SYNTHETIC GREASE FROM GLYCEROL, FATTY ACIDS

AND USED COOKING OIL

MISS DARUNRAT RATANALERT

MISS PITSINEE CHOTIKARNRUENGCHAI

MISS FAKUNYA PINTANONDA

A SPECIAL PROJECT SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIRMENT FOR THE DEGREE OF BACHELOR OF SCIENCE
IN PETROCHEMICAL TECHNOLOGY
FACULTY OF SCIENCE
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
ACADEMIC YEAR 2009



Title of special Project Synthetic grease from glycerol, fatty acids and used cooking oil
Student Miss Darunrat Ratanaleart
Miss Pitsinee Chotikarnruengchai

Miss Fakunya  Pintanonda

Degree Bachelor of Science
Program Petrochemical and Technology (International Programs)
Academic year 2009

Special Project Advisors Asst .Prof. Dr. Vanchat Chuenchom

Abstract

The aim of this research is to prepare base oil and thickener for grease formulation. Base
oil was synthesized from the esterification between glycerol and oleic acid in 1 to 1 mol ratio at
100°C for 3 days followed by the esterification with adipic acid in 1 to 1 mol ratio at 140°C for 3
days, while thickener was synthesized as solid ester from the esterification reaction between
glycerol and palmitic acid in 1 to 1 mol ratio at 100°C for 5 days followed by the esterification
with adipic acid in 1 to 1 mol ratio at 140°C for 7 days, and as soap from the saponification of
used cooking oil. The products were characterized by '"H-NMR and FT-IR spectroscopy, DSC and
TGA. Three sample of grease were formulated by using the oil/thickener ratio of 90:10, 80:20 and
70:30. The grease with 90 to 10 ratio was not thick enough. The other grease samples were
subjected to the tests of dropping point. It was found that the dropping point of grease with 80:20
and 70:30 ratios were 94°C and 77°C. Then the grease sample with 80:20 ratio which had higher
dropping point was tested by water wash out characteristic to find the percentage of weight loss at
38°C. It was found that 92% weight was lost by water. By comparing the prepared grease samples
with the industrial grease, it can be concluded that the product from this work are not suitable for

use.
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Chapter 1

Introduction

1.1 Background [1-8]

Historically, it has been found from the earliest times that animal and vegetable oils were
used as lubricants in general transportation or machinery to reduce friction and wear. However,
while still useful, they are now not adequate for our industrialized society, either in volume or in
desirable properties. Lubricants are classified into lubricating oils and greases. Greases in general
contain base oils and thickeners.

The most favorable lubricating base oil are mineral base oils from petroleum because of
the high quality, good stability and low price comparing with animal and vegetable oils.
However, the reservoirs of petroleum oil are limited and may be exhausted by the end of the next
century. Recently, Animal and vegetable oils have regained more interest because of its
environmental benefits and the fact that it is made from renewable resources. Vegetable oils, in
general, are non-toxic and actually have some excellent properties, such as high viscosity index,
high flash point, low evaporative loss and high biodegradability. Synthetic esters are now used in
many applications, including the uses as automotive engine oils, marine engine oils, compressor
oils, hydraulic fluids, gear oils and in grease formulation.

Transesterification of alkyl esters plays an important industrial role with numerous
applications, such as the production of biodiesel from vegetable oil and animal fat such as palm
oil, the production of polyester or PET in the polymer industry. Homogeneous acid such as
sulfuric acid, sulfonic acid, phosphoric acid and hydrochloric acid are mostly used as catalysts in
transesterification of animal fats and vegetable oils because they are cheap, easy to use and
plenty. Homogeneous base catalysts are better than homogeneous acid catalysts because they give
the higher reaction rates and the lower process temperatures. Table 1.1 and Figure 1.1 show that

the trend of biodiesel production in the USA has been increasing since 2007 to 2009. Glycerol is



by-product from biodiesel production. Therefore, high production of biodiesel will also lead to
high yield of crude glycerol. There is also a possibility for glycerol to be used as a starting
material in the synthesis of carboxylic acid ester for use as base oil or thickener in grease

formulation.

Table 1.1: The production of biodiesel in USA during 2007and 2009(1]

Volume | average | Volume | average | Volume | average
@®) (L/day) | (L) (L/day) | (L) (L/day)
No. of
Month 2007 2007 2008 2008 2009 2009
days
Jan 31 29.47 0.95 43.20 1.39
Feb 28 36.58 1.31 43.81 1.56
Mar 31 44.58 1.44 45.02 1.45
Apr 30 40.10 1.34 47.52 1.58
May 31 39.02 1.26 52.27 1.69
Jun 30 3.64 0.12 41.05 1.37 50.30 1.68
Jul 31 5.18 0.17 35.25 1.14 50.71 1.64
Aug 31 7.97 0.26 37.42 1.21
Sep 30 12.34 041 36.32 1.21
Oct 31 10.84 0.35 33.54 1.08
Nov 30 11.97 0.40 34.39 1.15
Dec 31 15.85 0.51 39.80 1.28
Total 365 67.77 222 447.52 14.73 332.83 10.99
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A.Adhvaryu, C. Sung and S.Z.Erhan have demonstrated a grease producing experiment.
The aim of their experiment was the preparation of lithium soap-based soy greases using different
fatty acids and the determination of crystallite. Lithium soaps were from palmitic, stearic, oleic,
and linoleic acids. Then they were synthesized and mixed with soybean oil (SBO) and additives
to obtain different grease compositions. The result of the experiment was that the Li stearate-
based soy grease has more compact fiber structure than Li palmitate. The linoleic acid (C18, = =)
with two sites of C-C unsaturation in the chain exhibits a much thinner and more compact fiber
network than oleic acid (C18, =).

According to M. A. Delgado, M. C. Sanchez, C. Valencia, J. M. Franco and C. Gallegos,
lithium lubricating greases were prepared by inducing the saponification reaction between 12-
hydroxystearic acid and hydrated lithium hydroxide within a naphtenic lubricating oil medium,
applying a controlled-temperature programme. The result showed that the differences of the
rheological properties of lubricating grease during processing have been mainly related to both
the soap concentration in the reacting mixture and the waxy soap transition at high temperatures
and the further cooling steps. The sample obtained during the saponification step, a highly

concentrated dispersion where the soap crystallites were not still formed, showed high values

Table 1.2: The chemical composition of palm oil [3]

Chemical % Composition in palm oil
Laurate 0.1

Myristate 0.1

Palmitate 44

Stearate 5

Oleate 39

Linoleate 10

Linolenate 0.3




Table 1.2 shows the chemical composition of palm oil which contains a lot of palmitate
and oleate. Therefore, in this work, palmitic acid or oleic acid, two main fatty acid components in
palm oil and glycerol will be used as starting materials for transesterification into monoesters,
followed by the reaction of monoesters with adipic acid to oligomers. After that, greases will be
prepared by using the synthesized oligomer as base oil or thickener. The thickener will also be
prepared as sodium soap of used cooking oil. The suitable formulation of grease will be
determined. The physical and chemical properties, such as melting point and dropping point will

also be tested.

1.2 Objectives

1. To synthesize esters from glycerol, fatty acids and adipic acid to be used as base oil and
thickener.
2. To prepare grease formulas from the synthesized ester and soap from used cooking oil.

3. To test properties of grease according to ASTM method

1.3 Scope of study

1. Saponification of used cooking oil and NaOH solution in the ratio of 1:3 in order to
produce sodium soap.

2. Esterification reaction between glycerol, palmitic acid/oleic acid and adipic acid in the
ratio of 1:1:1 in order to synthesize base oil or thickener, and their characterization using
NMR technique.

3. Grease preparation from oil and soap by varying the ratio between oil and thickener/soap
from 70:30, 80:20 and 90:10.

4. Test properties

- Melting point of ester products by Differential scanning calorimeter (DSC)



- Thermal properties of ester products by Thermal gravimetric analysis (TGA)
- Dropping point of grease by ASTM D 2265

- Water washout of grease by ASTM D 1264

1.4 Expected Results

Grease could be prepared by mixing soap from used cooking oil with ester oil from

glycerol.



Chapter 2

Theory and literature reviews

2.1 Lubricating Greases [9]

Lubricants are used to reduce the friction when two objects in contact are moved relative
to each other. It also reduced the demand for muscle power. In the ancient transportation sector,
animal fats were used in conjunction with inorganic fillers to reduce the frictional forces between
the bearing surface and shaft on chariot wheels.

Lubricating greases can be defined as solid to semi-fluid products of the dispersion of a
thickening agent in a liquid lubricant. The thickening agent is usually a metal soap and the
transition of lubrication greases are fluid. There are 2 sides of thickening agent; the first one is
liquid side which oil containing less than 5% w/w thickening agents. They are already having
structural viscosity but not get a yield point yet. Therefore they have been named non-fluid oils.
The second one is solid side which suspensions greater than 40% w/w solid lubricants in oils are
usually called pastes. When greases contain both thickening agent typical of greases, they are also
called grease pastes. Nevertheless, greases in general contain from 65 to 95% w/w base oils, from
5 to 35% w/w thickeners and from 0 to 10% w/w additives.

Greases have been named in way they have used, e.g. steel mill greases for after the kind
of application, wheel bearing greases for after their prevalent application temperature, low
temperature greases for after their range of application, and multi-purpose greases. The meaning
of the latter name has changed with the years and the other names do not say much about the
quality of the performance of the grease.

The consistency of a solid to semi-fluid body is a very complex subject, but the
penetration of one body into another one can be measured easily and with simple devices. Greases

are named according to the consistency classes defined by the US National Lubricating Grease



Institute (NLGI) in 1983 and in accordance with the cone-penetration method developed in 1925
as show in Table 2.1.

Nowadays the performance of lubricating greases is described by norms such as ISO
6743-9 or DIN 51825 defining mainly consistency, upper and lower operating temperature, water
resistance, and load-carrying capacity, and for automotive greases by ASTM D4950, which has
been followed by the consideration of reference greases and the introduction of the NLGI

Certification Mark.

Table 2.1: Classification of greases by NLGI numbers [9]

NLGI Appearance ASTM worked penetration Application
number (1/10 mm)
000 445-475 Gear greases
00 Semi-fluid 400-430
0 355-385
1 Soft 310-340
2 Creamy 265-295 Greases for bearings
3 220-250
4 175-205
5 130-160
6 Soap-like 85-115 Block greases

2.2 The Composition of Synthetic Grease [9]

Grease consists of two fundamental components: a base fluid representing the principle
ingredient in the formulation and a thickening agent that is used to immobilize the fluid. The

concentration of the thickener determines the consistency of the finished product; however, it is



the nature of the oil that determines whether the grease will be classified as a synthetic. The

lubricating oils commonly used to formulate synthetic lubricating greases are listed in Table 2.2

Table 2.2: Lubricating oils commonly used in synthetic greases [9]

Fluids

Characteristic

Diesters

Suitable for making grease serviceable to -73°C (-99°F)

Polyol esters

Higher viscosity than the diesters with better oxidative stability

and less volatility

Pentacrythritol esters Primarily used to formulate synthetic greases requiring excellent
lubricating properties from -40°C to over 177°C
Polyglycols These oils which tend to produce less carbonaceous residue upon

degradation, find use in formulating greases for arcing electrical

equipment.

Poly(Ql-olefins) (PAOs)

A relatively new class of synthetic hydrocarbon fluid available in
a range of viscosities, these oils exhibit improved compatibility

with ester-vulnerable thermoplastics and elastic

Polybutenes

A sunset of synthetic hydrocarbons with better viscosity-
temperature characteristics than the PAOs and good properties as
tackifier or damping fluid, but with a tendency to degrade under

high shear.

Silicones

Outstanding thermo-oxidative stability, chemically inert, low and
high temperature usefulness, and unmatched viscometric
properties as a function of temperature. The viscosity index of

one phenylsilicone is over 600.

Halocarbons

Chemically inert toward oxygen and possessing excellent innate
boundary and extreme pressure lubricating properties, as well as

extremely low temperature performance for the lighter viscosity

grades.
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Table 2.2: Lubricating oils commonly used in synthetic greases (Continue)[9]

Fluids Characteristic
Polyphenylethers (PPEs) Two grades of these fluids are available, a five-ring and a six-ring
molecule. The fluids possess exceptional radiation resistance, have
outstanding thermo-oxidative stability and high surface energy, and have
been used extensively for lubricating noble metal electrical contacts.
Phosphate ester Can be used to manufacture relatively in expensive greases that are able

to resist ignition.

Perfluropolyethers (PFPEs)

Synthetic greases formulated from “branched” and “linear” versions of
these fluids are inert toward oxygen and all but the most aggressive
chemicals. Greases made from these oils have unsurpassed thermo-
oxidative stability. The PFPEs with a straight polymer chain morphology
(‘linear PFPEs”) also have excellent viscosity index and low temperature

performance.

Multiply alkylated

cyclopentanes (MACs)

The newest commercially available synthetic fluid, demonstrating
exceptionally low volatility under hard vacuum and elevated

temperature.

Synthetic greases are prepared from both organic and inorganic thickeners. Organic

thickeners are prepared from the reaction of a suitable alkali metal with either high molecular

weight carboxylic acids or fats. The alkali metal are usually reacted with stearic acid, myristic

acid, 12-hydroxystearic acid, or hydrogenated castor oil, a triglyceride that liberates 12-

hydroxystearic acid during saponification.

Inorganic thickeners, such as chemically modified clay, amorphous silica, and

polytetrafluoroethylene, can also be used to form grease, but without the need for a chemical

reaction for grease formation to occur. The efficiency of a particular thickener to convert

synthetic oil into greases depends on the ultimate surface area of the thickener, its ability to bond
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with hydrogen. The thickener must have an affinity for the base fluid that is intermediate between
the forces that lead to greater solubility and the forces rending to induce phase separation. This

mesosolubility is a prerequisite for all successful grease formation.

2.3 Thickeners [9]

Thickeners are substances which, when added to an aqueous mixture it can increase its
viscosity without substantially modifying its other properties. They provide body, increase
stability, and improve suspension of added ingredient. Thickeners are not only transformed liquid
lubricants into consistent lubricants. They also change the properties of the liquid lubricants.
When all their properties are taken into consideration none of the commercially important
thickeners stands out from any other as show in Table 2.2. They are comparably competitive and

suited for their tasks. The differences mainly lie in the more special demands made on them.



Table 2.3: Competitiveness of thickeners [9]

12

I II m v v vi v vl IX X X1 Xl Sum
Lithium 12-
25 10 20 15 20 20 25 1.5 25 20 1.0 3.0 2.0
hydroxystearate
Calcium 12-
30 1.0 30 10 15 1.0 25 1.0 20 20 1.0 3.0 1.8
hydroxystearate
Lithium complexes 1.5 20 15 20 15 20 20 25 1.5 20 20 25 1.9
20 20 20 25 15 20 20 25 20 20 20 25 2.1
Aluminum complexes
Calcium complexes 20 30 20 20 10 15 15 3.0 1.5 20 20 20 2.0
Inorganic thickeners 15 1.0 10 3.0 30 10 3.0 1.0 30 3.0 25 30 2.2
Polyureas 1.0 15 15 25 20 15 25 2.0 3.0 3.0 10 20 2.0
Terephthalamates 15 15 15 1.0 25 15 20 1.0 25 20 10 20 1.7
Calcium-sulfonate
20 30 20 20 10 20 15 3.0 1.0 1.0 20 15 1.8
complexes
Carbamte-like
20 15 20 20 20 20 25 1.5 20 20 10 20 1.9
thickeners
I = high temperature, II = low temperature, III = aging,
IV = compatibility, V =oil loss, VI = toxicity
X = shear, XI = friction, XII = wear
1.0 = excellent, 2.0 = average, 3.0 = poor



Table 2.4: Thickeners commonly used in synthetic greases [9]

Gellants Characteristic

Paraffin Wax Low cost; low melting point

Alkali soap Temperature to 200°C, pumpability, most common thickener

Organoclay Temperature to 250°C, high loads, incompatible with some polar additives

Alkali complex soap  Temperature to 250°C, pumpability, water resistance

Polyurea Temperature to 250°C, pumpability, stability, excellent in high load bearing
PTFE Temperature to 300°C, low coefficient of friction, inert, moderate load only
Silica Nonmelting, water resistance, low oil separation/good oil retention

Metal oxide Nonmelting, thermal conductivity, inert

Table 2.5: Alkali metals used to prepare alkali soap thickener greases [9]

Alkali Formula
Lithium hydroxide monohydrate LiOH-H,0
Calcium hydroxide Ca(OH),
Sodium hydroxide NaOH
Aluminum hydroxide Al(OH),

2.3.1 Simple Soaps

In general, a maximum thickening effect is achieved with carboxylic acids having 18
carbon atoms. Soaps are usually prepared from vegetable-derived 12-hydroxystearic acid or from
animal- or vegetable-derived stearic acid, or from their esters, usually their glycerides, and from
the hydroxides of elements of the alkali and alkaline earth metals. Soaps, by gelling their base oils
give grease most of their unique properties. They are not only present as crystallites and dissolved

molecules, but above all in a separate phase represented by agglomerates called fibrils or fibers.
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All components are present, and have the properties of grease, even in the smallest lubrication

gap.

2.3.2 Soap Anions

The carbon chain length of a carboxylic acid affects the solubility and surface properties
of soap. Longer and shorter carbon chains reduce its thickening capacity. Increasing the chain
length increases the solubility in the base oil, shortening the chain length reduces it. A branched
alkyl chain lowers the melting point of soap and reduces .its thickening effect. Carboxylic acids
containing carbon double bonds, so called unsaturated acids, are more soluble in mineral oils and
also reduce the thickening effect and lower the dropping point. Their use is limited because of
their lower oxidation stability. Hydroxyl groups increase the melting point and the thickening

effect of soap because of its increased polarity.

2.3.3 Soap Cations

The soap cations also are responsible for essential properties of soap greases. The cations
govern the thickener yield, the dropping point, according to DIN ISO 2176 the temperature at
which a grease gets liquid under normal conditions, the water resistance, and, to some extent, the

load-carrying capacity of a greases.

2.3.4 Lithium Soaps

Nowadays Lithium soap-based greases are usually prepared by reacting lithium
hydroxide as a powder or dissolved in water with 12-hydroxystearic acid or its glyceride in
mineral oils or synthetic oils. Whether the free acid or its glyceride is preferred depends on the

relationship between cost and performance. The production temperature is between 160 and
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250°C, depending on the base oil and the type of reactor in use. The dropping point of mineral
oil-based NLGI 2 grease is usually between 185 and 195°C. For such a multi-purpose grease ca
6% w/w of soap is required with a naphthenic oil, ca 9% w/w with a paraffinic oil, and ca 12%
w/w with a polyalphaolefin, and a kinematic viscosity of ca 100 mm’s ' at 40°C (the thickening
effect depends not only on the carbon distribution in a base oil, but also on its viscosity).

The fiber size in lithium 12-hydroxystearate greases is usually between 0.2 x 2 and 0.2 x
20pum. Good multi-purpose properties, e.g. a high dropping point, good water resistance, good
shear stability — which has been related to hydrogen-bonding of the hydroxyl groups — and good
response to additives are the reasons why lithium 12-hydroxystearate-based greases have now
been the most popular for more than half a century. They have found a wide range of applications
from extreme-pressure (EP) greases based on oils with kinematic viscosities of ca 200 to 1000
mm’s’ at 40°C for heavy loads, through multi-purpose greases based on mineral oils with
kinematic viscosities from 60 to 120 mm’s  at 40°C for all kinds of bearings, greases made with
diesters or polyalphaolefin oils and kinematic viscosities of 15 to 30 mm’s” for high-speeds, to
those with oil-insoluble polyalkyleneglycols for gears. The lower application temperature limit
for a lithium soap thickened grease, as for all other greases, depends mainly on the physical
properties of its base oil, of course. The upper limit is depending on the base oil, it lies between
120 and 150°C. It is readily apparent that between the dropping point and the upper application
temperature limit there can be a gap of between 60 and 100°C. Oil separation has been discussed

as a criterion for both lower and upper application temperature limits.

2.3.5 Calcium Soaps

Calcium soaps prepared from 12-hydroxystearic acid, called anhydrous calcium soaps.
Similar to the corresponding lithium soaps they indeed contain up to 0.1% w/w water, but that
water is not present as a crystallization component, as in stearic acid based soaps, although

technical 12-hydroxystearates contain up to 15% w/w stearic acid. Calcium greases of this type
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are produced in the same way as lithium soap-based greases, but at temperatures between 120 and
160°C. The size of their fibers lies between those for lithium soaps and hydrated calcium soaps.
The greases can be used up to 120°C. Their dropping point is between 130 and 150°C, depending
on their base oil. They usually have a very good corrosion resistance and good oxidation stability;
when prepared from suitable base oils they are possibly the best low-temperature greases.

Calcium soaps mainly based on stearic, palmitic, or oleic acid still are called hydrated
calcium soaps. For these greases the cost of raw materials, and the performance levels, are lowest.
They are prepared by neutralization of slurry of calcium hydroxide in water with fatty acids or
fats in mineral oil. Fats are cleaved in the first reaction step into fatty acids and glycerol. This is
usually performed in a pressure vessel. Stable greases can only be obtained in the presence of
some water, usually ca 10% w/w of the soap. The water content is usually adjusted in a second
step in a stirring, or cooling vessel. When the water is removed, the grease structure collapses.
The dropping point of this type of grease is therefore only 90 to 110°C and the upper application
temperature limit is only ca 80°C

The greases have very good water resistance and good adhesive properties. Because their
manufacture is rather demanding in relation to the performance obtained, their importance is

declining rapidly.

2.3.6 Sodium Soaps

Compared with lithium and calcium 12-hydroxystearate greases the importance of
greases based on sodium soaps is nowadays low, although in the form of semi-fluid products they
still are of some interest for the lubrication of gears. Sodium greases made from fatty acids or fats
have dropping points of ca 165 to 175°C. Their upper temperature limit is ca 120°C. Products are
available with short and long fiber structures; the latter reaching up to 1 x 100 um and are
responsible to some extent for the rather high load carrying capability in gears. Although the

greases have extraordinary good corrosion-preventive properties if only small amounts of water



are present, their main disadvantage is the solubility of the sodium soaps in larger amounts of
water; this leads first to gel formation, which dramatically increases the apparent viscosity, and

later to breakdown of the whole structure.
2.3.7 Other Soaps

Aluminum soap-based greases are usually produced with pre-manufactured aluminum
soaps, usually aluminum stearate. They have dropping points of up to 120°C, their upper
temperature limit is 80 to 90°C above 90°C they tend to gel. Typical of this soap is a particle size
of less than 0.1 x 0.1 pm, which is to some extent responsible for the low shear stability and the
pronounced thixotropic behavior of the products. Aluminum greases are usually very transparent
and smooth. They have good water resistance and adhesive properties, but have been widely
replaced by lithium greases, partly because, for consistent products, aluminum greases must not
be stirred during the finishing process but poured into pans and left for several hours to cool.

Barium soap-based greases have high water resistance and shear stability, and lead soap-
based greases have advantageous load-carrying capacity and wear protect.ion properties. Both
have, nevertheless, been completely been replaced, mainly for toxicological reasons.

Lithium-calcium greases have become quite popular as specialized multi-purpose
greases. Greases mainly based on sodium-aluminum stearate, have been used as substitutes for
lithium greases, for example in the former GDR. Cation mixed soap greases are usually
manufactured by a one-step process, because the stability of mixtures of finished products are not

always satisfactory.

2.4 Base Oil [9]

Base oil is the main component of lubricant blends. In general only oils with kinematic

viscosities from 15 to 1500 mmzs.l at 40°C are used. The oils with the lowest viscosities and the



best low-temperature properties have the lowest operational temperatures at the highest speeds.
The oils with the highest viscosities have the best performance at the lowest speeds and the
highest loads, the lowest evaporation loss, the strongest adhesion and the best water or solvent

resistance.

2.4.1 Mineral Oils

Oils with low viscosity indexes (VIs) usually require less thickener than those with high
Vis and the same kinematic viscosity. The latter can be used over a wider temperature range. In
principle the thickening effect (yield) depends on the difference between the solubility parameters
of the base oil and thickener. Because oil separation depends on the concentration of thickener, at
a given temperature oil separation is most pronounced for greases based on low VI oils, e.g.
aromatic oils or alkyl-benzenes. Oil separation goes through a minimum with increasing
kinematic viscosity for a given kind of base oil. This can easily be understood when only the
dependence of particle interactions on the size of the involved particles is considered. Some of the
specific properties of greases also depend on the ratio of the temperature and pressure coefficients
of the viscosity of their base oils. If all this is taken into account, the effect of even a small change

in base oil composition on the performance of grease should not be underestimated.

2.4.2 Synthetic Base Oils

Synthetic oils are used in greases only when the performance required cannot be

achieved with mineral oils. Even today greases of this kind represent less than 5% of overall

grease consumption.



2.4.2.1 Synthetic Hydrocarbons

Poly(Ql-olefins) is the ideal base oils for wide temperature-range greases. They
are usually used in the same viscosity range as their mineral oil equivalents, but whereas
the upper kinematic viscosity border of the former is ca 50 mm’s’ at 100°C, Poly(Ql-
olefins) and similar products are available to ca 2000 mm’s " at 100°C. In contrast with
mineral oils they are preferably shrinking rather than swelling polymeric sealing
materials. Therefore, esters with softener properties must be added. Greases made from
Poly(Ql-olefins) with standard viscosities are usually meant for lifetime lubrication, those
made from mixtures with mineral oils are often called semi-synthetic and are used in
specialized greases to increase lifetime.

Polybutenes and comparable polymers are usually used to increase the viscosity
of standard base oils; occasionally they are used as a base oil component, or even the

only base oil.

2.4.2.2 Other Synthetic Base Oils

High molecular-weight esters made from diols or polyols and dicarboxylic acids
with viscosities greater than 2000 mm’s at 40°C are used as base oils in greases that
must be solvent resistant.

Silicone oils can be regarded as polyethers of alkylated silicic acids. In contrast
with other greases silicone greases are better distinguished according to the properties of
their base oils. The kinematic viscosities of silicone oils for greases range from ca 75 to
ca 10000 mm’s" at 40°C. Dimethylsilicone oils are physiologically inert; when thickened
with highly dispersed silicic acid they are mainly used as sealants or in applications

where specific electrical and thermal conductivity is important.
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Apart from being suitable for temperatures up to 270°C perfluorinated ethers
thickened with PTFE powders are the only greases that can work in the presence of
aggressive chemicals such as oxygen or chlorine. This is also their main advantages over

the corresponding greases based on partially fluorinate silicone oils.

2.4.2.3 Immiscible Base Oil Mixtures

Greases are the only lubricants that with their thickeners have brackets at their
disposal to force immiscible liquid component into one lubricant. Friction of
hydrocarbon or ester-based greases can be reduced in this way and lifetime can be
prolonged with polyethers and with polyester. Similar results have been reported for

greses made from Poly(Ql-olefins) and perfluorinated ethers.

2.5 Additives [9,10]

Most of the additives used in liquid lubricants can be used in greases, although in general

at clearly higher concentrations as shown in Table 2.6. Interactions of thickeners and additives

must therefore always be considered.

Table 2.6: Usual grease additive levels (%)[{10]

Additives % wt. in grease
Antioxidants 0.10-1.00
Corrosion inhibitors 0.50-3.00
EP/AW additives 0.50 —5.00
Metal deactivators 0.05-0.10
Solid lubricants (black) 1.50-3.00
Tackifiers 0.10-1.00
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EP (extreme pressure) is the additive for lubricants with a role to decrease wear of the
parts of the gears exposed to very high pressures. EP typically contains organic sulfur,
phosphorus or chlorine compound including sulfur-phosphorus and sulfur-phosphorus-boron
compound, which chemically react with the metal surface under high pressure condition. AW is
the anti-wear additives to prevent metal to metal contact between parts of gears. AW typically
contains zinc and phosphorus compound.

A typical lithium 12-hydroxystearate-based multi-purpose grease contains at least 0.2%
w/w of an antioxidant or a mixture of antioxidants, between 0.5 and 1.0% w/w of one or several
corrosion inhibitors, ca 0.05% w/w of a metal deactivator and (in its EP-version up to 2.5% w/w

EP/AW additives) depending on the type chosen.

2.6 Manufacture of Greases [9]

The properties of greases, especially metal soap-based greases, depend not only on their
composition but also, and to nearly the same extent, on the way in which the thickeners are

prepared and dispersed.

2.6.1 Metal Soap-Based Greases

2.6.1.1 Batch Production with Preformed Metal Soaps

It is possible, as one stage of grease manufacture, for a metal soap prepared in an
independent first step, or a commercially available soap, to be dissolved or dispersed and
heated and cooled again under defined conditions in suitable base oil. But because of the
higher costs of the thickener this method can be recommended only for highly

sophisticated synthetic greases with precise chemistry or for functional base fluids that
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would react with the water or, even worse, with the steam generated during the

neutralization process.

2.6.1.2 Batch Production with Metal Soaps Prepared In-situ

In general fatty acids or their glycerides or even their methyl esters are reacted
with aqueous solutions or suspensions of the described metal hydroxides in part of the
base oil. Each batch of a grease is produced by following a ten-point schedule as shown
in Table 2.7

When base oils such as silicone oils used for the in-situ production of soap
greases, the thickeners are sometimes formed and dispersed in the presence of solvents
which are subsequently removed by extraction or evaporation.

The batch production of metal soap greases can be automated. This has been

achieved with the aid of value engineering and computer control.

Table 2.7: Batch production of soap based greases — ten-point schedule. [9]

Schedule Instructions

Dissolution or dispersion of the fatty acids in one third to two thirds of the base oil at

1 temperatures up to 90°C;
2 Addition of the metal hydroxides as a solution or suspension in water,
Heating to temperatures between 115 to 150°C or under pressure at 180 to 250°C depending
’ on the type of reactor,
4 Dehydration of the soap by heating to 80 to 200°C or by pressure release;
5 Crystallization during cooling to 150 to 130°C combined with addition of more base oil;
6 Addition of additives at temperatures below 80°C;
7 (pre)filtration and homogenization with one of several possible devices;

8 Adjustment of the specified consistency or flow pressure;
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Table 2.7: Batch production of soap based greases — ten-point schedule (cont.) [9]

Schedule Instructions

9 (end)filtration and deaeration; and

10 Packing into containers

2.6.1.3 Continuous Production

The advantages of such a unit are its compact size (a few hundred liters only), its
minimal energy consumption, and the uniformity of the product; the disadvantages are
the difficulty of producing different ranges of products and the capacity of such units —
far bigger than the need for common greases nowadays. Continuous production of highly
sophisticated greases has not been possible for many years, but recently the continuous
manufacture of lithium complex greases has been reported.

Comparison of the different processes used to make metal soap-based greases
shows that no single process is optimum for every kind of grease and investigation of
four processing systems for lithium greases, including high concentrate saponification,
indicates that manufacturing greases by conventional methods is not necessarily a

disadvantage.

2.7 Grease Performance[9]

The performance of grease is, again, probably best judged in terms of the thickener. From
a more theoretical view there are twelve main phenomena which must be considered. Of these
twelve, all but two — tackiness and toxicity — are related either to pressure or to temperature. The
action or effect of pressure or temperature results in twenty-four requirements (Table 2.8). It is
out of question for a real grease to satisfy all these requirements, because there are eleven

necessary performance contradictions and thirty-three more or less marked restrictions. The
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suitability of grease for both high- and low-temperature applications is, for example, difficult to
achieve, although the lower and upper temperature limits of grease exceed those of its base oil, by
analogy with Raoult’s law. This means that the thickener acts as an impurity that, on the one
hand, hinders crystallization and thus lowers the pour-point of the oil yet, on the other hand,
reduces its vapor pressure. The effect can be increased by use of the kinds of polymer employed
as pour-point depressants and viscosity index improvers in lubricating oils. The temperature-
dependence of the apparent viscosity of grease — at constant shear rates — is less pronounced than

that of its base oil.

Table 2.8: Twenty-four properties of greases [9]

Twelve phenomena Twenty-four properties

High temperature Maximum thermal stability
Minimum evaporation loss

Maximum viscosity

Low temperature No (regular) crystallization
Minimum viscosity
Aging Maximum oxidation resistance

Resistance to changes in structure
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Table 2.8: Twenty-four properties of greases (cont.) [9]

Twelve phenomena Twenty-four properties

Compatibility No reaction with non-ferrous metals
Maximum corrosion inhibition
Maximum polymer compatibility
Immiscibility with foreign liquids

Deflection of foreign solid matter

0il loss Optimum oil loss *
Toxicity No toxicity
Biodegradability
Tackiness Optimum tackiness K
Flowability Optimum relaxation ?
Maximum pumpability
Shear Maximum mechanical stability, or

Optimum relaxation time K

Load Optimum elasticity )
Maximum lubricating film thickness

Maximum emergency running properties

Friction Minimum, or optimum friction"

Wear Minimum wear

X According to application.

Sometimes, usually when a unit is lubricated with a new grease, the performance of the
second grease can be affected by the first. Cleaning of the unit is, therefore, always the best
solution. The danged resulting from mixing two greases is nevertheless often overestimated and
some of the charts describing incompatibilities in the grease literature are seen contradictory.

Possible incompatibility is best checked experimentally with the so-called Shell-roller test. A
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change in the structure usually leads to softening of the mixture and to a decrease of the dropping
point. Mention is to make of two incompatibilities only — that between lithium and sodium soap-
based greases and that between inorganic thickened greases and other greases with many
additives. Both occur in practical grease lubrication and are caused by the thickeners. Loss in
performance otherwise is simply because of the lower efficiency of the first grease. If the greases

contain very different and reactive additives this can also result in incompatibility

2.8 Applications of Greases [9]

Increased knowledge of base oils and thickener systems enables the selection and naming
of greases on the basis of these chemical and physical insights. The selection of a grease is always
a compromise between the demands of a customer and the circumstances the grease must face
during its operational life — temperature, speed, load including centrifugal forces and vibrations,
re-lubrication intervals based on a knowledge of the lubrication points, for applications which can
be roller bearings, plain bearings, chassis, joints, 5" wheels, door locks, switches and seals of

different design.

2.9 Test Methods for Grease [9-11}

Many test methods are used today; all are meant to judge the single or combined and
more or less complex properties of greases. The last summary containing detailed descriptions of
ASTM and DIN methods was written by Schultze in 1962; another emphasizing on Russian
GOST and former East German TGL methods was published in 1984. The most important ASTM
and DIN methods are described in Table 2.9 and 2.10. Complete collections are published
regularly; the same is true for the French AFNOR, the English IP, the Japanese JIS, and some
other national collections. The development of international standards (EN and ISO) is slowly

proceeding.
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Because of the large number of publications about the different test methods, their
improvement, and their comparison, few surveys concerned with EP, wear and with standard tests
or performance tests using real components are cited. There are also at least two new test methods
that might be helpful in the future, the tipping rod method for determination of the yield point of

semi-fluid greases and the Vogel-Marawe test device for determination of oil separation under

pressure and which enables the observation of hardening tendencies simultaneously.

Table 2.9: Important ASTM test methods for lubricating greases. [9]

Test Method

Properties

ASTM D 1092-93

Apparent viscosity

ASTM D 1263-94

Leakage tendencies of automotive wheel bearing greases

ASTM D 1264-96

Water washout characteristics

ASTM D 1478-91

Low-temperature torque of ball bearing greases

ASTM D 1742-88

Oil separation during storage (air pressure method)

ASTM D 1743-94

Corrosion preventive properties

ASTM D 1831-88

Roll stability

ASTM D 2509-93

Load carrying capacity, Timken method

ASTM D 3337-94

Life and torque in small bearings

ASTM D 3527-95

Life performance of automotive wheel bearing greases

ASTM D 4049-86

Resistance to water spray

ASTM D 2265-06

Dropping point of lubricating grease over wide temperature range
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Table 2.10: Important DIN (ASTM) test methods for lubricating greases [9]

Test Method

Descriptions

DIN 51350-4 (ASTM D 2596-97)

Testing in the Shell four-ball tester, determination of the welding

load of consistent lubricants

DIN 51350-5 (ASTM D 2266-91)

Testing in the Shell four-ball tester, determination of the wear

parameters of consistent lubricants

DIN 51801 (ASTM D 566-97),
replaced by DIN ISO 2176

Determination of dropping point of greases

DIN 51802

Testing of rolling bearing greases with regard to their corrosion-

inhibiting properties, SKF-Emcor method

DIN 51804-1 (ASTM D 217-97),
replaced by DIN ISO 2137

Determination of cone penetration of greases with hollow cone

and solid cone

DIN 51804-2 (ASTM D 1403-97,

Determination of cone penetration of greases with one-quarter

replaced by DIN ISO 2137) cone

Determination of yield pressure of lubricating greases,
DIN 51805

Kesternich-method

Test for the behavior of greases in the presence of water, static
DIN 51807-1

test

DIN 51808 (ASTM D 942-90)

Determination of oxidation stability of greases, oxygen method

DIN 51810

Determination of flow behavior of greases in the rotary

viscometer

DIN 51811 (ASTM D 4048-86)

Testing of corrosive effects of greases on copper, copper strip test

DIN 51817

Determination of oil separation from greases under static

conditions

DIN 51821-2

Test using the FAG roller bearing grease testing apparatus FE 9
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2.10 Literature reviews [11-14]

According to S. Gryglewicz, W. Piechocki, G. Gryglewicz whose experiment topic is
preparation of polyol esters based on vegetable and animal fats. The possibility of using some
natural fats: rapeseed oil, olive oil and lard, as staring material for the preparation of neopentyl
glycol (NGL) and trimethylol propane (TMP) esters is reported. The synthesis of final products
were performed by alcoholysis of fatty acid methyl esters, obtained from natural fats studied, with
the appropriate polyhydric alcohol using calcium methoxide as a catalyst. The basic
physicochemical properties of the NPG and TMP esters synthesized were the following: viscosity
at 40°C in the range of 13.5-37.6 cSt, pour point between -10.5 and -17.5°C and very high
viscosity indices, higher than 200. Generally, the esters of neopentyl alcohol were characterized
by higher stability in thermo-oxidative conditions in comparison of native triglycerides. Due to
the low content of polyunsaturated acids, the olive oil based esters showed the highest thermo-
oxidative resistance. Also, methyl esters of fatty acids of lard would constitute a good raw
material for the synthesis of lubricating oils, provided that their saturated acids content was
lowered. This permits synthesis of NPG and TMP esters with a lower pour point (below -10°C)
than natural lard (+33°C). Generally, the synthesized esters show moderate thermal oxidative
stability, the characteristic feature of most synthetic oil produced from natural triglycerides. In
similar thermal-oxidative conditions, the viscosity and acid number of hydrocarbon oils increased
only slightly. Oils synthesized from natural products are generally approved of as
environmentally friendly functional fluids and therefore they can be used widely.

Monoglyceride synthesis by glycerolysis of methyl oleate on solid acid-base catalyst
which is wrote by Critian A. Ferretti, Agostina Soldano, Carlos R.Apesteguia, J. Isabel Di
Cosimo. The synthesis of monoglycerides by glycerolysis of methyl oleate, an unsaturated fatty
acid nethyl ester, was studied on acid-base solid catalysts as an alternative to the current
commercial technology that uses liquid base catalysts. Initially, the reactor conditions such as

catalyst particle size and stirring rate required for operating the four-phase semi-continuous
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reactor under a kinetically controlled-regime were determined. Then the optimization of the
reaction parameters for achieving high monoglyceride yields was performed using MgO. MgO
compared favorably with the corresponding homogeneously catalyzed process. In fact, when
using high reaction temperatures (493-523K), glycerol/methyl oleate molar ratios between 2 and
6, and catalyst/reactant ratios of about 30g/mol, glycerolysis of methyl oleate yields up to 77%
monoglycerides in 2 h, a much higher value than those usually obtained via the liquid base-
catalyzed homogeneous process (40-60%). The acid-base site requirements for the glycerolysis
reaction were investigated using single oxides with different electronegativities. A good
correlation was found between the catalytic activity and the base site density. In addition, results
show that glycerolysis of methy] oleate requires strong base sites such as those of MgO.
According to Relationship among microstructure, rheology and processing of a lithium
lubricating grease by M.A. Delgado, M.C. Sanchez, C. Valencia, J.M. Franco and C. Gallegos.
Their work was to evaluate the evolution of the microstructure and rheology of lubricating grease
during its manufacturing process. With this aim, lithium lubricating greases were prepared by
inducing the saponification reaction between 12-hydroxystearic acid and hydrated lithium
hydroxide within a naphtenic lubricating oil medium, applying a controlled-temperature
programme. The manufacturing process was followed through the mixing rheometry technique by
measuring the evolution of torque with processing time. Samples of incipient and finished grease
were taken from the stirred tank at different processing times. Rheological (linear visco-elasticity
and viscous flow) and mechanical stability tests, as well as morphological studies, were carried
out on each sample. The changes found in the microstructure and rheology of a lubricating grease
during its processing have been related to the soap concentration in the reacting mixture, the waxy
soap transition at high temperatures and the further cooling steps. From the experimental results
obtained, we may conclude that a suitable lithium lubricating grease is a highly structured system,
based on the development of a three-dimensional network due to the presence of metallic soap

crystallites.
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Influence of grease composition on rolling contact wear: experimental study which is
researched by V. Mota, L.A. Ferreira. They present an experimental study on the influence of
grease composition on rolling contact wear (RCW). Experimental tests for three greases and
correspondent base oils were carried out on a twin-disc machine under pure rolling conditions.
The following parameters were varied: base-oil viscosity, percentage of soap concentration and
the presence of additives. The second aim of these tests is to analyse the use of artificial dents as a
technique to evaluate RCW: prior to the tests, artificial dents were printed on one of the
contacting surfaces. These dents were used to calculate the wear volume that is removed from the
surfaces, based on the assumption that when the material is removed, the diameter of these dents
diminishes. For each stop, images obtained using video-microscopy were analysed and the
diameter of the dents, at a given number of cycles, was calculated. It was found that tests with
different lubricants resulted in different damaged areas around the dents. Based on this, a
comparison of this area growth throughout the fatigue cycles was used as a way to compare the
influence of grease composition on RCW.

Lubricants based on renewable resources - an environmentally compatible alternative to
mineral oil products by Andreas Willing which is about the development of lubricants like, e.g.
engine and hydraulic oils was traditionally based on mineral oil as a base fluid. This fact is related
to the good technical properties and the reasonable price of mineral oils. In addition,
environmental problems associated with the production and use of chemicals and the limited
capacity of nature to tolerate pollution became obvious, and the critical discussion included
besides acid rain, smog, heavy metals, and pesticides also mineral oil. A disadvantage of mineral
oil is its poor biodegradability and thus its potential for long-term pollution of the environment.
From the early development of lubricants for special applications (e.g. turbojet engine oils) it was
known, those fatty acid polyol esters have comparable or even better technical properties than
mineral oil. Subsequently, innumerable synthetic esters have been synthesized by systematic
variation of the fatty acid and the alcohol components. Whereas the alcohol moiety of the

synthetic esters is usually of petrochemical origin, the fatty acids are almost exclusively based on
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renewable resources. The physico-chemical properties of oleochemical esters can cover the
complete spectrum of technical requirements for the development of high-performance industrial
oils and lubricants (e.g. excellent lubricating properties, good heat stability, high viscosity index,
low volatility and superior shear stability). This article will focus on the ecological properties of
oleochemical (synthetic) esters. The environmental relevance of oleochemicals in comparison to
petrochemicals is discussed, and then the principles of an ecological assessment are described.
The ecotoxicological properties and the biodegradability of oleochemical esters are presented.
Finally, the ecological properties of the oleochemical esters are discussed with regard to existing

environmental classification and labeling systems.



Chapter 3

Experiment details

3.1 Chemicals and materials

1. Glycerol: Carlo Erba Reagent, Code no.:453755

2. Oleic acid: Aldrich, LOT: 10529CH-039

3. Adipic acid 99% : ACROS organic, LOT: A0229157

4. Conc. H,SO,: Baker Analyzed, LOT: GI0W62

5. Palmitic acid: Riedel-de Haén, LOT: 71710

6. Sodium Hydroxide: Lab-scan analytical sciences, Code no.: K2001

7. Used cooking oil from Betago company

3.2 Equipments and instruments

1. Magnetic bar

2. Heater with thermostat: IKA, Model: C-MAG HS7

3. Beaker: 250 ml and 100 ml

4. Round-bottom flask: 250 ml and 100 ml

5. Oil bath

6. Pipe thread tape

7. Distillation apparatus

8. Aluminum foil

9. Graduated cylinder

10. Nuclear Magnetic Resonance (NMR): Bruker, Model: Avance DPX 300

11. Differential scanning calorimeter (DSC): Perkinelmer, Model: Pytis diamond DSC



12.

13.

14.

15.

16.
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Fourier transform infrared spectroscopy (FT-IR): Perkin Elmer Ltd, Model: FT-IR
Spectrum GX

Blender: PHILIPS, Model: HR2001 5 stars blade and 350w motor

Dropping point apparatus: Petrotest, Model: Jumotron

Water washout apparatus: Stanhope seta, Model: 19610-4

Thermal gravimetric analysis (TGA): Perkin Elmer, Model: Pyris] TGA

3.3 Polyester synthesis

Add 9.2 g. (0.1 mol) of glycerol with 31.38 g. (0.1 mol) of oleic acid in a 250 ml round-
bottom flask. And then, add 3 drops (0.114g.) of conc. H,SO, (approximately 1% by mol
of glycerol).

Put a magnetic bar in the flask, cover the flask thoroughly with aluminum foil.

Place the flask in an oil bath and then connect other glasswares into a distillation
apparatus. Cover the distillation head with foil instead of a thermometer and tighten with
pipe thread tape.

Pierce one small hole through foil in order to make the pressure inside the distillation
apparatus to approximately 1 atm.

Connect the adapter at the end of the condenser and tighten all the joints with pipe thread
tape.

Place a cylinder beneath the adapter, also tighten with pipe thread tape.

Heat the oil bath up to 105°C using hot plate stirrer. Then, keep heating and stirring for 3
days or until no more water is produced.

Increase the temperature to 140°C while slowly adds 14.614g. (0.1mol) of adipic acid.
Then, keep heating and stirring the reaction mixture for about 2 days or until no water is

produced.
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Add a minimum of 750 mL of preheated distilled water to the reservoir, but keep the
water level below the bearing housing. Without starting the bearing, start the water
circulating pump while diverting the water spray from the housing by means of a piece of
tubing attached to the capillary discharge tube or with a deflecting metal shield until
equilibrium temperature is attained. When the test is to be made at the higher temperature
of 79 £+ 1.7°C, it will be necessary to heat the water to the specified temperature by a
previously selected source of heat.

® [f the rig has one motor driving both pump and test bearing, remove the belt

from the test bearing spindle pulley during water warm-up time.

When the water reaches the specified temperature, adjust the by-pass valve to give a
water-flow rate, through the rubber tubing and into a glass graduate, of 5 £ 0.5 mL/s.
Remove the rubber tubing from the capillary discharge tube, and adjust the water jet so
that it impinges on the end plate 6 mm above the outer opening of the bearing housing.
Start the bearing.
With the bearing operating at a speed of 600 + 30 rpm, continue the operation for 60 + 1
min.
Shut off the motor and heating source, if used. Remove the test bearing and shields place
them on a tared watch glass, with the shields being separated from the bearing and placed
with their inner faces upward to expose the wet grease to the air.
Dry the bearing and shields for 15 £ 0.25 h at 77 + 6°C, and then weigh to determine the
grease loss. The grease remaining on the shields, and any leakage occurring during the

drying period, should not be considered as grease lost. Duplicated tests shall be run.



Chapter 4

Results and discussion

4.1 Polyester synthesis

Grease generally contains base oil and thickener. The purpose of this research is to
formulate grease from glycerol. The preparation of base oil and thickener were attempted from
the esterification reaction of glycerol with oleic acid and adipic acid (to produce base oil), and

with palmitic acid and adipic acid (to produce thickener) as explained in Chapter 3 part 3.3.
4.1.1 Reaction with oleic acid
To produce base oil from oleic acid, the preparation was carried out in 2 steps. Firstly,

the esterification of glycerol with oleic acid was performed to acquire a liquid product. '"H-NMR

spectrum of this product is illustrated in Figure 4.1

)
S

Figure 4.1: The 'H-NMR spectrum of product from the reaction of glycerol with oleic aicd
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Table 4.1: The signals from '"H-NMR spectrum of product from the reaction of glycerol with

oleic acid

0 (ppm) Signals

0.8-1.0 (CH;)

1.2-1.5 (-CH,~)

1.5-1.7 (-00C-CH,-CH,")

1.9-2.2 (-CH=CH-CHj-), (-CH-OH), (-CH,-OH)
2325 (-00C-CH,")

3.6-3.8 (-CH-OH), (-CH,-OH),

4.0-4.5 (-COO-CH,”), (-COO-CH-)

5.3-5.5 (-CH=CH-)

The signals of the product the first step are listed in Table 4.1 which shows that the peak
of (-COO-CH,-) and (-COO-CH-)groups appears at O 4.0-4.5 ppm and the integration of signal
from (-CH-OH) and (-CH,-OH) groups of glycerol at 03638 ppm are reduced. This proves that
the reaction between glycerol and oleic acid occurred. Moreover, the condensing water from the
esterification was also detected.

However, the integration of (-COO-CH,-) and (-COO-CH-) signal should be less than
those from (-CH-OH) and (-CH,-OH) since the mole ratio of glycerol to oleic acid used was 1 : 1,
but the opposite result is shown by the NMR. In addition, the water which condensed from the
reaction should be 1.8 ml when the glycerol/acid ratio is 0.1 mol: 0.1 mol. Therefore the water
should be condensed 0.1 mol also. On the other hand, 2.4 ml of water was produced. This is
probably due to the immiscibility of glycerol in oleic acid, so the reaction occurred only at the
interface. More of hydroxyl group was disappeared than expected because some hydroxyl group
of glycerol reacted with each other. Hence, the etherification reaction also occurred in the
process.(Figure 4.14 and 4.15) Moreover, the dehydrogenation of hydroxyl groups of glycerol to

form acetal and acrolein could orcur.
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As notice, acrolein and acetal have double bonds which could react with the reaction
mixture. To form several by products which, as a consequence, made the color of finish-product

became dark brown.
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Figure 4.2: The '"H-NMR spectrum of glycerol
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Finally, the product from the esterification of glycerol with oleic acid in the first step was
next reacted with adipic acid to produce a finished liquid product via another esterification. 'H-

NMR spectrum of this product is illustrated in Figure 4.4.
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Figure 4.4: The '"H-NMR spectrum of product from the reaction of glycerol

with oleic acid and adipic acid
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Figure 4.5: The '"H-NMR spectrum of adipic acid
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Table 4.2: The signals from '"H-NMR spectrum of product from glycerol with oleic acid and

adipic acid

O (ppm) Signals
0.8-1.0 (CH,")
1.2-15 (-CH,")
1.5-1.7 (-0OC-CH,-CH,")
1.9-2.2 (-CH=CH-CH,)
2325 (-00C-CH;-)
3.8-3.9 (-CH-OH), (-CH,-OH),
4.0-4.5 (-COO-CH,), (-COO-CH-)
5.3-5.5 (-C=CH-)

The signals of the finished product after the reaction with adipic acid are listed in Table
4.2 which shows that the signal intensity of (-CH-OH) and (-CH,-OH) groups at O 3839 ppm
are insignificantly low as well as the appearances of signals of (-CH,-OOC-)and (-COO-CH,-)
groups at 0 4.0-4.5 ppm. In addition, the signals of (-OOC-CH,-CH,-) group at around 01517
ppm and of (-OOC-CH,-) group at around 0 2325 ppm of finished product both have higher
intensity than those of the product before the addition of adipic acid (Figure 4.1). This results
show that adipic acid was presumably reacted into the finished product.

However, the signals of (-OOC-CH,-CH,-) group of finished product and of adipic acid
are very close which both appear at around O 1517 ppm. Similarly, the signals of (HOOC-CH,-
) group of finished product and of adipic acid both also appear at around O 2325 ppm.
Moreover, since the water which condensed from the reaction should be 3.6 ml when the
alcohol/acid ratio is 1:1 mol, but 1.6 ml of water was produced. So, these two signals could be
from free non-reacted adipic acid remained in the product.

Thermal gravimetric analysis illustrated in Figure 4.6 shows weight loss at 218.2°C and

363.8°C. This is presumably because the vaporization of finished product started at 218°C. After
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the reaction occurred, hydrogen bonding of glycerol became less. This lowered the boiling point

of the product to lower than 290°C of glycerol. Furthermore, because weight loss does not occur

abruptly, the molecular weight distribution of product is supposed to be broad.
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Figure 4.6: TGA of synthetic base oil

At 363°C, the slope of thermogram changes to be more rapidly declined. The temperature
at this point is close to the boiling point of adipic acid which is around 337°C. This leads to a
conclusion that the reaction seems to have left free adipic acid in the product. However, the
products with high molecular weight could still present at this temperature.

The presence of adipic acid in the product can be confirmed by using differential
scanning calorimeter (DSC) as shown in Figure 4.7. The endothermic reaction is approximately
around 150°C which is corresponding to the melting point of adipic acid. Nevertheless, it also

shows the melting point of product at -9°C.
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Figure 4.7: DSC of synthetic base oil from oleic acid

4.1.2 Reaction with palmitic acid

46

To produce thickener from palmitic acid, the preparation was carried out in 2 steps.

Firstly, the esterification of glycerol with palmitic acid was performed to acquire a solid product.

'H-NMR spectrum of this product is illustrated in Figure 4.8
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Figure 4.8: The '"H-NMR spectrum of product from the reaction of glycerol with palmitic acid
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Table 4.3: The signals from '"H-NMR spectrum of product from the reaction of glycerol with

palmitic acid

o (ppm) Signals
0.8-1.0 (CH,;-)
1.2-1.4 (-CH,-)
1.5-1.7 (-00C-CH,-CH,-), (-CH,-OH), (-CH-OH)
2.2-24 (-OOC-CH,")
3.5-4.0 (-CH,-OH), (-CH,-OH), (-CH-OH)
4.0-4.4 (-COO-CH,-), (-COO-CH-)

The signals of the product are listed in Table 4.3 which shows that the peak of (-OOC-
CH,-CH,-) and (-OOC-CH,-) groups appear at 0 1.5-1.7 and 2.2-2.4 ppm, respectively, and the
peak of (-CH,-COOH) group which normally appears at 0 11.0-12.0 ppm is absent.
This proves that the reaction between glycerol and palmitic acid occurred. Moreover, the
condensing water from the esterification was also detected.

Since the mole ratio of glycerol to palmitic acid used was 1:1, the water which condensed
from the reaction should be 1.8 ml when the glycerol/acid ratio is 0.1 mol:0.1 mol. However, 1.7

ml of water was observed.
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Figure 4.9: The 'H-NMR spectrum of palmitic acid
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Next, the product from the esterification of glycerol with palmitic acid in the first step
was reacted with adipic acid to produce a finished solid product via another esterification. 'H-

NMR spectrum of this product is illustrated in Figure 4.10.

el

U

Figure 4.10: The 'H-NMR spectrum of product from the reaction of glycerol with

118

palmitic acid and adipic acid

Table 4.4: The signals from '"H-NMR spectrum of product from the reaction of glycerol with

palmitic acid and adipic acid

) (ppm) Signals
0.8-1.0 (CHy-)
1.2-14 (-CH,)
1.5-1.9 (-00C-CH,-CH,-), (-CH,-OH), (-CH-OH)
2.2-25 (-O0OC-CH,")
3.6-3.8 (-CH,-OH), (-CH,-OH), (-CH-OH)
4.1-4.5 (-COO-CH,"), (-COO-CH-)

The signals of the finished product after the reaction with adipic acid are listed in Table
4.4 which shows that the signal intensity of (-CH-OH), (-CH,-OH) and (-CH,-OH) groups at )

3.6-3.8 ppm are insignificant. It also shows the appearances of (-CH,-OOC-) groups at 0 4.1-45
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ppm. In addition, the signals of (-OOC-CH,-CH,-) group at around 01519 ppm and of (-OOC-
CH,-) group at around 02225 ppm of finished product both have higher intensity than those of
the product before the addition of adipic acid (Figure 4.8). This results show that adipic acid was

presumably reacted into the finished product.
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Figure 4.11: The DSC of finished product from palmitic acid

Figure 4.11 shows that the melting point of product is approximately 53°C, therefore it is
not suitable to produce the thickener.

From the above explanations, some of the possible reactions between glycerol and oleic
acid or palmitic acid from step 1 could be illustrated in Figure 4.12. Some of the possible
reactions from step 2 are also illustrated in Figure 4.13 and 4.14. Dehydrogenation reactions of

glycerol are shown in figure 4.15 and 4.16.



Hz(ll— 0—C—R
HC—OH
H,C—OH

HO—CH, O
HC—O—C—R
HO—CH,

I
H,C—0—C—R
CH,-OH o) HC—OH

Il conc.H,SO4
CH-OH + HO—C—R —» HZC-—O—Clle

|
CH,-OH A HC—OH
H,C—OH

Hz?—O—C-—R
HZC—O——(IJH
H,C—0—C—R

+

H,C—O—CH,
HO—CH HC—OH

HO—CH, H,C—OH

+

H,0 + etc.

where R is —(CH,);—CH=CH—(CH,);—CHj

or '—(CHz)l 3 CH3

Figure 4.12: Some of the possible reactions between glycerol and oleic acid/palmitic acid
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Figure 4.13: The possible finished products after the reaction with adipic acid
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Figure 4.14: More of the possible finished products after the reaction with adipic acid
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Figure 4.16: Dehydrogenation of glycerol to acrolein and acetal
4.2 Soap synthesis from used cooking oil

Sodium soap was produced from used cooking oil by following the procedure descripted
in Chapter 3 part 3.4. Typically, the oxidation reaction certainly occurs when cooking oil is used.
However, by comparing the 'H-NMR spectrum of used palm oil (Figure 4.17) with that of virgin
palm oil (Figure 4.18), they are not much different. As the result, it was used in this research to
prepare sodium soap, a thickener, to blend with the synthesized base oil into grease. The

functional groups of sodium soap were characterized by FT-IR spectrometer (Figure 4.20).

Figure 4.17: '"H-NMR of used palm oil



54

Figure 4.18: '"H-NMR of virgin palm oil
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Figure 4.19: The structure of sodium soap

Figure 4.20: FT-IR spectrum of sodium soap from used palm oil
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The signals at 1744 cm” and at between 1113-1168 cm’ belong to C=0 and C-O
stretching of the products, respectively. The signal at 2922 em” belongs to C-H stretching. The

signals at around 3500 cm’ belong to O-H stretching.

4.3 Testing of grease

Greases in this work were formulated into 3 oil to thickener ratio; 90:10, 80:20 and

70:30. The 90 to 10 ratio was too thin and soft; therefore it was not used in testing.

4.3.1 Dropping point

Dropping point of grease was tested by ASTM D 2265. The observed dropping point of
80:20 oil to soap ratio from the experiment was 80°C, whereas the block temperature of the
instrument was set at 121 C. The actual dropping point, as calculated by the following formula,

was 94°C.

DP = ODP + [(BT ODP)]

Where: DP is the actual dropping point (°C)
ODP is the observed dropping point (°C)

BT is the block temperature (°C)

The observed dropping point of 70:30 oil to soap ratio from the experiment was 50°C.
The actual dropping point, as calculated by the formula, was 77°C.

When comparing 2 synthesised greases with the industrial one, the dropping point of
them was 77°C, 94°Cand 1 17°C, respectively reference from ASTM standard. This indicates that
the greases from this work are not good enough. The lower dropping point is probably caused by

the low molecular weight of the base oil which softens the grease more rapidly at high
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temperature. Furthermore, adipic acid left in base oil could also interfere with the interaction
between oil and soap. Finally, since the soap was made from used cooking oil, the soap molecules

are supposed to be partly smaller.

4.3.2 Water washout characteristic

Water washout characteristic was tested by ASTM D 1264. The dropping point of grease
with composition ratio of base oil and soap at 70:30 was too low. Therefore, the experiment was
carried out with water temperature of 38°C using only the one with 80:20 oil to soap ratio. Table

4.5 shows the result from weight loss after water washout process.

Table 4.5: the result of water washout characteristic

No. | Lists Weight before test (g.) | Weight after test (g.)
1 Ball bearing 113.8793 114.4355

2 Bearing housing 40.5894 40.6883

3 Shield and tray 109.0138 109.1195

4 Core 179.1500 179.1652

5 Total 442.6325 443.4085

6 Grease 4.0058 0.776

It was found that the percentage of total weight loss is 80.62%. The test result implies
that the major components in grease can be soluble in warm water. This is because the 2-phase
nature of the reaction between glycerol and fatty acids which leads to an increasing condensation
between glycerol molecules. There are a lot of polar parts such as the one shown below which can
be washed by water.

HyC——O0——CH;

HC—OH HC—O0—CH;
¢

HQ(LWOH Hgl;mm H(}:—_OPJL/\/\/\A/\/\/\/\

HLC



Chapter 5

Conclusion and Recommendation

5.1 Conclusion

The solid ester which was produced in this work from the esterification of glycerol with
palmitic acid and adipic acid is not good enough for use as thickener in grease formulation
because their melting point is too low.

On the other hand, the liquid ester which was produced in this work from the
esterification of glycerol with oleic acid and adipic acid has the possibility to be used as base oil
in grease formulation. However, the 2-phase nature of the reaction between glycerol and fatty
acids led to an increasing condensation between glycerol molecules and the' dehydrogenation of
glycerol results from dehydrogenation of glycerol to form acrolein and acetal As a consequence,
the synthesis gave base oil with low molecular weight, and thus lowers the dropping point. In
addition, it also produced the base oil with big polar segments which led to high weight loss after
water washout process. The best grease formulation from this work is the one with the ratio of 80

%wt of oil to 20 %wt of soap.

5.2 Recommendation

The reason why the test results were poor was presumably because of the low molecular
weight and high polarity of base oil. In order to increase its molecular weight and reduce its

polarity, the following suggestions could be attempted.
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1. The increase in miscibility between 2 phases of glycerol and fatty acid in order to
reduce the self condensation between OH groups of glycerol, and thus raise the
esterification between OH groups of glycerol and COOH groups of acid. This could
be done by the addition of surfactants.

2. The extraction of polyester synthesis must be done before blending with soap.
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Appendices

Designation: D 22556 —- 06

Standard Test Method for

An Amverican Natinal Sandad

Dropping Point of Lubricating Grease Over Wide

Temperature Range'

This tandned is lamad vader tha fixed dezgnation D 2265; fie numbder immedintaly following e derignation indicates the year of
origimal adopion ar, in tha case of evizion, the yaar of last revision. A nrrober {n parentheses indicaten the yzur of lagt mspproval, A
syparscrg epstlon (€) incicales an eduorial cheange Enca iha last fevieion or reapproval.

Thlr standend hay been ayproved for use by agercies cf the Depormant of Deiense.

1. Soope

1.1 This tost mcthod covers the doatermination of the drop-
pity point ol lebricating greaxe,

1.2 This standand does not purport to address all of the
safety concerns, if any, associcted with its use. It is the
responsibility of the user of this standard to extabiish appro-
priate safety and health practices and determine the applica-
bility of remdatory limitations prior & use.

2. Referenced Documents

2.1 ASTM Siandands: 2

D 217 Teat Mcthods for Cone Penctration of Lubricating
Grease

D 566 Test Method for Dropping Point of Lubricaring
Grease

D 3244 Practice for Utilization of Test Data to Determine
Conformance with Specifications

E 1 Specification for ASTM Liguid-in-Glass Themrnometers

3. Terminology

3.1 Dofmitions:

2.1.l dropping point, n—a numerical value assignied to a
grease composition representing the corrected temperamre ot
which e fiest doop of nmlerial falls (o e Lest cup amd
reaches the bottom of the test tube.

3.1.1.1 Discussion—In the normal and proper operation of
this test method, the observed dropping point is corrected by
adding to it a value representing one third of the difference
between the oven block tempzrature and the observed dropping
point tempernture. Thix corrected value 8 mcondad an the
dopping point of the grease.

1 Thic et mthr] s omb tha jacdschetion of ASTM Commithes TR nn
Percleun Pmducts aad Lebricasts and fs the direct respensibilty of Subcemmitbe
DX(2.G0cm Lrbricating Crozge,

Current edition sppoved May 1, 2005. Published May 2006, Originally
sproved 1904, Loat porvsous edition gpproved me 2000 s L) 2Z00-00.

* Fox vadi ] ASTM dunls, wivit e ASTM wobsite, www.astug, us
eotact ASTM Oustomer Sarvice ot acsvico @ustmuoeg. For Ananal Book of ASTRS
Stwwinnde woluenn infowrmanion, et te tha sttt = Treamgwnt Snoenacy paygn on
the ASTM wabsite.

108 Rmar Harboy Dr. RO, dow CF00 Wost

3.1.2 lubricating grease, n—a serni-Auid to golid prodact of
a thickener in a liquid lubricant.

3.1.21 Discussior—The dispersion of tha thickener forms »
two phace systam and Inmroobilizes the Liquid lubricant by
surfaco tension and other physionl forees. Orher ingredicnts are
commonly included © import special properties. D217

3.1.3 chserved dropping point, n—he value noted on the
thermometer monitoring the internal temperature of the grease
test cup when the first drop of material falls from the test cup
and reaches the bottam cof the test tube.

3.1.4 thickener, n—in lubricating grease, a substance com-
posed of finely-divided particles dispersed in a liquid to form
the product's structare.

3.1.4.1 Discuavion—Thickencrs can be fibers (such os vari-
ous metollic soaps) or plates oy sphorer (sixh as certain
non-suop thicheners), which am insolulle or, al wost, vuly very
slightly solable in the liquid lubsican. The general require.
ments are that the sofid particles be extrernely small, unitoraly
dispersed, mnd capable of forming a relatively stable, gel-like
structure with the Hquid labeicant. D217

4, Sunmary of Test Method

4.1 A grease sample in a greas: test cup is supported in 2
test tube placed in an aluminum block cven at a preset constant
temperature. A sample thermomgeter is placed in the tube ond 50
pusitioned (it il neasures the tenperslore in te sanple cup
without coming in contact whh the grease.

4.Z As the temperature increases, at some point &8 dmp of
material will fall from the cup to the bottom of the test tube.
The reading on the sample thermometer is recorded to the
nearest degree as the observed dropping point. At the same
tima, the temperature of the alominum block aven ir alee
recorded to the nearest degree.

4.3 Onc third the diffcrence between the two valoes is the
comection factor which is added to the observed value and
recorded as the dropping point of the grease.

5. Bignificance and Use

5.1 The dropping point is useful to sssist in identifying the
grease 15 ta type and for esteblisking and maintaining bench
marks for gpality control The results are to be considered to

10420-205%, Unhat Stetsn

R

Copyright by ASTM Eat'l (all xights seserved); Szt Mar 20 14:58:52 EDT 2010
Wing Mumphuis Univ of Tunds Tebdedinnys gro senl (o Licrese Appeensend. No furfee repruodnctions suloeizal
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FIG. 1 Apparatus for Dropping Point Teat of Lubricating Crease

have orly limited significance with respect to service perfor-
mance because dropping point is a static test

5.2 Cooperative testing® indicatas that, in genenl, dropping
points by Test Mothod D 2265 and Test Mcthod D 566 arc in
agreemem up to 26D0°C. In cases where results differ, there Lt
no known significance. However, agreement between the
manufocturer and purchaser s to test method used & advisable.

6. Apparatus

6.1 Dmpping Point Asvembly (Fig. 1) onnsisting of the
fcllowing:

6.1.1 Grezse Cup, chromium-plated brass cup confarming
to the dimemsions shown in A, IFg. 1.

6.1.2 Test Tube, thin walled, soft glass test tube with rim,
beving dimensions shown in 5, Fig. 1.

6.1.3 Cup Support, glass tubing as shown in C, Fig. 1.

6.1.4 Thermometer, thermometer 3C as prescribed in Speci-
fication E 1 and shown in D, Fig. 1.

6.1.5 Acvesxaries, thermometer clamp as shown in A1,
bashings as shown in E-2 and E-3, bushing support ring os

* Seppocting data have been Rled al ANIM Intemtona Headguurters md mar
b ubtsls! by pesnting, Re A1 Ropurt RR: DO2-11G4.,

ppyright by ASTM k'l (all rights reserved); Sat Mar X0 14:58:52 EDT 2010

shown in E-4, thermometer depth gage as shown in E.5, a
metal rod = chown in E-6, and cup gage as shown in E.7, oIl
of Fig. 1.

6.2 Aluminum Block Oven, aslumirum block oven of the
desiga and dimensions shown in Fig. 2. The block shall be
equipped with an integral cartridge-type heater. Contral of the
currest to the heater shall be used to obtnin and maintain the
desired oven temperature.

6.2.1 Almminuwn Blck Oven Thermomerer, conforming to
thermommeter 11C in accordance with Specitication £ 1.

7. Sampling

7.1 ‘the sample presented for analysis showid be large
enough to make possible the selection of a representative
portion for testing. Examine for any indicaton of non-
homngeneity snch ag 0il seprreation, phase changes, or grss
contamination. If any abnomal conditions wre found, obtain a
new sammple.

8. Preparation of Apparatug

8.1 Thoroughly clean the cup, cup support, snd test tube
with mineral spirits. (Waxrning—Tlammable, Vapor harmful.)

nmmﬁmmmmmmwmmwm
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Aa. 2 Aluminum Block Oven

8.2 Use only cups that are clean aud free of any resklue.
‘When the irterior plating of the cup shows indications of wear,
discard.

8.3 When new cups are to be used. check rheir dimensions
by using the cap plug gage (E-7 of Fig. 1) To check the bottom
opaning of the cup a 1.78 mm rod ehould fit easily while a 2.62
mm rod shoud not.* I the kole is undersize, ream to the
curredt siee. IT wo lorge, diskad Cups of ths proper dimen-
sions need not be rechecked before each test run.

¥4 Test tobes shall be clean and free of residues and
conform to the dimznsions shovn in B, Fig. 1. [nspectfor chips
o1 cracks and replice when necessary.

8.5 Sampla thernnmater hoth shall ha claan md fres of
residues. Tnspact bushings for cleanlinesz and be certain the
tharmometer clamg, E-1, Fig. 1, i1 sufficicntly tight to hold the
thernraureler in pusition.

8.6 The glass sleeve tsed to suppon the cap shall be free of
any cracks or chips, residue or stein, and ccnform to the
dimensions shown in C, Fig, 1. Replace when necessary.

9. Procedure

9.1 Tnsert empty tost tubes in cvery test tube well and @
Uncrnsmeter baviog o range from ~ 5 (0 400°C in the e
mometer well of the doven.

9.2 Turn oo the oven and select the lowest alwminam block
oven temperaturz setling from the four listed below that will
result in an observed dropping point at or below the comre-
sponeing maximom ohserved dropping point shown for that
over. ternpecature setting.

* ‘Thess we commonly aviiloblams o Ma-ta, ddlf and a No. 34 dril. respecivaly.

Haxmem Cheewed Dop
Owen Tompamatra,
s phn_gom
121 +13 444
232 +3 22
2B8=3 277
NME =3 $ua

9.3 Select sand ase test tihex and accassories A1, F.2, mnd
E-3 to minimize wobble of the thermome’er. All components
must bc ot room temperature prior to the fost. Place the
compunents £-1 through E4 un the Greasouewr fu the onder
shown by the thermometer assembly (F) Fig. 1. Adjug the
bushing £-3 and the bushing support ring £-4 so that £.4 is
about 23 mm from the tip of the thermometer. Place the aip
support C in ube B. Insert the thermometer depth gage E-5 and
the thermometer assenibly in the fube. Position the thermom.
eter so that the tip bottans in the gage. Adjust the bughing £.2
and the thermomaeter clamp E' 1 o that the buching shoulders
on the top edge of the tube.

9.4 Selecr a clean cup, and fill k with grease efther by
pushing the cup into the sample presented or by using a small
spawmla. Overfill the cup, and sse the spatula to force some of
the grease out of the bottom hole of the cup to help remove any
trapped air. Add more sample, and strike off the excess grease
level with the top of the cup. Genfly press the cup, heldin a
vartical position with the ermaller opening at the bottom, down
over the metol rod B-6, Fig. 1. until the lntter protrudes about
25 mus Press e rod agains e cup in such o seamer it die
rod makes contact & both the upper and ower peripheries of
the cup. Maintain this contact, rotating the cup on the rod along
the index finger to give it a spiral-like motion down the rd to
remove a conical section of the grense which adheres abong the
rod. As the cup approaches the end of the rod, carefully slip the

Copyright by ASTM Inf1 Gl rights reserved), Sat Mar 20 14:5852 EDT 2010
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13. Keyvurds
13.1 dropping point; greases; lbricating grease

APPENDIX
(Noomaadatory Information)
X1. PRECISION VALUES

X1.1 The precision valecs shownin 12.1.1 and 12.1.2 were X12 The ariginal vzlues for the deleted 343°C block
develuped from G wouwd robin of 1991 using weven gremses:  temperature are noted below for informational purposes,
a lithium complex synthetic base, two lithium complex oil Repeatebity 6°C Reproducititly 24°C
bases, two lithium 12-hydroxy stzarates, an aluminum com-
plex, aad a polyuren.
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NOTICE: This standard has either been superceded 2nd replaced by a zew version or discontinued.
Contact ASTM International (wwiv.astm.org) for the Iatest information.

Designation: D 1264 - 00

Standard Test Method for

An Amesican Nationd Standard

Determining the Water Washout Characteristics of

Lubricating Greases'

This saadaed is iszeed wmdec e fixed desigraton D 1284; the musber inmadintely followizg

the indicates the year of

desizeation
mgmhhnmm,nﬁeuszofmm,hmmmmamnWMshmﬁmWA
yuparscript epsilon (€) incicates s editorii ¢hmze siuce the last rvidion or respprovil.

Thiz vest method! s Bes: ixopted Jor 1zse by gevernment agancies to repiae Method 3212 of Federal Tt Mathod Standard No. 77

ib.

1. Scope

1.1 This test method covers the evaluation of the resistince
of a lubricating grease tn washout by waler from 2 heaning,
when tested at 32 snd 79°C (100 acd 175°F) under the
prescribed laboratory conditions. It is aot to be conzidered the
equivalent of service evaluation tests. This testmethod eay not
be snimble for zome preases comaining highly volatile com-

|8

12 The values state in SI units are to be regarded as the
standard. The vslues given in pamrentheses are for aformation
oaly.

1.3 This standard dees not purport lo address oll of the
zefsty conesms, if am, associated with ifs use. It is fas
resporsibility of the user this standard to establish appropriate
safety and health practices and determine the applicalaltty af
regulaiory hmitatiens prior to use. For specific hazard state-
ments, see 5.1 and /.1,

2. Referenced Documents
21 ASTIM Stendards:

D235 Specification for Mineral Spirits (Petroleum Spuits)
Hydsocarbon Dry Cleaning So

3. Summary of Tect Method

31 The grease i3 packed in a ball beating, the bearing is
then mserted mn a housmg with specdied clzarences, and
rotated at 600 30 rpm. Water, controlled at the specified test
tempesature, impinges on the bearing housing af a rate of 5 +
05 ml/s The amcunt of grease washed out in 60 * | min i3
a meamre of the resivtance of the grease to water washont.

¥ This st metiod i wader te juricdiction of ASTM Chooxdties DI2 on
Percienm Products and Lubricsnts sund i the direct reponsikility of Sebovmmines
D82.G oa ILubdcaing Gregw_

Cuoment edition sppreved Dec. 10, 2000 Poblished Foasry 2001, Originsily
pabtihed o D 1264 - 53 T. Lest greviows editim D 126436

2 innuat Book of ASIM Steevdants, el U003,

4. Significance and Use

4.1 This test method estimates the resistance of greases to
water waghont from hall hearings under conditinme of the test
No correlation with field service has been established.

5. Apparatus 3

5.1 Bail Bsaring, ASTM test bearing size 6204.%

52 Bsarmg Houstng and Shield with dimensions as shown
m g L

53 Reservoir, Bearing-Fousing Mount, Circulating Pump,
and Drive Motor. stmilar o1 equivalest {o those shown in Fig
1 Tabla 1 provides the metric equivalents

5.4 Haating Source, to maintain the water temperzture at 75
= 1.7°C (175 = 3°F).

Nore 1—Suitalde temperatare control may be obtaized by the wse of
immersion heaters, steam coils, or infrared beat lamps, in conjunction witk
transformsrs or themuostats.

5.5 Thermometsr or Tharmocoupls, ko determine the tem-
perature of the water reservois.

6. Materials and Rengeats

6.1 Purity of Reagents—Reagent grade chemicals shall be
used in all tests. Unless otherwise indicated, it is mtended that
all reagents shall coaform to the specifications of the commit-
tee on Analytical Reapents of the American Chemical Soriety,

3 Thin spporstos i gvsilsble from dhe Precision Sciantific Co, 3737 Cortlmd Sy,
Clricszo, IL, Labline, Toc., 3072-82 W. Grant Ave, Chicag, 1L, €0622 s Catilog
PFo. 4155, sod Stachope-Sets Limited Park Closs, Englefisld Green, Egham,
Smrey, Baglaad, TIR20 OXD. a5 Cataleg Ho. 1963,

“The bell bexwinyg has been sundwrdize] by Subconsuitee D201 om Lubmi-
ortee Greese of Coounttee DUZ and 1 avaribie tom A¥TAL Headquarwers A ¢
TOTCDAl COst by spectfying ADID3330. Coples of Comespondence 3ad mmt dan
nmks&xﬁmd&gm ng can be obtai foun the xS i
Contur ¢ ASTM Herd by roquosting Pecearch Raport RR: DO2-1372.

Cowit® ASTH itamalional 100 Bar Haztor Drive, FO Box C7ED, West Conshuhocken, PA 10415-290, Unfied Stales.

Copyright by ASTM Enfl (sl sights reserved)); Sat Max 20 14:56:42 EDT 2010

I

King Monxkuts Univ of Tach Lakdabang persuant to License Agrsement. Mo frdier rearodketions anthorized.



NOTICE: This standard has either been superceded and replaced by a zew version or discontinued.
Centaet ASTM International (www.astm.org) for the latest information.
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FIG. 3 Water Washout Characteristics of Lubricaling Grease Apparatus
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NOTICF: Thix standard hac sither heen snpercaded and replaced by n new version or disrontinnad.
Centact ASTM Inicrmational (www.astm.org) for the latest information.

4y o 126400

where such specifications are available.® Other grades may be
used, provided it is first ascertzined that the reagent & of
sufficiently high purity to permit its use without lessening the
accoracy of the deiermination.

6 2 Distillad Watar

6.3 Clsanizg Sclvant capable of sufficierily cleaning the
tcot bearing for mac in the tcat. Either Stoddard solvent
(Warning—Combustible. Vepor banuful ) in scondane with
the requirements of Specification D 233, or American Chemi-
czl Soctely reagent grade n (Wamiag—¥Flamomable.
Harmnfal if inhaled ) has teen found snitable for use.

7. Preparaticn of Apparatus

7.1 Clean e reseavoin amd wales passapes Uy fushizg with
distilled water Wige offany oil scom which has been deposited
oa the suzfaces of the reservorr. Clean the t2st beanng with
cieaning solvent (see 63).

8. Procedure

8.1 Pack the tared begting with 4.00 * 0.0 g oftest grease.
Insert the bearing and tzved shields into the housing, awd
assemble the nmt m the test apparalus.

82 Adda minimum of 750 ml of preheated distilled water
to the reservair, but keep the water level below the bearing
housing. Without gtarting the bearing, start the water circnlat-
ing pump while diverting the water speay from the housing by
meaus of a picee of tubing ettached to the copillary discharge
tube or with a defiecting metal zhield untl equilibrinm fem-~
perature is suzined. When the test i3 o be made at tie higher
tempezatore of /¥ + 1.7°C (17) * 3°F), it wall be secessary to
heat the water 10 the specified femperatwre by a previcudy
selected sowrce of heat.

8.2.1 K the rig has one mofor driving both pump and test
bearing, remove the belt from the test besring spindie pulley
during water warm up time.

83 Whea the wetcr reaches the speeified tompersture,
adjust b Ly-pass valve to give a wate-llow rake, Gnough the
rubter tubiag and into a glass gradoste, of 3 * 0.5 mL/ss (Note
2). Remove the rebber tabing from the capillary descharge
tobe, 2nd adjust the water et so that it impinges oa the end
plate 6 mm (V4 in) above the outer opeging of the bering
housing. Start the bearing.

Nore 2—Suffcient expedesce skould be obtaimed with a particular
fester fo make sere that the waterHiow ratz czn be mamiaed withm the
spacthed Imots for a 60 * | mm test nm.

R ¢ With the besring apenting at a apasd of 600 + 30 pm,
continue the cperation for 60 = 1 mm.

$ Reagew Chemicals, dwarices Chewical Secisty Specifations, Ammsicsn
Chormical Saristy, Wishiagtom, NC Far agzestioms on tis sarng of magente et
tvad by the Americn Chemizal Society, see dnaler Stvdands o Leboratory
Chemicals, BDH Lud, Poole, Domet, UK., snd the United Stoves Phormacepaia
%Wﬁm@,ﬁ.&ww&mm
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8.5 Shut off the motor and heating scurce, 1f used. Remove
the test bearing aad shields asd place them op a tared waich
glass, with the shields being sepasated from fthe bearing znd
placed with their inner faces upward (o expase the wet grease
tn the aw

2.6 Dry the bearing and chields for15 + 025 hat77 + 6°C
(170 % 10°F), and then wrigh to determine the grease loas
(ote 3). The grewmse scmnainmy vo e shickds, and my leakage
cccusring doring the drying period, should not be considered as
grease lost Duphicate tests shall be run

Noms 2 Some waight locs may b oxpesi
highly volatia oils b of evaporaticn during dryirg

NoT¥ 4—Snme graasas may contain crvenponsnts whick reake ir diffi-
cult to completely dry the sample at 77 + 6°C (170 % 10°P). For those
e, tam drying fempraturs may ha ine d tn 93 + 3°C QN +
5°F) te facilitats removal of water during the time specified.

Y. Repart

9.1 Report the average of duplicate fests a5 the peiceatage
weight of gresse washed ont at the test tempesatire, and
indicatc the tompessture at which the bosring esscmbly end
grease were dried.
1. Precigion snd Biag

10.1 The precision of this text method was obtamed osing
the ASTM Committee D02 on Petrolenm Prodacis and Lubri-
canis Precision P (D2rP).

10.2 Repestobility—The difference between successive re-
sults obtainad by the same operstor with the same apparatus

umder constant opersting conditions on identical test material
wonld, in the feng ran_ in the normal and conrert opention of

the tect method exceed the following values cnly in coe case in
twenty.

Jtﬂr

Repeatasizy
1 -08 (X+2)
~OB{Xs 48

3¢
70%C
where:
X is the avenage cf two results in %.

10.2.1 Peproducilibity— The difference between two single
and independent tesalts obtained by different operators work-
ing in different laharatories nn identical test material wondd, in
the long run, excead the following valuae only in ons csse in
twonty.

1y
38C R-14{X+2)
70°C R-11{X118)
where:
X is the average cf two resulis in %.

10.3 Bias—The procedure in this test method has no bias
becausze the value of grease washout can be defined only in
termz of a test methad
1. Reywerds

11.1 greaze; washout; water

* Avxilshle froma ASTM Eeadquarters et 1 zowingd oyst. Reguest PON 13-
$32(00-12
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