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ABSTRACT

Grease is a mixture of a fluid lubricant usuakrpleum oil and a thickener
(soap) dispersed in the oil. The base oil (petmleoan be changed by using the used
lubricant. Other then base oil, thickener may @aymportant role in the mixture. Soap
thickeners are formed by reacting metallic hydrexidr alkali, with a fat, fatty acid, or
ester. Since the petroleum prices were increade ear, using used lubricant as base
oil is the best solution to produce grease in the dost at the same time it will decrease
the water pollution. Three type of soap are usethis production that is aluminum
soap, calcium soap and sodium soap. Viscometemgasn this experiment to analyze
the quality and performances of grease productlecsthe best type of soap to produce
grease. The viscosities of grease are test by ehtrggspindle speed for each type of
soap. The different percent of soap are use to kiheweffect of percent of soap to the
viscosity of grease. In this experiment, grease swaessfully produced from used
lubricant. The viscometer test and sample premarain grease was visualized in this
research, where the viscosity of grease was dexkeits the increasing of spindle speed
and the viscosity was increase with the increasingercentage soap (thickener) added.
The best way to produce grease is with sodium sghere sodium soap is the strongest
thickener compare to another thickener. Using type of soap, only small amount of

this thickener needed compare to another typeay.so
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ABSTRAK

Gris ialah campuran cecair pelincir kebiasaannyayak petroleum dan agen
pengental (sabun) kemudian dilarutkan ke dalam akinMinyak petroleum boleh
digantikan dengan minyak pelincir terpakai. Seldaripada minyak petroleum, agen
pengental memainkan peranan yang penting di dalamperan tersebut. Agen
pengental dihasilkan melalui tidakbalas logam hidida, atau alkali dengan lemak, asid
lemak atau ester. Memandangkan harge petroleumnglatii sejak kebelakangan ini,
pilihan terbaik adalah dengan menggunakan minyékqgoeterpakai sebagai pengganti
kepada minyak petroleum, ia bukan sahaja dapat mnengkan kos pengeluaran gris
malahan dapat mengurangkan pencemaran air yanginoerpdaripada pembuangan
minyak pelincir terpakai ke dalam sungai. Tiga $esabun pengental yang digunakan
dalam penghasilan gris dalam kajian ini adalah saduminium, sabun calsium dan
sabun natrium. Viscometer digunakan didalam kajamuutuk menganalisis kualiti dan
prestasi gris untuk pemilihan sabun pengental tierdelam penghasilan gris. Kelikatan
gris tersebut dikaji dengan mengubah kelajuan pamutintuk setiap jenis sabun
pengental. Perbezaan peratusan sabun pengetal disg&at kelikatannya untuk
mengkaji kesan kuantiti sabun pengental kepad&dtah gris tersebut. Didalam kajian
ini gris telah berjaya dihasilkan dengan menggunakainyak pelincir terpakai
manggantikan minyak petroleum. Penghasilan gris daalisis kelikatan telah
direalisasikan didalam kajian ini, yang mana ke#ka gris berkurang dengan
pertambahan kelajuan pemutar dan bertambah dengdampahan kuantiti sabun
pengental. Cara yang terbaik untuk penghasilanagigdah dengan menggunakan sabun
natrium, ia adalah kerana natrium merupakan salemggial yang terbaik dikalangan

tiga jenis sabun pengental tersebut.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Grease is a semi fluid to solid mixture of a fldubricant, a thickener, and
additives. The fluid lubricant that performs thetuat lubrication can be petroleum
(mineral) oil, synthetic oil, or vegetable oil. ThHackener gives grease its characteristic
consistency and holds the oil in place. Commonk#ners are soaps and organic or

inorganic non soap thickeners.

Soaps are the most common emulsifying agent used, the type of soap
depends on the conditions in which the grease isetaised. Different soaps provide
differing levels of temperature resistance (retatio both viscosity and volatility), water
resistance, and chemical reactivity. Powdered satidhy also be used, such as clay,
which was used to emulsify early greases and isusted in some inexpensive, low

performance greases.

The majority of greases on the market are composedineral oil blended with
a soap thickener. Additives enhance performancepaoigct the grease and lubricated
surfaces. Grease has been described as a tempeegutated feeding device, when the
lubricant film between wearing surfaces thins, thsulting heat softens the adjacent

grease, which expands and releases oil to reshoréhickness.


http://en.wikipedia.org/wiki/Clay

Greases are employed where heavy pressures wxiste oil drip from the
bearings is undesirable, and/or where the motiohghe contacting surfaces are
discontinuous so that it is difficult to maintairseparating lubricant film in the bearing.
Grease-lubricated bearings have greater frictiaaracteristics at the beginning of
operation. Under shear, the viscosity drops to tneeeffect of an oil-lubricated bearing
of approximately the same viscosity as the basesatl in the grease.

1.2 Problem Statement

Grease is a mixture from a fluid lubricant (usyadetroleum oil) and thickener
soap). Nowadays the petroleum price were increasie year, one of the factors because
the decreasing of oil reserve and the increasirtpaiand. Because of the increasing of

raw material price, we need to find the solutioptoduce grease in the low cost.

Nowadays majority of developing countries face ewgpollution. The major
source of water pollution is oil (petroleum and teakibricants). Most of factories
discard their waste into the river and sea. Taifgetttis situation we propose to recycle

the waste to produce grease.

The aim of this research is to find the solutibattcan reduce the water pollution
and at the same time can use the waste to prodaeesey This project will benefit not
only to the environment, but also the entrepreiagar society.

In this research grease will be produce by usisgdulubricant oil based on
suitable method. The product will be testing tvsicosity by using viscometer, to know

the quality and the best method to produce grease.


http://en.wikipedia.org/wiki/Pressure
http://en.wikipedia.org/wiki/Bearing_%28mechanical%29
http://en.wikipedia.org/wiki/Bearing_%28mechanical%29
http://en.wikipedia.org/wiki/Friction

1.3  Objective

Produce grease from used lubricant using diftetgpe of soap. Test the
performance of the grease by testing viscosityhefgroduct, to define the best type of

soap to produce grease.

1.4  Scope

I. To produce the grease from used lubricant usifigrdint type of soap
II. To define the effect of percent soap to the visgasfigrease

lll. To define the viscosity of the grease using diffiéspindle speed



CHAPTER 2

LITERATURE REVIEW

2.1 Grease Background

Grease is a semi fluid of a fluid lubricant, ack@ner, and additives. The fluid
lubricant that performs the actual lubrication dsnpetroleum (mineral) oil, synthetic
oil, or vegetable oil. The thickener gives greasecharacteristic consistency and is
sometimes thought of as a “three-dimensional fisroatwork” or “sponge” that holds
the oil in place. (John A., 1981)

Common thickeners are soaps and organic or inargemsoap thickeners. The
majority of greases on the market are composed inéna oil blended with a soap
thickener. Additives enhance performance and ptotee grease and lubricated

surfaces.

Grease has been described as a temperature-szhjtdading device, when the
lubricant film between wearing surfaces thins, thsulting heat softens the adjacent

grease, which expands and releases oil to reshoréhickness.



2.2 Properties

Soap thickeners are formed by reacting a metaldroxide, or alkali, with a fat,
fatty acid, or ester. The type of soap used depemdthe grease properties desired.
Calcium (lime) soap greases are highly resistant to wabert, unstable at high
temperatures. Sodium soap greases are stablehaehigeratures, but wash out in moist
conditions. Lithium soap greases resist both hedtaoisture.

A mixed base soap is a combination of soaps,infjesome of the advantages of
each type. A complex soap is formed by the reaatioan alkali with a high-molecular
weight fat or fatty acid to form soap, and the diameous reaction of the alkali with a
short-chain organic or inorganic acid to form a alet salt (the complexing agent).

Complexing agents usually increase the droppirgyedse.

Lithium, calcium, and sodium greases are commdxalial in complex soap
greases (John A, 1981). Non soap thickeners, ssiatlags, silica gels, carbon black,
and various synthetic organic materials are alssd us grease manufacture. A multi
purpose is designed to provide resistance to fasatyell as water, and may contain

additives to increase load-carrying ability anduelrust.

2.3 Function

The function of grease is to remain in contachvaibd lubricate moving surfaces
without leaking out under gravity or centrifugaltian, or be squeezed out under
pressure. Its major practical requirement is thattain its properties under shear at all

temperatures that it is subjected to during use.



At the same time, grease must be able to flow theobearing through grease
guns and from spot to spot in the lubricated maatyiras needed, but must not add
drastically to the power required to operate thehre, mostly at startup. (Boehringer,
1992)

2.3.1 Applications suitable for grease.

Grease and oil are not the same. Grease is used whg not practical or
convenient to use oil. The lubricant choice forpaafic application is determined by
matching the machinery design and operating candti with desired lubricant

characteristics. Grease is generally used for:

I. Machinery that runs from time to time or is in stpe for an extended period of
time. Because grease remains in place, a lubrgcéitm can instantly form.

Il. Machinery that is not easily reached for frequembrication. High-quality
greases can lubricate isolated or relatively inssibde components for extended
periods of time without frequent replenishing.

[ll. Machinery operating under extreme conditions sugthigh temperatures and
pressures, shock loads, or slow speed under heady Under this situation,
grease provides thicker film that is required totpct and sufficiently lubricate,

whereas oil films can be too thin and can break.



2.3.2 Functional properties of grease.

V.

Functions to minimize leakage and to keep out coimants. Because of its

stability, grease acts to prevent lubricant leaka also to prevent entrance of
corrosive contaminants and strange materialsséi atts to keep seals effective
(whereas oil would simply seep away).

Easier to contain than oil. Oil lubrication can ugg an expensive system of
circulating equipment and complex maintenance @svitn comparison, grease
is good quality of stiffness, is easily confinedtlwsimplified, and less costly

maintenance devices.

Holds solid lubricants in suspension. Finely growsadid lubricants, such as

molybdenum disulfide and graphite, are mixed witkage in high temperature
service (over 315 °C [599 °F]) or in extreme highssure applications. Grease
holds solids in suspension while solids will settlg of oils.

Fluid level does not have to be controlled and imooed.

2.3.3 Disadvantages of grease:

Poor cooling. Grease cannot disperse heat by ctioudike circulating oil.
Resistance to motion. Grease has more resistanoetion at start-up than oil,
So it is not appropriate for low torque or highsp@peration.

More difficult to handle than oil for dispensindraining, and refilling. Also,

exact amounts of lubricant cannot be as easily reete



2.4 Grease Characteristics

2.4.1 Apparent viscosity.

At start-up, grease has a resistance to motionyingpa high viscosity.
However, as grease is sheared between wearingssréend moves faster, its resistance
to flow reduces. Its viscosity decreases as theahshear increases. By contrast, oil at
constant temperature would have the same viscasitstart-up as it has when it is

moving. (Boehringer 1992)

To differentiate between the viscosity of oil ayr@ase, the viscosity of grease is
referred to as “apparent viscosity.” Apparent vatpois the viscosity of a grease that

holds only for the shear rate and temperature athnthe viscosity is determined.

2.4.1.1Bleeding, migration

Bleeding is a condition when the liquid lubricaeparates from the thickener. It
is induced by high temperatures and also occunsigllmng storage periods. Migration
is a form of bleeding that occurs when oil in geeasigrates out of the thickener
network under certain conditions. For example, whegase is pumped though a pipe in

a centralized lubrication system, it may encoumteesistance to the flow and form a

plug.

The oil continues to flow, migrating out of theidkener network. As the oil
separates from the grease, thickener concentrisibtoeases, and plugging gets worse. If
two different greases are in contact, the oils mmagrate from one grease to the other

and change the structure of the grease. From (Bagirl1992)



2.4.1.2. Consistency, penetration, and National Lulzating Grease Institute
(NLGI) numbers.

The most important feature of grease is its stffner consistency. Grease that
is too stiff may not feed into areas requiring loation, while grease that is too fluid
may leak out. Grease consistency depends on tleeatyph amount of thickener used and
the viscosity of its base oil. Grease’s consistesdys resistance to deformation by an

applied force.

The measure of consistency is called penetratRenetration depends on
whether the consistency has been changed by hgratliworking. ASTM D 217 and D
1403 methods measure penetration of worked and esdlorfreases. To measure
penetration, a cone of given weight is allowed itk $nto a grease for 5 seconds at a
standard temperature of 25 °C (77 °F). The depttenths of a millimeter, to which the

cone sinks into the grease, is the penetration.

A penetration of 100 would represent solid greabdenone of 450 would be
semi fluid. The NLGI has established consistencynipers or grade numbers, ranging
from 000 to 6, corresponding to specified rangepesfetration numbers. Table 2.1 lists
the NLGI grease classifications along with a dedimn of the consistency of each
classification.( NLGI lubricant grease guidB dd. 28 Feb 99)



10

Table 2.1: NLGI Grease Classification

NLGI Grease Classification

NLGI Number ASTM Worked Penetration Consistency
0.1 mm (3.28 x 10 ft) at 25 °C (77°
F)

000 446-475 Semi fluid

00 400-430 Semi fluid

0 255-385 Very soft

1 310-340 Soft

2 265-285 Common grease

3 220-250 Semi hard

4 175-205 Hard

5 130-160 Very hard

6 85-115 solid

2.4.1.3Corrosion and rust resistance

This is the ability of grease to protect metal pdrom chemical attack. The
natural resistance of grease depends upon theetieckype. Corrosion resistance can be

enhanced by corrosion and rust inhibitors.
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2.4.1.4Dropping point.

Dropping point is an indicator of the heat resistarof grease. As grease
temperature rises, penetration increases until glfease liquefies and the desired
consistency is lost. Dropping point is the tempe®atat which grease becomes fluid
enough to drip. The dropping point indicates thpargemperature limit at which grease
retains its structure, not the maximum temperaatin@hich grease may be used. A few
greases have the ability to regain their originalcture after cooling down from the

dropping point.

2.4.1.5Evaporation.

The mineral oil in grease evaporates at tempemtlveve 177 °C (350 °F).
Excessive oil evaporation causes grease to freame td increased thickener
concentration. Therefore, higher evaporation raexpuire more frequent regarding

lubrication.

2.4.1.60xidation stability.

This is the ability of grease to resist a chemigabn with oxygen. The reaction
of grease with oxygen produces insoluble gum, "isjgand lacquer-like deposits that
cause sluggish operation, increased wear, and tieduaf clearances. Extended high-

temperature exposure accelerates oxidation in gseas
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2.4.1.7 High-temperature effects.

High temperatures damage greases more than theggeaails. Grease, by its
nature, cannot disperse heat by convection likeukdting oil. Therefore, without the
ability to transfer away heat, extreme temperatuessilt in accelerates oxidation or
even carbonization where grease hardens or forstelh Effective grease lubrication
depends on the grease's consistency.

High temperatures bring softening and bleediragis;mg grease to flow away
from needed areas. The mineral oil in grease cashfl burn, or evaporate at
temperatures above 177 °C (350 °F). High tempastabove 73-79 °C (165-175 °F),
can dehydrate certain greases such as calcium gosgse and cause structural
breakdown. The higher evaporation and dehydratesrat high temperatures require

more frequent grease replacement.

2.4.1.8 Low-temperature effects.

If the temperature of grease is lower enough, It b@come so viscous that it
can be classified as hard grease. Pump abilityraachinery operation may become
impossible due to torque limitations and power megnents. The temperature at which
this occurs depends on the shape of the lubriqaseidand the power being supplied to
it. As a guideline, the base oil's flow point isnstdered the low temperature limit of

grease.
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2.4.1.9 Texture.

Texture is observed when a small sample of grisgzessed between thumb and

index finger and slowly drawn apart. Texture cardescribed as:

|. Brittle: the grease ruptures or crumbles when cesged.
Il. Buttery: the grease separates in short peaks withgible fibers.
[ll. Long fiber: the grease stretches or strings owatansingle bundle of fibers.
IV. Resilient: the grease can withstand moderate casjoe without permanent
deformation or rupture.
V. Short fiber: the grease shows short break off eitidlence of fibers.
VI. Stringy: the grease stretches or strings out iatw,| fine threads, but with no

visible evidence of fiber structure.

2.4.1.10. Water resistance.

This is the ability of grease to hold up the effect water with no change in its
ability to lubricate. Soap or water may suspenddihén the grease, forming a mixture
that can wash away or, to a lesser extent, redulmecity by diluting and changing
grease consistency and texture. Rusting becomescaia if water is allowed to contact

iron or steel components.
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25 Fluid Lubricants

Fluid lubricants used to formulate grease are adlynpetroleum or synthetic
oils. For petroleum oils in general, naphthenis @énd to chemically mix better with
soaps and additives and form stronger structuras paraffinic oils. Synthetic oils are
higher in first cost but are effective in high-teengture and low temperature extremes.
With growing environmental concerns, vegetable ailgl certain synthetic oils are also
being used in applications requiring nontoxic avdagradable greases. (marcel dekker
1985)

The base oil selected in formulating grease shbaicge the same characteristics
as if the equipment is to be lubricated by oil. Fmtance, lower-viscosity base oils are
used for grease applications at lower temperatorefigh speeds and light loads,
whereas higher-viscosity base oils are used fondrigemperatures or low speed and

heavy load applications.

2.6 Soap Thickeners

Dispersed in its base fluid, a soap thickener giyesse its physical character.
Soap thickeners not only provide consistency tasge they affect desired properties
such as water and heat resistance and pump afihgy can affect the amount of an
additive, such as a rust inhibitor, required toaobta desired quality. The soap
influences how a grease will flow, change shapd, age as it is mechanically worked
and at temperature extremes. Each soap type hts1@svn characteristic properties to

grease.
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The principal ingredients in creating soap arettyfacid and an alkali. Fatty
acids can be derived from animal fat such as ki, lard, butter, fish oil, or from
vegetable fat such as olive, castor, soybean, anyieoils. The most common alkalis
used are the hydroxides from earth metals suchluasiraum, calcium, lithium, and
sodium. Soap is created when a long-carbon-chdty &id reacts with the metal

hydroxide.

The metal is included into the carbon chain amdrésultant compound develops
a polarity. The polar molecules form a fibrous mmtwthat holds the oil. Thus, a
somewhat rigid gel-like material “grease” is deysd. Soap concentration can be
varied to obtain different grease thicknesses. Heunhore, viscosity of the base oil
affects thickness as well. Since soap qualitiesal® determined by the fatty acid from
which the soap is prepared, not all greases maae $oaps containing the same metals
are identical. The name of the soap thickener safethe metal (calcium, lithium, etc.)
from which the soap is prepared. From (Weiheim WiK€H, 2001)

2.7 Additives

An additive that mix together to form grease is sagface protecting and
effectively improves the overall performance of age. Solid lubricants such as
molybdenum disulfide and graphite are added tosgrésa certain applications for high
temperatures (above 315 °C or 599° F) and extreigk pressure applications.
Incorporating solid additives requires frequentagee changes to prevent accumulation

of solids in components.
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2.8 Grease Type

2.8.1 Calcium grease.

Calcium or lime grease, the first of the moderodpction greases, is prepared
by reacting mineral oil with fats, fatty acids, mal amount of water, and calcium
hydroxide. The water modifies the soap structurabsorb mineral oil. Because of water
evaporation, calcium grease is sensitive to eleva@mperatures. It dehydrates at
temperatures around 79 °C (175° F) at which itactire collapses, resulting in

softening and, eventually, phase separation.

Greases with soft consistencies can dehydrateowér| temperatures while
greases with firm consistencies can lubricate featigrily to temperatures around 93 °C
(200 °F). In spite of the temperature limitatiolrse grease does not emulsify in water
and is excellent at resisting “wash out.” Also,ntanufacturing cost is relatively low. If
calcium grease is prepared from 12-hydroxysteaniit, ahe result is hydrous (waterless)
grease. Since dehydration is not a concern, anbgdoalcium grease can be used

continuously to a maximum temperature of around°T1(®30 °F).

Calcium complex grease is prepared by adding altecalcium acetate. The salt
provides the grease with extreme pressure chaigtatsrwithout using an additive.
Dropping points greater than 260 °C (500 °F) caolifained and the maximum usable
temperature increases to approximately 177° C B50With the exception of poor
pump ability in high-pressure centralized systemdyere caking and hardening
sometimes occur calcium complex greases have gtadoand characteristics that

make them desirable multipurpose greases.
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2.8.2 Sodium grease.

Sodium grease was developed for use at higher topgr@mperatures than the
early hydrated calcium greases. Sodium grease eaisdxl at temperatures up to 121 °C
(250 °F), but it is soluble in water and readilyswes out. Sodium is sometimes mixed
with other metal soaps, especially calcium, to iowprwater resistance. Although it has
better adhesive properties than calcium greasejgbef sodium grease is declining due
to its lack of flexibility. It cannot compete wittvater resistant, more heat resistant
multipurpose greases. However, it still recommenfdedertain heavy duty applications

and well sealed electric motors.

2.8.3 Aluminum grease

Aluminum grease is normally clear d&ag a somewhat stringy texture, more so
when produced from high viscosity oils. When heatdabve 79 °C (175 °F), this
stringiness increases and produces a rubberlikstaute that pulls away from metal
surfaces, reducing lubrication and increasing pave@sumption. Aluminum grease has
good water resistance, good adhesive propertigsinaibits rust without additives,
but it tends to be short-lived. It has excellertierent oxidation stability but relatively

poor shear stability and pumpability.

Aluminum complex grease has a maximuablestemperature of almost 100 °C
(212 °F) higher than aluminum soap greases. Igbad water and chemical resistance

but tends to have shorter life in high temperathigh speed applications.
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2.9 Compatibility

Greases are considered incompatible when the m@iysic performance
characteristics of the mixed grease fall belowioggspecifications. In general, greases
with different chemical compositions should notrbixed. Mixing greases of different
thickeners can form a mix that is too firm to pawisufficient lubrication or more

commonly, a mix that is too soft to stay in place.

Combining greases of different base oils can preauftuid component that will
not provide a continuous lubrication film. Additvean be diluted when greases with
different additives are mixed. Mixed greases magoh® less resistant to heat or have
lower shear stability. If a new brand of grease inlgsintroduced, the component part
should be disassembled and thoroughly cleanedowe all of the old grease. If this is
not practical, the new grease should be injected alhtraces of the prior product are
flushed out. Also, the first grease changes shdidmore frequent than normally

scheduled.

2.10 Grease Application Guide

When selecting grease, it is important to deteentie properties required for the
particular application and match them to specifieage. A grease application guide is
shown in Table 2.2. It shows the most common gead®ir usual properties, and
important uses. Some of the ratings given are stitbgeand can vary significantly from
supplier to supplier. Common ASTM tests for theagee characteristics describe are

shown in Table 2.3.
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Grease Application Guide Boehringer, 199

Properties | Alumin | Sodium | Calcium- | Calciu | Lithium | Aluminu Calcium | Lithium
um Conventio | m - m Comple | Comple
nal Anhydr Complex | x X
ous
Dropping
point (EC) 110 163-177 096-104 135-143 177-204 260+ 260+ 260+
Dropplng 230 325-350 205-220 275-290 350-400 500+ 500+ 500+
point (EF)
Maximum
usable
temperatu
re (EC) 2 121 93 110 135 177 177 177
Maximum
usable
temperatu 350 200 230 275 350 350 350
re (EF) 175
Water Goodto | Poorto Good to Excellent | Good Good to Fair to Good to
resistance | excellent | fair excellent excellen excellent | excellent
Work Fair to Good to Fair to Good to
o g Goodto | Good to lent g lent
: 00 excellen 00 excellen
Stablllty Poor Fair g excellent | excellent g
i i Poor to Fair to Poor to Fair to
Oxidation Excellent Poor to llent Fair to Fair to llent d llent
- excellen excellen goo excellen
stability good excellent | excellent
Protection
i Poor to Good to Fair to Fair to
agamSt Good t coodfo llent Poorto Poorto llent llent llent
ood to excellen excellen excellen excellen
rust excellent excellent | excellent

excellent
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CHAPTER 3

METHODOLOGY

3.1 Introduction

This chapter explains conceptual study, laboragxerimental work, analyzing
and completion of the project. The detailed procedof the experimental work is
discussed throughout this chapter. In general, etygeriment consists of two major

section, laboratory work (production grease) artd daalysis.

3.2 Overall Methodology

The experiments were carried out according tostaadard procedure outline in
section 3.3. The experiments were divided into pads. The first part was to prepare
the samples of grease by using used lubricant se dihinstead of petroleum oil. The
second part of the experiment involved analyzing product by determines the
viscosity of the grease using viscometer. Figute shows the outline of the overall
methodology where Experiment Work 1 was producirgage from used lubricant, 3
different type of soap is used in this experimé&iur. the Experiment Work 2 where the

product dropping point and viscosity was analyZEten the comprehensive discussion
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was carried out on the viscosity of the greas&nimwv and analyzed the quality of the

grease product.

Experiment Work 1 Discuss on effect of type and percent
Producing the grease from used lubricgnt| soap on the viscosity of the grease.

A

A 4
Investigate different type and percent of Experiment Work 2
soap (thickener) to produce grease »| Analyze the grease quality from the
production using used lubricant

Figure 3.1: Outline of overall methodology

3.3 Experimental Methodology

3.3.1 Production of Grease

Used lubricant were collect from mechanical labedusgubricant is a major
component to produce grease. Used lubricant is cwbémr production grease instead of
petroleum oil. For production grease, soap is @sed thickener for the base oil. Three
major type of thickener is used, calcium soap, sndsoap and aluminum soap. Metallic
hydroxides were mixed with fatty acid (cooking aa)th ration 15% and 85% by mass
at the room temperature. Four different soap rasiesed, which is 10%, 20%, 30% and
40% by volume mixed with base oil for each of soBpse oil and soap (thickener)
mixture were heated up to 200°C using the rotagpevator bath. At the same time the
mixture were stir to improve the mixing efficiencyhe mixture was heated for 1% hour

then is cooling down to get the product.
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i Stirrer ‘-

Retort stand

-

b = i =
Rotary bath .

Thermometer "———T “{_

Figure 3.2: Laboratory Scale for Production Grease

METALLIC
HYDROXIDE
USED J —————
CUBRICANT BEAKER SOAP
(THICKNER)  —Ex7v—
ACID
HiANTgR GREASE
R PRODUCT
200°C
ROTARY
BATH

Figure 3.3:Block Diagram Production Grease Process Flow
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3.3.2 Analysis Using Viscometer (Brookfield DV4 Ultra Programmable
Rheometer)

The Brookfield DV-1II ultra programmable rheometaeasure fluids and semi
fluids parameters of shear stress and viscositgian shear rates. Viscosity is a
measure of a fluids and semi fluid to flow. Thenpiple of operating of the DV-III Ultra
is to drive a spindle (which is immersed in the tesd) through a calibrated spring. The
viscous drag of the fluid against the spindle issuged by the spring deflection. Spring
deflection is measured with a rotary transducee Viscosity measurement range of the
DV-III Ultra (in centipoises or CP) is determiney the rotational speed of the spindle,
the size and shape of the spindle, the contaireispindle is rotating in, and the full

scale torque of the calibrated spring.

Viscosity is the measure of the internal frictidnacfluid. This friction becomes
apparent when a layer of fluids is made to moveelation to another layer. The greater
the friction, the greater the amount of force reegito cause this movement, which is
called ‘shear’. Shearing occurs whenever the fisiighysically moved or distributed, as
in pouring, spreading, spraying, mixing. Highlyaesis fluids, therefore, required more

force to move than less viscous material.

3.3.2.1Rheometer

Rheometer is equipment use to measure viscosiy.advancement in viscosity
measurement which can be connected with PC andabisiwith software. This
instrument, with variable speed capability, allogasy handling and programming of

complication measurement.
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Figure 3.4: Brookfield DV-III Systems

3.3.2.2Spindle

Rheometer works with spindle suitable foe mostiagpons within the viscosity
range of the instrument. Different types of spindle required for different type of
samples to obtain optimum result. Examples of dpgdre:

* Disk spindle
* Cylindrical spindles
» Cone/plate spindles

* T-bar spindles

Figure 3.5: Cylindrical Spindle-LV 2
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3.3.2.3Analyze using LV spindle

For analyze using LV spindle, firstly the wateckad and straight bar are take
off. Then 60ml sample are pour into the 100ml bedkeoid the bubble). Then the
powers of viscometer (at the back of black colad)are switch on. Button 2 is press to
operate in standalone mode. After a short pausaldmay will prompt “REMOVE
SPINDLE, LEVEL RHEOMETER AND PRESS THE MOTOR ON/OREY TO
AUTOZEROQO?". The autozero is started by pressinght@TO ON/OFF key. The screen
flashes approximately 15 second and display “AUTREZEIS COMPLETE REPLACE
SPINDLE AND PRESS ANY KEY”. The spindle LV2 is atfa to the coupling and
immerse the spindle into the sample by slowly brdoyvn the rheometer to level of

cylinder attach to spindle is just immerse to thepgle.

The spindle must be center in the beaker. Thed#pis change by pressing the
SELECT SPDL. The data of instrument Torque (%),cussty (cP) is recorded. The
parameter is toggled from one to another usingstiect display key. After finish the

analysis, motor and power is switch off.
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3.3.2.4Analyze using Helipath spindle

For analyze using Helipath spindle, powers of amseter (at the back of black
color base) are switch on. Button 2 is press toaipen standalone mode. After a short
pause the display will prompt “REMOVE SPINDLE, LEVERHEOMETER AND
PRESS THE MOTOR ON/OFF KEY TO AUTOZEROQO?". Then thgazero is started by
pressing the MOTOR ON/OFF key, the screen flasipgsoximately 15 second and
display “AUTOZERO IS COMPLETE REPLACE SPINDLE ANDRESS ANY KEY.
The weight is attach to the closer assembly and'thar (T-A) spindle is grip. High of
rheometer is adjusted until the cross is completaiyersed in the sample.

The sample is ensuring center in the beaker, leagpindle number is change by
pressing the SELECT SPDL. Spindle T-A must be kelgyi using code number 91. The
instrument data Torque (%), Viscosity (cP) is reéear and the parameters are toggled
from one to another using the selected display Rdéter finishing the analysis, motor
and power is switch off. The rheometer is pushngbtae closer assembly is takes off.
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Model D Helipath Stand Parts Identification
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Figure 3.7: Helipath spindle
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3.3.2.5 Calculation of Viscosity

Using the viscometer we can get the value of w@ggan digital reading. To
calculate viscosity in manual, the dial readingotorque are multiple with the factor
corresponding to the viscometer spindle and spsed.Different types of spindle have
different Spindle Factor value, for this experimaspindle SC4-34 has been used for

Small Sample Adapter and T-A spindle for Helipatarts spindle.

Table 3.1: Spindle Factor for Small Sample Adapter

LV Viscometer
Spindle Number
Speed RPM 18 31 34 16 25
60 0.5 5 10 20 80
30 1 10 20 40 160
12 25 25 50 100 400
6 5 50 100 | 200 800
3 10 100 | 200 | 400 1.6K
15 20 200 | 400 | 800 3.2K
0.6 50 500 1K 2K 8K
0.3 100 1K 2K 4K 16K




Table 3.2: Spindle Factor for Helipath Stand spindle

LVF & LVT Vascometers
Speed (RPM) Spindle Number

T-A T-B T-C T-D T-E T-F

12 15.6 31.2 78 156 390 780
6 31.2 62.4 156 312 780 1.56K
3 62.4 124.8 312 624 156K | 3.12K
15 124.8 249.6 624 1.248K 3.12K 6.24K
0.6 312 624 1.56K 3.12K 7.8K 15.6K
0.3 624 1.248K 3.12K 6.24K 15.6K 31.2K

Viscometer = Torque x Spindle Factor

(Unit in centipoises, cP)
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CHAPTER 4

RESULT AND DISCUSSION

4.1  Sample Preparation And Analysis

In this chapter, analysis of the grease was padr Experimental parameters
were evaluated. The effect of spindle speed (RRM)centage of soap (thickener) on
the viscosity and sample preparation was studibad. vRlue of viscosity and the sample

product are show in this chapter.

4.1.1 Sample Preparation

The samples of grease are prepared by using maeithochapter 3. The
percentage of soap (thickener) was the major pdeante preparing the sample. Three
type of soap are used in this experiment, alumirso@p, calcium soap, and sodium
soap. Different percentages of soap (thickenerpegpared for each type of soap, 10%,
20%, 30% and 40%. Overall there is 12 samples aeaped for this experiment. The
different type of soap is to determine the besetgb soap to produce grease. Two
method of analyzing are used in this experimenticivhis to analyze the effect of

spindle speed and effect of percentage soap.



33

calcium sodium

15-Mar-08 11:53 am

Figure 4.1: Product Sample for 20% Soap (thickener) and tys®ap used

Table 4.1 show the overall physical characteristiproduct sample according to
the type of soap (thickener) and percent of sdaplkgner) used. The phase of product
are change depends on the percent soap (thickesest) For aluminum soap the phase
change from fluid to semi fluid, 10% until 30% sdhp phase are in fluid phase. For
40% soap the phases are in semi fluid (soft). Galgoap at 10% is fluid, 20% to 30%
semi fluid (soft), and 40% semi fluid (hard). Fodaim soap at 10% is semi fluid (soft),
20% to 30% is semi fluid (hard) and 40% semi fl(udry hard).
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Table 4.1: Physical Characteristic of Product Grease

Physical characteristic product grease
Type of soap
aluminum calcium sodium
% of soap
10% fluid fluid semi fluid (soft)
20% fluid semi fluid (soft) semi fluid (hard)
30% fluid semi fluid (soft) semi fluid (hard)
semi fluid (very
40% soft) semi fluid (hard)] semi fluid (very hard

4.1.2 Sample Analysis

The sample analysis are divided into two parts, fitst part is to analyze the
effect of spindle speed in RPM (rate per minuteghe viscosity of grease. The second

part is to analyze the effect of percentage sdapk@ner) to the viscosity of grease.

4.1.2.1Effect of spindle speed RPM to viscosity

For analysis effect of spindle speed (RPM) to ttseosity, the percentage of

soap is constant. The value of percent soap isf@0%ach type of soap.
a) aluminum soap

For aluminum soap the spindle used is LV 2, thepa for 20% aluminum soap
grease are in the liquid form. Table 4.2 shows \tiseosity is decreasing with the
increase of spindle speed. The data in table 422trasform into graft in figure 4.2.
show clearly the decreasing of viscosity. All thesult of viscosity from computer is
show in appendix A.1 to A.5.
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Table 4.2:Viscosity of Grease in Different RPM

Spindle Speed (RPM) 5 10 15 20 25
Viscosity (cP) 459.9 44491 459.1 411.51 | 387.52
480

440
420 \'\

(cP)

>
2 400 \'\\'
2 380
360
340
5 10 15 20 25
Spindle Speed (RPM)

Figure 4.2: Spindle Speed (RPM) versus Viscosity (CP)

b) Calcium soap

For calcium soap spindle use is LV 2 spindle,gample for 20% calcium soap
grease are in semi liquid form. Table 4.3 showes tiscosity is decreasing with the
increase of spindle speed. The data in table 483 tramsform into graft in figure 4.3
show clearly the decreasing of viscosity. All thesult of viscosity from computer is
show in appendix A.6 to A.9.

Table 4.3:Viscosity of Grease in Different RPM

Spindle Speed (RPM) 5 10 15 20 25
Viscosity (cP) 26394.36 | 13197.18 | 8798.12 | 6598.59 | 5278.87
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Figure 4.3: Spindle Speed (RPM) versus Viscosity (cP)

c) Sodium soap

For sodium soap spindle use is LV 2 spindle, @rame for 20% sodium soap
grease are in semi liquid form. Table 4.4 showes tiscosity is decreasing with the
increase of spindle speed. The data in table 43} treamsform into graft in figure 4.4
show clearly the decreasing of viscosity. All thesult of viscosity from computer is

show in appendix A.10 to A.14.

Table 4.4:Viscosity of Grease in Different RPM

Spindle Speed (RPM) 2 4 6 8 10
Viscosity (cP) 65985.92 | 32992.96 | 21995.31 | 16496.48 | 13197.18
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Figure 4.4: Spindle Speed (RPM) versus Viscosity (cP)

Viscosity of grease can be effect by certain patans. Spindle speed (RPM)
was found to be one of the important factors, whieeshigher spindle speed increased
the lower viscosity of the grease reading. Figu& Bigure 4.3 and Figure 4.4 show the
viscosity pattern of spindle speed. The viscosigsvdecreased with the increase of
spindle speed. The percentages of soap are fouhe twonstant for all three sample
analysis. Second parameters effect to the viscasitype of soap, the lowers viscosity
values are from aluminum soap, the range valueeta/den 387.52 to 459.9cP. The
second lowers are from calcium soap, between BZ7& 26,394.36Cp. Viscosity of
grease from sodium soap was found to be the higladse between three types of soap.
The value is 13,197.18 to 65,985.92Cp.
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Figure 4.5: Comparisons on Viscosity of Grease in Differenpd@yf Soap

Generally, high spindle speed gives impact towiseosity of grease. Spindle
speed represents the force give to the greasethengreater amount of force gives the
greater friction of the liquid. The greater frigti@f liquid gives the lowest viscosity of
the grease. Different type of soap gives diffenaaitie of viscosity. Sodium soap was
found to be the strongest thickener. It shows attilue of viscosity with sodium soap.
The strong thickener gives the high value of viggodhe second and third strongest

thickener is calcium and aluminum soap.
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4.1.2.2Effect of Percentage Soap to Viscosity

For analysis effect of percentage soap (thickerierge samples are tested for
aluminum soap sample. The percent of soap te€%, 20% and 30%. Three samples
are chosen because of the same phase, so thanveeeaffect of percent soap to the
viscosity by constant the spindle speed (RPM). S&mple is tested at the same phase
because different phase give a big different ofagsty and the effect of percentage soap

cannot be analysis clearly.

Second major parameters that affect the viscamiéythe percentage of soap
(thickener). High amount of soap (thickener) willgythe high viscosity of the grease.
Figure 4.6 shows the increasing of viscosity wité percent of soap (thickener). The
highest viscosity is at 30% soap and the lowesiogisy at 10% soap. From the analysis
we know that high amount of soap are needed fohitfjfe viscosity of grease. In
industry and machinery equipment, they need highosity of grease to ensure the
grease not squeeze out during the machinery wdnigimpressure and temperature.

Table 4.5:Viscosity of Grease in Percentage Aluminum Soapckemner)

Percentage of Soap (Thickener) Viscosity (cP)
10 340.43
20 411.51
30 523.11
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CHAPTER 5

CONCLUSION AND RECOMMENDATION

51 Conclusion

Based on the results that have been producedsimdbearch, it was found that
grease was successfully produced by mixing usedchuit, a thickener, and additives.
Soap thickeners are formed by reacting a metajlardxide or alkali, with a fat, fatty
acid, or ester. The type of soap used dependseogréase properties desired.

By referring Figure 3.1 we can conclude, grease loa produce from used
lubricant using the method in flow chart 1. Diffetggarameter had been used to produce
grease, which is the type of soap (aluminum, caicisodium) and the percent of soap
(thickener) had been used. The viscometer testsantple preparation on grease was
visualized in this research, from the analysis Itesa found that the viscosity of grease
was decrease with the increasing of spindle speedlifthree type of soap used and the

viscosity was increase with the increasing of petage soap (thickener) added.
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Analysis also showed that sodium soap was thegési thickener for the grease
production. The value of viscosity by using sodigmap is the highest compare to
calcium and aluminum soap. Calcium soap is therskstrongest and aluminum soap
are the weakest thickener. The high percentagealsameeded for grease, so that it can
hold in the high pressure and temperature. In &niglysis the highest percentage of
thickener have the highest value of viscosity.

5.2 Recommendation

In this research show that grease was succesgiudiguced by mixing used
lubricant, a thickener, and additives. Soap thieksrare formed by reacting a metallic
hydroxide or alkali, with a fat, fatty acid, or estSince in industrial production, they
usually use petroleum oil as base oil for productgyease. This research proposes
replace the petroleum oil with used lubricant, il Wecrease the production cost for the

grease and also give good effect to the environsnent

The best way to produce grease is with sodium sebpre sodium soap is the
strongest thickener compare to another thickensmgdJthis type of soap, only small
amount of this thickener needed compare to anayiper of soap. This will decrease the
production cost of the grease, grease with sodinap silso can hold in the high pressure
and temperature condition for example in the factord machinery work.

The quality of grease using used lubricant as lmdlseannot same as quality
using petroleum oil, because of contaminant andunityp of component in the used
lubricant, filter the used lubricant before useintproduction grease is one of the
recommendation for this research, by eliminate #dwntaminant and impurity
component. The second recommendation is by addedused lubricant with the

petroleum oil to improve the quality of the prodant
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For the method of production grease, the time aftihg and mixing can be
increase more then 1 % hour to increase the medfigjency of the grease. By increase
the mixing efficiency, the quality of grease canifogrove by ensure the component of

grease are mix well.
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APPENDIX A

RHEOMETER RESULT AND VESCOSITY OF THE GREASE

i« Rheocalc ¥2 4: Rheometer 1 M= B
Qashhnardl Epindlesl Brograms iew/Edit |F'Ic:1 | &nalysisl

Sample: IUnsah‘Ed Data 1 F CTa il = 04/10/2008 12:35:24

|_‘u’|sc:usny Speed % Torgque||Shear Stress|Shear Rate |Temperature[Time Interva

459,26 .00 0h.7 0.00 0.00 7¢.3 00:10.3

459.74 5.00 05.8 0.00 0.00 7¢.3 00:10.1
460.70 5.00 06.0 0.00 0.00 70.2 00:10.2
459 .26 5.00 0h.7 0.00 0.00 78.1 00:10.2

A
r*’lflr|H|+|—|A|Sf|Recurd“uf

NDtES: n , ......................... Data Buﬁ'er—
- }E"puﬂ " Disk Data
&+ Captured Data
= & import

@ Clear Looad Save A_nalyze ﬂg’u‘-llh ? Help

Print | % Graph

Figure A.1: Analysis of Grease Viscosity for Aluminum Greas®&M 5




w: Aheocalc ¥2_4: Rheometer 1 ==l E
Dashboard | Epindlesl Programs iew/Edit |F'I01 | gnalysisl

Sample: |Unsaved Data W ARl 04/10/2008 12:33:45
RPM Dicm? 1/sec °F MM:SS5.T
FWWWWWWWH
r 446.90 10.00 4.5 0.0 0.00 79.7 00:10.2
r 444.51 10. 00 74.1 Q.00 Q.00 70.5 00:10.2
r 443.31 10. 00 73.9 0.00 0.00 70.6 00:10.2
|_ 443,31 10.00 73.9 Q.00 Q.00 9.5 00:10.2

=l
r’l/lh|H|+|—|A|§C|Recurdnuf

Motes Data Buffer———
" Disk Data
s ' Captured Data
LI (= Import
Clear EF Load & Save =4 Print Graph Analyze ov-i+ Help
2 &, ?

Figure A.2: Analysis of Grease Viscosity for Aluminum Greas®&M 10

- Rheocalec ¥2.4: Rheometer 1 o] x|
Dashboard | Spindles I Programs  Wiew/Edit |F'IDL I &nalysisl

Sample: [Unsaved Data Date/Time: [ERIUE LIS

RPM D/em? 1/sec MM:S5.T
FVISCDSIW Speed % Torque||Shear Stress|Shear Rate [Temperature|Time Interval !
|_ 459. 90 15.0 57.5 0.00 0.00 9.2 00
r 45%.90 15.00 57.5 0.00 0.00 79.1 00:10.2
r 458. 30 15.00 57.3 0. 00 0.00 9.2 00:10.2
r 458.30 15.00 57.3 0.00 0.00 79.2 00:10.2

r’lf’lthl-l-l—lAlS(lRecurd uf

Notes Data Buffer
" Disk Data
& Captured Data
_I Import
7 Clear Load Save Print | {5 Graph | [E analyze| Jlov-me 7 Help | ] Exit

Figure A.3: Analysis of Grease Viscosity for Aluminum Greas®&M 15



«: Rheocalc ¥2.4: Rheometer 1 == E3
Dashboard | Spindles | Programs  Wiew/Edit |F'I01 | gnalysisl

Sample: IUnsaved Data FY G T 04./10/2008 12:26:02

cP RPM D/em? 1/sec °F MM:SS.T
r\hscusny Speed % Torque |Shear Stress|Shear Rate |Temperature |Time Interval |
|_ 410.31| 20 34.2 Q.00 0.00 0.4 00:10.1
|_ 411.51  20.00 34.3 Q.00 0.00 0.4 00:10.2
r 411.51| 20,00 34.3 Q.00 Q.00 0.4 00:10.2
r 412,71 20,00 34.4 Q.00 Q.00 0.4 00:10.1

0 S S R [ [ IRecordJufJ

Notes Data Buffer ———
" Disk Data
" & Captured Data
LI Hlmport
<7 Clear Load Save Print | ¢ Graph | [Elanatze| Jlov-m+ ? Help j"LE:m

Figure A.4: Analysis of Grease Viscosity for Aluminum Greas®&M 20

- Rheocale ¥2_4: Rheometer 1 == B3
Dashhoard | Spindles | Brograms Wiew/Edit |F'I01 | &nalysis'

wodot: [ 2] spindes v ] it I
Sample: IUnsa\red Data AN ol 04./10/2008 12:22:32

cP RPM Dicm? 1/sec °F MM:SS.T
rV|sc05|w Speed % Torque||Shear Stress|Shear Rate |Temperature|Time Interval =]
|_ 388.72 25.00 14.2 Q.00 Q.00 0.4 00:10.2
|_ 388.72 25.00 14.2 Q.00 Q.00 0.4 00:10.2
|_ 38a6.32 25.00 1.1 Q.00 Q.00 0.4 00:10.2
|_ 38a6.32 25.00 146.1 Q.00 Q.00 9.4 00:10.1

;I
r’|/|r|H|+|—|A|$(|Recurd of

Notes Data Buffer———
" Disk Data
" & Captured Data
LI Himport
7 Clear Load Save Print | 5 Graph | [E anabze| Dy 7 Help | j"LEgrt

Figure A.5: Analysis of Grease Viscosity for Aluminum Greas®&M 25



i Rheocalc ¥2.4: Rheometer 1 =i e

Dashboard | Spindles | Programs  Yiew/Edit |F'I01 | &nalysisl

Sample: IUnsaved Data LA - 04/10/2008 12:38:29

cP RPM D/em? 1/sec °F MM:S5.T
r\hscusw Speed " Torque||Shear Stress|Shear Rate |Temperature||Time Interval =
r 263%4.37 110.0 0.00 0.00 79.0 00:10.2
26394.37 5.00 110.0 0.00 0.00 79.0 00:10.2
|_ 26394.37 5.00 110.0 0.00 0.00 79.0 00:10.2
|_ 26304, 37 5. 00 110.0 0.00 0.00 9.1 00:10.1

=
r-’lr-’lb|H|+|—|A|$(|Recurd“nf

Notes: N N Data Buffer ———
-l S Export| |~ iy Data
- & Captured Data
LI 5 Import
Clear Er Load & Save = Print Graph Anah/ze ov-li+ Help 1 Exit
. = ? I

Figure A.6: Analysis of Grease Viscosity for Calcium GreasRBM 5

« Aheocalc ¥2.4: Rheometer 1 ==
Dashboard | 5pind|es| Brograms Wiew/Edit |F'I01 | &nalysisl

Sample: IUnsa\red Data AN F 041072008 12:40:52

RPM Diem? l/sec MM:SS.T
rVISCDSIt]r Speed % Torgue||Shear Stress|Shear Rate |Temperature |Time Interval ]~
r 13197. 10.00 110.0 0.00 0.00 9.1 00:10.2

13197.18 10.00 110.0 0.00 0.00 79.1 00:10.1
|_ 13197.18 10.00 110.0 0.00 0.00 79.1 00:10.1
|_ 13197.18 10. 00 110.0 0.00 0.00 0.1 00:10.2

r"l/lthl-l-l—l | |Recurd4014

Notes: = Data Buffer
" Disk Data
" & Captured Data
LI import
7 Clear Load Save Print | 15 Graph | [ anatyze| SJlDv-m+ 7 Help j"LEgrt

Figure A.7: Analysis of Grease Viscosity for Calcium GreasRBM 10
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. Rheocalc ¥2_4: Rheometer 1 = e
Qashhuardl Spindles | Programs  Yiew/Edit |F'|01_: | &nalysisl

Sample: IUnsa\ted Data Date/Time: (LSBT FEYH T

RPM Diem? 1/sec MM:SS.T
|_V|sc05|ty peed " Torque|Shear Stress|Shear Rate emperature ime Interval B
|_ 8798.1 110.0 0.00 0. . :10.2
8798.12 1h. 00 110.0 0.00 0.00 79.3 00:10.3
r g798.12 15.00 110.0 0.00 0.00 T79.3 00:10.2
r 87948.12 15.00 110.0 0.00 0.00 79.2 00:10.2

=l
r’lr’lh|H|+|—|A|§(|Recnrd“uf

Notes: ~| [gr] -Data Buffer———
- & Export| | - Disk Data
" & Captured Data
= = Import
Z Clear Load Save Print | 5 Graph | [ Anatyze| 7 Dv-m+ ? teip | ] Exit

Figure A.8: Analysis of Grease Viscosity for Calcium GreasRBM 15

«: Rheocalc ¥2.4: Rheometer 1 = ]
Dashhnardl 5pind|es| Brograms  ¥iew/Edit |F'I01 | énalysis'

Sample: |Insaved Data VP ARl LT 04/10/2008 12:45:21
RPM D/cm?® 1isec MM:SS.T

|_\.-"|scusny Speed % Torque|(Shear Stress|Shear Rate |[Temperature [Time Interval B

r 5278.87 110.0 0.00 Q.00 79.3 00:10.2

r 5278.87 25.00 110.0 0.00 Q.00 9.2 00:10.1

|_ 5278.87 25.00 110.0 0.00 Q.00 79.3 00:10.1

|_ 5278.87 2h.00 110.0 Q.00 0.00 70,2 00:10.1

=
r’|/|h|H|+|—|A|S(|Recurdnuf

"D ata Buffer———

" Disk Data
' Captured Data

LI I_mpl:lrt

7 Clear Load Save Sllov-ms 7 Hel

Print | % Graph | [E Analyze

] Exit

Figure A.9: Analysis of Grease Viscosity for Calcium GreasRBM 25
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«: Rheocalc ¥2_4: Rheometer 1
Dashboard | Spindles | Programs Wiew/Edit |F'I01 | Analysis'

o x|

Sample: IUnsa\ted Data Date/Tirme: [EMIEATIE R PSR
RPM 1/sec MM:SS.T
|_V|sc05|ty Speed % Torque|[Shear Stress|Shear Rate |[Temperature [Time Interval ]~ ]
r G65085. 0 . 110.0 Q.00 0. 00 79.3 00:10.2
65h085h. 92 5.00 110.0 0.00 0. 00 79.4 00:10.1
|_ 65985, 92 5.00 110.0 0.00 0. 00 79.3 00:10.1
r 65985, 92 5. 00 110.0 Q.00 0. 00 79.2 00:10.1
|
I | - | - | > | +* | - | - | e |Recnrdnnf
Notes: Data Buffer ———
¢ Disk Data
" & Captured Data
;I [ lmport
&7 Clear [Load Save Print | % Graph | [Eanatyze| lov-ms ? Hel j"|_ Exit

Figure A.10: Analysis of Grease Viscosity for Sodium Grease RMRS

i: Rheocalc ¥2_ 4: Bheometer 1
Dashboard | Spindles | Programs  Wiew/Edit |F'IDL | &nalysisl

Date/Time: UEZIEEI R FET By

I [ B3

Sample: IUnsa\red Data

RPM D/cm? 1/sec “F MM:SS.T

|_V|sc05|ty Speed % Torque |Shear Stress|Shear Rate |Temperature [Time Interval <]

r 32992.04 10.00 110.0 0.00 0.00 79.1 00:10.3
32992.96 10.00 110.0 0.00 0.00 9.2 00:10.1
r 32992.96 10.00 110.0 0.00 0.00 79.0  00:10.1
r 32992.96 10.00 110.0 0.00 0.00 79.0 00:10.2
=
| I e [ [ | = | 4 | ¢ | Recort IENE o HENE
Notes ~| [a=—4] [Data Buffer————
=l S Eport] |~ nigy Data
% & Captured Data
LI 5 Import
Zp Clear | £f Load | B Save Erirrtl ﬁgraph| [E Anatyze| #JlDv-m- P telp | [ Exit

Figure A.11: Analysis of Grease Viscosity for Sodium Grease RWVRLO
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i« Rheocalc ¥2.4: Rheometer 1 o) =]
Qashhnardl Epindlesl Programs  Wiew/Edit |F'IDL I ﬁnalysisl

Model: |L\nlr I Spindle: IL\B | File: UnsavedData

Sample: IUnsa\red Data

cP RPM D/em? 1/sec °F MM:SS.T
r 21995.3 15.00 0. 00 0.00 9.1 00:10.2
r 21995.31 15.00 110.0 0.00 0.00 9.0 00:10.1
r 21995.31 15.00 110.0 0.00 0.00 9.1 00:10.2
|_ 21995.31 15.00 110.0 0.00 0.00 9.1 00:10.1

=
r"l/lh|H|+|—|A|SC|Recurdnuf

Notes: N Data Buffer——
= Bewor| | bk pata
" & Captured Data
;l (3 Import
Clear EF Load & Save =g Print Graph Analyze Dw-li+ Help i Exit
. = ? il

Figure A.12: Analysis of Grease Viscosity for Sodium Grease RWRLS

i« Rheocalc ¥2.4: Rheometer 1 = O] x|
Qashhoardl Spindles I Programs Wisw/Edit |F'IDL | &nalysisl

Sample: IUnsa\red Data

RPM Dicm?® 1/sec MM:SS.T
r 1640648 20.00 110.0 0.00 00 9.0 00:10.2
r 164506, 48 20.00 110.0 Q.00 Q.00 790.1 00:10.1
r 1649648 20.00 110.0 0.00 0.00 79.1 00:10.1
r 16494, 18 20.00 110.0 Q.00 Q.00 790.1 00:10.2

| |
f’l/lb|H|+|—|A|SC|Recordnuf

Notes Data Buffer———
" Disk Data
" & Captured Data
;I FImport
7 Clear Load Save Erint | 5 Graph | [E] Anatvze| A ov-n+ P Help | ] Exit

Figure A.13: Analysis of Grease Viscosity for Sodium Grease RVMR20



i« Rheocalc ¥2_4: Rheometer 1 _ D <]
Qashhuardl §pindles| Brograms Wiew/Edit |F'I01 | &nalysisl

Sample: IUnsaved Data WY e 04/10,/2008 12:58:40

RPM Diem® 1/sec °F MM:SS.T
rVISCDSIW Speed % Torgque (Shear Stress|Shear Rate |Temperature [Time Interval B
r 13197.1 25, 110.0 0.00 0.00 79.2 00:10.2
13197.18 25.00 110.0 0.00 0.00 79.1 00:10.1
r 13197.18 25.00 110.0 0.00 0.00 70.0 00:10.2
r 13197.18 25.00 110.0 0.00 0.00 79.0 00:10.1

Jod|
r’l—’lthl-I-l—lAlSClRecurdnuf

Notes: | Data Buffer ——
~! Byewen] | - Disk Data
& Captured Data
LI [mpurt

¢ Clear “? He

H

Load Save Print | J5# Graph | [E] Anahyze| AJDv-m+

L

Figure A.13: Analysis of Grease Viscosity for Sodium Grease RVMR25
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APPENDIX B

Table B.1: ASTM Tests for Grease Characteristics

ASTM Tests for Grease Characteristics

Grease Characteristic

ASTM Test Method

Description

Apparent viscosity /

pumpability

D 1092 - Measuring
Apparent Viscosity of
Lubricating Greases

Apparent viscosities at 16
shear rates are determine
by measuring the hydrauli

pressure on a floating

through a capillary tube.
Eight different capillary
tubes and a 2-speed
hydraulic gear pump are

used.

[

piston which forces grease

Consistency and shear

stability

D 217 - Cone
Penetration of
Lubricating Grease

D 1403 - Cone
Penetration of
Lubricating Grease
Using One-Quarter ang

One-Half Scale Cone

Depth, in tenths of a
millimeter, a 1509 (0.33-
Ib) cone penetrates the
surface of worked and un
worked grease at 25 EC
(77 °F) in 5 seconds. D
11403 is used when only a

small amount of grease is
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Equipment
D 1831- Roll Stability

of Lubricating Grease

available. A 5- kg (11-Ib)
roller and 50 g (0.11 Ib) of
grease are put into a 165-
rpm revolving chamber for
2 hours at room
temperature. The
difference in penetrations
measured before and afte
rolling is an indicator of
shear stability.

r

Corrosion and rust

resistance

D 1743 - Determining
Corrosion Preventive
Properties of

Lubricating Greases

D 4048 - Detection of
Copper Corrosion from

Lubricating Grease

A grease-packed bearing
spun for 1-minute at 1750
rpm. Excess grease is
thrown off and a thin layer
remains on bearing
surfaces. The bearing is
exposed to water and
stored for 48 hours at 52 ©
(125 °F) and 100%
humidity. It is then cleane

and examined for corrosio

A copper strip is immerse
in grease inside a covereg
jar and heated in an oven
or liquid bath for a
specified time. The strip ig
removed,

washed, and compared ar

C

)

nd




Heat resistance/Consisten

cY 3232 - Measuremen

of Consistency of

classified using the ASTM
Copper Strip Corrosion
Standards.

Dropping point

D 566 - Dropping Point
of Lubricating Grease
D 2265 - Dropping
Point of Lubricating
Grease over Wide-
Temperature Range

Grease and a thermomete
are placed in a cup inside
test tube and heated until
drop falls through the cup.
That temperature is the
dropping point. The test

tube assembly is heated in

an oil bath for D 566 and
inside an aluminum block
oven for D 2265.

Evaporation

D 972 - Evaporation
Loss of Lubricating
Greases and Oils

D 2595 - Evaporation
Loss of Lubricating
Greases over Wide-

Temperature Range

Two liters per minute of

heated air is passed over

grease inside a chamber for

22 hours. Temperature
range is 100 - 150 °C (212
—302) °F) for D 972 and
93 - 315 °C (200 - 599° F)
for D 2595. Evaporation ig
calculated from grease
weight loss, in percent.
Can also indicate flow at
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Oxidation Stability

Lubricating Greases at

High Temperatures

high temperatures. Greass
in a cylindrical opening in
an aluminum block is
heated at a rate of 5 °C (1
°F)/min while a trident
probe turns at 20 rpm in
the grease. A Brookfield
viscometer attached to the
probe measures torque at
temperature increments.
From this, apparent
viscosities are determined

at different temperatures.
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D

Leakage

D 942 - Oxidation
Stability of Lubricating
Greases by the Oxyge
Bomb Method

A seal-less, grease-packe
wheel bearing encircled by
na collector ring is spun for
6 hours at 660 rpm at 105
C (221 °F). Grease throwr
off into the ring is weighed

and leakage is determined.

[N

\=J

D 3336 - Performance
Characteristics of
Lubricating Greases in
Ball-Bearings at

Elevated Temperature

Indicates oxidation from
storage when grease
charged with oxygen at
758 kPa (110 psi) is seale
5in a “bomb” at 99 °C (2109
F). As grease oxidizes, it

[®N




absorbs oxygen. Pressure
recorded at time intervals
and degree of oxidation is
determined by the
corresponding drop in
oxygen pressure.

There are no ASTM tests
for oxidation in service, bu
this test relates oxidation
stability to failure rate of
bearings at desired elevat

temperatures.
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S

Water Resistance

D 1264 - Determining
the Water Washout
Characteristics of
Lubricating Greases

D 4049 - Determining
the Resistance of
Lubricating Grease to

Water Spray

Measures grease washou
of a bearing turning at 60Q
rpm with water flowing at
5 mL/sec for 1 hour at 38
°C (100 °F) and 79 EC
(175°F).

Measures removal of
grease 0.8 mm (1/32 in)
thick on a plate by water
through a nozzle for hour
at 38 °C (100 °F) and 79 °
(175 °F). 5 minutes at 38
°C (100 °F) and 275 kPa
(40 psi)

[
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APPENDIX C

PRODUCTION GREASE DEVICE
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Figure C.1: Production Grease Equipment



VISCOMETER EXPERIMENT DEVICE

Figure C.2: Viscometer Unit
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Figure C.3: Rheometer

Figure C.4: Cylindrical Spindle-LV 2
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