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The lubri 7 €dfrom |petrd um._ba k. are generally toxic to
environment and gfffculgsfo dishos Vpgcttblgaoils can be used as an
alternative base stoghfor JbriCant esitles pet S ba hbecause of their excellent
| wndigw Welatility. The hydraulic
W\thiS{kescarch. Their physical
properties incliding #scgfity \ 5C( ox, flash _ four- ball wear were
investigated conyg# vi g¢ of dfeiic lubricants. OIL-HR,

; LY

@llent lubricity and viscosity—

\: 1aW industrial lubricants. ‘The

lubricity, biode#Tadalfit

lubricants from

lubricants produced :
temperature prop es the !
oxidation stability of g¥aniptl ' e hydr ;.7._ Eants'fom soybean oil and rice bran

oil under the tested condit fation test in the presence of 0.5%

diphenylamine exhibi ?HW aperty. The copper corrosion
behavior of\aydraulic OIL- 3 hg}ubﬁmts produced
from cncon‘, . . yealed these blended
oils were clas m in an,"?_rrosion. The hydraulic

lubricant from™Hce barn oil displayed good anticorrosion ' viscosity-temperature
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CHAPTER I
There have \g /} ide for the use of mineral oils as
lubricants becamﬂnwroient the last three decades, certain
industries hav eir effors suRllate environmentally adopted

lubricants with teg jpecior to those based on mineral

oils. Vegetable oi _ cement of mineral oils due to their
inherent biog i - .r'" d e . Additionally, vegetable
oils are renewa andethet i compared with that of other
alternative bit flids [1]. ¢ le : . L s iMelude very low volatility due
to the high mal ajght off "{.{ jlyce it Sclle and excellent temperature

viscosity propertie h r&\ v"?fgu ps @ 1 e t0 adhere to metal surface, and

Chemically ve et e-oils a : ic @gler derived of glycerol and known

as triglycerides. [2]

HCO

ﬂummmwmm

%3 AT

length of R groups as well as the degree and position of unsaturation determines the

physical properties of the triglyceride.



The degree of saturation can be classified as follows:
Saturated- Each carbon atom contains the maximum number of hydrogen
id, C18:0.

Monounsaturated- Rafao\ya oghydrogen atoms and replacement with a

.. '- olezéle Cﬁbre than one double ber,

. a‘ S
acids: C18:38«g

Saturated tr nore stakleste. oxidative degradation than mono-

atom. No double bonds, e.g. steasic

saturated trighy@€rides? ated, i e more stable than poly-

11 Lubri
111

@& GMproCesses of selection from the
crude oil barrel. | sOfy thesehgice of Grudé is important. Most favored are

h gi -_—_-:-::ze:{— of higlkviscosity (Hatocks, although
";'f{" '.‘-l

gasoline and distillate f ;__, g a “long residue” containing the lube

oil and asphalt, “néutral distillates” overhead

paraffinic crudes,

they also contain a lot der atmospheric pressure removes the

and an as alt residue. Finall ol lg the oil in methyl ketone
and chilling A g I -10 to -20°C range. At
the refiner's iogtion, the oils may be “finished” with Jﬂprogen to remove sulfur,

nitrogen and colr bodies.

falMEJ'JﬂEIVI?WEI’]ﬂ?

Parafflnlc oil is produced either by hydrocracklng or solvent extraction

ost_hydrocarbon_m les_of_p iIs_haye chaln
ruc r % ﬁ i&n Ssess
high flash point and high pour point. arafflnlc olls are used for manufacturlng engine

oil, industrial lubricants and as processing oil, in rubber, textile and paper industries.



Naphthenic oil
Naphthenic oil is produced from crude oil distillates. Most hydrocarbon

molecules of naphthenic oil have

t’ fated ring structure. Naphthenic oils possess low

viscosity, low flash point, lowApa d low resistance to oxidation. Naphthenic
oils used in moderate, fefmperailire }inly for manufacturing transformer
_ . - —;___:

synthetic lubricants. It was
A \' % | |
“more dec Wolecules into an oligomer or short chain

OF-Mo
it

length polymer containingtno=stlfur-phi s or metals. Because it is wax free, low

made by combinin o]

pour points, usually below les rang from 2 to 100 cSt.

POI@ he diesters !

an alcohol; Eelye!
L

by jhe reaction of an acid and
2ltphols in its strieogure

neopentyléc,;ﬂ ~ = '

Polyalwene glycols (PAGS) are polymers of <ﬂmylene oxides. Lubricant

performance anirrﬂerties of a particuWAG depend on the monomers used to

m ity maleeul ight t ] oups. PAGs have
gopd fhi peratyre s VIi : dshigh visc : i _i, es,ja d heyican be used over
a widé

temperature range. It exhibits low deposit formation, and tends to solubilize

eir decomposition product ¢ =2 QJ
}] lﬁpéegirs e@%ieaﬁld lﬁn'p}o%ory In%jlori%ﬂ ﬂols,
or phenols. It is used both as base oils and as anti-wear In mineral and synthetic

lubricants. Thermal stability is good, and pours point ranges from -25°@ -5



However, viscosity index is extremely low, ranging from 0 to -30, which limits their

high-temperature capabilities.

1.1.3 Vegetableoils
Most vegetable @

Iycepide. Vegetable oil compositions are
-content, referring to the acid ester
imknown as free fatty acids. The

metallic surfae iCi iction, ‘e carssiLhe strong intermolecular

normally described

moieties, actual

interactions are ' ‘ e, In 1 S perature providing a more stable
viscosity or isCosity gogtficie 1t The \enitire \_ou."'-\;t oil IS also a potential source of
fatty acid. : *

The triglycgride it elisS als o¥: i for the inherent disabilities of
vegetable oilsy#S lulficahts. _, I 5 ponds in the fatty acids are active

\

vegetable oils. : ACErN/. ISy uscept hility of the triglyceride ester of

gring the oxidation stability of

il stfuctures mean that only a narrow

range of viscosities is avai forthelEpeiential use as lubricant. Differences in the
physical and, chepi operties of ve e largely dependent on the degree
of unsaturdf 3 C ’ atty acids as showr.in/Table 1.1. Vegetable oils
with a high 1 8 or semisolid at room

temperature. Ll| \ |7.'

The presefce of double bond in the chains, which particularly owing twsthe

al r melting point
Cﬂ’ ce ;{ﬁyﬁ egela il ﬂv%e of wax deposit
at rmn temperature. However, the presence of double bonds does have an effect on

oxidative stability. The allylic pc‘mon is labile angeaence susceptible toffige radical

q RIRLAIUHRTI N8 -

prone to oxidation. Hence, lubricant base on vegetable oil required both low-

temperatures periormance and oxidative stability.



Wy

Table 1.1 Typical fatty acid composition of on Jegetak
Unsat/ Sat a
Oil or Fat 5 &
ratio Capric acid C a ristig
C10:.0 124 410.
Coconut Ol 0.1 6 1
Corn Qil 6.7 - ,
Cottonseed Oil 2.8 - - il g
Olive Oil 4.6 - -1
Palm Oil 1.0 - - =
Palm Olein 1.3 - - 4
Palm Kernel Oil 0.2 4 48
Safflower Oil 10.1 - - 7,
Sesame Oil 6.6 - -
Soybean Oil 5.7 -
Sunflower Oil 7.3 -

Mono Poly
unsaturated unsaturated
Alpha
itl tearic gcid  Oleic acid Linoleic acidLinoleic
1 ' C18:0 cis8:1 C18:2 C18:3
3 6 2 -
2 28 58 1
3 19 54 1
13 3 71 10 1
45 4 40 10 -
4 46 11 -
3 15 2 -
2 48 32 -
4 41 45 -
1.4) 24 54 7
i1 19 68 1
)

AUINENINYINS
QRIAINTUNRINYINY




1.2 Lubricant Additive

Additives are present in lubricants for a variety of reasons. Additive can be

differentiated based on the physi r chemical properties of the base oil or modify
the metal surface of the I;\ %//
Antioxidant % é

These ada_ﬂl\(;?--_‘ : | : ravages of oxidation. Oxidation is
a free radical ‘ : into three steps: initiation,
propagation, : jegins with the generation of
alkyl free radic ig uire \ L8[ metal catalyst conditions.
Antioxidants are Dt o ion step of free radical
degradation. jr mode of action as radical
scavenger and .h"'.\__- scavengers which interfere
with propagati@h st@ps jreferredis ;{f \ c l"\ :' dants, while hydroperoxide

decomposers were ab ea;‘h S€

Phenolic antioxidant8  {ifadatasts < %

Sterically hlndered ----- di--ar dyauclear phenol derivatives belong to the
most effective antioXidz '-'- ‘acting avenger and used for many
applicatior »l ypically, those referred to the phenols with.ille substituents present at 2
gerivatives are gg-di-
nyl phe (BHT). The advantage

and 6 positig s
butylphenol (m -DTB) and=2

of polynuclear phenols like 4:4nethylenis(2,6-ditert-butylphenol) or another type
ituents.a atility due to the
wﬂ% w Q‘e’;ﬁ 3gh temperature
appqatlons
ama@jﬂmwﬁﬂmaﬂ

2, 6-di-tert-butylphenol 2,6-tert-butyl-4-methyl phenol

DIE
-y



HO C OH

Aromaticmz_yfepf'J : : dtant-elass of antioxidants that act as

radical scavengerse ptoo \ " Qumber of alkylate diphenylamines,
N-phenyl-1- yiai r  Sblymeric 2,2, 4-trimethyldihydro-

quinoline. Be atter is commonly used in

Compoundscﬂ aining ili

There are_ two classes of secondary antioxidants containing sulfur and

AUE YR
meqnmummmaﬂ
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Antiwear (A Y extr d fiC

These addftived are r .r...—

and wear when ope .r?:r" ons

\; Nodi (FM)
s triboldgical additives, and reduce friction
2 mele sexgrbigh load, low speed.

Fluid film lubrication is rep -_'?’:":""“'.:i and then boundary lubrication when
the thickness of the
metal par( M\
mechanisrs

urface irregularities in the moving

n E etal surface. Four wear
=5

nd contact fatigue.

1 g
The r e A I—'- dditives and finally EP
additives re ents a shift toward increasingly hars ' erating conditions — mixed
lubrication to bcﬁrny lubrication. FM a@llditives reduce friction and include fatty

HUHTNHR IR T

addmeeg zinc dlalkyldlthlophoephate Antiwear reacts with metal surf%creatlng

qRAGNT UUNTINBIRY

bis(diamyldithiocarbamate)zinc and methylene{dir-butyldithiocarbamate).



1.3 Hydr' ic Qi , A
Hydraulicg’ degEfrie trans af ignals through fluids; power

fluids based on mineral oils,

h
i

transferred to drivg’

b
ed in all

synthetic fluids ap f|r resists 'p' it of machinery and equipment.

e

Hydraulic congipong l._ﬁ,,.__f'? ppi@nearly all industries including the
N A ' .
agriculture and constructior=machiner BlOrs, conveyor technology and packaging

pbuilding, mining and steel industries,

industries, woodwor ’r" nachine

Characteristicsof
- Transferringypressure and motion energy
- Transferring fo‘ d moments when §8g#l as a lubricant

ﬁ:ﬂm NHNINEMNT

- Pr ction of components agavt corrosion (ferrous and non-ferrous met s)

qREIRAR ;wmfmmw

- prolonging the life of machinergc.
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The critical characteristics and performance attributes of hydraulic fluids are
viscosity, viscosity index, wear protection capability, oxidation stability, antifoam and

air separation characteristics, demuijsibility, rust protection and compatibility.

Additives are speg mical compounds that are added to
lubricating oils to impa

icati i impartyspe : as the ones mentioned above.
Additionally hydrawliGeflu dditi‘es iae€red to meet and exceed the

requirements of major.in mark factu% ilcation including [5]

141  Specific of avityll DI N SIZGUASTNIR 1298
Specific gravity igydefined as. jent %f the mass and the volume. In

petroleum products, the mpassAvolte: @R expressed as:

) Mass/ unit volume product a( 0.
Spe& £

Y i

14.2 Vlscosty, STM D445 [7]

AR

mte“l resistance to flow of cohesion between molecules. It decreases with

increasing temperature and mc‘ases considerahl@with large increasindlpfessure. The

RIS R R

of oil is called the viscometer. Kinematic viscosity is the more common and measured

by timing the flow of a fixed amount of oii through a capiliary tube under
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gravitational force at a standard temperature. Test temperatures are usually at 40 and

100 °C for centistokes units.

1.4.3 Viscosity index, AST MiyBR-

The relationship oS wature of fluid, high viscosity index
fluids tends to di "':‘-tzn.. —__-__ﬁh temperature than low viscosity
index fluids. T:@X ofgbricamisﬁEd from viscosities determined
at two temperateree at %k |

1.4.4 Flash poi

The f
defined test iy surface to ignite. For the
determinatiof '- & i ope n afe used. The open cup flash
point is descri AS ; @sed cup method according to
ASTM D93.

elature expressed as a multipleC odit3°
which the test fluidgs bserved o flo geoled ?E’Qexamined under defined

conditionsﬁt:hl '— ;j

14.6 Water@nten ﬁ

There afe in general two standard methods for d€termination of water content.
For yplumes of a) and above, ASTMDQS [11] is used. This test procedure
in %ﬁ)laﬂ% ﬂlﬂ % w IH% ﬂ ﬁer separating
uxdistill

For lower water contentsﬁetween 50 and 0 ppm, the Karl Flvr method

A WSS SRIINAIAY:

titration at which free iodine is hydrated may be registered either potentiometrically or

by color indicator.
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1.4.7 Acidity, alkalinity, ASTM D664 [12]
The total acid number (TAN/ASTM D664) is a method to determine acidic

and basic constituents in petrole oducts. The acidity of unused oils and fluids is

normally derived from typg ' efitrgtign of specific additive material whereas
the acidity of used oili

ofinter \ ¢ egree of oxidation of the fluid.
The total bas " (TB%) c iZ he alkaline reserve in petroleum

products. It ISW flcﬁ|31 for-engine e by acidic combustion products
are used up the li A

dest and best-known model

WSe it furnishes very precise

pressure and valls of the same type in an oil
¥ .
7 l ( \ Bincrease in pressure enables the
determination of"wel SilS : valugsicoricerning load ability, or enables

staftup behavior in relation to the
lubricant. In addition, the -~--=—----"--. atikely small loads over a longer period of
the d ion

of lubricants.-During these tests; the surface of the ball sérface will produce wear

time enable i0 | values and the friction values

impressioneihie the effects of additives.

HI Ball chunld‘ljl
tes] ball - 12.7 mm dia iy

Figure 1.1 Four —ball apparatus [13].
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15 Literaturereviews
In 2004, He and co-workefd44] evaluated the tribological properties of S,P-
His-(diethylamino)-6-Q,0'dialkyldithio-

ilgadditive in vegetable oil using a four-

containing triazine derivati
phosphate)s-1,3,5-triazinesasie

ball tester. These coppOtndS\Shos %Zarrying capacity, improved antiwear
and friction-reduci Stties. i Wenism was estimated through the
— e

analysis of the worm- ithr y-phatgelectron spectroscopy and scanning

e

e“effect of lubricant on the

iy

o

y Cafilitions using a pin-on-disc
machine and f Wear testi ObiCOmENshowed that the chemical
characteristic - 2\, floi ”‘;x 8den important role on the

.\ E systematic approach to

Ueetable oil derivatives using a

fluid. The oxidatio r’f:'r{...a fe X

. g'_‘v“‘; 0O ‘-,'.’1
colorimetry and rotary gfg;ﬂéy-?

study low rﬁp

above i-‘m"“"“‘“"—“ peiioi-oxidative-stability;-aind ithproved low temperature

properties St stally,

@raulics fluids. M

Jayadas @g Naifl7] reported T%of coconut, sesame, sunflower and

copfffiie @ia |5 r@gel Ky sdgSyagpart of the study on
th I idativefide i g bIV IsgC@conlit iIsh@wed lower weight

gairmn indicator of oxidative stability, under oxidative environment and the highest

ur point among_the_vegetable_oils _cansider@e™ This can_be_attr o the
Qﬁeﬁ}rwa art% fif§ fat id donstitu tzlﬁ]

synergistic combinekt' fitives in pleiciV@getable oil blended with synthetic

d using pressure differential scanning
hile pour point measurements used to
uzl"b nts formulated using the

ailable industrial oils such

as bio-based

Fox and Stachowiakl8] described the methods used to assess and improve

oxidation stability of vegetable oil-based lubricants. Vegetable oils being investigated
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are a potential source of environmentally friendly lubricant, due to a combination of
biodegradability, renewability and excellent lubrication performance.

In 2007, Jayadas and co-¥ ] evaluated the tribological properties of

coconut oil using a four-Rallktéste st rig to test the wear on two stroke
engines. The influeng " an-ant ﬁpressure (AW/EP) additive on the
- I -

evaluated experimentally. The

onsiderable reduction in wear

! _ ion of four branch chain

ether and soy i W int, pur point, oxidation stability,
viscosity, lubricity, > fension ‘j"l ain ethers exhibited excellent
low tempera ‘ ' igl tic ity behavior. Thus, branch

chain ether mayffaid#in pmeni )10-b¢ dymaterial for potential use as

The objective of

The ObjeCtI e off -3’:“.\ prepare hydraulic lubricants and to

investigate oxidative stab ,: Ly, 0 .ﬂw. icants formulated from vegetable oils

l}‘gk

and addltl@n (ofe

ﬂLlEJ'JVIEJVITNEI’]ﬂﬁ
QW’]Mﬂ’a’ﬂJﬁJ‘W]'JVIFJ’]ﬂEJ
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CHAPTERIII

5 i\WﬂTAL

2.1 I nstrument ,__ - ents

Viscomet oder NNC@ 97 g L NON Instrument Company
Density Hydrome - e KG. Flash Point Tester
Model TANAK USA. Automatic Karl

le@foconut, palm kernel, rice bran,

camellia seed, so S —51 Y , olive, cottonseed, sesame and

o e LA

safflower oils were obtai '—-fa---- n-BRS TRADE Co., Ltd. Some vegetable oils
were purchased from dépat -.-' m 'E}v J' plier.

Foq@/ Igﬁ‘a'ng for hydraulic fluid
including 1 Y jwlocarbamate (ZDDC),
diphenylami e obtained from BRS Intertrade

L
[ ine«An
Co., Ltd. M ‘LIJI
r.
Klnematlc viscosity of oil Was measured by‘ viscometer at 40° and 100°C in oil
th as per ASTM Test Method

QW']QQQ@;]JM@TMH’]R d

Specific gravity can be defined by hydrometer as per ASTM D1298.
In petroleum product determination using a glass hydrometer, of the density, relative -
density (specific gravity), or API gravity of crude petroleum, petroleum products, or
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mixtures of petroleum and nonpetroleum products normally handled as liquids, and

having a Reid vapor pressure of 101.325 kPa (14.696 psi) or less.

W

perature at which the application of
the'vapoas—‘aﬂﬁ'? e surface to ignite. For the

ibed method according to ASTM

D92.
2.3.4 Pour po

MD9/. A 50 mL of sample is
placed in test eter measuring from +20° to
-80°C that is im esared in 3°C increments
until the sam sidefingd as the temperat@eain

yith-a=st@fflard solution of iodine pyridine and sulfur
dioxide in methang p.at which free iodine is hydrated
may be ragistered either potentiometrically y-or by colorintieator. In this study, water

content wds RASTM D 1744.

U
2.3.6 Peroxide'value (PV)
Peromde‘aB(PV meq Qg™ 0|I) measurement of oxidative rancidity

fm SANHNING AT

t|c acid-chloroform solutl (3:2). Then 1 mL of saturated KI solution is added

q e R VML [l 1y iaVoY 10w

with 0.01 N sodium thiosulfate solution in the presence of starch indicator (1%) until
the discoloration of the mixture. The same procedure was carried out for a blank

solution and was taken into-account in all the titrations.
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PV is calculated using the following equation:

¥ J 1900
PV (mequiv%\ . / X 0.01W-V piand)
WhereV andVpian % Qﬁe used for titrating sample and

Kl ___evoyme Lhie

blank solution, res i Wple [21].

nas'ar -'n;"_
samples wer -\ d for total acid number (TAN) as

rations.

239 Total acid va
f both weak and strong

TO I= : F" LSl 12 g bl e e 1 L e LA . £
organic a&i , >0 the amount of potassium

- pd
pd

hydroxide, Kﬂ/ inm acidjg‘ 1 g of sample. The sample
oil which was"veighed accurately and dissolved with 78 mL of mixture solvent was

titnﬁiﬁntioﬂ&ll with 0.1 mol/B&@propanal solution of KOH at room
HHBINUNINGING

2.3.1?Tribological test on four- ?JI tester

QRIAINTHIUIINGTAY™
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2.3.11 Foam characteristics
This test is the determination of the foaming characteristics of lubricating oils.

The sample maintained atZ2i

with air at a constant rate for 5 min, and then

jm; foam is measured at the end of both
ﬂ aCoaxd then after collapsing
ﬂ

the foam at 22C.
—— Y s

2.3.12 Copper osigpsEpaior (Gopper=siI

allowed to settle for 10

periods. The test is

The de n oiophet/corrésior _ 1 D130. Timing in this test
are 3 hours, aty fhier! €iihé ure 10% Bon thelend of the test period the
copper strip is rem@Vegdf whs od an ke withhthe ASTM copper strip corrosion
standards. ' \\ \

L)

AU INENINGINg
RIAINTUNRIINYIAY
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CHAPTER 11
RESULTSAND DISCUSSION

AV
l¢ % 1anipulate hydraulic lubricants from
N )‘.ydraulic lubricantparing with

ith the excellent lubricity,

[essand low volatility of vegetable

tock required for preparing

lubricant mu ormanee-Critéiia 8y asPects as viscosity properties,

"

volatility, oxidatiw . f—_ (s depas fOffhing tendencies, miscibility or
LJ
compatibility with e : ne systéliere are two main candidates

f’z"'

for being base stock: theSe=gerve SWhery petroleum crude oil and vegetable
oils. In the past, aImO* Li;‘_# 1H ced from petroleum base. Nowadays,

the tende at ) base has been increased since

the previo Jsed lul 0 environment anc gepletion of petroleum ail.
On the gl, z Pm—jenewable source possess
biodegradablyroperty. This main property Is the adva%ge of vegetable oils.

In this study, twwe s mmon vegetable oWamely soybean, palm, sunflower, castor,

FUEINBNI RGN 2

visc ty index, specific graV|ty water content, flash point and pour point are

Qﬁeﬁmﬁn AU INEIAY
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Table 3.1 Physical properties of selected vegetable oil and petroleum base

Kinematic Viscosity Viscosity] Specifiq \\ater .
SAMPLE (centistokes) | Index,| Gravity| content Fash PO"lﬁ Pour polnt

at40°C| at 100:BA W) | % °C °C
Sunflower ail 40 , :\ \\Ll__ 2 0.1 260 1%
Soybean o 3117 P | 0o  26p 12
Palm oil 39.62 0.202 213 -18
Rice bran all : D0 >210 -10
Olive all >210 -9
Com ail >20p 20

Cotton seed all

7 T NS O
Suffiower oil 39 A"Iﬂfﬂﬂﬁ“ﬂ ) >20)

D -20
Canellia seed §i -f‘ﬂ%'M'IF\\ u\ o >310 19
Castor ail ﬂﬂrjq.’ » 099, 06 >240 -10
Coconit oil 20, 020 =2 0 L >200 15
Sesane oll "’0 BE KW >2p0 25
Petroleum base 074 Jo23iiagd 0824 Qo 296 -10
?\ ¥ 21 ’7 \ \\
Two common propemies %P ider “\, Bither application of hydraulic
lubricant are kinemgtic viS€osity-and ity Sifldex. From Table 3.1, kinematic
viscosity of sunflower, soybean; | : SDran, olive, corn, cotton seed, safflower,

camellia abele seed, &€ s 4t #0 the range of 31 to 40

centistok Al | ﬁproperty was the same
as that of &e ) ﬁ(_)}ity of castor oil at 40 and
100°C were ; speﬂvely, which found to be close
to petroleumﬁse number 600 SN. <

The kinematic \‘(ﬂy values of all sel@gied vegetable oils are high due to high

£ TLPVIL i LR

As presented in Table 3. ?wscosny index m which expressed IU/ISCOSIty-

ARSI VTG

The viscosity index (VI) of oil is a number that indicates the effect of temperature

changes on the viscosity of oil. A low VI signifies a relatively large change of
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viscosity with changes of temperature. On the other hand, a high VI signifies
relatively little change in viscosity over a wide temperature range.

For the proper operation of the d ulrc control system, the hydraulic fluid must

have a sufficiently hrgh trons at the extremes of the expected
temperature range

Flash point prope e when vapors above the surfaces

ignite. As pres_e?t(—taue : Wble oils are more tffgh 200
This property indicat iit x:‘ etable oils had high flash point
dueto high I i el : f oil is important since

apok occurs above the heated oil

*_ -'..." % l‘."
Seleg \. .'\‘ 2 '~i €
e -lﬁ 5 ,\ sesame oils have pour point in

pils have a pour point of -9

e ] er re flow property of oils, if

it its use at low operating
S

temperature, especi industrial ---m: pgetable oil has a tendency to form
] ] ) Jﬁ -r -
microcrystalline structu ;:E::.:.rh er e tArough uniform stacking of the

triglyceride backbone. ‘:_;? ma rpy 7 icts the easy flow of the system due to
loss of ki eﬁe ta:@‘ng.
Data of speCilie=@ y-and-watei-conient-of-all-selecicti-fwelve vegetable oils are

L
given in T_,_- .

0.2% by weidﬂr. Water contef
hydraulic systerrhpart is finely dispersed, it wjll enter into the oil phase and depending

AU i) mmwmm n e 33

gravrty of vegetable orI and petroleum base is equal to 0.90 to 0.95. In the

Peroxide value (PV) of vegetableoils

Is‘é\was in the range of 0.09 to
dicateés moisture in rﬂ& if water contamination in

Unsaturated double bonds in fatty acids are active sites for many reactions,
including oxidation, which lowered the oxidation stability of vegetable oils. Oxidation
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stability of triglyceride is primarily limited by the degree of unsaturated double bonds.

Peroxide value is a measurement of oxidation rancidity and the guide to vegetable oil

quality. This method is a comm@ngparameter in the chemistry of fats. It shows the
degree of oxidation and me: th unt of total peroxide in oil.

Lipid peroxidati r ign that results in the formation of
hydroperoxide, Wh&eve ted - tion may simultaneously destroy

native antioxidahfywﬁd‘ f_g,Qm
radicals. Free rdic (

on initiated by formation of free
thggemoval of hydrogen atom from
methylene g r H‘" y react with oxygen to form
a peroxy radic 2r QX iGe ' . helecule to remove a hydrogen

atom to form a hyg@fopgFoXide,in process Xide values of selected vegetable

PV
meqO, /kg fat

i ol

Faz

Coconutefe— == | 1.50
Palm ailf ML 2 3.57
7777777 _ Eyfs

1
2

MG .&325
5

6

7

o

9

i
,@ 6.35

7.57

T Soybean©

Gastor oil

NENSHE NS
DIl & ¥ , ¥ | : . 40

Olive ail ‘ o 13.55

12 Safflower oils 102.30
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Peroxide values of sunflower, soybean, palm, rice bran, camellia abele seed,
castor and coconut oils without antioxidant are in the range of 1-10 skegfat,

whereas those of olive, corn, cot i
24.19, 2451 and 102. K / spectively. The higher proportion of
unsaturated fatty chainSH@ROICa fl,ii pported these observed results. The

temperature. 'IV W - @andldates for lubricant base
I - By

fluids should ha

ed, sesame and safflower oils are 13.55, 12.40,

kinetics of the o -‘ : ated by light, oxygen or high

es approximately 13% of
@f’saturated fatty acid (Table 1.1).
From the amoun ated 0 1 OowWS poor oxidation stability.
Adicating that safflower oil

e of poor oxidation stability.

ot 8cl 450" polyunsaturated, and 13% of
aaCfat while cotton seed oll

pd, ?v,‘- of polyunsaturated, and 26% of

saturated fatty acidj el 7 )W n ; jde Value of 24.19 piep@t. Based
upon these obtained da ?,, /egets pilscannot be used in lubricant fluids due to
their high upgsatuxg [ of fatty acid, tr poor pxidation stability. As the

number of.double-bond-increases -it-v vould-become more.slies to be susceptible to the

abstractiOt’L prasess can occur at fast rate.
| sl

Vegetable oﬂ,ﬁ contal of ma unsaturated fatty acid will

typically autoxidjze onIy at high temperature, |Ie the oils containing

n. Increasing wear was also linked to the degradatlon of triglyceride fatty

aC|ds It was uncertain as to wifich factor had theggmpst impact either thig @resence of

q Wﬁﬁ;‘iﬂ‘i MUNIANHIRY

chemical properties have affected on the lubricant performance. Therefore, vegetable

Oils as base lubricant must have low peroxide value and high oxidation stability
property.
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The kinematic viscosity at 40° and 100°C, pour point RYdf five selected
vegetable oils were determined as presented in Tables 3.1 and 3.2. It appears that

kinematic viscosity and pour poin

leum base stock. These vegetable oils

fconut palm, soybean, sunflower and rice bran

V.

chains provide h" rength’ Iuercan mteract strongly with metallic
surfaces, reduw : mtermolecular interactions are
also resilient t0 Cha .:“‘.m d :; a more stable viscosity, or high
viscosity coeffi
A PV va

exhibited the qualiti bricant used. Long polar fatty acid

geef conkulvalue at 1- 10

meqQ/kg fat. Mo i be ase oils selected are not high-
price. With thi iS i '?'u er these vegetable base oils
can replace base - ; a(im stoc \
3.3

: @ Ollfgdeteriorate from the ravages of
oxidation. Oxidafion i : '.;-!‘. SS the ffihe mechanism is broken down into
three steps: initiati opagation a 7 tior™ The oxidation process begins with
the generation of aIkyI f radicals un hagd conditions such as high temperature or

in the presepce g as pgmpaction to lubricant fluid;

the effect-cf oxidation caused high viscosity in | gorEanl dve to base oil thickener,
which impeag¥.o amduihree classes of additives

sl

including radpﬂ: I scaveng

| ]

grmposer apd multifunctional additives.

Chain breaking ant|OX|dants react with radicals to form stable compounds and prevent

NIRRT

vegq’ble oil with ZDDC, diphenylamine and polymeric ester antioxidants as
presented in Figs 3.1 and 3. 2 @The test tempergtiage at 85°C was sel@gied which is

IR TR A RHIREL=

generally caused danger corrosion. The impact of alkylperoxy radicals on the metal
surface is caused for corrosive wear. As a result, these additives were selected
for use in the vegetable oil in this study.
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3.3.1 Zincdialkyldithiophosphate (ZDDP)
The total acid values of selected vegetable oil adding ZDDP at 85°C for 28

days are presented in Fig 3.1. Tihg tetal acid values of coconut, palm, soybean, rice

ZDDP’s are aw Iy a [ Y feature zinc bound to the anion
= ih Fig e

of dithiophosp

osphate.
The alkyl groups ca b lkares between 1-14 carbons length,

2-butyl, 1,3-dimethyfbu ;?i’.a’.’ﬂ , ochy fyl(28ethylhexyl), 6-methyl heptyl, 1-

methylpropyl and dode u- yE=FReSRechanism of ZDDP as antioxidant can be

gactions:

A ZROM + (ROYPS»

o

I %j.
(RO)ZPSZ- + ROOH— (RO)ZPSZH + ROO-

AULARERINEING-

The mechanism of thefmdatlon inhibitigl by ZDDP involve§#omplex

qRIRREN SNHIR

the vegetable oils with additive, it was found that in the presence of 0.5% ZDDP, the
oxidation stability of vegetabie oils increased.
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3.3.2. Zincdialkyldithiocarbamate
As shown in Fig 3.1, the total acid values of coconut, palm, soybean, rice bran

and sunflower oils with 0.25% a

The total acid numbers of.t A egetable oils in the presence of 0.50 %
additive are 0.70, O. Y f .

,
j;“’v’aﬁ

ne. di3ikyigithiocarbamate.

NGEJZn# RQOH=R,NA-05,ZhS=Q8-SNR

N
e *l ‘:

,'f
1 .i' )

\

. .l'-r .
£ a tOpErox ecomp@ser. It converts the hydroperoxide
- d B "f _‘!"'
formed during the” oxigé on «'s:—,‘-

ZDDC was claimed;

onradical products, thus preventing

propagation. From thia ﬁ;—" inhibition process was very effective at
0.5% ZD[L& [T E
————————————— = o
3.33 Aro .':\j
The oiﬂ ation sta nd thosﬂf vegetable oils with the

addition of addi'#es are compared as presented in FIgTBR oxidation stability

pe i e . 00 %, of di lamine additive was
cﬁﬁﬁ‘su ﬂ@r:ﬂe Wﬂﬁ:ﬁﬁine in vegetable
oiI\@ an efficient antioxidant in vegetable oils. The reaction of diphenylamine is

dependent on temperature. At (W temperature, fii@yinteraction with pef@®/ radicals

QAR ITE R Y
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four peroxys \ factor is four. Hence,

diphenylamines good : 1gers at temperature less than

c esterat 0.50%, the antioxidant

behavior is good. The ioia polymeric esters at 0.25 and 0.50%

¥ 1 0.20 to £, polymeric ester performs

as an exc cgnts from vegetable oils.

antioxidant, the ‘uﬁme result did not r | any significant difference. Therefore,

AuganaminganT

weight ar
Using four tl Idé':fion stability was increased

|
when the a nt of the added antioxidant increase I owever, the use of 0.75%

q W’]ﬁﬁﬁfﬁﬁ UHAINBIREY -

color of the oil was turned to dark, probably due to the oxidation. This phenomena

could be visualized from the increment of total acid number. The oxidation products
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were formed by thermo-oxidation degradation of the oil, and oxidation occurred due
to the inherent unsaturated of vegetable oils.

In this research, the controlled itions were at°@5fr 1,000 h, the results

demonstrated the relatioRs@ips acid values and the heating time for

vegetable oil added 95" % polyineri ﬁ iphenylamine that revealed the acid

value of oil when “‘hea ' re increased and accelerated. In
- ‘ é

addition, thermo-oxida bility i d to evaluate the antioxidant

performance of vege il mine and polymeric ester at high

il is similar to that of the

petroleum base nary ste 1 ; are cleaved thermally forming
radicals; the i act -withsexygden'\'e \ ne peroxides. The primary
antioxidants trapg ( dice \ l.-.-"‘x\l:"'--ﬁ_: antioxidant was involved
with the deco i "t the, € ol'\.\‘ step, oligomer forms sludge and
deposits. It is img a s ’ l > efiectivene offithis antioxidant.

Figs 3.6 and 3.7 di thel"total « alu vegetable oil with the addition

: : I Th8 total acid number of coconut and
palm oil with the additio, 0 enyla as increased after 600 h, while those of
rice bran, sqybeai C : ' &d after200 h. On the other hand,
when vegetal ble oils were combined wit meric-este e total acid numbers were

increased aftef. flamine was disclosed to be

= | s
the most effective antioxide : G perature @xidation. The difference in

antioxidant prop ties at high temperature was related to the mechanism of the

“ﬁeﬂ‘ﬁﬁﬂﬁ%‘ﬁwmm
ammnmumqwmaﬂ
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1.4

1.2

—=—sunflower oil

1.0 A
&) .
T —&—coconut oil
o 081 ~#-plam oil
g ~—+—soybean oil
Z —8—ricebran
<
'_

Figure 3§/ Totdl & e of Vith the addition of polymeric

’g’ —e&—coconut oil
S 0.8 —#- plam oil

o —4—soybean oll
E 0.6 ——ricebran

§ ’ —=— sunflower oil
'_

o

Q‘W’] AINTUURITINBIAY

Figure 3.7 Total acid value of vegetable oil with the addition of diphenylamine.
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Vegetable oils containing a high percentage of monounsaturated fatty acid
will typically autoxidize only at high temperature, whereas those comprising of poly-

unsaturated will autoxidize |n|t|aI| r om temperature Additionally, diphenylamine

performs as peroxy r Iow temperature <120°C and high
temperature > 120°C _
As mentio ;**v- -Q:‘ dergoes three oxidation stages,
the first stage W ioHl. @d is predominantly affected
by temperature and 2 - Ioxidant. I he second stage is the breakdown

",

oxidation rate ¢ in 4ie . hs angproperties.

idant. The most effect on

a 1C erlzed by a slow oxidation rate

due to a hig i ' yOi ) a hig “‘ “: Oiration of oxidation product
which can partly Werizatic OX »x."“--;‘; products are acidic and can
give rise to copfosi ck. therr - rl"'» s of oil leads to the increment
of viscosity and pgiym N \\ ol of varnish and sludge deposit.
The results of kinemalics visg :}1, an din Vegetable oils in the presence of

oils in the presence of

Table3.3 \iscollly haracienst seiopie

S

Oil-Pox iﬂ 39.00 Qs 8.20 192
~ A BGAF

Dil-Ra

O|I Cox is coconut oil, Oll.Pox is palm oill, O|I Rox is rice bran oil, O|I Sbox

QTR BIANHIR -

with 0.5% diphenylamine which was similar to those of native vegetable oils.
Viscosity at 40°C is in the range from 38 to 42 cSt and viscosity at 100°C is about 8
to 9 cSt.
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Table 3.4 Viscosity characteristics of vegetable oils after oxidation test

SAMPLE gfic,Viscosity (cSt) VI
at 100°C

Oil - Cox 10.05 218

Oil- Pox 240

Oil- Rox 251

Oil- Sbox ™ 232

Oil- SnOXeu 254

Oil-Cox Is_cg@8nuoil Oi ' _ u'o IS rice bran oil,

Oil-Sho¥s sqybe

The vis€osity/chafagferistios affer eloxigatibn sk are listed in Table 3.4. The
viscosity at 40° i giranges JF,-', 5 {0 4t .,‘-," )ept for Oil-Sbox and Oil-Snox
having the visCosityfmale h 1r,,., \ i jscosity characteristics at 100°C
was about 10 to 3¢ I\ ; J ] ]'

. g;
"'.d"af-

The phyS|ca prope -u;::’.._.nt‘ Ble oils after oxidation test are displayed
in Figs 3.8 and 3.9. Tk 551_?‘ Cosity & Oil-Cox, Oil-Pox and Oil-Rox are
increased ’E')l viscgsity change of Oil-Sbox

and Oil-S
Oil- Rox, O

cpsity at 100°C of Oil-Pox,
3 from 40 to 74%. The only
: lower than other oll.

ﬂ'LlEJ’JVIEWITNEI’]ﬂ?

ammnmum'mmaﬂ

exception co -Cox whose viscosity



100 -

90 A

80 -
;\3 B QOil - Cox
o H Oil- Pox
% O Oil- Rox
S EOil- Shox
c B Oil- Snox
2
%)
o
(6]
2
>

Qil- Snox

aral oxidation test.

100

g B 0il - Cox
3 E Oil- Pox
2 B 0il- Rox
.g B Oil- Shox
.g & Oil- Snox

q i Mﬂ“ﬁ‘mqﬂ*ﬁﬂ

Figure 3.9 Viscosity increase at 100°C after thermal oxi atlon test

33
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The measurement of internal friction in a fluid is viscosity. It is one of the

most important properties for characterization of lubricants. The viscosity and TAN
" aging of the hydraulic lubricants.
| /g iscosity measurement affected on the

y Vi
\ ﬁ{ﬁmd oxidative aging can lead to a

have chosen to describe the de

il oxidation proceeds. That effect

d. e . .
ratures of viscosity measurement.

,
e

S\a pota ltial lubricant, its main drawback
is its narrow llahleu ities.’ ‘\v,\ test result in thermal
than the other oils. The high

oxidative showedy i#Saox \ ~ -I‘“x 0s

W,

viscosity of 3\ 10 %heNpresence of polyunsaturated

1

triglyceride. i " \ l r L
35  Formulation @f hy "?fiﬁ‘f:’

The formulation of hydraulicfabricant

Table 3.5 €0 o poSsition of nydrautic wpricant = Q

jvegetable oils

ve getable oils is presented in Table 3.5.

Sam&‘ge--l o =t
Oil- HP ﬂ Palm oil 98.9% + diphenylamine O‘.@kﬁAW 0.6 %
Oil- HC

1 +

L :
oilflir AW 0.6 %
nOibaHSR, s dnSuatiower ol 98.9%wdinhenYIaMineQ 5% ¢ AW 06,904
1 " , 11V !/ | &

e o lldascripes |'= ,‘. [atian of hydraulid ca om: vegetabile oil,

which is the combination between vegetable oil with diphenylamine as

antioxidant and commercial antiwear (AW) additive.
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Characteristic of hydraulic lubricants from vegetable oils

35

The characteristics of the formulated hydraulic lubricants from vegetable

oil are exhibited in Tabl

Table 3.6 The chara

e 3.6.

|
)&HS from vegetable oil

CharacterisigmfBS TV @01 o) Ol | O | Ol | Com-
Kinematic viscasity*a = |
40°C(cSt) DALE 67N 415 405 39.05  46.08
Kinematic vise®Sity g M
100°C(cSt) D448 6.86 833  6.64
Viscosity Ingdg 7 | /oo 128 197 95
Flash point (°C) PP P N D218, 200 190 19D 212
Pour point (°@) fof7 =120 B W -10 -9 -15 -18
TAN (mg KOH/ gf 4 0bes. [-08.48 '\ .38, 0301 0573 033  0.327
Cu strip corros; a1 WA Wl 1o 13 1la 1a
Four ball wedr (m 266 | 0.35 0.385 0.9 0.30"
Foam tendency:
Sequence | (mL 100/8(r5/10 | 50/30 50/10
Sequence Il (mL) § 100/3080/0 | 50/10 50/0
Sequence Il (mL) 150/8075/10 | 50/30 50/10

Frag the data obtained, the viscosii fles—at40~and100°C of sample showed

similar cl}L

L3

n in

_&Jic lubricant petroleum
e exh:TF ed higher VI value. The

base. As sh"@}/
higher ViSCOVIty index of sample could be explamned by the fact that the

tain
b

ined_triglycerid@sthat ma i
u ihcr sﬂtﬂ/

ve ble ba egi
mﬁtl n n tefhp ﬁ ﬁ
evm‘lce egarding hydrogen bonding among the triglyceride

d stron

sgibl

r intermolecular
to provide more

olecules in ail

sample, hence higher viscositffindex was obseﬁd. Additionally, thi‘yrmulated

IR AN TINGTREY ™
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3.6.2 Flash Point
Table 3.6 shows the flash point of oil sample blended with antioxidant and

giies of sample were lower than neat vegetable

|
/a int, that property is almost the same as
) This property also indicated low

T

antiwear additive. Flash point p

3.6.3 Pour FM
As press

had a pour poi

E— i i
ed | made from vegetable oils
-9

est, at low temperature, the

its use at low operating

Table 3.6F ' ‘oxida n st 0 @raulic oils as evaluated by total
i stdy was focused on the effect of
an additive, which Was thescombinati 5%%iphenylamine as antioxidant and
0.6% ZDDP as antiwear additive —THE gliveness of this additive combination was
the incremept of th ; on pricgat. ZDDP has reported to

function beth.as=raéie of: g d-hydroperoxide decamposer. The mechanism of

veMuPhe possible reason was

ot [
possibly by thﬁﬂsynergl he gant and antiwear additive.
he TAN's of hydraulic lubricant from vegetable oil are in the range of

the oxidatkemt.ur

0.3 ommercjal hydraulic oil.
addifivd coghbination used in
thisgudy act as an excellent additive by preventing the oxidation of hydraulic

lubricants from vegetable oils. @ £

QRIAINIUNRINY A Y

When two contacting parts of machinery start to move and the hydrodynamic
lubrication has not yet built up or in the case of severe stress and strong forces, the
lubricating system runs in the area of mixed friction. The effect of ZDDP addition on
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the antiwear properties is evaluated by standard Four- Ball friction test. This study
investigated tribological properties of hydraulic bio-base as shown in Table 3.6. The
wear scar diameter of OIL-HC, ,,OIL-HS, OIL-HSF and OIL-HR were 0.38,

0.32, 0.35, 0.34 and 0.29,k 4 V@lyy From this data, the sample OIL-HR is
excellent lubricity. \ \
%
S— " '
3.6.6 Foam te_n(jlgnk y =
Surfa;:sy( 2 ail
which the bubishS a he. fiLrid

more than coll

e speed is greater than the speed at

Salinbe forced out of tank vents or

ore bubbles are created

L"

" .‘- defined by DIN 51566.

C : y Ml fluids is measured as aging
time at different t 8- AS' displ: T E \Ht foam tendency of hydraulic

bio-based me i I __ Ui, flids — 1SO 6473.

\\

\

Corrosion t A /€ g tl : oil sample into contact with a
metal surface under con g@loration of the metal, change in surface
condition oraweigh S he coprosion tendency of the oil.
The lubricdl should not contain- components which-promaote corrosion of metal parts
in machin& ' g

=
discolorationm flaking. A%gre

Pefiedn be taken as the form of
StHP 1S subm:_.' ed in the fluid to be tested

for a given time and temperature. Hydraulic oils are normally tested for 3 h at 100°C.

The_gegre #:as_slightly lor? as ergtely discoloB as
h dﬁlo da cﬂizﬂa olo ' ﬁ
qlln general, the specification of hydraulic lubricants control copper corrosion

should not be over degree numemable 3.6 preseits,the copper corrosi@ehavior

QRIRSAT RSN RS




3.7

Cost evaluation
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The comparison of the manipulation cost of hydraulic lubricants from

vegetable oil and commercial hydtagli

1 )
\ |
N\

¢ lubric

oils is outlined in Table 3.7.

FTICAL

RAWMAT.| VOLUME
mn COSTILT. 1LT.
N a0 UME (BAHT) (BAHT)
f i
Commerciall / 5 i*«_ 3 45.94 45.44
Hydraulic Adg MFI.EE U\\;\K\‘Q"\ 108 250.00 2.70
100000 N180.00 48.15
WE‘ \\\‘
; ‘ 00 \ 99.50 33.00 32.83
Qil - HP g;'}; | D.50 230.00 1.16
Antifxid {_; | / 250.00 1.18
33.99
28.00 27.86
Qil - HC 250.00 1.24
250.00 1.16
= 29.10
Vegetable .
base & 99.50 35.00 34.83
Oil - HS™% AV 250.00 1.24
i 250.00 1.16
\ 36.07
b 900C 199. 40.00 39.80
Oil - HSF *AW-additive | 1.0930 0.60 ~0.50 250.00 1.24
Anfloxidant 0.9730 50 0.47 250.00 1.16
T 0 41.04
etallle
| e 8. B 99Ij l 345.00 4477
Ol HR | Aw-additive | 1.0930 0.60 0.50 250.00 1.26
Antioxidant Q#6730 0.50 0.47 250.00 1.18
46.03
cri C valuatior¥ of*hydradlic=en fr e oll

compared with commercial hydraulic oils. From this data, the hydraulic lubricants

manipulated from vegetabie-based can ciearly iessen the cost of production
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CHAPTER IV

able y st is reasonable compared with

Sare.a ﬂir_co
petroleum crude_gil ' @ was to manipulate hydraulic

jcal properties compared with

close to tho Jbase sto > ‘Oxidati bility of oil at temperature
<120°C, was eV, , ' d'nui (T H ] " TAN'’s of oil in the presence
of 0.25 and 0.50% iphenylar e palymer| \i ters were in the range of 0.20 to
that P@lymeric ester and diphenylamine

compound were an ffic' ,’-_ 0il. ' @h the other hand, at >120°C the

polymeric ester was |low-gffich pnt in oil, whereas diphenylamine was
disclosed to be the nfft,f;_;wg high-temperature oxidation.

sial’ hydraulic oils as shown
1 l#jand 100°C of sample

Al ricant petroleum base. The
nﬂ l&iamine revealed excellent
preventing oxi@i&of lubricants. The@ological properties test by Four-ball

B NN IS
w 2 cc@rdi 0 S sults, the aul il ived from rice

branql)il have excellent Iubrici‘y. The other required properties including flash

PRGATNRIINE Y

showed si

oxidation stabjlity of vegetable oils with 0.5% diphe

hydraulic fluid-ISO 6473
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Overturefor the future work

Since vegetable oils ha r oxidative stability due to the presence of

bis-allyic protons, che of triglyceride is one of the most

important tasks n e polyunsaturation part possess

better oxidation

el N

AUEINEN NGNS
IR IUNNINGA Y
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