fuel injection, in dynamometer for mixturBs, B10, B20 and B100, during 96h of use. The teshhd shown
that, in terms of lubricant oil contamination fapdiesel, even after the use of B100, it had bestealed acceptable
alterations, being the water presence and theofdérdn the more expressly parameters modified. §drae authors had
tested sunflower rude oil in a diesel engine MWM &2 46kw of power and they had identified that liltericant oil
degradation occurred already in the first 60h @ile® use. This contamination was identified bylthi®icant viscosity
increase, by the raised presence of oxidation mtsdby the accented fall of the alkaline reseewss by the raised text
of copper, chromium, iron and lead.

About mixtures diesel/biodiesel, Silva (2006), i iesearch, evaluated the effect of biodieselhenldbricant oil
properties, when used in the B10 ratio in a diesgine, inhaled, with indirect fuel injection. Tassays had lasted 30h
and shown that the use of 10% in volume of biodiesenbined with metropolitan diesel did not caugmificant
variation in the concentration of metallic elemenitghe physical - chemical properties of the loénit oil. It had been
evaluated in this work the contamination for dieersetallic elements, being that the most relevafites had been
found for Fe, Al, V, Sn, Pb, Ni, Cr and Cu and thed not exceeded 1,45ppm, that can be considededjree of
contamination for new lubricant oils. Moreover, theperties of percentage of water, viscosity asdsdy of the
lubricant oil had been also monitored. The valumsél for each one of these variable after the askagl remained
inside of the limits established by the ANP.

In terms of performance of diesel engines usinglieigel or mixtures diesel/biodiesel, Juliato (20G6&yted B2
mixtures, B5, B10 and B20 of soybean and turnipimie monocylindrical engine, Yanmar, with power @7kW
2400rpm. The engine was mounted in a dynamometegrenit was assayed for verification of the torquewer and
brake specific fuel consumption curves for eacldusexture. The results had shown not to have sicanit differences
in the values of the engine torque and power, wiverking with mixtures biodiesel/diesel comparativéd diesel
standard. However, a sensible increase in the fapaxnsumption of the fuel, proportional to thergentage of
biodiesel added in the mixture was evidenced. Téssllt agrees to the observed one for Porte (20@8), evaluated,
during his research, a monocylindrical engine Togawith normal rated power of 4kw 3000rpm and retatliameter
X course equal to 78 x 62mm, with regard to th&dpecific fuel consumption. The assays had utatsisB2, B10,
B20, B50 and B100 mixtures of sunflower oil and tksults had also shown an increase of proportitrealbrake
specific fuel consumption to the addition of bidikin the mixture.

Puhan et al (2005), had tested biodiesel produgetlamsesterification using sulfuric acid as cagtiyn a diesel
engine with direct fuel injection. The tests weaered through by a constant speed of 1500rpm laadesults showed
that the thermal efficiency of biodiesel produceaisveomparable to the diesel one (26.36% for deesel26.42% for
biodiesel used).
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Assays of fleet had been also carried through siitihhulate of the Ministry of Science and TechnoloigyBrazil
(MCT, 2009). During the years of 2008 and 2009y thed been evaluated diesel engine supplied witmB&ures, for
periods of use superior to 10.000h. The used eagméhe tests had been chosen randomly, beingffefeht marks,
submitted to the different applications (load traors, passengers, agricultural implements), in sackay that the
systems of fuel injection Common Rail, UIS, UPS] aotary press were tested. The tests had thecipation of many
companies of different sectors of the biodieselrghguch as fuels producers (Petrobras), vehicksufacturers (Ford,
Fiat, Volkswagen), injection systems manufactuf@&ssch) and of physical-chemical analyses laboiedoflLadetel,
Tecpar). The results had shown that the conditadnsearing for engines supplied with B5 and engisggplied with
metropolitan diesel did not present significanfaténces between it. The only exceptions made guhie assays were
referring to the use of biodiesel of mamona in eagj in function of that many injection systems pagsented fails
that had disabled the accomplishment of the testshe same period that the engines supplied wabidésel of oil
soybean.

2.2 Tribology applied to the engines

It is consensus that the biggest amount of lostggneccurs in the friction between the piston riagsl the cylinder
jacket (Bhatt et al, 2009). In such a way, whendfiiency of a lubricant is evaluated, it is innnt to measure the
thickness of the lubricant film at this tribologysystem. This thickness can vary between 2,5 antic8on with SAE
10WS50 oil at 1600rpm and without load, as presctitee Harigaya et al.

Takiguchi et al (1988), had measured the frictiorcés until a speed of 5000rpm and its resultsdadvn that the
present friction in the region is provoked, badicaby the lubrication hydrodynamics in high rotatiof the engine.
The same authors had measured the thickness hitttieant film in piston rings under real condit®af operation of a
diesel engine. Their results had shown that thektid@ss takes care the hydrodynamics lubricationrthi there is
enough oil in the region. Moreover, the thicknegghe oil film of the piston ring under real coridits was measured
for the same motor (D x S = 140 x 152 mm). As resulvas also observed that the measured thickfilessalthough
agreed to the hydrodynamics theory, presented alaagal value inferior to the theoretical one tuad the upper ring
always varied its inclination against the wall o€ tcylinder, affecting the formation of the lubritdilm.

Miltsios et al (1989) had assumed that the ringahascular profile in the direction of the moverhamd had assumed
that the piston is elliptical. The ring inclinatialso considered. When the oil film is thick egb to not have contact
between the surfaces, the lubrication is hydrodyasnwhen the oil film does not have this minimunickness, there
is contact between the surfaces and the lubricagionixing because the film supports a part ofltteel and another
part is supported by the surfaces roughness. THénoithickness beyond which the hydrodynamicsrioation exists
cannot be determined with precision. It dependthersurfaces topography and the heights of thetmoess.

Wakuri et al (1992), had assumed that the oil firassure in the oil entrance is equal to the anblmessure and
that the oil film breaks in the exit according fReynolds boundary conditions. After the oil filmebkdown, the oil is
carried to the cavitated region. The pressureigirggion is constant in relation to the ambienhéw the piston rings
are used in set, the oil supplied to each ringefetident of the amount of oil left for the precegdiimg. The subsequent
rings vain operate in a condition of oil imbalanediere the region of the entrance of the ring inglately is filled
with oil, even if the main ring is working with thdeal amount of lubricant. In such a way, the gsialthat the oil is
supplied adequately to the rings in the entire timerval is not true. The interaction between sig a set of rings is
determined by the condition of continuity of thaiding of the oil if this to flow in or flow out thvolume of control.

3. METODOLOGY
To perform this research, the assignments weréeiivin four steps, described bellow.
3.1. Biodiesel production from OGR

Afubra collected the OGR used in the productiobiofliesel from schools, restaurants and resideoicte region
of Rio Pardo Valley, and it was stored in PET lesttithese oils pass trough an initial procesdtefifig for withdrawal
of solid material. Following, it is prepared thextoire for production of biodiesel in the ratio di®liters of oil for 34
liters of methanol and 8 liters of methoxide of ismal, that produce 198,6 liters of biodiesel andd4iers of glycerol.
The conversion ratio, for OGR, is about 92,5% (m/fifje mixture passes then for a heating proce88°afior a period
of 30 minutes, followed by a time of reaction of @hutes. The decantation of glycerol is then padedefor a period of
2h, followed by filtering and burnishing of biodésin a continuous process at 185 liters per hour.

3.2. Characterization of OGR biodiesel

In order to characterize biodiesel of OGR during tissts, the norm ANP 07/2008 was obeyed. The ssnol
biodiesel were collected and sent for analysisiiaecredited laboratory.
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3.3. Tests with diesel engine fulled by biodiesel @GR

The diesel engine used was a motor Tramontini, ZRwath power of 22CV at 1800rpm, water-cooled ctie
start, with direct injection by mechanical pump.eThngine was connected to a three-phase generatbadf,
220/380V with capacity of 12,5kVA. The set engirangrator was acquired new, reason by which haeent done
any initial procedure of maintenance. The engine supplied directly by biodiesel of OGR previougtpduced in the
AFUBRA'’s production plant, after a storage peridd46 days. The lubricant used in the engine, asmecended by
manufacturer, was oil SAE 15W40, whose regularityexchange also recommended by the manufacturerQGé.
From this value, it was stipulated that, for thepmse of this research, the engine would work witidiesel of OGR
during a period of 300h without oil exchange, s@e=ding in 200h the recommendation of the manufactior
lubricant exchange. Samples of new lubricant od baen collected and in intervals of 50h of usdahef engine,
obeying the following cares:

- The samples had been collected with the engineing, at least, 20 minutes;

- All the samples had been removed from the craséca

- The bottles used in the sampling were new, mamwifed in polypropylene;

- The bottles had not been completely filled durihg collection in order to guarantee its homogaion and
expansion for the temperature.

After 300h of use of the engine, it was openedni@asurement of its internal components and vetifineof the
degree of observed wearing. The following paranseted been analyzed:

- Wearing and ovalization of the cylinder jacketr Fneasurement of the wearing on the cylinder jadkdiad been
considered the measurement of its superficial roagh with a Suftest 211 - Ra scales. For measuteafetne
ovalization of the cylinder jacket, it was usedoamparing clock Starret, model 452. The measurenmanssiperficial
roughness of the cylinder jacket had been carfiedugh in the new jacket and after the assays, iotal of 10
measurements in the Top Dead Center (PMS) and a8urements in the half of the piston course;

- Gap between ring tip;

- Wearing in the rings faces, with aid of opticatrscope;

- Gap between rings and narrow channels usingilaradbr de folgas Starret;

- Contamination, leakage and pressure of injedtidhe injector peak, with aid of an appropriatewgr of benche;

- Wearing of the injection piston in the mechanjmainp, by means of visual analysis, with aid ofagtmicroscope;

- Contamination of the fuel filter, by means ofuasinspection;

- Contamination of the centrifugal lubricant oltdr, by means of visual inspection.

During the assays, all power generated by the rsgine-generator was unloaded in the electric eqgeigrof the
biodiesel production plant: four electric enginé®&HP, an electric engine of 0,25HP, an elearigine of 1,75HP 2
electric engines of 1HP, an electric resistancés®0W and 3 light bulbs of 150W that it composesdhll of energy
production, totalizing a demand of energy of apprately 17kW.

3.4. Methodology for lubricant oil analysis

The analyses of the lubricant oil had consisted @ccompaniment, in approach intervals of 50h ef eisthe
engine, of the following variables: specific weigatid value, viscosity kinematics, dynamic vistpsind flash point,
in accordance with respective norms ASTM. Also iediesel contamination was evaluated through tle¢hod for
Attenuated Total Reflection in the Infrared ray twitransformed of Fourier (ATR-FTIR). The resultsdhbeen
acquired, in third copy, in spectrophotometer PERKMER using an internal accessory of universatratated total
reflectance, in the interval 4000 to 400tmwith resolution of 4 cmand 32 sweepings. Finally, also the contamination
of the lubricant oil by metals was monitored, wh#re samples had been submitted to a procedureiddégestion
attended by microwaves radiation (Multiwave 3000nptgh Paar, Austria), with capacity for 8 simultango
decompositions. About 200 mg of sample had bearsfieared to the quartz pipes with the aid of argyei They had
been added, immediately afterwards, 6 mL of 14 HN@I L™.

After the stage of digestion, the samples had laegmented at 30 mL in polypropylene bottles anerldiluted 5
and/or 10 times, when necessary. The samples radarealyzed by ICP OES equipped with a “cross-flow&umatic
vaporizer (Spectro Analytical Instruments), vaperizhamber of double step and torch with 2,5 mmntdrnal
diameter quartz injector. The plasma was generfited argon (99.996% of pureness). The analysis itiond are
shown in Table 1.

Table 1: Operational conditions of ICP OES.

CONDITION ICP OES
Generating power RF (W) 1400
Main Ar outflow (L min-1) 20

Ar outflow auxiliary (L min-1) 1
Ar outflow of the vaporizer (L min-1) 0,9
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In Table 2, the used wavelengths for each elenrengtzown.

Table 2: Wave lengths (nm) chosen for each element.

Element ICP OES (nm)

Al 396,152

Cd 214,438
Cr 205,552
Cu 324,754
Fe 238,204
Mg 280,270
Mn 259,373
Ni 231,604

Pb 220,353
Si 288,158
Zn 213,856

4. RESULTS AND DISCUSSION

After analysis of biodiesel in laboratory, the es(table 3) had shown that the water contenteres the samples
was much higher then estabilished by ANP, what lmémg serious damages to the engine. According étoxl, the
waters content compromises the lubricant capadtypiodiesel. This factor can speed up the wearimgsome
componentes where the lubrication is done justibglibsel, like the mechanical pump piston in thedtion system.
Besides that, it's verified that as older the sjlmore susceptible it's become to degradatiorhbywater. (Fox at al,
1990 and Bormio, 1995).

Table 3 — Characterization of biodiesel used intésts

Parameter Method Standard Measure  Unit
Aspect visual LIl LIl -

Specific mass at 20°C ASTM D 1298 850 -90Q 884,2 kg/m3
Kinematic Viscosity at 40°C DIN EN ISO 3104 3,0-6,0 |5,6924 mm?2/s
Water content (max) ASTM D 6304 500 2800 mg/kg
Total contamination (max) DIN EN 12662 24 63 mg/kg
Flash point (min) ASTM D 93 100 20 °C

Ester content (min) DIN EN 14103 96,5 81,40 % (m/m)
Carbon residue (max) ASTM D 4530 0,05 0,12 % (m/m)
Ashes (max) ISO 3987 0,02 0,04 % (m/m)
Sulphur (maximo) DIN EN I1SO 20884 50 10,2 mg/kg
Sodium + potassium (max) DIN EN 14108/109 5 <0,5 mg/kg
Calcium + magnesium (max) DIN EN 14538 5 <0,5 mg/kg
Phosphor (max) DIN EN 14107 10 0,7 mg/kg
Corrosivity (Cu), 3h at 50°C (max) | DIN EN ISO 2160 1 la corrosion degree
Cetanes DIN EN ISO 5165 - 55,8 -

Cloud point (max) DIN EN 116 19 -7 mg KOH/g
Acid number (max) DIN EN 14104 0,5 0,55 % (m/m)
Free glycerin (max) DIN EN ISO 14105 0,02 0,02 % (m/m)
Monoglicerides - 0,57 % (m/m)
Diglicerides - 1,90 % (m/m)
Triglicerides - 12,52 % (m/m)
Total glycerin (max) 0,25 1,73 % (m/m)
Metanol (min) DIN EN 14110 0,2 1,90 % (m/m)
lodine number DIN EN 14111 - 110 g/100g
Oxidation stability 110°C (min) DIN EN 14112 6,0 0,7 h
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Besides that, can be also noticed that the biodipeesented low oxidation stability and high valufes
contamination, ashes and glycerin, which also comjge the contamination inside the engine.

In terms of wearing of the engine components, & whserved that the bushings had presented markeasfng by
abrasion, provoked, possibly, for strange partithesy had incrusted in the surface of the bushiags, wearing by
erosion. In assays carried through in-group of hegacit was observed that the injection pressuie Wv@bar and that
there was fuel dripping when the set was not setation. This would send to the wearing in the heed the injection
peak, but what can be observed in optical microsceps irregularities in its surface, probably degvof its
manufacturing process, once that did not have Egmfawearing in the element. Also, no blockageha orifices of
peak injection was observed.

In accordance to the manufacturer information & #mgine used in the assays, the cylinder jacketaide of
cinereous casting iron with addition of Ni, Cr, @ad Mo. Such component still presented the stoafitgy 300h of
assay throughout its entire surface, except inrélgéon corresponding to the compression chambensi@ering only
the region of the jacket corresponding to the dgdincourse, the measurement of the superficiallmoess showed a
bigger wearing in the region of the PMS (table Bhis is justified by the fact of that, in functiosf the high
accelerations gifts in these regions, the hydrodyos layer of the lubricant film reaches criticalwes, having at
certain moments its disruption and the consequeténial remove of the surfaces in relative movement

Table 4 — Measurements of roughness after 300teicylinder jacket

17

Roughness in the middle
Measurements of roughness afterRoughness in the PM$  of the cylinder course | Roughness in the new

300h (um) (um) jacket um)
Average of 10 readings 0,363 0,497 0,740
Standard deviation 0,113 0,230 0,121

It was observed that the ovalization of the cylmdeade from the average of 5 measurements of ifferehce
between two diameters unbalanced of 90°, was @5dBn. Also the coning of the shirt was measuredysgtaverage
value for three readings was of 1 ' 37 ' 'of conBigch values do not represent inconvenienceséofunctioning of the
engine, being inside of the acceptable limits defilby the manufacturer of the equipment. The segmegs, in
special, the first fire ring, had presented markihe form of risks in the direction of the pistmovement, as figure 1.

Figure 1 — Fire Rin (external face)

Such marks point to an abrasive wearing, causdtidopreakdown lubricant film present in the trilgploal system
ring/shirt. This wearing was provoked, probably,dyglical form, once that the jacket indicates mimmghness in the
region of the PMS. One gives credit that great parthe marks gifts in rings had been provoked ahie piston
reached this point of the jacket, where the triggtmal conditions are more unfavorable.

No significant formation of splodges, soap or p®iof corrosion in the fuel filter was identifiedystf as no
significant wearing in the fuel pump was identified

The spectroscopy in the infrared ray did not idgrttie presence of biodiesel in the lubricant eiér at 300h of
use, as that was not identified the carbonyl colgsesence, characteristic of the band of 1500d#owever, the
assay also showed the carboxylic composite pres@ramed of 3000ci) and alterations in the band of 1370tm
characteristic of (C — O), that indicates the oxidation of the lahrit oil throughout the time, as shown in figure 2.
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Variation of the lubricant oil specter during tresay
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Figure 2 — Specter of the lubricant oil during thse

These results are according to the reduction afosgisy of the lubricant oil, as Figure 3 shows. sTkan have
favored the wearing of the engine, especially arégion between rings and the cylinder jacket,revtiee tribologycal
conditions are more severe.

Variacdo da viscosidade dinamica do 6leo lubrifiean
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Figure 3 — Dynamic viscosity of the lubricant adlriation trough the time of using

It was noted yet that there was an increase imthgity of the lubricant oil, provoked by the comiaation and
degradation of biodiesel, as shown in Figure 4.
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Variaton of the lubricant oil acid number
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Figure 4 — Acid value of lubricant oil variationrttugh the time of using

An equation can be got from this analysis to manite increase of the acid value and, for conserpjetie
contamination of the lubricant by biodiesel in ftion of the time:

y =1,2047e %% (1)
R® = 0809 &y

Where y corresponds to the acid value of the lalntiand x corresponds to the time of use of thedabt in the
engine. The results had shown despite the spedfgh of the lubricant oil did not vary and thaetreduction in its
flash point can be considered worthless for pratiorks, therefore was inferior to 2% to the efithe assays.

The analysis of contamination by metals showed mtimoous increase of aluminum, chromium, coopen,ir
manganese and lead. The chromium, lead and cooperaceeding, probably, from piston rings, in ademce with its
composition and signals of wearing. The manganesgdceeding from the jacket and the iron can shsaiway be
deriving from the jacket or from the rings, wheréas aluminum must be deriving from the piston. [Eab shows the
variation of the lubricant oil contamination by mlstthroughout the assays.

Table 5 — Lubricant oil contamination by metalsidgrthe tests — mg'y

Al Cd |Cr Cu Fe Mgl Mn | Ni Pb Si Zn
Oh | 3,86| <0,11<0,25| <04 | <1,7 | 266 0,34/<0,75| <3,32| <36Q 1136
50h| <3| <0,11] 1,21} 8,02 35,8/218] 1,27/<0,75| <3,32| <360 1152
100h| 7,19| <0,11] 1,38 9,95| 70,13]211| 1,57|<0,75 3,61 <360 | 1093
190h| 7,72| <0,11] 1,4| 13,26| 80,69 170| 1,87|<0,75 9,97 <360 | 875
280h| 7,54 | <0,11] 2,29] 9,57| 86,64 172| 2,02|/<0,75| 13,78<360| 864

Based on the table results, the following equatemds respective correlation coefficients are preddsr each one
of metals in question:

Aluminum: y =34321In(x) +1,9757 €))
R* =0,4267 (4)
Chromium: y =1,2346In(x) + 0,0538 5)

R?=09114 (6)
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Cooper: y = 6,9384In(x) +1,5165 (7
R*=0,7951 8

Iron: y = 56649In(x) +0,4105 ©)
R*=0,9813 (10)

Magnesium: y = 01667x° + 32143x* — 47952x + 3084 (11)
R* =0,9469 (12)

Manganese:y = 004.x° —0,4714x* + 2,0086x — 1226 (13)
R*=0,9951 (14)

Lead: y =—0,5133x® +5,3607x" — 12806 + 8022 (15)
R*=0,9982 (16)

Zinc: y = 235.x° —226,71x* +563,79.x+ 769 17)
R* =0,9645 (18)

Where y represents the metals in each equatiompresents the time of using and R2 represents dhelation
coefficient.

One strong positive correlation is observed betwden time of use of the lubricant in the engine arxd
contamination by the metals chromium, cooper, imanganese and lead. Amongst these, salient tirgtritanganese
and lead present R2 superior to 95%. It is justifig the following facts:

a) The iron is the metal present in bigger amonrdli the existing tribologycal systems in the em®giin such a way
that its wearing throughout the time becomes maliers;

b) Lead is a soft material present in the tribokajysystem rings and the cylinder jacket;

c) The manganese is present in the great majofiste®l. In the engine in study, one not only megetsent in the
jacket and rings, but also in the proper cylindethe enginemanufactured in aluminum alloy.

Magnesium and zinc present a strong and negativelation, superior to 90%. This can be justifietause of the
new lubricant oil presents high texts of these elet® in its composition that, during its use, ageead with other
elements of the metallic surfaces of the engine:. &mample, the magnesium can agree with oxygenigt h
temperatures in the region of the combustion charfareing the magnesium oxide, or still, to combimigh the walls
of the jacket, being formed composites of Fe - §lg. Yet, the zinc, by its characteristic of maaémf sacrifice in
corrosion situations, can agree with the atmospletygen at high temperatures to form oxide of zinthe surfaces
of the jacket or rings, being thus formed a supifioxide layer or basic carbonate that isoldtesmetal and protects
of the corrosion.

A moderate positive correlation is still noticedween the time of use of the lubricant oil andcitsitamination by
aluminum. The fact of this correlation not to bessmng as the previous ones are justified by dloe df that the biggest
amount of aluminum present in the diverse tribot@systems in question meets in the piston oktigine, that does
not suffer a wearing so accented as rings or jaéietad it said, concludes that biodiesel of OGRtimdy can be used
in the Tramontini engines since that the regulasftgxchange of the lubricant oil recommended keyrttanufacturer is
kept, in intervals of 100h.
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