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ABSTRACT: Poly(l-octadecene-co-maleic anhydride) bis
behanate ester, poly(1-octadecene-co-maleic anhydride) bis
stearate ester, and ethylene glycol bis stearate ester were
prepared and their structures were confirmed by IR spec-
troscopy. Wax gel was prepared from base oil blend (base
lube oil grade 260/290, transformer oil) and microcrystal-
line wax in ratio 2.3 : 1, respectively, in the presence of
antioxidant and anticorrosion additives in ratio of 0.1-2%.
Atactic polypropylene was added in mixture with the
above copolymers and ester to the wax gel in different

proportions. Dielectric constant, dlelectrlc loss, and vol-
ume resistivity at frequency range of 1-10° kHz 35°C have
shown better results than that of wax gel alone. The grease
which includes poly(1-octadecene-co-maleic anhydride) bis
behanate ester in mixture with atactic polypropylene
recorded the best results. © 2012 Wiley Periodicals, Inc. ] Appl
Polym Sci 125: 1439-1447, 2012

Key words: dielectric grease; copolymers and ester grease;
wax gel grease

INTRODUCTION

Greases are products composed of a dispersion me-
dium liquid, which is retained in the cells of a struc-
tural frame formed by the solid particles of a dis-
persed phase thickening with particles of colloidal
size." However, grease is a type of char—thinning or
pseudo plastic fluid means that the viscosity of the
fluid, is reduced under shear? A few number of
greases, restricted to very special applications, are
manufactured with nonsoap thickener such as organo
clays, polymer, or silica compounds. Grease is the
most widely used lubricant for roller bearings and
low viscosity applications mainly because they are
relatively easy to handle and requires only the sim-
plest sealing devices. The selection of the type of
lubricant oil versus grease, and the lubricating system
depends mainly on: dropping point, maximum tem-
perature, water resistance, oxidation stability, rust
protection, pump ability, and extreme pressure.” The
type of grease chosen for a particular bearing lubrica-
tion application must therefore be chosen very care-
fully. High temperature grease used in low tempera-
ture applications may cause the bearings to seize due
to lack of lubrication because the oil does not bleed
out. The common types of grease in use for rolling
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contact bearings are the calcium, sodium and lithium
greases.* Preparation of the grease had to take place
under carefully controlled condition, so as to build up
the correct “skeleton” in the liquid and to obtain the
most stable grease.” Mineral oils will continue to be
the fluids used in the manufactures of the huge bulk
of lubricating greases; this is true because of the avail-
ability and low cost of these mineral oils.® The thick-
ener has the immense influence on the character of
the grease. This is wh;z greases are classified by the
type of thickener used.””” Two main families are used
for lubricant formulation: esters and synthetic hydro-
carbon, in particular, polyalpha olefins manufactured
from ethylene. These products have excellent physical
properties and exceptional thermal stability."® Some
grades of greases possess unique properties, for
instance, greases thickened by polyesters or polytetra-
fluoroethylene (Teflon) do not react with hydrocarbon,
jet fuels, hydrazine, hydrogen peroxide, fuming nitric
acid, and liquid oxygen. The process of manufacturing
of greases includes the following operations: prepara-
tion of components (fusing, dehydrogenation, and
preheating to the specified temperature), batching
components in a reactor compounding, cooling, and
finally discharging (pouring). The quality of greases
and the strength of the colloidal structure depend on
the composition."" An electric insulating composition,
suitable for impregnation of an electric cable dielectric
designed to work at temperature up to 80°C, was pre-
pared by incorporating a proportion of polymerized
ethylene in petroleum jelly or in mixture of petroleum
oil with paraffin wax.'*'> In this investigation, the
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authors have attempted to obtain good dielectric
greases through improvement the properties of wax
gel by adding different ratios of polymer, copolymers,
ester, and antioxidant-anticorrosion additives.

EXPERIMENTAL
Materials
Base lube oil grade (260/290)
Flash point (open): 204°C, viscosity index: 90-95,
pour point: (=5°C).
Transformer oil
Flash point: 135°C, viscosity at 40°C: 12.5 cSt, pour
point: (—20°C).
Microcrystalline wax

Melting range: 80-81°C, oil content %: 0.5, flash
point, open: 288°C.

Density at 20°C: 0.9002 g/cm”.
Atactic polypropylene

Density: 0.92 g/cm®, melting point: 170°C, volume
resistivity: 10'® ohm cm.

Behanyl alcohol (1-docosanol) Cy,HcO

Melting point: 71°C, boiling point: 180°C, molecular
weight: 326.6.

Stearyl alcohol (1-octadecanol) C;gH350

Molecular weight: 270.50, melting point: 59.4-59.8°C,
refractive index: 1.4346 (45°C).

Stearic acid CHj3 (CH,);,COOH

Melting point: 69°C, boiling point (0.013 MPa):
287°C, refractive index (n%): 1.4335.

Maleic anhydride C4H,0;

Molecular weight: 98, boiling point: 200°C.

1-octadecene CqgHzg

Molecular weight: 252, boiling point: 308°C, density
at 20°C (dap): 0.848.

Benzoyl peroxide, Cy4H;004

Molecular weight: 242, melting point: 102-150°C.

Ethylene glycol, HOCH,CH,OH

Molecular weight: 62, density at 20°C (dap): 1.116 re-
fractive index (n®)): 1.4319.
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p-Toluene sulfonic acid CH3;CcH,SO;H

Melting point: 92°C, molecular weight: 172.20, boil-
ing point (0.027 MPa): 140°C.

Polyoxy ethylene sorbiton-nano-palmitate, Tween (20)

Specific gravity: 1.1, boiling point: >100°C, refractive
index: 1.4685.

Specification number: 43-49, pH of 1% aqueous
solution: 5-7.

2,2'methylene-bis(4-methyl-6-tertiary butyl phenol)

Melting point: 125°C, specific gravity: 1.08, molecu-
lar weight: 340.4989.

Methods
Dielectric and resistivity measurement

The computerized LRC (Hioki model 3531 Z Hi Tes-
ter) was used to conduct the electrical properties of
the investigated samples. The bridge measures the
capacitance from 19 pF to 370 mf, the resistance
from 100 mQ to 200 MQ and the dielectric loss (g”),
tan (8) from 107> to 10"

The relative dielectric permittivity was calculated
using the relations:

¢ =Cm/C0

¢ =¢'tan §

where Cm: the measured capacitance of the used
material, CO: the capacity of the empty condenser.
€": the dielectric loss, tan &: the loss tangent.

The resistivity is calculated using the following
equation:

R=pL/A, p=1/c,

where p is the resistivity ohm cm. L is the length of
the sample in millimeter, A is the cross sectional
area, and o is the electrical conductivi’ry.14

Dynamic viscosity

The apparent viscosity of the prepared greases was
carried out by digital Rheometer LVDV-III-Ultra
ASTM.

Infrared spectroscopy

This analysis was underdone using Fourier trans-
form infrared (FTIR) spectrometer (ATI Maston Gen-
sis FTIR™) at wave number from 500 to 4000 cm !
and transmittance from 0 to 100%.
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TABLE 1
Specifications of the Prepared Ester EGS and Copolymers Esters A, AC,,, and AC;g

Sample notation

Product EGS Aclg AC22 A
Appearance Solid opaque Solid opaque Solid opaque Solid transparent
Color Brown Brown Brown Yellow
Average molecular weight 594 2616 2755 975
Average repeating unit (1) - 9.7 2.8 2.8
Melting range (°C) 47-53 39-43 48-54 56-62
Density (g/cm?’) at 20°C 0.8766 0.8499 0.8600 0.9167

Solubility at 25°C (g/100 mL)

Cyclohexane, toluene, xylene, methanol, and chloroform

Dropping point

The dropping point tests of the prepared greases
measured according to ASTM D-566 methods.

Penetration

Penetration was determined using ASTM D-217.

Flash point

Flash point was determined using open system of
ASTM D-92.

Preparations

Preparation of 1-octadecene-maleic anhydride
copolymer

1-Octadecene maleic anhydride copolymer (A) was
synthesized by reacting (189 g, 0.75 mol) of 1- octa-
decene with (88.5 g, 0.9 mol) of maleic anhydride in
the presence of 300 mL xylene as a solvent and 0.375
g benzoyl peroxide as an initiator. The reaction mix-
ture was then refluxed for 6 h with vigorous stirring
at temperature range from 120 to 135°C." The speci-
fication of the prepared copolymer (A) was shown
in the Table I and Figure 1.

Preparation of goly(l-octadecene-co-maleic
anhydride) bis behanate ester

In a three-necked flask with a Dean-stark trap,
thermometer, and over head mechanical stirrer,
place the produced 1-octadecene-maleic anhydride
copolymer (A) (75 g, 0.04 mol). Then esterification
was underdone with (3432 g, 096 mol) of
behanyl alcohol in the presence of 1 g p-toluene
sulfonic acid at 140°C until no further water of
reaction was produced. At the end of full esterifi-
cation processes, the reaction mixture was puri-
fied and dried to produce poly(l-octadecene-co-
maleic anhydride) bis behanate ester (AC»)."° The
specification of copolymer was shown in Table I
and Figure 2.

Preparation of poly(1-octadecene-co-maleic
anhydride) bis stearate ester

1-Octadecene-maleic anhydride copolymer (A) (75
g, 0.04 mol) was esterified with (259.68 g, 0.95
mol) of stearyl alcohol in the presence of 1 g p-tol-
uene sulfonic acid at 140°C using a (Dean-stark
apparatus) under stirring, until, no further water
of reaction was produced. At the end of esterifica-
tion processes, the reaction mixture was purified
and dried to produce poly(l-octadecene-co-maleic
anhydride) bis stearate ester (AC;5)."° The specifi-
cation of copolymer was shown in Table I and
Figure 3.

Preparation of ethylene glycol bis stearate ester

Ethylene glycol bis stearate ester (EGS) was syn-
thesized by reacting stearic acid (2 mol) with eth-
ylene glycol (1 mol) in the presence of 1 g p-tolu-
ene sulfonic acid as catalyst. The reaction mixture
was refluxed for 7 h with vigorous stirring at
210°C using a Dean-stark apparatus until no fur-
ther water of reaction was produced. At the end
of esterification processes, the reaction mixture was
purified by benzene and dried to produce the
EGS.'® The specification of EGS was shown in Ta-
ble I and Figure 4.

CH-CHzCH —— CH

Xy]em 120135¢C
bem:v_ﬁ. parmoade
H=3Hg /

1-octadecene

CeHl [ele] co
WAL

1-octadecere malei c anhwrkide
copolymer (4)
mal eic antgrdd de

Figure 1 The specification of the prepared 1-octadecene-
maleic anhydride copolymer (A).

Journal of Applied Polymer Science DOI 10.1002/app



1442

HASSAN ET AL.

CH- CH;_-CH CTH P kiana CH-CHz CH H
| + C,H,.0H sulfonic acid 1
i Co
CigHm CO behenyla]a:]ml 140°C CigHas l I
n
CyHyr OH
1- octadecene-maleic anh’p‘dride copohy mer
(4) { Firzi slage )
r:H I:Hz-CH CH
f CHy-OH +
CCI
IEHBB ¢o

n
“H+: OCyyH,:

poht1-octadecene-co- maleic anh]rdride)
bis behanate aster (AC ;)

{Second stage)

Figure 2 Poly(1-octadecene-co-maleic anhydride) bis behanate ester (ACy,).

FTIR spectral characterization of the prepared
copolymers and ester

IR spectrum of 1-octadecene-maleic anhydride
copolymer

The FTIR spectra of (l-octadecene maleic anhy-
dride copolymer), revealed the following: a band
in the region of (1300-1000 cm ') for C-O of an-
hydride group, band at (1709 cm™') for C=0 of
anhydride group, a band at (3000-2850 cm™ '), for
stretching vibration of C-H of aliphatic group

CH-CH, CH TH

+ CygH;70H

P-toliene
sulfonic acid

and band at (1459 cm™') for methylene (CH,)
group.

IR spectrum of (1-octadecene-co-maleic anhydride)
bis behanate ester

The FTIR spectra of poly(l-octadecene-co-maleic an-
hydride) bis behanate ester showed that band in the
region of (3000-2850 cm ") for stretching vibration of
C-H of aliphatic group, a band in (1737 cm™') for
carbonyl group (C=0) of ester, a band in (1174 cm ™)

o

» CH-CHz-CH

L &

- co

o * co
CigHas / i 140°C CigHas l |
1-octadecene-maleic anhydride copolymer n
(&) { First stage )
CH-CHACH TH ClsHsi’QH +
co
H,O + | CycHm l Ly

n

1sHsz  OCysHyy

poht(1- octadecene co-maleic anhydride)
biestearate ester (AC \g)

{Second stage)

Figure 3 Poly(1-octadecene-co-maleic anhydride) bis stearate ester (AC;g).
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HO-CH;-CH3-OH + 2 HOC-(CH2)15.CH3
ethylene glycol stearic acid

210°C P-toluene sulfonic acid

O 0O
AI Il
CH3(CH3)16CO-CH,-CH0C(CH)16CH3 +2H,0
Ethylene glycol bisstearate ester (EG S)

Figure 4 Preparation of ethylene glycol bis stearate ester
(EGS).

for C-O of ester group and a band at (1460 cm ™) for
bending vibration of methylene group (CHa).

IR spectrum of (1-octadecene-co-maleic anhydride)
bis stearate ester

The FTIR spectra of poly(1l-octadecene-co-maleic an-
hydride) bis stearate ester, gave the following bands:
band in the region of (3000-2850 cm ') for stretching
vibration of C-H of aliphatic group, a band in (1737
cm ') for carbonyl group (C=0) of ester, a band in
(1174 cm™") for C-O of ester group, a band at (1459
cm ') for bending vibration of methylene group
(CH,), and a band at (1370 cm ') for bending vibra-
tion of methyl (CHj;) group.

IR spectrum of ethylene glycol bis stearate ester

The FTIR spectra of EGS showed that band in the
region of (3000-2850 cem ™) for stretching vibration of
C-H of aliphatic group, a band in (1737 cm™ ') for
carbonyl group (C=0) of ester, a band in (1174 cm ™)
for C-O of ester group, and a band at (1462 cm ™) for
bending vibration of methylene group (CH,).

Formulations
Formulation of oil blend

Two different oil types were used, the first was a
base lube oil grade (260/290) and the second was
transformer oil.
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Figure 5 IR spectrum of 1-octadecene-maleic anhydride
copolymer.
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Figure 6 IR spectrum of (l-octadecene-co-maleic anhy-
dride) bis behanate ester.

Lube base oil and transformer oil in the ratio 2 : 1
by weight were mixed under stirring at 110°C for 30
min to produce the lube oil blend."

Formulation of greases containing wax gel (Sp)

Lube oil blend 2509 g (base lube oil 167.27 g and
transformer oil 83.63 g) was heated to 110-120°C. The
microcrystalline wax (109) g was added portion wise
under stirring for 30 min, followed by adding
2,2’ methylene-bis(4-methyl-6-tertiary butyl phenol), 1.4
g as antioxidant and polyoxyethelene sorbiton-nano-
palmitate, 1.4 g as anticorrosion additives. Stirring was
continued to disperse the additives. After cooling, the
mixture was thickened to grease Sy. The formulation
of sample S, grease was shown in Table II."*> The spec-
ification of the resulted Sy grease is given in Table III.

Formulation of grease S;

The lube oil blend (250.9) g was added to atactic
polypropylene (14.4) g at 170°C in a 1-L Pyrex
beaker, which equipped with a stainless steel paddle
type stirrer for 30 min. The mixture was held for 30

1
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Figure 7 IR spectrum of (l-octadecene-co-maleic anhy-
dride) bis stearate ester.
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Figure 8 IR spectrum of ethylene glycol bis stearate
ester.

min at 110°C, wax then added (92.6 g) with contin-
ued 15 min agitation. Then 2 g of poly(1-octadecene-
co-maleic anhydride) bis behanate ester (AC,;) was
added. While the agitated mixture is maintained at a
temperature of 110°C for a minimum of 30 min, 1.4
g of both antioxidant and anticorrosion additives
were added. Then it allowed cooling to ambient
temperature to produce coherent, homogenous
grease S;,"° its formulation and specification are
shown in Tables II and III.

Formulation of grease S,

This grease was prepared from lube oil blend,
microcrystalline wax, and atactic polypropylene in
the ratio 17.4 : 6.4 : 1 by weight, respectively, in the
following method. The wax was blended with the
lube oil blend and the mixture was heated to 170°C
under stirring for 30 min wuntil it become
homogenous.

After decreasing the temperature from 100 to
110°C, 2 g of poly(1-octadecene-co-maleic anhydride)
bis stearate ester (AC;s) was added portion wise
with stirring for further 20 min, 1.4 g of both antioxi-
dant and anticorrosion were added and stirring was
continued to disperse the copolymer and the addi-
tives. On cooling to room temperature, the mixture
was evaluated,” its formulation and specification
are shown in Tables II and IIL

Formulation of grease S;

Lubricating greases S; was formulated from wax
(92.7 g), lube oil blend (250.9 g), and atactic polypro-
pylene (14.4 g) in the ratio 17.4 : 6.4 : 1 by weight,
respectively. The polymer (atactic polypropylene)
was added portion wise to the gel under stirring at
170°C, followed by adding 2 g of EGS, 1.4 g of both
antioxidant and anticorrosion were added to obtain
a stable grease. On cooling, the mixture formed to a

Journal of Applied Polymer Science DOI 10.1002/app
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smooth greaseB; its formulation and specification
are shown in Tables II and III.

RESULTS AND DISCUSSION

Individual greases were required for specific pur-
poses but with the aid of new types of formulation,
a wide range of industrial and automotive applica-
tion is now covered. Esterification reactions of ma-
leic anhydride using aliphatic alcohol run as two
stages reactions.

Maleic anhydride + aliphatic alcohol— mono ester
Monoester + aliphatic alcohol— diester + H,O

It was established that the second stage of the
esterification of maleic anhydride with n-alcohol in
the presence of catalyst is considered as a first order
reaction in a relationship to the monoester.'” '

QOil blend

The physicochemical characteristics of different
types of oil under investigation revealed that the vis-
cosity of base lube oil grade 260/290—transformer
oil blend is suitable to be used as fluid part in the
preparation of grease 27.6 cSt, where 50-55 ¢St for
base lube oil grade 260/290 at 40°C, which was com-
pared with the required value for the insulating oils
[transformer oils which are mainly used today ~ 20
cSt]. The chief point of difference between the types
of greases is the viscosity of the oil used as an ingre-
dient of the grease. A base lube oil grade 260/290
and transformer oil were mixed and used for this
purpose.

The suitable flash point of the investigated oil
types blend is (198°C) according to ASTM D-93,
where the flash point for good insulating oil is not
less than 135°C. The pour point for the base lube oil
grade 260/290 (—5°C) is not suitable according to
ASTM D-97 where it is high but after treating with

TABLE II
Formulation of the Prepared Greases S0, S1, S2, and S3

Constituent, parts Sample notation

by weight (g) S3 S, Sq So
Base lube oil 167.27 167.27 167.27 167.27
Transformer oil 83.63 83.63 83.63 83.63
Microcrystalline wax 92.6 92.6 92.6 109
AC22 - - 2 -
AC;g - 2 - -
EGS 2 - -
Atactic polypropylene 14.4 14.4 144 -
Polyoxyethylene sorbiton- 1.4 1.4 1.4 1.4

nano-palmitate
2,2'Methylene-bis(4-methyl-6- 1.4 1.4 1.4 1.4
tertiary butyl phenol)




EVALUATION OF THE DIELECTRIC PROPERTIES

1445

TABLE III
Specifications of the Prepared Greases S0, S1, S2, and S3

Sample notation

Specifications S3

Appearance color

Oil bleeding None
Penetration, 25°C,10 mm/cone (unworked)25 215
Dropping point (°C)* 60
Viscosity, at 66°C, cP¥ apparent 1713
Behavior at high temperature Melted
Water repel at 25°C 1 h (%) 99.9
Flash point (°C; open) 200
Code grease according to, NLGI 3
Encapsulation rate Fast

Removing with 35°C

White-yellow

Sy Sy So
White-yellow White-yellow Pale brown
None None None
246 265 190
58 64 50
2744 2528 47.88
Melted Melted Melted
99.96 99.5 98.5
204 182 140
3 2 4
Fast Fast Slow

Benzene, butyl acetate, tetrachloroethylene, toluene, and xylene

transformer oil (—20°C), it became (12°C) for base
lube oil—transformer oil blend, i.e., it is better than
base lube oil alone. In addition, the distribution of
%Ca, %Cp, %Cyxn had been illustrated and it was
deduced that as the %Cp is greater than 50%, both
the base lube oil grade (260/290) and base lube oil—
transformer oil blend, which is considered as paraf-
finic oil. Moreover, this blend is better than the base
lube oil (260/290). The naphthenic percentage of Cy
for the oil blend is high so, the dielectric properties
for this oil are better than the first oil grade (260/
290).** This means that the base lube oil grade (260/
290) is not suitable as insulating oil but after blending
it with transformer oil (12.5 ¢St), it had been
improved, i.e., became suitable as insulating medium.
From the above discussion, it may be pointed out
that the first oil under study is not suitable to be
used as fluid part as insulating before carrying out
blending (with transformer oil) to overcome the high
aromatic contents and to decrease the pour point.
Infrared absorption spectrometry has been applied to
determine the functional groups of base lube oil (first
oil), transformer oil (second oil), and base lube oil—
transformer oil blend. The measurement of IR spectra
in the range from 4000 to 500 cm ‘. Figures 9-11
showed that the above oils have low intensity bands

-
=3

Transmit tance%

=
=3

000 %00 0o 2500 2000 1500 1000 500
Wavenmbers

Figure 9 IR spectrum for base lube oil grade (260/290).

in the region (3431-3436 cm '), indicating low
concentrations of -OH and — NH groups, which have
important role in the polarity of oils.

The spectra also showed strong two bands at
(2850-3000 cm ') resulting from C-H bending vibra-
tions asymmetric of methyl and methylene groups,
the strong band at (1459 cm™ '), which is due to CH,
asymmetric bending vibration. In addition, the weak
band obtained at (1374 cm™') may be attributed to
C-N stretching vibration for aromatic amines or CHj
bending vibration symmetric for methyl groups and
a weak band at (1605 cm™') is due to the stretching
vibration of C=C aromatic rings.

Dielectric properties

Grease (Sp) containing lube base oil grade (260/290),
transformer oil, microcrystalline wax, antioxidant,
and anticorrosion additives was found to have
inconvenient dielectrical properties. Table III
revealed that all the prepared copolymer and ester
greases have better viscosity, penetration, dropping
point, and water resistance than wax gel, which
have only a microcrystalline wax. This may be due

100

3

jttange e
=

Traasm
=

00 3500 3000 7500 7000 1500 1000 500
Wavenmbers

Figure 10 IR spectrum for transformer oil.
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Figure 11 IR spectrum for base lube oil grade (260/290)
and transformer oil after blending.

to the large alkyl group and bulk due to polymer,
copolymers, and ester.

The dielectric constant ¢, dielectric loss ¢’ and
volume resistivity for the prepared samples over the
frequency range from 1 to 1000 kHz at 35°C were
studied. Dielectric loss of polymers depends on the
chemical constitution of the repeating unit in the
chain, the nature and number of polar groups, sub-
stitute size and steric hindrance. Good insulating
greases have low dielectric constant, low dielectric
loss, and high volume resistivity.*

It was found that atatic polypropylene has the best
physicochemical and dielectric properties than poly-
ethylene and polyvinyl chloride, so it is chosen to be
mixed with the prepared copolymers and ester to
solve the problem of softening (low dropping point)
the prepared greases, this may be** due to that atactic
polypropylene, which can dissolve in oil and great
compatibility of oil with it. It is evident from Figure
12 that the value of & decreases with increasing fre-
quency from 1 to 1000 kHz at 35°C. Figures 12 and
13 shows that the values of ¢ and &”, respectively,

23 s

21 » %= * + <

19 4 =
—&— 81

1.7 1 —a— 82
—— 53

1.5 1

1.3 9

1.1 o

09 T T T

1 10 100 1000
frequancy(KHz)

Figure 12 The dielectric constant (¢') vs. frequency tem-
perature 35° for SO, S1, S2, and S3 greases. [Color figure
can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]
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Figure 13 The dielectric loss (¢”) vs. frequency 35° for
S0, S1, S2, and S3 greases. [Color figure can be viewed in
the online issue, which is available at wiley
onlinelibrary.com.]

decrease with adding poly(1l-octadecene-co-maleic
anhydride)bis behanate ester AC,, or poly(1-octade-
cene-co-maleic anhydride)bis stearate ester ACig, or
EGS in mixture with atactic polypropylene to sample
Sy, especially at low frequency region 10 kHz.

Figures 12 and 13 showed that the values of &
and ¢” for the samples Sp, S;, S, and S; are in the
order of S; < S, < S3 < Sy. Since S; and S, have the
lowest value of ¢ and ¢”, i.e., good insulator.

In addition, Figure 14 illustrated that the volume
resistivity of samples S;, S,, and S; decreases with
increasing frequency from 1 to 1000 kHz at 35°C.
Since the value of volume resistivity of Sy, Sp, and S
is higher and better than sample S,. Since the addi-
tion copolymer (AC,, or AC;g) or EGS in mixture
with atactic polypropylene to the sample S
improves the dielectric properties of the sample S,
S,, and Ss, respectively, i.e., these samples have the
lowest value of ¢ and &” beside the highest value of
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Figure 14 The relation between volume resistivity and
frequency at temperature 35°C for SO, S1, S2, and S3
greases. [Color figure can be viewed in the online issue,
which is available at wileyonlinelibrary.com.]



EVALUATION OF THE DIELECTRIC PROPERTIES

volume resistivity at 1 kHz. This could be attributed
to steric hindrance due to the presence of largely
alkyl groups in copolymer AC,, or AC;5 or EGS (S3),
despite the presence of a number of ester groups
that are capable of orientation in an electric field.
This restricts the rotation of the large aggregates of
the polymeric chain.

It is significant to point out that the effect of the
presence of one CycHjzs group in the copolymer A
or two groups of CyHys in copolymer AC,, or two
groups of CygHj; in copolymer AC;g and ester EGS
increase steric hindrance and accordingly, the
decrease of ¢ and ¢” is more pronounced when co-
polymer AC,; or AC;g is introduced (samples Sy or
Sy) at 1 kHz. Also, the volume resistivity of samples
(51-S3) is higher and better than sample Sy and Fig-
ure 14. Hence, the addition of EGS or copolymer
(ACy or ACsg) in mixture with atactic polypropyl-
ene to the sample Sy improves the ¢, ¢, and vol-
ume resistivity, i.e., samples S;, S;, and S; have low
¢ and &’ and high volume resistivity due to the
ability of the copolymer groups (bulky groups) to
switch orientation in phase with an alternating cur-
rent may be large.

CONCLUSION

* The results of the physicochemical properties
indicated that all prepared greases have better
physicochemical properties (dropping point,
flash point, viscosity, penetration, and water re-
sistance) and dielectrical properties (dielectric
constant, dielectric loss, and volume resistivity)
than the prepared wax gel (base oil blend and
microcrystalline wax), which can overcome the
leakage from surface.

* The addition of copolymers or ester compounds

(within the concentrating rang investigated)

leads to softening of the greases.

Atactic polypropylene solved the problem,

which is the intrinsic copolymer consistent

greases have low dropping point.

* Greases containing the prepared copolymer and
ester compounds in a mixture with atactic poly-
propylene exhibit good dielectric properties,
which may be attributed to steric hindrance due
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to the presence of large alkyl groups in there
structure, which can be restricted to the rotation
of the large aggregates of the polymeric chain.
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