s gill lguaibiad oty duw] )49 bt pasl g0 cuuS] 7 _pudandis
CALLY g LailSeal)) Laily pglf

-rdadi

O sdall A8l Lgia s 3agae (3 oy il el ll A0 el ddiia i) 30l ) (1S
Uitk Ll a8y 1 Al pall il gial) anl cns . A1 5l 3 el gl olall 1) Ala sl
Sy ALY Ay el aih L oS o SH ) pial) o Jiandll 138 3 1S
A 15 ety Alaa 6il) (g0 Ay slhall il ) J gasa )
A i) AL A1aatly Ala gl oy ) Cilisell (e paal) mat Al ) o3 il
sl ol Gl (sl (e Banae )l st A (e (Sandwich) Ak s peSIL
B xa Lga a9 (HDPE)ASES)) ol Guali) gl (e B30 3 55 ¢ (LDPE JA3US)
o, el Jeldss JMUA ey (DOP) <ol Jua Ji-Y-glas (PVC)uIsIS Jad sl
o8 L g 8 pumnall Ay 80 ) (LaaSIS ol SI gl (g0 IST) 8 dald) (3 saian ALl
S Gl (el il

Il gl s Al e e sliall e A g ISI <l gad) 55 Canall 138 (8 (a0
545 (LDPE) 435S ¢ ) o) () (sl (e (i 55 (g B mdane LS il AL 4S)

O S 3 gl 3 sfiaall L gae i) (o) S 53 () 2a s . (HDPE) 43U Jlall gl
iy S ol 5 S (51) Bl g T e i

JRGIT S - SON RO JPY Y

A5 ey Gl S5 gl e (950 ) 3 gasl 3 5im e S Canall 134 (B

, Boladlda jas e 3l AdIAS Sl 5eSI Jadl Culs o 5 A0l el A glial) e ddlis
il oS Alia s ol) 3L jeS duaglia Jil LS i et SBie 7 e i Allin ) an b
ardii il s 23 @lAS) (Yo A = Y1) G haall 8 oS 7 el o 0 e

-~



O el o) A e (YV-)) dsaadl (8 LS 5 pianall 4 jaad gall il o€ 5ill () 5 <0
V/T s log k) Adllaall 30 pall da )3 slia g (AL )eSl Jaa sill s oy e ]
D Aol A G (

LogK=logK,- [ AU/ Y.Y Y RT]

Al s, G Alle 5 pmnnall Ay yad all @lilend) QS Ty i) A8Us ad ) 2
e sall Al el AaUAN 8 3al 5 Jiad Agllall Japlil)

S Al 50y Cpat Jie ASlSeal) Gl sl Al 50 et Al all (e D ¢ 3l

e
Stress — Strain sl algal) cibiaig =)
Impact Strength axall 558 -Y
Hardness 333kall -Y

(o )il 553 e LCKal) Gl 52l e 5yl el (e 2pal) e a3
e 5 (%E) AaiaY)

(“:‘jgﬁsﬂ—))é\ d.a\_..d\ JM\@SM\L)‘:‘S)‘M uAS\JmL_\LAJ;AS\éUJdJ

Ay jae Al () (<l ST g G g SN 2 gl ) Dl gpia) s 33L ) ae B23bal) 5 250 B 68

ool Al e 5 ylail) lSa) Al jall pda (0 Jaiul 5 | adall 558 5 ALY Ao (mledsly
L liall Leilaladiu) cavs Lgia dagall )yl 5 4SSl

Aol g8 A alaatuly (5 AT 8 mne 4 e o SI T AKAS) Gailiadll (Wl
i aa (LDPE) 4808 o Gl sl 0l (A5l & 5 e (Sandwich) 38 ks s pesSi
Aaliae Cualy 5 Adlide LIS el ge aladiuly 5 (PAM) 2l doS) sl (e ddlise



Cay sl B Yo sy D s S5 Ga kel SIS0 5 HM Canel 535 0l )
(Ga, Cay) bl lile aa b pasall <l jaal sall 201 3 68 300 5 e A0 s | (Chy

g el gl Ay yally ariall 558 & iy (HM) <Ll Jale ae 280 58 Glali
LA L) o se

il Jule 2 sa o0 (PAM Y. 07 wt.) 4 die 312 35 (Shore A) 3a%all zilis cula
PAM) 4 vie ala3ig (Cay) bl dale 2 a0 (PAM Y7 wit.) duus xie 32355 (HM)
. (Ga) <l Jale 2 9a o0 (€7 wit.

Jule 292 5 (PAM Y.07 wt.) 4 dic 31335 (Shore D) sa%all milis cula
die 33335 (Cay) L&l Jule 25 5 (PAM Y, Y7 wi.) 4 2ic ala 35 (HM) <l

. (Ga) il Jale 25a 0 (PAM Y, Y%wt.) sl

(FT.IR) &) _yandl can AaV) Aty Al yall 028 8 3 juanall <l ) gall (mpdiii

5l e Aeda A sl g SIS s e Al jall (e QAN el anad
2S5 (al gad 8 aadiwdl) (PE) <Y 5 58 sl ae (LDPE) 48Ul ¢l o) (B
bl Led Aadla Sl i (o Jandl (i el Adlise i s (R . 0) & 58 (0 slall zliY
OalfialuSa ) Jie el Jual s 3 aladiuly dlh g Lelals olall e S el 34 e
Aty g (Cry S slaSa Jail-Yo S pm JSsn (005 Ga kel iS5 HM (el S
(o7.wt)

Alee 5y el ll S U8 G ((Q) FUY) g elall (pmlimial Alae 2 52 435
L ool A el Ly s



b il plally i) e dalle 4008 Ld dulgd) 4y padd sl casS) il o) gibisl) < ekl
(PE) i 33030 (1Q) FlBY) cans ala3is (Aol £A) (e ST Agia )

plainly A Dled) S il plall 288 ey XS g ol 3 (Q) FUEY) s b as g g
.(HM <Cay < Ga) Lelodost s 5 SIS ol 5o

Can A5V A duljall sda 83 el dpadled) &y el sall CaS il apdlSS Al
. (FT.IR) &) el



Preparation of Polymeric Composites and study of some
Electrical Conductivity , Mechanical and Swelling Properties

Abstract :-

The electrical conductivity of Polymers can be increased by many
methods such as the addition of conductor filler to the insulator polymer .
Carbon filler was one of the most successful conductor filler used due to
its ease of use as well as low cost .

In this study , many polymeric conductors were prepared using
molding press technigue and sandwich method by preparing sheets of
low density polyethylene [LDPE] and sheets of high density polyethylene
[HDPE] and mixed with powder of polyvinylchloride [PVC] and di-Y-
ethylhexyl phthalate [DOP] . Then filler powders (carbon or graphite or
both) were added to the prepared sheet and place in molding press in
electric oven.

The first part in this study includes the effect of carbon filler on
electrical resistance and dielectric constant for the above prepared
polymers were studied . It was found that polymers filled with carbon
black has less electrical resistance (high electrical conductivity) to those
filled with graphite . The effect of mixing carbon black filler with graphite
filler at different weight ratio on the electrical resistance and dielectric
constant as a function of time and temperature were also studied . An



optimum mixing ratio which gives low electrical resistance. Also the
combination activation energy of the prepared polymers was calculated
using vant Hoff plotting . It was found that the combination activation
energy was high for all prepared polymeric alloys which indicate an
increase in the thermal stability of the polymers .

The second part of this study includes studying the mechanical
properties i.e. determination and study of :

)- Stress — Strain Curve .
Y- Impact Strength .
Y- Hardness .

The prepared polymers were identified using ( F.T.I.R) .

Many factors related to mechanical properties such as Tensile
Strength P ] and Elongation [%E] were calculated .

The investigation results of the prepared polymers showed an
increase in tensile strength values with increase of filler ( carbon black
and graphite ) to an alloy ratio accompanied with depression of
elongation ratio as well as impact strength .



It is concluded from this study that its possible to control the
mechanical properties according to its industrial uses .

The mechanical properties of another polymers prepared by mixing
[LDPE] with different ratio of Polyacrylamide [PAM] using different ratio
of different cross linking agents [ HM , Ga and C.v | were carried out .

The result showed an increase in tensile strength of polymers
prepared with the cross linking agents [Ga and C.v ] . While a decrease in
tensile strength was noticed with cross linking agent [HM] . An decrease
in impact strength and flexibility of polymers were noticed using the
three cross linking agents [ HM , Ga and Cav ]

The hardness results ( shore A ) showed an increase at weight ratio (
Y.2 % PAM ) in the presence of [ HM ] as cross linking agent. While it is
increased at weight ratio ( YZ PAM ) in the presence of (Civ) as cross
linking agent and increased at weight ratio of ( €7 PAM ) in the
presence of ( Ga ) as cross linking agent .

The hardness result ( shore D ) showed an increase at weight ratio (
Y.oZ PAM ) using ( HM ) as cross linking agent and increased at ( ),Y/
PAM ) using (Cwv ) as cross linking agent and increased at ( Y,YZ PAM )
using (Ga) as cross linking agent .

The third part of this study concerns on the preparation of gel
polymers from [LDPE] used to produce ( R.O ) water at different ratios in
order to obtain gel structure capable of storage high quantity of water



through the use of different cross linking agent such as [ HM, Ga and
C.v] at ratios of ( ©7 wt. ).

The prepared gel polymers were identified using ( F.T.I.LR) .

Water absorption process ( Swelling ratio Q ) and the process of
water loss as a function of time were also studied .

The result showed that gel polymers has high ability to store water
for period more than ( €A hrs. ) . The Swelling ratio (Q) increased with the
increasing in the percentage of [PE] . It was also found that Swelling ratio
(Q) increased as well as an increase the time of water loss for gel
structure using cross linking agent in the order

Ga >Ciwv > HM
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[LAMGa , LAMC-v] polymers of (°/Ga, Cxy)
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¥- Effect of Cxy () on the Deswelling (%) of (LDPE with YA
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with ©7 of PE) for[LPEHM , LPEGa , LPEC-v] hydro gels
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Interoduction

Mechanical Properties of Polymers




The mechanical properties are the most important properties among all properties of
Polymeric materials, since all condition, The majority of end — Use applications involve some degree
of mechanical loading . Never the less , the material selection for a variety of application is quite

often based on their mechanical and thermomechanical properties , Such as tensile , modulus ,

R
elongation , hardness , and impact strength ¢ = ).

Its important to a cquaint to the technical terms and concepts used to describe the polymers
properties . Since these standarised terms are used by suppliers and users to communicate how the

material behaver under specific conditions .

1-1-1: Stress — Strain Curve

The stress — strain test is the most widely used of all mechanical tests , the polymeric
materials can be broadly classified in terms of their relative softness , brittleness , hardness , and
toughness . The tensile Stress — Strain diagrams serve as a base for such classification , the area

v
under the Stress — strain curve represents the toughness of the polymeric material ¢ .

Fig. (1-V) illustrates typical stress — strain Curves for several type of polymeric materials .

Y- Soft and weak material Characterized by low modulus , low yield stress and moderate
elongation at break point, poly tetrafuoroethylene (PTFE) is a good example for such type of

polymeric material .

Y- Soft but tough materials show low modulus , low yield stress but very high elongation and

high Stress at break , poly ethylene is classic example for this type of polymers .

Y- Hard and brittle material is characterized by high modulus , and low elongation , it may or
may not yield before break , an example for this type of polymers is phenolic resins .

€. Hard and strong material has high modulus , high yield stress usually high ultimate strength ,
and low elongation Polyacetel is a good example of this Class of materials .

©- Hard and tough material is characterized by high modulus , high vyield stress , high

elongation at break , Polycarbonate is considered as hard and tough material .

Soft and weak Hard and brittle



Fig. (\ A ) Typical stress — strain curves of different types of polymeric materials

The generalized mechanical properties of verious polymeric classes are summarized hown in

Fig. (1-Y).
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Fig. (1-Y) Mechanical properties of various polymeric classes

Fig. (1-Y) illustrate the terminology used for stress — strain testing slope of the initial straight line

portion of the curve represent the elastic modulus of material which is represent by :

g oS _Ao (1-1)
Strain  Ae

The maximum in the curve denotes the tensile strenght at yield (o,) and elongation at yield
(g,), (the yield point is that point when the material is subjected to load tensile , compressive .... etc.

and will no longer return to its original or shape when the load is removed) .

The end of the denotes the fracture of material , which is characterized by the tensile

¢
strength at break (og) and the ultimate strain or elongation at break(es)' ' .



These mechanical properties can be evaluated by the following experimental relationships

Y ,o
which are usually expressed in (Kg. F/cm ) )

Force load recorded (F)

Tensile strength (0) s —48m . (-Y)

Area cross section of the sample (A)

Load recorded at break

Tensile strength at break (o3) = e (VD)

Original area cross — section of the sample(A)

Maximum load recorded (F)

Tensile strength (0,) = —mm— ... ()-¢)

Area cross section of the sample (A)

AL

Strain = (Final length — original lenth) /original length = —— ()-9)

The modulus values should not be determined from the results of one stress — strain curve ,
several tests should be made on the material and the average modulus where calculated which

indicate the standard deviation .

The molecular orientation has a significant effect on tensile strength values .Therefore these

values should be indicated by the direction of orientation . On the other hand the stress — strain
i
parameters are extremely temperature dependent ) In addition these parameters are thermal

oy
treatment dependence ¢ .

~e-Elongation at break —em

Elongation at yiel

m/fl\’_’/

{) i

y
>



Fig. () -Y) Typical , generalized tensile stress — strain curve for polymers

1-1-r- Impact Strength Tests

The impact properties of the polymeric materials are directly related to the over all

toughness of the material (toughness is the ability of polymer to absorb applied energy) .

The impact strength is a measure of toughness . Therefore the higher the impact strength of
material the higher the toughness and vice versa .While the impact resistance is the ability of the
material to resist breaking under a shock load or its ability to resist the fracture under stress applied

at high

AN
rate ")

There are several impact tests to measure the energy required to break the standard
samples under certain specified conditions . The most widely used tests are the IZod and Charpy
impact test which are both (Pendulum type) instrument with notched samples , When the samples
are struked on the free end is known as Charpy impact test while when the samples are supported

at the two ends and strucked on the face opposite to the notch of the specimen , the test is know as

X
IZod impact test \ .,

The reason for notching the specimen is to provide a stress concentration area that

promotes a brittle rather than aductile failure .

A notch in test specimen or a sharp corner in fabricated part drastically lowers the impact
strength . Both notch depth and radius remarkable effect on the impact strength of the materials .
The impact strength of polymer material is strongly dependent upon temperature , because more

mobility of the chain polymers at higher temperature test , the impact strength significantly

. (\ Y)
increased .

The impact strength of thermosetting various slightly with temperature over a wide range .
Crystalline polymers have high impact strength , increasing the percentage of crystallinity [glass
transition (Tg) well below the test temperature] will reduce the impact strength and increase the
probability of brittle failure . Reduction the average moleclar weight tends to reduce the impact

v
strength and vice versa ' '\,



The impact strength can be calculated using the following relationship :

Fracture energy

¢
Impact strength (KJ/m ) =

Area under the notch

(V-T)

The IZod impact strength of number of common polymer at room tempure are listed in table

(-)).

Table (Y-Y) Standard data for impact and hardness for several important commercial polymers .

Polymer

I1zod impact strength ASTM

DY 1o(Kum")

Shore D

hardness

Polyethlene(LDPE)

Polyethlene (HDPE)

Polystyrene

Phenol-formaldehyde resin

Melamine formaldehyde resin

Unsaturated polyester resin

1-1-r-  Hardness Test




The hardness of polymeric materials is defined as the resistance to local deformation which

is a complex property related to some mechanical properties of materials , i.e. modulus and strength

)
The relationship to mechanical properties usually is a tendency for high modulus and

strength , and their correlation with higher degrees of hardness for different classes of materials .

Therefore hardness has no simple definition , it can be measured and expressed only by

X

carefully standarized techniques ¢ !
The hardness of all plastic materials decreases with temperature increase , on the other

hand the surface finishing has a significant effect on hardness test result , a smooth molded surface

yield higher value than machined surface , also the hardness value may depend upon the type and

Ve
amount of fillers present in the sample and the degree of crosslinking * .

v
Gouza classifies hardness tests into three types 0,

Y- Hardness tests that measure the resistance of material to indentation by an indentor ,

examples Brinell hardness, Vickers hardness and shore durometers .

Y- Hardness test that measure the resistance of material to scratching by another materials or
by a sharpl point . Example are Bierbaum hardness and Moh hardness .

Y- Hardness tests which measure rebound efficiency or resilience . Example is Reckweel
hardness .

The Duremeter hardness test is the most widely used for measuring the relative hardness of soft

material , the test method is based on the penetration of specified indentor force into the material .

Two types of Durometers are most commonly used , type (A) and type (D) . The basic
difference between the two types is the shape and dimension of the indentor . Type (A) Durometer

is used with relatively soft material , while type (D) Durometer is used with slightly harder materials .

The hardness data for some Common polymer at the room temperature are listed in Table ()-)).

1-1-¢- Fracture Energy

The farcture process usually occurs in three stages the initiation of cracks , its stable growth

under rising or constant load and its unstable propagation . These stages which necessary occur in all



materials ; a brittle which contains inherent flows , such as weak grain boundaries in some brittle
plastics and ductile materials . Unstable fracture precedes by the initiation and growth of the cracks
which occur Via crazing mechanism in plastic , while crack initiates unstable propagation take place
through the plastic region which are intrinsically capable of absorbing a great deal of energy during

fracture .The area under stress — strain curve measure the facture energy of the tested material .

Several factors affect the fracture energy of polymeric material some of them are structural

factors which depend on the chemical structure and the composite constituents .

Other factors are external factors (enviromental) factors e.g. thermal treatment , annealing,
percent of crystallinity , presence of solvents (Solvent stress cracking) ...... etc. Accordingly all factors
should be taken into consideration when studying the fracture energy and the evaluation of this

v
important parameter .

1-r-  Electrical Conductivity of Materials

1-r-1 - General Introduction

polymers are generally good electrical insulators because they contain very low
concentration and low mobility of free charge carriers . Many efforts were carried out to prepare
conductive polymers and using them in various application due to their excellent physical and

chemical properties.

These efforts can be Categorized into the following main areas :
Vo _Y¢
Y- Conjugated conductive polymers (intrinsically Conductive) Co-00,

Y . (!’9 Y"\)
- lonic polymers (Poly elecrolytes) ' * .



'
Y. Polymeric Tetracyanoquindim ethane (TCNQ) ' .

YA
¢ Polymers containing couductive fillers ¢

(Y‘l

v
©_ Non - Conjugated conductive oliymers® ),

" . AARARAS
Organometallic polymers .

The embedding of conductive fillers in an insulating polymer matrix is one of the widely —
used methods to achieve conductive polymeric Composites . can be easily processed and shaped

into various complicated aspects .

Composites are , generally , multiphase materials whose components are mechanically
ve
separable and exhibit properties unattainable in any of the Constituent phases ¢ .

Various types of highly conductive filles are used to produce polymer Conductive composites

(iY ii)

i\ . . -
) conductive ceramics ,

vo vq £
including metal powders or fibers U = ), metal Chlorides

(29 ('l\_'\'\)

o LAY
conjugated polymers ' ) Carbon and graphite( ") and Carbon nanotubes

Many problems correspond to the intrinsically Conductive polymers , such as: weak
mechanical properties , unstable conductivity level , environmental instability , insolubility in organic
solvents, intractability and many other problems which prevent the use of these materials in several

. . s (WY
industrial applications’ .

Due to the above problems the scientific and Commercial interests divectes towards the
electrical conductive polymer composites . these materials provide unique electrical and mechanical

properties as well as many excellent properties of polymeric materials , such as light weight , low

1A
cost, ease of prorocessing and corrosion resistance compared with metals ¢ .

The art of making agood conducting composite is to use the minimum quantity of

conductive fillers to achieve the required degree of electrical conductivity (o) . So , the Composites

based on metal powders usually correspond to high filler concentration , for example (A * % w/w) for
A\
nickel powder to a chieve o = Y Y x Ve (S/ecm) and (/\°% w/w) for silver powder to achieve ¢ =

¢ 4
A (S/cm) ) This high concentration tends to destroy the desirable mechanical properties of the

plastic, that left the composite to be stiff, brittle and cannot be tailored .



Carbon black and graphite are widely used to produce conducting plastics because they are
compatible materials , mixing in , adhering well to the polymer matrix , do not change the overall

V'()

Ve
density very much and they are cheap . Recently Carbon nanotubes "-") were used to a chieve

vy
good conducting composites with only (% w/w) filler Content © .

The possible applications of electrically conductive plastics include electromagnetic

(VA

frequency interference (EMI) shielding for electronic devices ' ") . The moderately conductive

composites are used for processing parts such as fuel gauges and electrostatic dissipation

AY) AY.4

(VS A . . L (3.4
(ESD)* * ', conducting coating , Sensors and many other applications .

The major use of conductive rubber and plastics to dissipate static charge . The most
important uses of antistatic materials are those associated with hospital operating room , the
petroleum industry and industries which produce powders or explosive substances . In these
locations the danger of spark formation due to static charges and subsequently, of fire or explosion,
exists . Therefore conductive rubbers and plastics are needed for production of variety of items used

. . . an
in verious applications ),

1-r-r-  Electrical Conductivity

When apotential difference (A®) is applied across any material , an electric field (E)

developed within the solid . If the field is uniform , (E=A0/ ¥4 ) where ( ¥4 ) is the length
of the sample . Once the field developed, there is always a flow of current () through the materials .
If (A) represent the cross — sectional area of the sample, the electrical conductivity o can be defined
v
ast' ),
o=1 € /A(DD) ... (-Y)
For a uniform field ,

G=J/E oo, (Y-A)

Wher J is the current perunit area , usually called the current density .

Electrical conductivity and current resulted directly from the flow of charged particle . In

general, an electric field accelerates a charged particle and causes it to attain a velocity (V) . If there



is a concentration of (n) particles per unit volume of charge (q) moving with an average velocity (V) ,

the current density is given by :

J=ngV...... (V-2

Where (q) measured in coulombs . The microscopic contribution to the electrical

conductivity is obtained by combining Eq . () -A) and (V-9) to yield :

o=nq M. (Y-V)

Where L=V /E.......... V- Y

the velocity per unit field and p is called the mobility .

It is to be noted that electrical transport by its nature , is a nonequilibrium
process . An external electric filed must be applied in order to obtain a current . This external field is
a force that destroys thermodynamic equilibrium . It induces flow of charged particles ,
which can be accurately measured once a steady state is achieved .While no current flow in the

absence of applied field. Thus , the electrical conductivity can be defined as the limit of the quantity

in Eq . (Y-A) for arbitrarily small fields :

o=lim (J/E) = (0)/ D) eer oo (V-\Y)

—»

With this definition , (o) is independant of field . The low — field region is then the region in

which the linear relation in equation (- Y)

J=GF o, AEARD



Is obeyed . Equation (\—\ T') is known as ohm's low , and it is ralid for most semiconductors .

1-r-r-  Classical Theory of Electrical Conductivity

The classical theory of electrical conductivity was suggested by Thompson and Drude
formulated a theory of metallic conduction by applying the methods of the kinetic theory of gases to
outer electrons in a solid . Drude assumed that the outer electrons were easily separated from their
ion cores . The much more massive ion cores were then taken as fundamentally fixed , while the
detached electrons were assumed to be able to move freely throughout the solid A

A justification of this assumption follows from the fact that thermal velocity (i,e, , the
velocity attained solid at its ambient temperature) is almost three orders of magnitude larger for
electrons than for ion cores . Drude further assumed that the outer electrons move freely without
interactions with either the ion cores or the other electrons for an average time T, known as the
relaxation time . After this time , collisions with either other electrons or the ion cores tend to

restore thermodynamic equilibrium . Evidently , something is seriously wrong with the Drude model

Yoo
(") The answer to this problem did not emerge for more than Y © years , because it equired the

development of quantum mechanics .

1-r-¢-  Quantum Theory of Electrical Conductivity

The most important modification of classical theory is so far as electronic transport is
concerned in the pauli exclusion principle , the prohibition of more than one electron from
simulatneously occupying the same energy level . This principle qualitatively changes the nature of
both the ground state and the current —carrying states of all solids . The solution of quantum —
mechanical problem begins with the calculation of the density of electronic energy levels, g (€), as a
function of their energy E . The major results four is cases of solids as follows M :

Y- The levels available to any electron as it moves through the crystal has energies that lie only
in certain ranges , which are called energy bands . Regions of forbidden energies , called

gaps that separate these bands .



Y- Fora periodic crystal , all the electronic states are decolorized , that is , every electron has
the same probability of being found in the vicinity of any equivalent atom in the crystal . This

result has never been demonstrated for the case of amorphous solids .

Y- An electron in level near the botom of a band contributes positively towards the electronic
conductivity ; in the presence of a pplied field , its a ccelerated toward the more positive

potential and it rises in the band as it picks up energy from the field .

€. Inacrystal, the electron is scattered only deviation from periodicity , i.e. , defects impurities

1-r-2 - Electrical Conductivity of Metals

The electron theory of solids aims to give a satisfactory account of electrical conduction in
metals , and to explain the existence of metallic , semi conducting and insulating behavior in

different types of solids .

Electrical conduction involves the acceleration of the electron and distributed until a steady
state is reached , when the momentum being gained from the fild balance that being lost to the
lattice by sacttering processes . This is reached in avery short time t . In an idealized model , the

conductivity o is given by :

=€ /M e (Y-

Where e, n and m is the charge , number and mass of the conduction electron respectively.

It is often convenient to talk in tems of mean free path or inter — collision distance € of the
electrons , which will be approximately equal to t times the electrons velocity . The most important

developments in the basic theory were the recognition that :

Y- Since the electrons energy states are distributed over a few electron volts , the a ppropriate

velocity of electrons that can change their states is nearly temperature — independent (~
Voo ms") .
Y- A guantum — mechanically permitted state of an electron in a perfect crystal is one of

infinite Y4 . As aresult , the conductivity of a metallic material can be discussed in terms of

the effective number of free electrons , and the factors that limit the mean free path .



1-r-1-  Electrical Conductivity Properties

The major characteristic of insulator is their enormous electrical resistance , typically a factor
AN X
of (\ * ohm) larger than in good metals ) | The extreme sensitivity of modern electrometer

enables the detection of ultra small currents without any difficulty , so that the electrical

conductivity of insulators can be measured with extreme accuracy .

The various mechanics for direct current (DC) flow in such materials turn out to be of great
theoretical interest . In addition , the AC conductivity and photoconductivity of insulators have been

exploited commercially in electronic devices such as electrophotographic copying machines .

Finally breakdown effects are of the almost importance in determining the dielectric

strength of insulators in their major fuction as the means for electrical insulation .

1-r-1-1- Band Conduction

The energy levels available to any electron in a solid is called bands , which are separated by

regions of forbidden energies, called gaps .

Insulators are those solids in which there are a sufficient number of electrons to just fill all of

the lowest — energy bands while leaving all higher — energy bands empty . If there is a relativity large

(> Y.2 e.v) gap between the highest filled band , known as the valence band , and the lowest empty
ER

band , known as the conduction band , then the material is an insulator ¢ . Since thermall energy

at room temperature is only a bout (*.* YO e.v), there are very few free carriers in an insulator
under equilibrium conditions . Never theless , Those carriers that are present yield band like

conduction with relativity high mobilities .



For insulators , the position of the Fermi level € is ordinarily controlled by the defects and
impurities in the material . In any event , for the case in which electrons dominate , the carrier

concentration is given by :

n=N.exp[-(g-¢€)/KeT] erenene (V-VY)

Where N. is the effective density of states in the conduction band and & is the conduction
band edge . The electrical conductivity is then

o=nen were the mobility 1 is only a weak function of temperature .

The conductivity , however , rapidly increases with increasing temperature because (&, - &)

in Eq. (Y- V) is ordinary very large . Analogous expression involving (g:— &) are valid for the case in

AR
which holes predominate ¢~ .

1-r-1-1- Electrical Breakdown

Since electrical isolation is one of the major commercial uses of insulators , their resistance
to current flow at large applied fields is of the almost importance . All insulators eventually conduct
if a sufficiently large field is applied across them ; this Phenomena ordinarily occurs catastrophically

(‘t

. 4 . .
and is called breakdown ! . There are several mechanisms for breakdown , all can be classified as

either electronic or thermal . Electronic breakdown can be initiated by the excess kinetic energy that

the conduction electrons obtain when the applied field accelerates them .

Eventually , these carriers move sufficiently fast to excite a bound electron across the gap, a
phenomenon known as impact ionization . This increases the free — carrier concentration , and the
field also accelerates the new carriers. Finally, a process entirely analogous to anuclear chain
reaction takes place resulting in a massive increase in free — carrier concentration known as a
valence breakdown . A second important electronic mechanism for breakdwn arises from the direct
guantum mechanical tunneling of electrons across the gap induced by the applied field . At the
critical value of field , the increasing in the carrier concentration induces what is called Zener

VoY
breakdown ! )



Thermal breakdown is caused by the power dissipation ( I* R) which 8ccurs whenever a
current passes through any material . This increases the temperature of the insulator ; a
phenomenon called Joule heating . But even a small temperature increases induces a large jump in
the activated electrical conductivity ,which in turn sharply increasing the Joule heating . This positive

feedback eventually leads to thermal runaway, a very rapid rise in the temperature of the insulator .

Both electronic and thermal breakdown are generally irreversible , permanently damaging

this insulator .

1-r-v- Electrical Conductivity of Semiconductors

Semiconductors are defined as that class of non — metallic materials in which the
electrical conductivity can be varied over many orders of magnitude in a controlled manner , for
example , by changing the temperature , applying light or introducing chemical impurities . In every

case, the concentration of free carriers is changed .

The importance of semiconductors has been that made abundantly clear by the

development of ever more sophisticated electronic devices . Beginning with the transistorin ) 4 €A

v
Nowadays up to Y&+« transistors can be routinely fabricated on a (*.*° cm ) silicon chip

making possible in expensive electronic equipment , computers , imaging systems, and a wide array
of other devices . These devices will depend on the existence of materials whose electrical
conductivity can be carefully controlled by the application of specific external sources of energy ,
such as electric field , light and heat . Metals are important for inter connections and insulators for

. . . . . . av
isolation , but semiconductors are essential for the actual device operation ! .

Since a semiconductor must have its Fermi level within agap , at least two bands must be
important . The normally filled band below &; is called the valence band ; the normally empty band
above &;is called the conduction band . Any electron excited into the conduction can contribute to
the electrical conductivity . However , the absence of an electron from the nearly filled valence band
also contributes to the conductivity . Since electrons near the bottom of a band always make a
positive contribution , and yet a filled band yields Zero net conductivity , electrons near the top of a
band must make a negative contribution to conduction . Thus, the removal of such an electron must

make a positive contribution . The absence of electrons near the top of aband is more easily looked



VYA
at as the presence of positively charged free carriers , known as holes ") Under ideal conditions ,
a pure semiconductor contains equal densities of electrons in the conduction band and holes in the

44
Valence band . In this case , both carrier types contribute to conductivity ¢ .

The electrical conductivity of semiconductor vanishes at T = * K because the Fermi level lies
within agap . At all other temperatures there will always be afinite concentration of electrons in the
conduction band , n, and a finite concentration of holes in the valence band , P. For an intrinsic
semiconductor , free carriers must be excited a cross the gap . In the absence of other sources of
energy , only the thermal vibrations of the ion cores excite these carriers . Since the gap is much

larger than KgT, the electrical conductivity of an intrinsic semiconductor is relatively low , althongh it
increases very rapidly with increasing temperature , in intrinsic semiconductor g (¢) = * . When a

semiconductor is not intrinsic, which can only happen when g (g) # * within the gap .

A morphous semiconductors differ from their crystalline counter parts primarily because of
the a bsence of sharp band edges . Local bond length distortions and bond angle strains can lead to a
tailing of g () below €. and above g, . Those so — called band tails are expected to be a measure of
the extent of the positional disorder in the solid . Recent evidence indicates that the band tails decay
exponentially into the gap , with a characteristic energy related to the preparation temperature of
the material . The band tail states affect the position of the Fermi level in amorphous

. (%V)
semiconductors .

1-r-4-  The Energy Gap

The energy gap [ Eg ] may be defined as the lowest energy to transform charge carrier from

the top of valence band to the lowest bottom of the conduction band i.e is the difference in energy
A Y

between the highest point in the valence band the lowest point in the conduction band " ). Itis

. . . . AR
represents one of an importance optical property of organic semiconductors e y,

The variation of the concentration of the current carriers (electrons and holes) with

temperature T can be expressed as follows :



o=0,exp[-————] e (\'\A)

where Kg is Boltzmann's constant, and o is the conductivity ,T is absolute temperature . The
factor (V/Y) in the exponent appears with intrinsic semiconductors because the possible

distributions of electrons in the conduction band are independent of the distribution of holes in the

valence band . If it is assumed that the mobility of the carrier varies rather slowly with temperature ,

Eq. ()-)A) may be rewritten for the experimental conductivity as follows :

Eact

o=0,exp[-———] e (\‘\ﬂ)

KeT

Where E,. = \FAl Eg. In this equation the energy term is one of the most important factors

for the study of organic semiconductors .

The observed values of (E;) are almost equal leading to further assumption that the
molecular triplet state is involved in the conduction ) . In organic crystals , the overlaps of
molecular orbitals are generally very small . Therfore, it would be reasonable that the orbitals of
molecule be isolated from that of others . Because of their isolation , any free electron formed may
spend most of the time in the neighbor hood of molecule or another and very little time in the
interstitial regions . A similar consideration applies also to free hole states . The carriers (electrons or
holes) which spend along time at some molecule will jump to a neighbor's molecule by the

perturbations arising from the presence of other molecules

- 9
(hopping model) .

To find the excitation energy for the lowest conducting state for the hopping model , the

charge transfer mechanism is considered to occur in several steps . The electron is first removed



from its original molecular location to a point far from the crystal ; this requirs the ionization energy .
Bringing the electron back to the crystal and placing it on the second molecule involves the electron
affinity energy . If the ion pair is widely separated each ion will polarize the surrounding molecules .

The energy of interaction of each ion with the polarization is identical for the two ions .

Either the electrons on the negative ions or the hole left behind on the positive ions can
carry current by hopping to adjacent molecules . The two charges are sufficiently far a part that they

act independently of one another .

A ccording to the correlated barrier hopping (CBH) model, the exponential factor, S, can be

evaluated using equation (\-V ')

d(no,) 6K, T
W, — KT In(—)
W7,
1
Where W,, is the maximum barrier height of the hopping process and ( Z'_ ) is a

0

photon frequency .

(Elliot, YAYA)('TH suggested that :

1
E, =W, —KgT In(F) ()-YY)

0

therefore ; Eq. (Y-Y *) becomes :

BK,T
E

9

S=1 (V-YY)

The correlation between the energy gap of organic solids and their chemical structures were

AR
studied . Eley and parfitt ! studed a series of polycyclic a romatic differing in the number
of condensed rings . It was found that the electrical resistivity and energy gap decreases with

. . Vot
increase number of condensed aromatic rings ¢~ .



1-r- Electrical Properties of Polymers

The most familiar electrical property of polymers is their high resistance . The resistivety is
an intinsic material property which mainly depends on temperature , humidity and the nature of

(\.

A
the polymer and its impurities ). The mode of conduction is usually ionic and is enhanced by

humidity by several orders of magnitude .

Under AC electric fields , polymers store electrical energy proportional to their capacitance
which depends on an intrinsic material property termed "dielectric constant , relative permitivity , or
permitivity of free space" . Like resistivity , dielectric constant depends on coditions and the nature
of the material . In addition to charge storage , polymers dissipate part of the AC electrical energy ,

as heat . The intrinsic material property that describes this process is the loss factor .

Coupling of the polymer motion to an electric field causes the electrical response of polymers .
44
7).

This coupling occurs in three principal ways
Y- Polymerization : The polarization measures the ability of atoms to distort their normal
electron configuration in response to an applied field . It depends on the nature of the atoms
present increasing with in creasing atom size , and is manifested in the optical and all

lower — frequency responses .

Y- Dipole interactions : Dipoles result from an asymmetric distribution of charge between
nearly atoms . The viscous motion of the polymer chains in which the dipoles occur
determines dipole motion in polymers .

Y- lonic interaction : Both free and attached ions to apolymer chain , also couple their motion
to an applied . Free ions contribute to DC conduction in proportion to their concentration
and mobility . Attached ions reflect the motion of the polymer chains to which they are

bound .

1-r-1- Electrically Conducting Polymers

The unbeatable combination of characteristics such as ease of fabrication , low cost , high

weight and excellent insulation properties have made polymers one of the most desirable materials



for electical applications . Although , the majority of polymers applications involve using as
insulator. Polymers can made conductivity by modifying the basic matrix with proper additives such

as carbon — black or metal powders .

Typical electrical applications of polymeric materials as insulators include plastic — coated
wires , terminals, connectors, industrial and house — hold plugs , and printed circuit boards . The

. . . . . AR
following requirements are essential for insulator application ¢ :

Y- The insulators must have high enough dielectric strength to withstand the electrical field

between the conductors .

Y- The insulator must possess good (arc) resistance to prevent damage in case of arcing and to

prevent leakage of current across the conductors .

Y- An insulator must maintain integrity under a wide variety environmental hazards such as

humidity , temperature and radiation .

& An insulating must be mechanically strong enough to resist vibration shocks and other

mechanical forces .

Polymers are commonly used as non — coducting materials (insulators)which has conductivity

. A AA R .
varies between Y ** - Y+~ " S cm enable polymers to be used as insulators .

o \
The Conductivity of conductor such as copper (conductivity ©.Ax Y+ S. cm™) is due to

Vo4
electron availability to transmit the current when an electrical potential is applied ¢ \.While the
polymeric materials are insulators , because they have no free electrons and consist covalent bonds
which usually passes very weak current when direct voltage is applied. Polymers are classified from

insulating point of view to :

Y- Polar polymers which have relatively higher conductivity such as polycarbonat ,
nylon .
Y- Non- polar polymers which are essentially non — conductive such as polyethylene ,

polystyrene , and polyformaldehyde.
Several type of thermosets have been utilized in electric and electronic application , familiar
used include cable sheeting ; dielectric layers ; films printed circuit substraters and a semi —

.
conductor encapsulates { .



Some progresses have being achieved in obtaining conductive or semi conductive

thermosets . Thus several phenolic structures have been crosslinked via cyanate group forming

¢ \ARR!
thermosets with conductivity of Versoem )b,

Table (\ —*) shows some conductor and semiconductor .polymers with structures .

Table ('-Y) Some polymers with their electrical conductivity and energy

(\\\)

gap

Names of polymers Chemical Structure Electrical Conductivity (ohm/cm)
(Energy gap e.V)

Polypyrrole i Yoty

(Eg=VeV)

polythiophen ) I Yo

(Eg=Y.Vev)

Yo

Polyphenyl
(Eg:\ﬂ. ev)

polyaniline Yooy

polystyrene

polyvinyl

polythionitroso

Anumber of Polymers are will known , which have highly conjugated structures
including polyacetylene and polypyrrole .These can be dopd to exhibit electrical conductivity
approach to those of metals . Poly (P- phenylene) can be doped to give high
conductivity and this leads to the development of a number of conducting polymer system that

based on molecules containing aromatic rings . A wide range of compounds have been used as

Y
dopant in these systems, such as; [AcFs, Iy, SbFe, AICI+, ZnCi:, IFs , MoCls and WCs) Co



The conductivity induced within these materials varies over several orders of magnitude
1 Y
(Typically between Yoo to ) ohm/cm) and can be controlled by the quantity of doping . These

materials frequently belong to the class of polyaromatic polymers .

Conducting polymers find applications in the area of Radar Cross Section (RCS), reduction
and electromagnetic shielding . The flexibility and controllability of the doping levels added an
attraction since the conduction polymers can be tailro made for specific Radar Absorbing Materiel

(RAM). Conducting polymers such as polypyrolle , polyaniline and polyacrylthiophenes have been

VY
reported in the literature as materials in the fabrication of RAM Co,

Experimental studies indicated doped polyacetylene may be useful in application such as
the replacement of increasingly scars conventional conductors ; low — cost solar photovoltaic

VY
materials ; and light weight  high — energy — density batteries e

Successful doping has been achieved using avariety of other conjugated polymers . It appear
that a large number of conjugate polymers might be semiconductors and might be capable of charge

transfer doping .

1-r-r-  The Electrical Conductivity ( DC)

ARE1
Electrical conductivity is a material property which has the largest variation in its Value ¢

. Recently , conducting as well as semiconducting polymers have been widely produced . Table (}-Y)

shows the electrical conductivity of metals, semiconductors and insulators .

R
Table (1-Y) Typical values of conductivity for metals , semiconductors and insulators { !

Class of Substance Typical Values for Conductivity

3
(ohm cm)




Conducters

Inorganic semiconductors

Organic semiconductors

Insulators

Figure () - £) shows the range of electrical conductivity of such material.
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Fig. (1-£) The electrical conductivity of materials ¢ .

Dielectric or electrical insulating materials are understood as those materials in which
electrostatic field can persist for longtime . Such materials offer a very resistance to the passage of
electric surrent under the action of the direct applied voltage . Therefore , these materials are
greatly different in their basic electrical properties from conductive materials . The resistivety of
these insulating materials should be infinitely high ; and hence they should not carry a current under

the action of direct — voltage .

For a body with constant cross section A and length e (Thickness) , the volume

RN
resistivety (p) can be found from the elementary formula " :



,0=R— (V-YY)

Or the conductivity o is

1
G—;—ﬂ (V.Y %)

3
Where R is the Volume resitance of the material . The unit of o, is (ohm cm) . The

resistivety is equal to the reciprocal of conductivity , (G = —) .

As for semiconductors and insulators , they are effected by temperature because they have a

negative thermal coefficient , which means that their resistance decreases exponentially with
AN
increases of temperature C7) The change of electrical conductivity with change of temperature is

Yoy
subject to Arrhenius equation © ). which is given by Eq. ()-) ).

E
cs:coexp—K“‘T ......................... (V-1 4).

B

Where o is the electrical conductivity and o, represent metallic conductivity , which is

constant, and depend on temperature .

1-r-r- The Activation Energy

The activation energy is physical transformation of a solid or liquid or a chemical reaction
really involves the rearrangement of agroup of atoms into a new or more stable configuration . To
accomplish this configuration , the reactions or the deformed atoms must be activated to a state of

higher energy befor the process can occur spontaneously . The smallest energy that will raise the



free energy of an atom or a molecule to such a state so that it can go over the energy barrier is

VY
called the activation energy ' ). This corresponds to the top of the energy barrier .

The rate of the process is dependent on the number of molecules or particles having
sufficient thermal energy to reach the energy barrier and on the velocity with which these molecules
or atoms will cross this energy barrier . A fraction of atoms or molecules acquiring sufficient energy
to surmount the potential barrier will be proportional to the factor [exp(E,./KsT)] ,where, E,, is the

activation energy ; Kz , is the Boltzmann constant ; and T , is the absolute temperature . The

activation energy can be calculated using Arrhenius equation (Y-)d) . Plot the logarithm of the
conductivity verses the reciprocal of the absolute temperature is a straight line and from its slope an

apparent energy of activation, E,., for the process can be calculated .

1-r-¢- The Electrical Conductivity ( AC)

The measurements of AC conductivity are considered complementary the measurements of
DC conductivity . They can not subsitute due to the limitation of DC conductivity and their inability to
explain the conductivity mechanism accurately .So, the measurements of AC conductivity and DC
conductivity gave a clear and complete view of the electrical properties for materials . It is also
important in giving information about the response of the system to polarization , and the loss
regions due to the applied alternative field . It is usetul in organic semiconductor to obtain the
amount of loss that results from the rotation of dipole moment with the group of atoms in molecule
. Some organic materials are characterized with loss of AC current , which is not related to
continuous internal resistant or the conductivity of bulk materials,but this is due to impurities ,

which are not effective in case of DC conduction .

The behaviour of semiconductors is based on the reliance of their electrical conductivity

upon electric field and applied voltage where conductivity increases with the frequency increase

VYA
according to the following equation © .

O, = Aw® ()-Yo)

Where , A is a constant and S represent the exponential factor .



1-¢=  Polarization

The degree to which a material response to an applied electric field can be most easily

apprecated in the case of parallel capacitor , The fixed voltage (V) is applied across such capacitor,

where the plates are separated by adistance (d) in Vacuum , as shown in Fig. ()-%a) , the electric

field in the region between the plates , having amagnitucle 'Y,
E=V/d (-Y
—H\Q()_H)) -(QotP) +Q, -Qo
H e d i
HE IS < Il =
I | | l
4 Pl
v \
(b) (a)-

Fig. (1-©) Charges on parallel — plate Capacitor with :

a- Vacuum between the plates .

b- A dilectvic between the plates .

Where the field is necessarily perpendicular to plates, it follows from Coulombs law i.e. ,

the Charges (+Q) per unit area stored on the plates are directly proportional to the magnitude of the

Y.
field )



Q=€ E v, (V-YV)

VY \
Where g, : Permitivity of free space and has value of AANCY N EM

The Vacuum capacitance per unit area of electrode (C,) is defined as,

Q stored charge per unit electrode area

C,= = (\-Y/\)

Vv Applied Voltage

When considering the capacitors with materials of interest between their plates , as shown
in Fig. (Y-°b) . The materials will response to the applied electric field by redistributing its

component charges to some extent . Positive charge being attracted toward the negative electrode

and vice versa, the effect is called polarization of the material .

The polarization (P) is thus defined as a vector quantity expressing the magnitude and
direction of electric moment per unit volume induced in the material by the applied field . Each
volume element of polarized material will behave electrically as its consisted of charge (+q) and (-q)

separated by distance ( | ) in the field direction giving adipole moment .

gl=pdV.

These dipoles will combine in an analogous manner as head — to — tail adding magnets to

produce apolarization charge (+P) and (-P) per unit area on the surface adjacent to the electrodes .

The presence of these polarization or bounded charges can be stored on the capacitor

electrodes for the same applied voltage and the capacitance of the system is there by increased :

€= = (V-Y9)



Where € : commonly called the permittivity of the material :

Substituting the value of Q from equation (\—V Y) in to the equation (\-Y °‘) , the

1YY
resulting polarization is given by‘ ’:

P=(e—1) &k (V-Y)

The quantity (g€, E) is called the electric displacement of the material (D-::fi::-), which can be

represented as

5=8€OE=80E+|3 (-YY)

This is the fundamental electric field equation , which applied at any point in an isotropic

medium .

In polar materials some kinds of polarization occur , varying from frequency region to

another , as inter facial , polor , atomic and electronic polarization as shown in fig. (Y- 1).

1 1 3 i -

17 1ot 16% 405 107 103 109 19?0~ 104 1312 1ol3 1014 10‘5
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Fig. (1-7) Types of polarization

The interfacial polarization occurs at low frequency , and caused by the alternating
accumulation of charge interface between different phases of the polymer , known as Moxwell —

Wanger polarization .



At high frequencies the peak of the loss factor is caused by the dipole polarization , the
dipole polarization is caused by the rotational displacment of molecular dipole under the influence

of alternating electronic field . There is other two types of polarization , atomic and electronic

RABKRES
polarization which accur at higher frequencies A

1-e- Techniques Used in Measuring Dielectric Properties

The electrical measurements can be made over a wide range of frequencies with a high
¢
degree of precision . Thus the dielectric constant and loss of solid polymers often known from ) *-

Hz up to optical frequencies . The methods which are appropriate for the various frequency regions

are summarized as follow [ Fig. (1-Y) 7' 791,
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Fig. (1-Y) summary of dielectric measurements methods

1-o-1-  Distributed — Circuit Method

A
This method are always used at high frequencies (> Y *~ Hz) where the electromagnetic

wavelength inevitably becomes comparable with sample dimensions.The sample become the



medium for propagation of electromagnetic wave . Dielectric constant and loss must then be

obtained from the observed and attenuation characteristics .

1-o-r-  Lumped — Ciruit Method

A
The Lumped — Circuit method are always used at lower frequencies (< ) Hz) . This
method is used to determine the equivalent electrical of the specimen at given frequency . The low
components of the complex permittivity of the materials can be expressed in terms of equivalent

parallel circuit , represented by capacitance (CP) in parallel with resistance (RP), or alternatively, the

specimen may be vegarded in terms of series circuit as shown in Fig. (\ -/\) .

(a) (b)

Fig. (1-A) Equivalent electrical circuit of dielectric specimen :

a- Parrallel , b-Series

Therefore , we can calculated the dielectric constant and loss of the material from measured

values of the equivalent parallel or series circuit components of the specimen .

The permittivity values were calculated from measured values of the capacitance (CP)

1YY
relatively to capacitance of the electrode { .



cp

€= (\-YY)
Co
g" = _ y.yY
- (r-1)
R-Cow
8”
And tan 6=— = energy dissipated per cycle _ }\ Y
€ energy stored per cycle R.Cpow
Where :

€" is called the dielectric loss factor

tan & is called the loss tangent , defined as the ratio of power dissipation to the reactive

power .
. . * .
the complex dielectric contant € can be written as,
1 /4
E =& —l& (V-Yo)
Where, € is the real part, and € is the imaginary part of the complex dielectric constant .

The resistance RP is calculated from equation :

1 1 .

—=—+1IWC, (V-¥)
Z R,

Where , Z is the total impedance .

The reciprocal of specimen resistance in equivalent parallel ciruit for a given frequency is

sometime called the AC conductance (G;) , it is compination of DC conductance , by which we mean



any real flow of charge through the sample under the influence of the applied field , and the

anomalous conductance due to any time — depentent polarization processes .

Gp =— ()-YV)

The contribution that atrue DC conductivity (y.) (conductivity is defined as the reciprocal of
resistivity which is the resistance between opposite faces of aunit cube of material) will make to the

dielectric loss at angular frequency can be redily calculated as follows for the materials in parallel —

plate capacitor , substituting equation (1-Y V) into (}-YY),

" Gp
8 =
C,w
and C_ = e
d

A ; area of capacitor

b- distance between the plate of capacitor .

VA

GP
d

Where y, active conductivity ,and hence,

E = (l _ 38) 125,126)

1-1-  The Electrical Conductivity of Materials Ranges

\Vv \R1
The electrical conductivity of pure polymers typically ranges between Y *~ and Y *~ ~ S/cm

Y
. Typical electrical conductivity values are Y+ S/cm for carbon black , ) ¢ ’ S/cm for graphite and

" VYV
Y« " s/em for aluminum ).

By embedding conductive fillers in polymers , materials can be designed with specific

properties tailoved to each application . In order to use the composite materials for conductive



)Y A
applications , the materials should have an electrical conductivity in the range of Yool land Ve
A v
S/cm for electrostatic dissipation applications , Y *~ to Y* ' S/cm for moderately conductive
\
applications and Yoo S/cm and higher for shielding

L RANXS)
applications .

1-v-  Effects of Multi — Filler Combination

An intensive works have been carried out in this field by varying the amount of single

(°)-2Y)

conductive filler in a composite materials . In comparison , limited work has been carried out

dealing with the effect of combinations of different types of conductive fillers such as carbon black

and graphite on the electrical conductivity of conductive composites .

Table (-£) shows the electrical conductivity (o) for nylon — 1, 1 composed with high

\Ya VY.
quality milled synthetic graphite (Thermocarb Specialty Graphite) =~ ), electrically conductive

carbon black and polyacrylonitrile (PAN) based carbon fiber .

Table ()-¢) The effect of composite constituents on the conductivity of Nylon — 1V,

Components

Nylon — 1,7
Carbon black
Graphite
Carbon fiber

Nylon — W,T
Carbon black

Nylon — 1,7
Graphit

Nylon — -‘,1
Carbon fiber

Nylon — T,T




Table (\-") show the electrical conductivity of nylon — 1," polymer matrix composed with

¥
carbon black , milled graphite and carbon fiber! " .

Table (Y-°) the electrical conductivity of nylon — 1,V composite consisting different composite

ratios

Components

Nylon — 7,"

Nylon — ,'1
Carbon black

Nylon — 1,-‘

Graphite

Nylon — T,W

Carbon black
Graphite

Nylon — T,W
Carbon fiber

Nylon — 1,‘

Carbon black
Carbon fiber

Nylon — 1,‘

Graphite
Carbon fiber

Nylon — ,W
Carbon black
Graphite
Carbon fiber




It has been reported that the conductivity of glassy polymers can be changed remarkably via
composite technology , Thus the electrical conductivity for polycarbonate composed with carbon
black , Milled graphite and carbon fiber was studied extensively , Representative data are shown in

table (Y-1) '™,

Table (Y-1) the electrical conductivity of polycarbonate as afunction of its composite composition

Components

Polycarbonate

Polycarbonate
Carbon black

Polycarbonate

Graphite

Polycarbonate
Carbon black
Graphite

Polycarbonate

Carbon fiber

Polycarbonate
Carbon black
Carbon fiber

Polycarbonate
Graphite
Carbon fiber

Polycarbonate
Carbon black
Graphite
Carbon fiber




Other investigators have shown that graphite filler at ( Voo w/w) used alone with

° Yy
polyethylene to produce acomposite with electrical conductivity of Y *~  S/cm® ). Similar effect

of carbon black and graphite on the conductivity of polyacetal and polyamide has also been noticed {
ARRA
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-4~ Hydrogel Polymers

Hydrogel is a three — dimensional network of hydrophilic polymers in which alarge amount of

water is present , Which swell in water without dissolving. In general, the amount of water is at

AAERL,

. E .
least (Y * A w/w)of the total weight ). If water is composed of more than (3 o/ w/w)of the

" (H'V

total weight , The hydrogel is called " Superabsorbent ). The most characteristic property of

VYA
hydrogel is that it swells in the presence of water and shrink in the absence of water ) . The dried

hydrogel ( xerogel ) becomes much smaller in size than the swollen hydrogel .

Polymer chains of hydrogel are usually crosslinked either chemically or physically . In the
chemically crosslinked hydrogel , The polymer chains are connected by covalent bonds , Thus it is
difficult to change the shape of such gels while polymer chain , Which are physically intanged are
connected through non covalent bonds (A . The term " Crosslink " indicate the connection points
of two chains . These junctions could be small chemical bridges of molecular weight much smaller
than that of the crosslinked polymer chains . A crosslinks may also be an association of
macromolecular chains caused by forces or an aggregate formed via hydrogen bonds . The

crosslinked hydrogel can be formed by :

(\2~ (\i\)

VEY Ve
Y- Radiation : using electron beams ) gamm arays x—rays' ', orU.V.light' to

activate a polymer site for reaction with another polymeric region .
Y- Chemical crosslinking : This type of crosslinking requires a bi-functional , low

Vet
molecular weight crosslinking angent{ .



Polymers with other functional group can also be crosslinked by other chemical reactions . for

(VEONEY

example , Albumin and gelatin can be crosslinked with aldehyde ). Some hydrogels are

formed by physical interaction between polymer chins . These interactions include hydrogen
o

q
bonding , VanDer Weales interactions , ionic and hydrophobic interactions ) as shown in Fig.() -9)

Fig () -4) the major four types of interaction forces which control the behaviour of most

responsive gels .
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1-4- Classification of Physical Gels :

Y- Blend hydrogels .

Y- IPN and semi— IPN hydrogels .

Y- Block copolymer hydrogels .

¢ Poly electrolyte complex hydrogels .
©. Counter ion induced hydrogels .

- Thermally induced hydrogel .



V- Specific interaction induced hydrogels .

1-1-1-  Blend Hydrogels :

Blend hydrogels are usually prepared by solvent casting or pecipition from two different
polymer solutios or more . The blend hydrogels normally have properties different from the
hydrogels made from individual polymers . The hydrogels prepared in this way should consist at least
one hydrophilic polymer to provide the water absorbing property , e.g. poly (

ethylene oxide ) — poly ( propylene oxide ) — poly ( ethylene oxide )

(PEO - PPO - PE O) block copolymers were blended with poly lactic acid

VEA

( PLA ) to make hydrogels ©' "' . Other hydrogels were prepared by blending , Chitosan with poly (
19

ethylene oxide ) ', Chitosan and poly ( vinyl alcohol ) blend hydrogels was also prepared by

Yo
solvent casting ¢ ° . Hyaluronic acid was blended with poly ( Acylic asid) or poly ( vinyl alcohol ) to

0\)

\
make hydrogels (

~Clly - CH 5

v H (I_‘OOH
“*Poly(Vinyl alcohol) T Poly(acrylic acid)
CH,0H COOH CH,0H
O, ( OH
HO HO
HN\‘”/CH3 OH HNTCHs

hyaluronic acid

1-4-r- |PN and Semi IPN Gels :

Another types of physical gels are IPN or semi — IPN .IPNs are any materials containing two different

type of polymers, In anetwork form . In semi — IPNs only one of the components exists as net work



VoY Vot
and is usually formed in the presence of the other components( ore ). IPNs and semi — IPNs of
poly ( hydroxyl-ethylmethacrylate ) (PHEMA) and poly ( Caprolactone ( PCL )) were prepared
Yoo Yoy
(12510 . Carboxy ethyl cellulose was mixed with gelation which was then crosslinked by gluter

VoA
aldehyde to make semi — IPNs 77 IPNs were prepared by crosslinking gelatin with gluteradehyde

and acrylamide with N,N — M ethylene bisacrylamide (A .
0 — (CHvCH )h—
Fo—H): — ﬂ _ —0
NHy
Polycaprolactone
Poly acrylamide 0

CHy CH C NH CHy NH C CH CHy

N,N Methylenebisacrylamide
1-1-r-  Block Copolymer Gels :

The physical gels can also be prepared from block copolymers , Thus poly (ethylene oxide ) —
Poly (lactic acid) block copolymer , Poly (ethylene oxide) — Poly (glycolic acid) block copolymers and

Poly (ethylene oxide) — Poly (caprolactone) block copolymere are examples for this type of hydrogels
AREARES

1-4- ¢~ Poly Electrolytic Gels

Some hydrogels are made from poly salt or Poly electrolyte Complexes.lonic interactions
between two oppositely charged poly electrolytes lead to the formation of poly electrolyte

complexes which swell in water . The examples for this type of gels are poly electrolyte film of amino

1ur
group — containing chitosan with sodium algenate ' ' | poly (methacryloyl

YRR
ethyltrimethylammonium methyl sulphate ) (PMETMMS) ¢ °) .



PMETMMS

1-1-o-  Counter lon Induced Hydrogels

Certain polyelectrolytes can form hydrogels in the presence of counter ions . Typical

Y+(\'k'k,\'LV)

example is sodium alginate which from gels in the presence of Ca and the electrolyte

consists of lithium perchlorate dissolved in ethylene carbonate solution immobilized with poly

(\ 'U\)
(methyl methacrylate) .

1-4-1- Thermally Induced Hydrogels

This type of gel is formed when thermal energy induce the structural change of polymer in

solution or change the balance between hydrogen bonding and hydrophobic interaction . The good



)

114
examples for this class are , The gelatin of gelatin solution as temperature is lowered ( and
"W
agarose gels can also be prepared by this method { .
1-4-v-  Specific Interaction Induced Gels :
Polymer networks can be formed by specific interactions such as interactions between

) 1YY VY
glucose and concanavalin AL+ ),

1-1.- Environment — Sensitive Hydrogels

One of the inherent properties of hydrogels is thier ability to swell in the presence of water
YA
and to shrink in the absence water ' " . This property is common to all hydrogels with additional

functions , Such ability to swell or shrink in response to asignal . These hydrogels are called

Yy
") The most widely known smart hydrogels are those which response ( i.e

" Smart hydrogels
either swell , shrink , bend or degrade ) due to the change in the environmental conditions, for this
reason , they are usually known as environment- sensitive hydrogels . These hydrogels undergoes
changes in their swelling ratio (which is the volume of the swollen hydrogel divided by the volume of

the died hydrogel) rather abruptly upon small changes in the environmental parameters .

Table ()-VY) lists some environmental factors which affect the gel causes

. . (Veve
dramatic change in volume .

Table (Y-V) : Factors affecting gel characteristics which cause volume collapse .

Factor Reference

Y- pH VWYY

Y- Temperature YVA VYA

Y- Electric field YACYAY

€< Jonic strength YAY

©. Salt type YAE VAo




- Solvent YA

V_ Stress \AV , \A/\

A- Light Y A4

q. Pressure Y4

|

Swelling Ratio

Enviromental Factors >

Fig. (1-) *) Volume collapse of smart hydrogels in response to a small change in environmental
factors . Hydrogels may undergo dramatic increase (dotted line) or decrease (solid line) in the

swelling ratio .
1-11-  Thermoplastic Hydrogels

Thermoplastic hydrogels are based on linear copolymers of hydrophilic and hydrophobic
monomers . The hydrophilic monomers are called " Soft block " and the hydrophobic monomers are
called " hard block ". The gel is formed by hydrophobic-hydrophobic interactions between chains of

LR
the copolymers .

Hard Block Soft Block

+ (G T R au
CN C=20

X



X { NHY ,0,-OH etc....}

Thermoplastic hydrogels dissolve in organic solvent , which they only swell without
dissolving in waters , and this property provides an advantage of easy processibility . Vinyl — ¥ —
Pyrrolidone and methyl methacrylate are known to form thermoplastic hydrogels which have useful

14
properties such as melt —processibility ¢~ .

1-1r- Hydrogel Foams

While hydrogels swell to a large extent in water, the equilibrium swelling usually takes along

time from several hours to couple of days depending on the size and shape of the hydrogels .

\‘15)

vay
Hydrogel foams were recently developed ¢ ° which are made by synthesizing the hydrogels in

the presence of blowing a gent . The hydrogel foams prepared with macroscopic gas cells are

‘ta) %1’\%\/)

3 1
different from hydrogel spongs or macroporous hydrogels

. The size of pores in the
hydrogel foams is orders of magnitude larger than the pore size (which is typically a few

micrometers) in hydrogel spongs or macroporous hydrogels . In addition , the kinetics and the

VaA
extent of swelling of hydrogel foams are much faster and larger than  others .

-1+~ Ligand — Specific sol — gel phase — Reversible Hydrogels

Physical gels are capalbe of undergoing Sol — Gel phase transition due to non — Covalent

crosslinking of polymer chains . For example , hydrogels wich become sol in the presence of glucose



1V

were developed A high specific interation between glucose and concanavalin A (Con A) was
used to form physical crosslinks between glucose — containing polymer chains . The glucose
molecules which are attached to the polymer backbone react with (Con A) , and since the non —

Covalent interactions bwetween glucose and (Con A), the crosslinks formed are reversible .

CH+OH

OH
O CHv

( CH CHy)(CHy CH)
HO — — — — —
X | y

c—2©0

Allylglucose — Acrylamiae ‘

NH-
Copolymer(m’

CH+OH



OH
HO O _CH

HO —— ( €4 CH—+CH« CH) —
X

Allylglucose —Vinylpyrolidone °

N
- . (V) / \/

The gel is formed by mixing glucose — containing polymers with Co. nA .

Upon addition of free glucose molecules , the hydrogel dissolves to become a sol owing to the
detachment of polymer chains from Con A as a result of Competive binding of the free glucose to

Con A . The sol can become a gel again upon removal of free glucose . This concept is illustrated in

(\V~,\V\,\‘W)

Fig. (Y-)))

“4—r

Sol : Gel

Fig.(Y-))): Sol - Gel phase transition . Large circles represent Con A molecules , small open
hexagones represent glucose attached to the polymer chain and small closed hexagonerepresent

free glucose .



There are many ligands with specific interactions such as antigen antibody (AN .
-1~ Applications of hydrogels .

1-14-1- Pharmaceutical applications .

Much of the research on hydrogels have been focused on the application in controlled durg

RERRA

v
delivery system ). The most widely used example is the delivery of insulin . Temporal control

of insulin delivery can be achieved by utilization of smart hydrogels which release more insulin in

response to increase in glucose level . These hydrogel systems are made of PH-Sensitive polymers
Yot

such as poly ( Diethylamino ethylmethacrylate ) ( PDEAEMA ) ") or made of thermo —

sensitive hydrogels which are usually consist polyacrylamide derivitives with hydrophobic groups
AR

CHv
|
 (CH Gin
C =0
| CHY CHY
OCHY CHY N
™~ CHY CHY
(PDEAEMA)

1-14-1- Biomedical applications :

The applications of hydrogels in boiomedical fields are diverse ranging from diagnostic device

( Y)

Yo \l
) to artificial muscle ' . Methylulose hydrogel has been used to deliver allergens in skin

testing when test allergens are delivered in the hydrogel vechil , less skin irvitation was observed

YA
C0 | The hydrogel layer not only provide smouth , slippery surface , but also it can prevent

. . Y.4
bacterial colonization on the surface ' .



1-1¢-r-  Applications in Biotechnology

Hydrogels have been used as reactive matrix membranes in sensors . Hydrogels possess
mony advantageous properties , such as rapid and selective diffusion of the analyte . The ability of
the smart hydrogels in solutions to reversible swelling and shrinkage with small changes in the

('
. Smart hydrogels ,

environmental condition can be used to prepare purification devices
especially thermo and pH- sensitive hydrogels , have used to concentrate dilute aqueous solution of
macromolecular solutes including proteins and enzymes , with no advers effect on the activity of the

)
enzyme .

-1¢-¢ Hydrogel Polymers as Soil Stabilisers

The need for improving the physical propeties of soils led to the development of water —
Y
Soluble and hydrogel polymers as soil conditioners U 1.

The structure of soil and its related porosity is a major factor with regard to plant growth ,
erosion and microbial activity . Various naturally occurring materials and agents can stabilise the soil
YAF Yy
€77 In most soils a large . Propotion of the organic material reacts with inorganic colloids to

i (Y \ a)
form the clay organic complex .

Much work has been carried out with synthetic organic Polymers , both in attempts to

elucidate the interaction between organic materials and inorganic colloids and to evsluate their

potential as soil stabilising agent or conditioners . The two materials initially introduced were

vinylacetate — mateic anhydride copolymer (VAMA) .

And hydrolysed poly ( Acrylonitrile ) (HPAN) . The following structures represent some

i . R
polymers commonly used as soil conditioners ¢ .



Hydrolysed poly (acrylonitrile) CHy €H- CHy CH- |CH"-EH —

CN
HPAN COOH

T
(@]

Vinylacetate - | Maleic anhydride copolymer ( VAMA)

Poly (vinyl alcohol) PVa

NHy O Na

Poly (acrylamide )

Pam (ionic)

COONa



CyH.l

Poly ( £ -vinyl-N-ethyl peridinium-N-ethyliodide ) PVPI

— (O CHy CHY) , OCHy CHY O

Poly ( ethyleneglycol ) PEG

Many of polymers evaluated as soil stabilisers are anionic poly electrolytes , e.g. VAMA and

R
HPAN . Some cationic and uncharged polymers are also used but to less extent! .

Intensive irrigation is the source of seviere damage to soils such as crosion , crust —-formation
and soil hardening . then naturally , water or wind erosions gradually strip uncovered soils of their

nutrients to preserve their natural components and to maintain their protection with a sustainable

Y
vegetation , polymers give the surface soils more stability , Thus allowing better plant growth ¢ ),
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The hydrogel polymers that absorbs and retains large quantities of water and nutriets when
dipped into the soil . It optimize plant growth with minimal losses of water and nutrients through

leacking and evaporation . Water and nutrients are stored in the root zone for an optimal uptake by

(\‘\A)
the plant .

with
hydrogel
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Polymers are strongly adsorbed by clay materials . The specific mechanism involved in this
interaction depends mainly on the chimical constitution of polymer and the nature of the adsorbent

. . . YYAYY4
surface . The interaction between organic polymers and clayare ¢ *

Y- Cationic exchange .

Y- Protonation of organic material at clay surface .
Y. Ligand exchange and anion adsorption .

€. Hydrogen bonding .

©. Vander waals forces .

Some nonionic and anionic polymeric netwarks with different ionic groups (such as sulfonate

(Y \ARALS

. Y
and carboxylate ) like crosslinked sulfonate poly styrene ), Polyacrylamide ( , Poly

Yy¢
ethylene oxide! !, different ionization degree and different crosslinking ratios have been used as

(\’\‘

soil conditioners g . The ability of poly acrylamide hydrogel to increase the water holding

) . (YY)
capacity of asandy soil was studied .

Poly acrylamide is used in furrow irrigation for erosion control and net infilteration

?"~)

. AR S . I . y . v
improvement ' ). Polyacrylamide is used also to increase infilteration ) ©7. on silt loam and

. . . Yy
upto ©* /. on finer texture soils .

The most effective and environmentally safe polyacrylamide are large negatively charged molecules

. It has been found that the divalent cations in water , bridges the polyacrylamide and soil ,
Try

increasing the soil cohesive and strengthening aggregates contacted in the furrow ¢ ) . Soil

particles at the furrows soil — water interface are bounded together . The preventing detachment
and transport of sediments in run off . On the other hand the soil erodibility is reduced by improved

Try
inter — aggregate bonding and by protecting surface roughness® .

Aim of the study :



Due to the wide application of conductive polymers, especially conductive polymer sheets .
Therefore it was planned to develop a national technology for production of conductive polymers ;
polyethylene sheets by using single and multi filler such as carbon black , graphite and

Polyacrylamide .

This involve the following :-
Y- Preparation of new conductive polymers .
Y- study the electrical properties of the prepared polymers.
A study some factors effecting the electrical conductivity of the prepared polymers .

¢ study the mechanical properties of the prepared polymers .

The second part of this study involve the preparation of new hydrogel , polyethylene with
polyelectrolyte as filler in the presence of many crosslinking agents . Finally study the swelling and

deswelling properaties of the polymer gels .
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Experimental Part

Y-\ Chemicals and Instruments

Y-V-Y Chemicals

The chemicals used in this study were supplied by several sources as

follows:-

¥-1-1-) Low Density Polyethylene (LDPE)



LDPE was obtained from the Iraqgi state company for petrochemical/Basrah

Industries (SCPI) under the trade name SCPILENE-£1Y,

Table (Y-V) shows some physical properties of SCPILENE-£1Y,

Table( *-) physical properties of SCPILENE- £ 11"

Density (at room temp.) +.AYY g/em’
Melt Index +YY g/)+ min
Tensile Strength at break MD-YY MPa

TD-)% MPa
Tensile strength at yield TD-% MPa
Elongation at break MD-Y) 7

TD-c0+J.
Resistance to tear MD-Y.e MPa

TD-¢.2 MPa
Kinetic coefficient 1

Y-1-1-Y High Density Polyethylene (HDPE)

Under the trade name SCPILEX-1Y ¢ the HDPE used in the present study

was obtained by the Iragi state company for petrochemical industries / Basrah



Table (Y-Y) shows some physical properties of SCPILEX-1Y ¢

Table( '- ¥) Physical properties of SCPILEX- 7 ¥ ¢ ("™

Density (at room temp) +.41¢ g/em’
Melt index 1g/) min
Tensile strength at break ¥+ MPa
Tensile strength at yield YA MPa
Elongation at break ARRYA

¥-1-)-¥- Polyvinyl Chloride (PVC)

This polymer was obtained by the Iragi state company for petrochemical

industries (SCPI) under the trade name SCPNYL-7+ A,

The properties of SCIPNYL-1+A are shown in table (Y-V).

Table ( - ) Physical properties of SCIPNYL- 7+ A"

K-value oY, .-000
Bulk Density +.e% glem’
Viscosity Number 14-4¢

Ash as Sulphates wt% Nil
Volatile w% Vo
SCREEN ANALYSIS

¢+ mesh retained on wt% + %

Y« + mesh pass 0%
PLASTIC ABSORPTION

g DOP /Y ++g PVC KK




The PVC glass transition temperature (T,) is about AY °C with critical surface

Y o(Yre,¥r)

energy equal to Y% mj/m , figure (Y-))show the microscope

photograph for the PVC.

Fig.(Y-)) Microscope photograph for the PVC [X¢ ].

Y-V\-V-¢  Di-Y-ethylhexylphthalate (DOP) as plasticizer

There are many plasticizers that are used with PVC, among them is the

di-Y-ethylhexylphthalate commercially called di-octylphthalate (DOP).



DOP combines most of the desirable properties of plasticizer such as
minimal interaction with the resin at room temperature, good fusion
properties, low volatility, colorless ,low cost, and good compatibility. The

boiling point of DOP is YY) °Cc "™,

The chemical structure of DOP is :

Il
/\/\/\ /\ :
The DOP plasticizer, used in this study was supplied by the national

company for chemical and plastics industries (Iraqgi-Baghdad) with the

properties listed in table(Y-¢£).

(4

Table( - £) The properties of DOP

Acid value .+ max
Water cont. +.*% max
color Colorless
Volatility ¥ hours, at VY« °C + Y7 max
Refractive index Y EAY




Density at Y+ + °C g/lcm’ ¢ AAYo.. qAt0

Specific electrical resistance at Y+ °C Approx. Yx\+~ pQ.cm

Y-V-Y-¢ Carbon Black

There are many types of carbon black, depending on the type of the raw
material and the processing technique. Wood, resien, coal, pitch, tar oils and
recently polymers were all used as raw materials to produce carbon black!"™
" Furnace black, gas black and channel black, lamp black, thermal black and
recently acetylene black are essential processes used to produce carbon

black!"*",
The carbon black used in this study was supplied by Degussa Co.
Whose properties are shown in table (Y-°).

Table( - °) properties of carbon black'""’

Nigrometer index value 1¢

Tinting strength < AT

Oil absorption (F-P) AN/ g
Volatility 7.
Moisture max 1.

Acetone extract <Y

Ash of powder -V
Compact Density v Y g/lem’
PH value $

Average particle size arith, MgM YYAIYY A°




Ny surface area (to BET method) YY.m'/g

figure (Y-Y)show the microscope photograph for the carbon black powder .

Fig.(Y-Y) Microscope photograph for the carbon black [X¢ ]
Y-V-V-1 Graphite

Petroleum coke is the main raw material used in synthesis of graphite.
Coke from refinery is usually been heated to approximately (¢¢+-¢++)°C and

contains up to Y°7 volatile materials.



Chinese synthetic graphite was used in this study which is available from
the local markets with the specifications and properties shown in table (Y-1).
This material has been sieved with Y°+«um sieve to isolate any large particles

from the powder.

Table '- " specifications and properties of synthetic graphite

Ash <) wt%
Sulfur oY wit%
Density Y.X¢ g/lem'
Thermal Conductivity o« W/m.K
Electrical Resistance Y+ Ohm-cm
Particle size Irregular

figure (Y-Y)show the microscope photograph for the graphite.




Fig.(Y-¥) Microscope photograph for graphite [X¢+]
Y-V-\-V- Poly acrylamide

The poly acrylamide used in this project was supplied by Aldrich Co.

Y-V-V-A- Hexamethlene tetramine (HMTA)(Hexamine) 447
(CHy): N¢, Mw=Y{+ was supplied by Al- KaKaa Gen. Co.(Iraq).
Y-1-1-4- t-Butyl peroxy Y-ethyl hexanoate (C-v)

The (Cxv) used in this project was supplied by pergan G.m.b.H Co.

O CHrCHr

(cHr )¢ ©-0- ¢ cH(cHr)rcHr

Cnv

Y-1-1-) .- Polyelectrolyte : this Resin using in special of stable

pools for water product (R . O) .
weeefoens(.. CHY=CH ..))...(.. CHY = CH...)...(...CHY — CH... )]|

c:p Cc=0 C=0

HYC CHv NHY o}



H¥C —N N CHr Na*

by

CHr CH~ (0] !

Polyelectrolyte ( PE ------ C—NHr)

Y-V-V-V)-Gluteraldehyde  were supplied by (B.D.H) company.

Y-\V-Y- Instruments

Several apparatus and instruments were used in the present study:-
Y-Mechanical Compression Setup.

The compression setup was designed and build up with maximum
applied pressure ()°) tons. Supplied with heating system suitable for pressing

samples under controlled temperature, pressure and time .

Y-Stainless steel molds with different size were manufactured locally suitable

for molding sheets with suitable thickness and dimensions.

Y-Digital thermometer, supplied with suitable thermocouple with temperature

range Y°o-)+++ °C,



¢~ Cutter instruments-type Dipuach outomatic hollow, supplied by Ceast

Co. ltaly.
°-Microsmeter-type LIS starett Co. LTD.

1- Stress-strain properties instruments, using instrone testing instruments

model Y)Y, the Iragi state company for petrochemical industries (SCPI)

presents , with following specifications:-
-Cross sheet speed (°-©+ mm/min)
-Chart speed (Y-)* * * mm/min)
-Tension load (Cell Y+ + + N)

-Temperture of measurment

V- Notching instruments, using instrument TMI notching cutter model £y-

Ye-), supplied by TMI organization U.S.A., (SCPI) presents .

A- Hardness tester instruments, using shore instrument type - D & A, supplied

by MIFG.Co.INC., U.S.A., (SCPI) presents, with following specifications:-
a-Inner diameter=+.Y¢ +.+ Y mm.
b- Load maximum = ©+ ton.

A- Impact strength instrument, instrument model universal pondulums

(1e€1Y v +),, (SCPI) presents, supplied by Ceast.Co.ltaly.
\+- FTIR Spectra, Type Shemadzu (FTIR A¢++S) Japan .
VY- Conductivity measurements instrument:-

The conductivity measurements were carried at using conductivity

bridge ; wyne kerr ; Auto balance precision bridge, type (BYY) MKII); shown in



Fig.(Y-¢) . An (AC) electrical used for conductivity measurement of frequency,
(YedvY,eot+ o HZ). Detectors, one of them for capacitor specific and the
another for conductivity as well as variable capacitor for capacity balance in

cell. At the start, the instrument was equilibrated using box resistance.

The equilibrium instrument using the above mentioned resistance box.

Instrument precisionis(x+.*) %), forrange (Y ++-Y+ ohm)(w).

© WAYNE KERR




Fig.(Y-¢)Auto balance precision bridge, type (BYY) MKII) instrument

Y-Y- Samples preparation :
Y-Y-)- Preparation of the new(PVC) polymer composites

Polyvinylchloride (PVC) mixed with ¢+% DOP then different percentage
of carbon black (C) and graphite (G) was added .The prepared sample and

quantities are listed in table (Y-V).

The obtained polymer samples were placed in the mold and heated to
Yoot ©°C, kept at this temperature under (°) ton pressure for Y°-Y°® min. ,
then the pressure was elevated to (Y-A) ton and the temperature was
increased to Y°o++ © °C. The system was kept under these conditions for an
other () *+ min), Finally different sheets in thickness was obtained and removed

from the mold system(m'm).

Table ( '-Y) the PVC composite of ¢+ DOP with different wt% fillers(C+G)

Sample | Polymer DOP wt% | C wt% G wt% Label
wt% for PVC for PVC | for PVC
| PVC £ X ' PDC
Y PVC £ Yv.e VY0 PDC:G,




PVC £ Yo Yo [PDCG
PVC £ 1Y.2 ¥V |PDC\Gy
PVC £ ~ o PDG

¥-Y-Y- Preparation of Polyethylene Sheets .

The samples were molded using compression molding technique by

using a set consisted of a hot plate and hydraulic press('”'m).

For the polyethylene composite samples, the temperature raised to ) )+
°C for the LDPE and Y¢® °C for the HDPE with pressure about 1-Y tons for
both. The mold temperature was measured by a thermocouple fitted into the
mold. The mold was kept at Y+ °C for about ) °-Y° min. and then raise to ¥+
°C for the LDPE and YV+ °C for the HDPE and kept at for about Y+ min. The

mold was cooled and the formed sheets were removed from the mold.

Y-Y-¥- Preparation of the conductive polyethylene

The formed sheets of polyethylene with different thickness from (V-
Y)mm. ,as well as the formed sheets of (PVC) to a thickness from *.) to *.°

mm. were used to prepare sample . The (PVC) sheets put each side for



sandwiching polyethylene sheets according to the compression molding for
sandwich method!"*”) . The conditions for the prepared samples were heated
to )+ +£° °C under (°) ton pressure for Y°-Y© min., then the pressure elevated

to (V-A) ton and the temperature was raised to

Yo+ © °C, The system was kept under these conditions for another (Ve
min) , after that cooled for mold system(m'm). The quantities of the

components are listed in tables (Y-A to Y-V).

Table ( -/) the LDPE with different percentage of PDC

Sample No LDPE PDC Label
Wt(gm) Wt(gm)
\ Y LDPE
Y YA Y L, .PDC
v Y1 g L,-PDC
¢ ).¢ 1 L, :PDC




Y Y

L, +PDC

LPDC

Table ( '- 9) the LDPE with different percentage of PDC:G

Sample No LDPE PDC:G, Label
Wit(gm) Wi(gm)

) Y LDPE
Y YA A L, .PDC:G,
v YA R L, -PDC:G,
¢ V.8 < L, :PDC:G,
° V.Y <A L, vPDC:G,
1 Yoo Yoo LPDC:G,

Table (- ! <) the LDPE with different percentage of PDCG




Sample No LDPE PDCG Label
Wit(gm) Wi(gm)

) Y o LDPE
Y YA Y L, .PDCG
¥ VA Lf L, -PDCG
¢ ).¢ 1 L, :PDCG
o A « A L, \PDCG
1 Y. N LPDCG

Table ( - 1)) the LDPE with different percentage of PDC G »

Sample No LDPE PDC,Gy Label
Wit(gm) Wi(gm)

) A .o LDPE
Y YA A L, \PDC,\G¢
v YA R L, -PDC,Gy
¢ V.4 < L, :PDC,\Gr
° V.Y <A L, vPDC,Gr
1 Yoo Yoo LPDC,Gr




Table ( '- ! ) the LDPE with different percentage of PDG

Sample No LDPE PDG Label
Wit(gm) Wi(gm)

) Y LDPE
Y Y A oY L, \PDG
v ). R L,-PDG
¢ V.8 < L, :PDG
° V.Y <A L, vPDG
1 Y. Yoo LPDG

Table ( - ! ) the HDPE with different percentage of PDCG

Sample No HDPE PDCG Label
Wt(gm) Wt(gm)
) Y HDPE
Y Y A Y H, \PDCG
v YA £ H,-PDCG
¢ V.¢ 1 H, :PDCG
o V.Y <A H,PDCG

HPDCG




Y-Y-t-  Preparation of the new polymer (LDPE with

Polyacrylamide(PAM)) crosslinked by hexamine(HM)

The formed sheets of LDPE was crosslinked with the PAM by
hexamine (HM), with the compression molding for sandwich method!""", the
PAM powder put each side for sandwiching LDPE sheets and adding (HM) each
side. The molding heated to )+ ++° °C and kept at this temperature under (°)
ton pressure for Y°-Y® min. The pressure was elevated to (Y-A) ton and the
temperature was increased to YY:+° °C, the system was kept under these
conditions for an other ()+ min), after this the system cooled (7.9 The

polymer obtained by using the quantities listed in table (Y-) £).

Table ( T- ! £) the LDPE with( '- * %wt PAM) crosslinked by different
percentage %wt of (HM)

HM (%wt )

%%wt VA Y.ol YA V.07 Vo \Y. o)
PAM

V. LAM, LAMHM: . LAM,HM. LAM,HMy . LAM\HM,. | LAM\HM«.

\PA LAM, LAMHM; . LAMHM, LAMHMy . LAMHM,. LAMHM .

v LAMy LAMHM; . LAM«HM, LAM:HMy . LAM:HM,. LAM:HM »




Y-Y-¢.  Preparation of the new polymer (LDPE with

polyacrylamide-PAM) crosslinking by Gluteraldehyde (Ga)

The compression molding for sandwich method'""", the PAM powder
put each side for sandwiching LDPE sheets and adding (Ga) percentage each
side. The conditions for molding heated to Y++ + © °C and kept at this
temperature under (°) ton pressure for Y°-Y® min. The pressure was elevated
to (V-A) ton and the temperature was increased to 'Y+ ¢ °C, for another () *
min), after that left to cool ""*""**), the obtained polymer prepared using the

quantities listed in table (Y- 2).

Table (- ¢) the LDPE with (%wt) PAM crosslinked by different percentage
of (%wt) Ga

PAM (%owt)




Ga(%wt) | % V7 Y7 Y7 ¢/ o
Y, LGa. | LAM\Ga. | LAM\Ga. | LAM/Ga. | LAM.Ga. | LAM.Ga.
V.e7 | LGav. | LAM\Gav. | LAM\Gay.. | LAMGay. | LAM.Gav.. | LAM.Gay.
\+7 | LGa,. | LAM\Ga,. | LAMGa,. | LAM:Ga,. | LAM.Ga,. | LAM.Ga,.

Y-Y-1- Preparation of the new polymer (LDPE) with (PAM)

crosslinking by C-v

The compression molding for sandwich method"" ", The PAM powder
put each side for adding it (C«v) a crosslinking agent percentage each side. The
conditions for molding heated to )+ +#° °C and kept at this temperature under
(°) ton pressure for Y°-Y© min. The pressure was elevated to (V-A) ton and the

temperature was increased to Y ++° °C, the

other ()+ min), after this cooled for system (T The obtained polymer

prepared using the quantities listed in table (Y- 7).



Table (- ! 7) the LDPE with (% wt) (PAM) crosslinked by different (% wt)

C-v
PAM (% wt)
Cav(%owt) VA \WA Y7 v £ o
LY LCav,e LAM,C.ye LAM:C.y e LAM:C.y e LAM:C.v e LAM.C.y s
XY/ LCuvye | LAM\Civye | LAM(Cayvyvs | LAM:Cayvyvs | LAM:Cayyo | LAM.Cayy.s
XY LCw.. | LAM\Cwvy. | LAM(Cuy,. | LAM:Cuy,. | LAM:Cuy,. | LAM.Cay,,.

Y-Y-V- Preparation of the new polymer (LDPE) with

polyelectrolyte (PE) crosslinked by (HM , Ga, C.v)

The compression molding for sandwich method"" "), The polyelectrolyte
(PE) powder put each side for adding it (HM) a crosslinking agent (°7 w/w)
each side. The conditions for molding heated to Y+ +*° °C and kept at this
temperature under (°) ton pressure for Y°-Y2 min. The pressure was elevated
to (V-A) ton and the temperature was increased to ‘Y ++° °C, the other ()
min), after this cooled for system (" The above operations were repeated
with (Ga & C+v ) a crosslinking agent (°/ w/w) each side. The obtained polymer

prepared using the quantities listed in table (Y-V).

Table ( '- ' Y) the LDPE with (% wt) (PE) crosslinked by different

agent(HM, Ga, C-v) (°% w /w)



PE (% wi)
(Yowt) V% Y% Y% % °%
°/.HM | LPE\HM | LPEHM | LPE+HM | LPE:HM | LPE.HM
°/.Ga | LPE\Ga | LPE«Ga | LPE:Ga LPE:Ga LPE.Ga
©0%C+v | LPE\Csv | LPE(Cay LPE:C.y LPE:C-v LPE.Chy

Y-¥- Mechanical Properties Measurements

The mechanical properties may be considered as the most important
properties of materails for most applicacations, generally dealing with
materials designer require information about their mechanical behaviour and
low this behaviour can be measured by mechanical testing e.g. tensile strenght

, hardness, impact strenght,....etcm.

Y-Y-\- The stress- strain Behaviour Measurementes

The dumbell shaped cutting machine, the specimens were cut from the

leathery preheated sample sheets.



The specimens were numbered at both ends and their dimensions were
measured accurately at several different parts of the specimens by
micrometer, in order to average the obtained dimensions, mainly the width

and thickness.

The sets of samples consisting ©-)+ samples were tested from each
category, schematic diagrams with dimensions for the tested specimens are

presented in fig. (Y-°).

YA mm

// -

Yo mm




Fig (Y-°) Schematic diagram for tensile testing dumbbell shaped specimen.

All the measurements for tensile testing evaluation were carried out

according to ASTMD YA,

The specimens were subjected to constant stress at constant rate of
strain, cross sheet speed °* mm/min, the load-elongation curves were

recorded for each test on chart recorder with speed Y+ mm/min.

The load-elongation curves were recorded for each sample and the
obtained load-elongation curves were analyzed for all samples. Thus each of
the dumbbell shaped specimens was numbered from both ends and clamped
in jaws of the testing machine, the elongation was measured over a portion of

the narrowed section from the sample (termed the a gage length).

Y-Y-Y Impact Strength

Y-Y-Y-) Preparation of the Specimens



The sample sheets prepared are the parallel strips cut from the
preheated sheets the parallel strips were cut small strips convenient to impact
measurements, the dimensions, of the small strips were chosen to be
according to ASTMDY®1 having dimensions, length(1°.© mm), width ()Y.V
mm) and thickness (Y mm), diagram for representative sample is shown in fig.

(Y-1).

YY.Y mm

A
v

A
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Fig (Y-1) IZOD impact testing specimen

The sample were notched via making V-shape notch with angle (£°°) and
depth (Y.© mm), samples were prepared from each of the prepared samples,
the specimens were treated and preconditioned adopting the same sequence
at various sages similarly to tensile strength samples as already, for the tensile
testing specimens in order to delete the micro crazes and rough surface by
grinding techniques. The required dimensions of the samples were measured

accurately by micrometer.

Y-¥-Y-Y Measurements of the Impact Strength

All the specimen were tested by IZOD impact tester. Each specimen was
placed vertically and facing the hammer at nearly standard testing
conditions. The impact strength was calculated by equation ()-1), fig (Y-V)

shows the impact strength testing diagram.

hummer

-

sample

<

N NN |

Fig.(Y-Y) IZOD impact testing



Y-Y.¥. Hardness tests

Y-Y-¥-\ Hardness measurements

The hardness characteristics of the prepared samples was measured using

shore hardness tester type-D&A.

Fig (Y-A) shows a representative hardness of specimen.

Fig (Y-A) Hardness testing specimen



The measurements for hardness testing evaluation were carried out

according to ASTM-DYY ¢+,

In shore-D, the specimen prepared (¥ mm) thickness put in instruments and
the indenter down to for specimen at load (¢ N) for ) © sec. The hardness was
measured at several different parts of the samples, the obtained values were

averaged.

In shore -A, specimen prepared (Y mm) thickness put in instruments and
the load (Y© N) was down for one sec. The hardness was measured at several

different parts of the samples, the obtained values were averaged.

Y-t. Electrical Properties of Polymers

Y-£-) The conductivity measurements for the solid samples:



The conductivity measurements for the new polymer (LDPE), (YxY) cm
and *.Y mm thickness. The conductivity (G)(ohm) and capacity (C)(F/m)
measured for the samples, for different temperature (Y+-))+) °C and different

time (*-YA+)min for any temperature .

Y-¢- Swelling Behavior of the New Hydrogels

Y-¢-)- elling Studies as a Function of Time :

The dry samples were allowed to hydrate in the presence of excess
amount of distilled water at (Y++°) °C. The weight of the hydrated samples
was measured at different time intervals using (Digital Balance Oertling JC\Y)
by removing the gels from water and blotting them to remove the superficial
water and weighting in a closed weighting bottle. Some hydrogels swelled to
the extent that they became too fragile to handle. These were placed in a
weighting boat. The weighting boat containing the hydrogels was immersed in
distilled water for swelling. The weighting boat was taken out to drain the free

water from the sieve. The excess of water underneath the sieve was removed



by towel paper. Then the weight of the swollen hydrogels was measured by

subtracting the boat weight from the total weight.

The swelling ratio (Q) is defined as :-

Q=(ws-wg)/wy

Where w; is the weight of the swollen hydrogel and wy is the weight of the
dried hydrogels. Also (Q) can be defined as water up take ( g water/g dry

gel)(uv-n.).

Y-o-Y Deswelling Studies:-

The swollen hydrogels were dried for £:-£A hours under blowing of

warm air (°++°) °C.

¥-\- Electrical properties of polymers

The electrical properties of polymers were distinguish for many

manifestly not normal for most inorganic semiconductors.

Such as ; Firstly , It's values are very low were do not measured by (Hall

effect) (less than +.+) cm' /V.sec). Secondly; the electrical motive force (EMF )

(24



and the thermal factor ( ) are constants and increased with temperature, i.e.
(log ) increased linearly with heating . This happens for all semiconductors.
Thirdly ; for electrons of heterogeneous compounds when conductor layers
separated by veils isolators."*"! Therefore there is many theories to explain

polymer conductivity behavior!"*"

| [P Electrical conductivity

The electrical conductivity of polymer defined as the charge quantity
throughout passing time unit in unit area , for conductor electrical field unit.
The electrical conductivity of polymer(x) depends on found free ions which do
not chemically connected with large molecular and this molecule do not
involve in electrical charges transport process , therefore the polymers
conductivity depends on interference founding in large degree for that low

molecular weight for ions reference .

When the chemical structure of polymer is the limited effect for ions
movement , makes the conductivity of polymer in the glass state in the range
() S ~'H) ohm™. cm™ , the conductivity value increase with temperature

increase , equation (Y — ) become :

A :isconstant (A @/T)
R :gas constant.

AU ..
: activation energy .



When the temperature is higher than glass transition temperature (Tg)

, the ions movement will increased , resulted to higher proportion movement

of polymer change length ends which lead to higher conductivity (o1

¥-\-Y-  Permittivity

The Permittivity or dielectric constant for polymers (€ ) depends on the

capacity of electrical capacitor capacity in absolute space in the outer electrical

field frequency .

¥-\-Y- The measurements of electrical conductivity of the

prepared polymers

Electrical conductivity measurement of prepared polymers conductivity
(G) , capacity (C) and permittivity or dielectric constant (8) of the prepared
polymer were measured at different temperature (YY=YY.°C)and
different time (* — YA*min.) . The dielectric constant (8) was calculated by the

following equations .




Co
Where the C : Capacity of polymer

Co : absolute capacity which is equal to

Co= EO T iiiieerrescensenseenes (V-V)

Where the (Eo) represented of air permittivity (A.A® x Y+'") f/m,

when (a) representes one knit area, ( ) représentes distance between two

parallel knits

Y
a=r x 7

Where r : radius of polymer sample

The resistivity ( p) of polymer defined is inverse of solution conductivity (K), in

relationship(m’ :

Fig.(¥-)) shows the resistivity( )oof prepared polymer (LPDC) [Table (Y-
A) page 1A] with the time at different temperature .Its clearly noticed that the

resistivity( ) value decreasesAvith increasing temperature , its value were

[£.00%) " T Yox) " Y W)t Y Yox) et g )T £ Tex)  and £.VIx) T

’ . ’ "

ohm.cm] at temperature [YA, €+ 0+ Y+ 4+ Vev gnd V)« °C] respectively . The
P



resistivity( ) value increased with the time up to (Y * min.) and then level off at
(YA°C) . While about same trends were noticed for others temperature i.e. no
change ( )Jof with time except at (¢+ °C) where a decreases up to (1
min.)then level off . This is may be due to for annealing or creastilaization on

heating of polyethylene in temperature less than melting point (Tm ) """

The behavior polymer(LPDC) permittivity (€) with the time in different

temperature is shown in Fig.(Y-Y). Where the permittivity (€) remain constant

with time up to (1+ min.) and then remain constant except at (YA °C) a
fluctuation behavior was noticed which could be due to for annealing or
creastilaization on heating of polyethylene in temperature less than melting

Yo¥y.vet)
)(

point (Tm

Fig.(Y-Y) shows the resistivity( ©) of prepared polymer (L\.:PDC) [Table
(Y-A) page 1A] with the time at different temperature .Its clearly noticed that
the resistivity( ) value decreasés with increasing temperature , its value were
[€.0ox) e € 86x) 2 v £ ¥ e 4o et A VIxY et gand 4.1x)
ohm.cm] at temperature [Yo,¢+,0+ Y+ 4+ V++ and V)« °C] respectively . The
resistivity( ) value increased with the time up to fi * min.) and then level off at
(YA°C) . While about same trends were noticed for others temperature i.e. no
change ( )Jof with time except at (V+ °C) where a dpecreases up to (¢
min.)then level off . This is may be due to for annealing or cross linking

reactions between polyethylene and other compound (e



The behavior polymer(L\.PDC) permittivity (€) with the time in

different temperature is shown in Fig.(Y-£¢). Where the permittivity (€) remain

constant with time up to (1 + min.) and then remain constant except at (Y° °C)
a fluctuation behavior was noticed which could be due to for annealing or

cross linking reactions between polyethylene and other compound (¥ee

Fig.(Y-°) shows the resistivity( p) of prepared polymer (L\.xPDC) [Table
(Y-A) page 1A] with the time at different temperature .Its clearly noticed that
the resistivity( ) value decreasé’ with increasing temperature , its value were
VAV " vax) " . oYx) ot ) x4 EAxY T T AEx) e and 1.0Ax)
ohm.cm] at temperature [YY,¢+,0+ Ve 3+ Vv and V)« °C] respectively . The
resistivity( ) value increased with the time up to (Q* * min.) and then level off at
(¢ °C) . While about same trends were noticed for others temperature i.e. no
change ( )of with time except at (YY,¢+ °C) where a gecreases up to (¢
min.)then level off . This is may be due to for happens for molecular
orientation type ,annealing or creastilaization on heating of polyethylene in

temperature less than melting point (Tm jrev-rea

The behavior polymer(L\+ PDC) permittivity (€) with the time in

different temperature is shown in Fig.(Y-1). Where the permittivity (€) remain

constant with time up to (°* min.) and then remain constant except at (Y¥ °C)
a fluctuation behavior was noticed which could be due to for happens for
molecular orientation type ,annealing or creastilaization on heating of

polyethylene in temperature less than melting point (Tm )" ""**)



When the conductivity of solid (un plasticized ) PVC is in the order of
(Y« s/cm) while the conductivity of the DOP plasticizer is about (© x Voo
s/cm) , when the DOP level increased the composites conductivity increased
independent on the filler conductivity like this carbon black is in the order of
(Y ' s/cm) . Fig. (Y-V) show the log resistivity (log ) with the temperature ( °C
) for to ponme’rDs prepared (LPDC,L\.:PDC, L\.APDC) we notice the temperature
increase the (log ) is decrease this meaning the conductivity is increase for
threeppolymers .In polymer (LPDC) when the (log )is (£.£+)in (°* °C) is the (
) (Y.oF x Y+* ohm . cm) and after this po'iont is stay constant . In polymer
(L+.tPDC) when the (log ) is (i.'l\"\) in(V+ °C)isthe ( ) (3.Yix)+* 8hm .cm)
and after this point is stay constant . In polymer (Li.APDC) when the (log ) is
(¢.YYY)in (V+ °C)is the (p )().2+ x Y+ ohm . cm) and a}ter this point is stay
constant . Also we notice the conductivity of polymer (LPDC) high than
conductivity of polymers (L\.:PDC, Ly.APDC) this due to quantity of carbon black
adding in polymer (LPDC) is more than the rest ,also due to morphologic
changes when happen on heating and molecular moving changes for polymers
chain or some part it , or happen cross linking reaction between polyethylene

and other compounds(m) .

Fig.(Y-A) show the log permittivity (log €) with the temperature ( °C)

for to polymers prepared (LPDC ,L:.:PDC, L\..PDC) , when we notice (log €) for
LPDC polymer begin increase for to temperature ( ©+ °C ) and stay constant

,when (log €) for LPDC polymer in ( ©+ °C) (Y.£°)is the( €) (Y.AY x Y+ ") while

notice (log €) for (L\.cPDC, Ly.APDC) polymers begin increase for to temperature



( V+ °C) and stay constant ,when (log €) for (L\.:PDC, LiAPDC) polymers in

(Ye°C) (V.90 , Y.¥VV)is the ( €) (MAY x Y+, Y.¥A x Y+") , we notice the

dielectric constant or permittivity for above polymers increase for additive

increase for polyethylene .

Fig.(¥-4) shows the resistivity( 2 ) of prepared polymer (L\.+APDC*G») [Table
(Y-9) page 1A] with the time at different temperature .Its clearly noticed that
the resistivity( ) value decrease$ with increasing temperature , its value were
[0+ %)+ T Y AAxY T Y 0fx) et ) VAxY T ) Aux) e ) Aex) T and V.4Ax) »C
ohm.cm] at temperature [YY,¢+,0+ Y+ 4+ V++ and V)« °C] respectively . The
resistivity( ) value increased with the time up to (% * min.) and then level off at
(YV°C) . While about same trends were noticed for others temperature i.e. no
change ( )of with time. This is may be due to for annealing opr creastilaization

(Yoy-vog)

on heating of polyethylene

The behavior polymer(L'APDCrG)) permittivity (€) with the time in

different temperature is shown in Fig.(Y-) +). Where the permittivity (€) remain

constant with time up to (A* min.) and then remain constant except at (YV,V:
°C) a fluctuation behavior was noticed which could be due to for annealing or

creastilaization on heating of polyethylene (Yo¥-vot) .

Fig.(¥-))) shows the resistivity( ©) of prepared polymer (L\.:PDC) [Table
(Y-A) page 1A] with the time at different temperature .Its clearly noticed that

the resistivity( ) value decreasés with increasing temperature , its value were



[Vl ) ¥ NEx) e vt g Ea) T T YA e gnd V.oox)
ohm.cm] at temperature [YY,€+,0+ Y+ 4+ V++ and V)« °C] respectively . The
resistivity( ) value increased with the time up to (A* min.) and then level off at
(VY + °C) . While about same trends were noticed for others temperature i.e. no
change ( )of with time except at () °C) where a decreases up to ()
min.)then level off . This is may be due to for annealing or creastilaization on

heating of polyethylene in temperature less than melting point (Tm)! """

The behavior polymer(L\.PDC) permittivity (€) with the time in

different temperature is shown in Fig.(Y-)Y). Where the permittivity (€) remain

constant with time up to (°* min.) and then remain constant except at (YV,¢:
°C) a fluctuation behavior was noticed which could be due to for annealing or
creastilaization on heating of polyethylene in temperature less than melting

point (Tm)(m'm) .

Fig.(¥-)Y) shows the resistivity( ) of ppepared polymer (LPDC+G,) [Table
(Y-9) page 1A] with the time at different temperature. Its clearly noticed that
the resistivity( ) value decreases witH increasing temperature , its value were
VY)Y Y VA T ) T T Y ) T Y ) T and YY) S
ohm.cm] at temperature [YV,€+,0+ Y+ 3+ Vv and V)« °C] respectively . The
resistivity( ) value decreased with the time up f% (¢£+ min.) and then level off

at (YV °C) . While about same trends were noticed for others temperature i.e.
Yo,



no change (  )of with time except at (V* °C) where a increases up to (1*
min.)then level off . This is may be due to for happens of molecular orientation

type ,annealing or creastilaization of polymers {'*""**) .

The behavior polymer(LPDC:G,) permittivity (€) with the time in

different temperature is shown in Fig.(¥-)¢). Where the permittivity (&)

decreased with time up to (°* min.) and then remain constant except at (V+,9*
°C) a increases up to (V* min.)then level off , was noticed which could be due
to for happens of molecular orientation type ,annealing or creastilaization of

polymers "°"*%)

Fig. (Y-Y° ) show the log resistivity (log ) with the temperature ( °C)
for to polymers prepared (L\..PDC+G: ,L\.:PDCrG), LPDC*G') we notice the
temperature increase the (log ) is decrease this medhing the conductivity is
increase for three polymers .In polymer (L' PDCrG)) when the (log ) is
(¢.Y3)in (Y °C)isthe ( ) p (V.4A x Y+° ohm . cm) and after this point is
stay constant . In polymer (L'.:PDCrG') when the (log )is (£.7eY)in (Y* °C)is
the ( ) (£.69 x ) ohmp. cm) and after this point is stay cor/\)stant . In
polymer (LPDCrG» ) when the (log )is (°.*€2)in (Y °C)isthe( ) (V.M
x Y+° ohm . cm) and after tﬁis point is stay constant . Also we /r)motice the
conductivity of polymer (L\.:PDCrGr ) high than conductivity of polymer
(LPDC+G: ) and this high than conductivity (L\.APDCrG» ) this due to quantity of
carbon black and graphite adding to polymer, also due to morphologic changes

when happen on heating treatment and molecular moving changes for

polymers chain or some part it , or happen cross linking reaction between



polyethylene and other compounds (™" This can related to the fact that at
this region the composites conductivity depends strongly on the filler

conductivity . The graphite have a conductivity in the order of () +* S/cm) while

the carbon black have a conductivity in the order of (Y * " S/cm) ") .

Fig. (Y-)1) show the log permittivity (log €) with the temperature ( °C)
for to polymers prepared (L'.APDCrG» ,L\.:PDCrG, LPDCrG)) , when we notice

(log €) for (L\.APDCrG" ) polymer begin increase for to temperature ( ¢+ °C)
and stay constant ,the (log €)in (Y* °C) ().£€YA) is the( €) (Y.7A x Y +) while
notice (log €) for (L\.«PDCrG") polymer begin increase for to temperature ( ©*
°C ) and stay constant ,the (log €)in ( Y+ °C) (Y.19Y)is the ( €) (£.3Y x V")
while notice (log €) for (LPDC*G+) polymer begin increase for to temperature (

©+ °C) and stay constant ,the (log €)in (Y+ °C)().°Y1)isthe (&) (Y.¥1x+),

the dielectric constant or permittivity for above polymers depends on the

quantity percentage of carbon black and graphite with other compounds .

Fig.(Y¥-'V) shows the resistivity( )cof prepared polymer (L...PDCG)
[Table (Y-)*) page 1%] with the time at different temperature .lts clearly
noticed that the resistivity( ) value defreases with increasing temperature, its
value were [YOAXY +" Y YAXY 2T Y YA T Y YA T ) Y)Y Yox) s C

and ).Y4x)+" ohm.cm] at temperature [YV,£+,0+ ¥+, 4+ Yev and VV+ °C]
P



respectively . The resistivity( ) value increased with the time up to (1+ min.)
and then level off at (¢ °C) . While about same trends were noticed for others
temperature i.e. no change ( )of with time except at (YV,¢+,Y)+ °C) where a
decreases up to (1 * min.)then level off . This is may be due to for annealing or

creastilaization on heating of polyethylene "*""*")

The behavior polymer(LyAPDCG) permittivity (€) with the time in

different temperature is shown in Fig.(Y-YA). Where the permittivity (€) remain

constant with time up to (1+ min.) and then remain constant except at
(V+, 9« Y« V)2 °C) a fluctuation behavior was noticed which could be due to

for annealing or creastilaization on heating of polyethylene "*""**)

Fig.(¥-Yd) shows the resistivity( )oof prepared polymer (L.:PDCG)
[Table (Y-)+) page 1%] with the time at different temperature .Its clearly
noticed that the resistivity( ) value increases witl increasing temperature , its
value were [V.Y3x) "V YA Y Yax) T ) P LT ) Yo ey Yax) . ©
and ).Y¥x)+" ohm.cm] at temperature [Y4,£€+,0+ Y+ 4+ Vet and VV+ °C]
respectively . The resistivity( ) value increased with the time l'JOp to (£+ min.)
and then level off at (Y9 °C) . While about same trends were noticed for others
temperature i.e. no change ( )Jof with time except at (Y)* °C) where a
decreases/l)Jp to (1+ min.)then level off . This is may be due to for
annealing or creastilaization on heating of polyethylene in temperature less

(Yov-Yot)

than melting point (Tm)



The behavior polymer(L\.:PDCG) permittivity (€) with the time in

different temperature is shown in Fig.(¥-Y+). Where the permittivity (&)

decreases with time up to (A*+ min.) and then remain constant except at
(Y4,¢€+,0+ °C) a fluctuation behavior was noticed which could be due to for
annealing or creastilaization on heating of polyethylene in temperature less

(Yov-vot)

than melting point (Tm)

Fig.(¥-Y") shows the resistivity( ) of prepared polymer (LPDCG) [Table
(Y-Y+) page 14] with the time at different temperature .Its clearly noticed that
the resistivity( ) value increases withAncreasing temperature , its value were
V.90 1 YA Y A Y Y Yax) T ) Yox) T ) ¥YxYSand V. YAx) e
ohm.cm] at temperature [YA, €+ 0+ Ve de Vv and V)« °C] respectively . The
resistivity( ) value increased with the time up to (°* min.) and then level off at
(YA°C) . While about same trends were noticed for others temperature i.e. no
change ()of with time except at (°* °C) where a decregses up to (A+ min.)
then level off . This is may be due to for annealing or creastilaization on

heating of

(Yov-vot)

polyethylene

The behavior polymer(LPDCG) permittivity (€) with the time in

different temperature is shown in Fig.(Y-YY). Where the permittivity (&)

increases with time up to (A+ min.) and then remain constant except at

(Y+,9+,Y++ VY °C) a fluctuation behavior was noticed which could be due to

for annealing or creastilaization on heating of polyethylene """ |



Fig. (¥-YY ) show the log resistivity (log ) with #he temperature ( °C
) for to polymers prepared (L\..PDCG ,L\.:PDCG, LPDCG) we notice the
temperature increase the (log ) is decrease this meaning the conductivity is
increase for three polymers .In polymer (Li.APDCG) when the (log )is (°.)Y1)
in(Y* °C)isthe ( ) (P.W x Y+° ohm . cm) and after this pgint is stay
constant . In polymer (L\.:PDCG) when the (log )is (©.))Y+)in (Y °C)is the (
) (V.Y4 xY+° ohm . cm) 'eomd after this point is stay constant ./I)n polymer
(LPDCG ) when the (log  )is (®.VY¢Y)in (V+ °C)isthe ( ) (V.Y x V+°
ohm . cm) and after this poin/fc is stay constant . We notice the condpuctivity of
polymers (L\.+APDCG, L\.:PDCG, LPDCG) is approximation equals , this due to
guantity of carbon black and graphite is equal at in three polymers when the

conductivity of polymers due to morphologic changes when happen on heating

treatment and molecular moving changes for polymers chain or some part it

(Ye)

Fig. (Y-Y ¢) show the log permittivity (log €) with the temperature ( °C
) for to polymers prepared (L\..PDCG,L:.:PDCG, LPDCG) , when we notice (log

€) for (L».,PDCG ) polymer begin increase for to temperature ( V+ °C) and stay
constant ,the (log €) in (Y+°C) (Y.o¥1)is the( €) (Y.¥ x Y+ ") also notice
(log €) for (L\.:PDCG) polymer begin increase for to temperature ( V+ °C) and
stay constant ,the (log €) in ( Y+ °C) (Y.©+£) is the ( €) (*.)9 x V") while
notice (log €) for (LPDCG) polymer begin increase for to temperature (V: °C)

and stay constant ,the (log €)in (V+ °C) (Y.2)))is the ( €) (*.Yo x Y+ "), the

dielectric constant or permittivity for above polymers is approximation equals



, this due to quantity of carbon black and graphite is equals on three polymers

Fig.(Y-Y°) shows the resistivity( ) of prepared polymer (L' PDC:\Gr)
[Table (Y-))) page 1%] with the time at different temperature .Ilts clearly
noticed that the resistivity( ) value increases witiincreasing temperature , its
value were [Y. 0 Tx) " Y 0 Ex) oY Y Yax )T Y P T Y XY T YA
and ).YAx)+" ohm.cm] at temperature [Y+,€+,2+,Ys, 44 Yo and VV+ °C]
respectively . The resistivity( ) value increased with the time l'JOp to (A min.)
and then level off at (¥* °C) . While about same trends were noticed for others
temperature i.e. no change ( )of with time except at (9 °C) a fluctuation

Yo
behavior then level off . This is may be due to for annealing or creastilaization

(Yov-vet)

on heating of polyethylene

The behavior polymer(Li.APDC\Gr) permittivity (€) with the time in

different temperature is shown in Fig.(¥-Y1). Where the permittivity (&)

increases with time up to (A+ min.) and then remain constant except at (% +°C)
a fluctuation behavior was noticed which could be due to for annealing or

creastilaization on heating of polyethylene "*""**).

Fig.(Y-YY) shows the resistivity( ) of prepared polymer (LPDC:Gr)
[Table (Y-))) page 1%] with the time at different temperature .Its clearly
noticed that the resistivity( ) value in€reases with increasing temperature , its
value were [V.7)x) ", V. ¥ax) e Y Yax) Ty TVx) T ) P LT Y £ S
and ).£ox)+° ohm.cm] at temperature [Y3,€+,0+ Y+ 3+ V+v and V) °C]

respectively . The resistivity( ) value increased With the time up to (¢+ min.)



and then level off at (Y4 °C) . While about same trends were noticed for others
temperature i.e. no change ( Jof with time. This is may be due to for

annealing or creastilaization on heating of polyethylene {"**"** .

The behavior polymer(LPDC\Gr) permittivity (€) with the time in

different temperature is shown in Fig.(Y-YA). Where the permittivity (&)

increases with time up to (1+ min.) and then remain constant was noticed
which could be due to for annealing or creastilaization on heating of

(Yoy-vot)

polyethylene

Fig.(¥-Y4) shows the resistivity( »#) of prepared polymer (LPDG) [Table
(Y-YY) page Y+] with the time at different temperature .Its clearly noticed that
the resistivity( ) value incfeases with increasing temperature , its value were
VT ) N Y T8 e e et vfand 1Y)
ohm.cm] at temperature [YV,¢+,0+ Y« 4+ Vv and V)« °C] respectively . The
resistivity( ) value increased with the'?cime up to (A+ min.) and then level off at
(YV°C) . While about same trends were noticed for others temperature i.e. no
change ( )of with time except at (¢* °C) whef% a decreases up to (A* min.)
then level off . This is may be due to for annealing or creastilaization on

(YoY-veog)

heating of polyethylene

The behavior polymer(LPDG) permittivity (€) with the time in

different temperature is shown in Fig.(¥-Y+). Where the permittivity (&)

increases with time up to (A*+ min.) and then remain constant was noticed



which could be due to for annealing or creastilaization on heating of

(Yov-vot)

polyethylene

Fig. (Y-Y) ) show the log resistivity (log ) with the temperature ( °C)
for to polymers prepared (L..PDC:Gr ,LPDC:Gr, LPDG) we notice the
temperature increase the (log ) is decrease this méaning the conductivity is
increase for three polymers .In polymer (Ly.APDC\Gr ) when the (log ) is
(eNe€)in(Yr °C)isthe( ) © (V.Y xY+° ohm.cm) and after this point is
stay constant . In polymer (LPDC:Gr) when the (log )is (¢.YV+)in (V+ °C)is
the ( ) (V.6AxV° oﬁom . cm) and after this point is stay coﬁstant . In
polymer (LPDG ) when the (log )is (¢.AYY)in (Y °C)isthe( ) (V.1¢
x V+° ohm . cm) and af'fc)er this point is stay constant . We ﬁotice the
conductivity of polymer (LPDG ) is high than the conductivity of polymers
(Lv.APDC'Gr ,LPDC:Gr ) , when this due to the conductivity of graphite in
polymer (LPDG ) without carbon black , while in polymers (L'.APDC:Gr~ ,LPDC:Gr
) the graphite less than quantity from (LPDG ) polymer also due to
morphologic changes when happen on heating treatment and molecular

moving changes for polymers chain or some part it or happen cross linking

reaction between polyethylene and other compounds(m) .

Fig. (Y-YY) show the log permittivity (log €) with the temperature ( °C)

for to polymers prepared (L\..PDC\G~ ,LPDC:Gr, LPDG) , when we notice (log &)



for (L\..PDC)Gr ) polymer begin increase for to temperature ( Y+ °C ) and stay

constant ,the (log €) in (Y+°C) (Y.0YY)is the( €) (.Y x )+ ") also notice
(log €) for (LPDC:Gr) polymer begin increase for to temperature ( Y+ °C ) and
stay constant ,the (log €)in ( Y+ °C) (Y.°™)) is the ( €) (Y.£+ x Y+ ") while
notice (log €) for (LPDG) polymer begin increase for to temperature (Ye°C

) and stay constant ,the (log €)in (V* °C)(Y.£+¢)isthe (€) (Y.9¢ x Y+'), the

dielectric constant or permittivity for (LPDG) polymer is differ from other
polymers (Ly.APDC\Gr ,LPDC:Gr ) , this due to quantity additive addition from

carbon black and graphite to polymers

Fig.(Y-YY) shows the resistivity( ) ®f prepared polymer (H\..PDCG)
[Table (Y-)Y) page Y+] with the time at different temperature .lts clearly
noticed that the resistivity( ) value increases with increasing temperature , its
value were [T, o )x) o1, ¥ oeox) el ¥ a¥x) et R Ve T Y YY) E A S
and Y.Mx\+* ohm.cm] at temperature [Y+, ¢+ 0+ Ve 3¢V ee gnd V) °C]
respectively . The resistivity( ) value increased with the time L'Jop to (°* min.)
and then level off at (Y °C) . While about same trends were noticed for others
temperature i.e. no change ( )of with time except at (¢+ °C) a fluctuation
behavior tﬁen level off. This is may be due to for annealing or creastilaization

(Yovy-vog)

on heating of polyethylene

The behavior polymer(H . PDCG) permittivity (€) with the time in

different temperature is shown in Fig.(¥-Y¢). Where the permittivity (&)



increases with time up to (°* min.) and then remain constant except at (¢ *°C)
a fluctuation behavior was noticed which could be due to for annealing or

creastilaization on heating of polyethylene "*""**).

Fig.(¥-Y2) shows the resistivity( ) of prepared polymer (H:.:PDCG)
[Table (Y-)Y) page A+] with the time at different temperature .Its clearly
noticed that the resistivity( ) value increases witl increasing temperature , its
value were [Y.00x) 1 YAV b ¥ Y ax) et VYY) T Y eox) et Y ax)
and Y.YAx).® ohm.cm] at temperature [YV,€+,0+ Ve 3+ Vev gnd V) °C)
respectively . The resistivity( ) value increased with the time l'fp to (7* min.)
and then level off at (YY °C) . While about same trends were noticed for others
temperature i.e. no change ( )Jof with time . This is may be due to for

Yol

annealing or creastilaization on heating of polyethylene {'**"*")

The behavior polymer(H).sPDCG) permittivity (€) with the time in

different temperature is shown in Fig.(Y-Y1). Where the permittivity (&)

increases with time up to (1+ min.) and then remain constant was noticed
which could be due to for annealing or creastilaization on heating of

(Yov-vot)

polyethylene

Fig.(Y-YV) shows the resistivity( )oof prepared polymer (HPDCG)
[Table (Y-)Y) page A+] with the time at different temperature .lts clearly

noticed that the resistivity( ) value inéteases with increasing temperature , its

value were [Y.+0x) 1 Yoo A o1 Y ax) e o X ) e o YA W F o g )



and ©.£¥x)+* ohm.cm] at temperature [Y4,€+, 0« Y, 2« Ver gnd V) °C)
respectively . The resistivity( ) value increased with the time up to (1+ min.)
and then level off at (Y4 °C) . While about same trends were noticed for others
temperature i.e. no change ( )Jof with time. This is may be due to for

annealing or creastilaization on heating of polyethylene {'*""*")

The behavior polymer(HPDCG) permittivity (€) with the time in

different temperature is shown in Fig.(Y-YA). Where the permittivity (&)

increases with time up to (1* min.) and then remain constant except at (Y4°C)
a fluctuation behavior was noticed which could be due to for annealing or

creastilaization on heating of polyethylene (vev-req)

Fig. (Y-Y4 ) show the log resistivity (log ) with the temperature ( °C)
for to polymers prepared (H)APDCG ,H:..:PDCG, HPDCG) we notice the
temperature increase the (log ) is decrease this méaning the conductivity is
increase for three polymers .In polymer (H\.xPDCG) when the (log )is (£.°0Y4)
in(Y*°C)isthe( ) (P.A+ x Y+ ohm . cm) and after this pcﬁnt is stay
constant . In polymer (H\.:PDCG) when the (log )is (¢£.A13)in (Y+ °C)is the (
) (V.Y x V+* ohm . cm) gnd after this point is stay constant . ﬁw polymer
(HPDCG ) when the (log ) is (¢.YYV)in (Y °C)isthe( ) (0.¥Y x )+
ohm . cm) and after this poin/i is stay constant . We notice the cond/ijctivity of
polymer (H .+ PDCG) is high than the conductivity of polymers (H:.:PDCG,
HPDCG) , when this due to quantity of additives (PVC + DOP +C +G) to HDPE in
polymer (H'.APDCG) more than the quantity in polymers (H).:PDCG, HPDCG) ,
also due to morphologic changes when happen on heating treatment and
molecular moving changes for polymers chain or some part it or happen cross

linking reaction between polyethylene and other compounds (ven



Fig. (Y-¢+) show the log permittivity (log €) with the temperature (°C)
for to polymers prepared (H'.APDCG ,H:.:PDCG, HPDCG) , when we notice (log

€) for three polymer above begin increase for to temperature ( V+ °C) and stay
constant ,In polymer (HyAPDCG ) the (log €)in( Y+ °C) (Y.1+Y)is the( €) (¢.*)
x Y +") also notice in polymer (H».:PDCG) the (log €)in (VY °C)(Y.&€YA)is the (
€) (Y.*) x Y+ ") while notice in polymer (HPDCG) the (log €)in (V* °C) (Y.0°¢)

is the (€) (Y.04x 1+ ").

Figs. (Y-¢) — Y-22) show the log specific Conductive (logK) with the
temperature(°K) for to polymers prepared (LPDC,L:.:PDC, Li.APDC, L\.APDCrG"
,L,..PDCrG», LPDC+G» , L'.APDCG ,L\.:PDCG, LPDCG, L:\PDC:G~ ,LPDC:G+, LPDG,
H,..PDCG,H:.sPDCG, HPDCG) respectively , when to find the slope =

(-A)/Y.¥¥xR), According to equation

logK=log K,- UAY.Y:¥xRxT

When to find the combination activation energy for to prepared

polymers show in Table(Y-)).

Y-\-¢-  Electroplating




The prepared polymer [ LPDC ] which shows a conductance of (£.710x)+"
ohm.cm) conductance at () * + °C), therefore an attempt to cover the polymer
with certain element such cupper . This was done by making the sheet of the
polymer as cathode and a platinum (Pt) wire as anode , using an electrolysis
apparatus [(BTL) Electrolytic Analysis , Japan ] . It was noticed that the current
flow is very low modification of the apparatus has been made changing the
current meter from (mA) to one of (pA) in addition placing magnetic — heater
apparatus in order of rise the temperature . Under these condition plating of
(Cu) was observed on the sheets the polymer, but still very slow . We suggest
for farther work to used different electrolytes beside of found a way of

increase the conductivity of the polymer .
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Fig.(Y¥-¥): Relation ship between the resistivity with the time in different temperature of
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Fig.(¥-£): Relation ship between the permittivity with the time in different temperature of
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Fig.(Y¥-°): Relation ship between the resistivity with the time in different temperature of
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Fig(¥-V): Relation ship between the resistivity with the temperature for
(LPDC,L,: PDC, L, \PDC)polymers

120



——LPDC
-+ 1.4PDC
1A -+ L1.8PDC

log €

0 20 40 60 80 100 120
Tc

Fig(¥-A): Relation ship between the permittivity with the temperature for
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Fig(¥-4): Relation ship between the resistivity with the time in different temperature of
(Ls_APDCsz)polymer
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Fig(¥-1 ¥): Relation ship between the permittivity with the time in different temperature of
(L, :PDC+G,)polymer
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Fig(Y-1Y): Relation ship between the resistivity with the time in different temperature of
(LPDC-G,)polymer



3.30E-01 ~ ——27C
-+ 40c
3.28E-01 | 50
3.26E-01 +
3.24E-01 4
3.22E-01 +
3.20E-01 +
3.18E-01 4
3.16E-01 +
3.14E'01 T T T T T T T T T 1
0 20 40 60 80 100 120 140 160 180 200
T (min)
3.44E+01 - ——70c
——90c
—A—100c
3.42E+01 —&—110c
3.40E+01
L
3.38E+401
3.36E+01
3.34E+01
3.32E401
3.30E+01
3.28E+01 . . . . . . . . . )
0 20 40 60 80 100 120 140 160 180 200

T (min)



log p(ohm.cm)

Fig(¥-) £): Relation ship between the permittivity with the time in different temperature of
(LPDC+G\)polymer
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Fig(Y-11): Relation ship between the permittivity with the temperature for
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Fig(Y-1V): Relation ship between the resistivity with the time in different temperature of
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Fig(¥- A): Relation ship between the permittivity with the time in different temperature of
(L, \PDCG)polymer
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Fig(¥-) %): Relation ship between the resistivity with the time in different temperature of
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Fig(¥-Y +): Relation ship between the permittivity with the time in different temperature of
(L, :PDCG)polymer
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Fig(Y-Y1): Relation ship between the resistivity with the time in different temperature of
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Fig(¥-YY): Relation ship between the resistivity with the temperature for
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Fig(Y-Y £): Relation ship between the permittivity with the temperature for
(L, APDCG, L, : PDCG,LPDCG) polymers
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Fig.(Y¥-Y¢): Relation ship between the resistivity with the time in different temperature of
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Fig.(¥-Y"): Relation ship between the permittivity with the time in different temperature of
(Ls_APDCwGr)DO'Vmer
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Fig.(¥-YA): Relation ship between the permittivity with the time in different temperature of

(LPDC,Gr)polymer
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Fig.(¥-Y%): Relation ship between the resistivity with the time in different temperature of

(LPDG)polymer



3.20E+00 - ——t27c
o * * * * o |TRAC
—A—1t50c
3.18E+00 1
3.16E400 | y
3.14E+00
3.12E+00 1
3.10E+00 1
3.08E+00 N N
3.06E+00 : : : : : : : : ‘
0 20 40 60 80 100 120 140 160 180 200
T (min)
2.65E+02 - ——1t70c
S 5 = = x|+ 190C
/ - 1100c
i X i —
2.60E+02 - -1 110c
2.55E+02
2.50E+02 -
2.45E+02 -
2.40E+02 ¢
2.35E+02 T T T T T T T T T 1
0 20 40 60 80 100 120 140 160 180 200

T (min)




log p(ohm.cm)

Fig.(¥-Y +): Relation ship between the permittivity with the time in different temperature of
(LPDG)polymer

—4-L1.8PDC1G3
—=—LPDC1G3
——LPDG

n— 0 L

0 20 40 60 80 100 120
Tc

Fig(¥-Y1): Relation ship between the resistivity with the temperature for
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Fig.(¥-¥¢): Relation ship between the resistivity with the time in different temperature of
(H,..PDCG)polymer
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Fig.(¥-¥1): Relation ship between the permittivity with the time in different temperature of
(H, .PDCG)polymer

3.14E+06 -

3.13E+06 -

3.12E+06

3.11E+06 A s
—8—t40c
—&—t50c



p(ohm.cm)

p(ohm.cm)

5.50E+04 -
5.45E+04 -
5.40E+04 4
5.35E+04 -
5.30E+04 -
5.25E+04 -
5.20E+04 3

5.15E+04 +




Fig.(¥-¥V): Relation ship between the resistivity with the time in different temperature of
(HPDCG)polymer
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Fig(¥-¢ +): Relation ship between the permittivity with the temperature for

(H,.PDCG, H, :PDCG,HPDCG)polymers
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Fig.(¥-£ ¥): Relation ship between the specific conductive (k) with the temperature (K)for [L, :PDC]
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Fig.(¥-¢ £): Relation ship between the specific conductive (k) with the temperature (K)for
[LyAPDC:G,] Polymer .
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Fig.(Y-£ ¢): Relation ship between the specific conductive (k) with the temperature (K)for
[L\ :PDC+G,\] Polymer .
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Fig.(¥-£1): Relation ship between the specific conductive (k) with the temperature (K)for
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Fig.(¥-£V): Relation ship between the specific conductive (k) with the temperature (K)for
[Ly APDCG] Polymer .
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Fig.(¥-£A): Relation ship between the specific conductive (k) with the temperature (K)for
[L :PDCG] Polymer.
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Fig.(¥-£4): Relation ship between the specific conductive (k) with the temperature (K)for [LPDCG]
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Fig.(¥-° *): Relation ship between the specific conductive (k) with the temperature (K) for
[L,.APDC,G+] Polymer .
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Fig.(¥-°1): Relation ship between the specific conductive (k) with the temperature (K)for
[LPDC,G+] Polymer .
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Fig.(¥-° ¥): Relation ship between the specific conductive (k) with the temperature (K)for [LPDG]
Polymer
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Fig.(¥-° £): Relation ship between the specific conductive (k) with the temperature (K)for

[H\.:PDCG] Polymer .
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Table (¥-V): Represent the practical activation energy for prepared polymers .



No. | Polymer Name | Activation Energy AU(Kcal /mol)
- LPDC YYY £AY
Y- L, :PDC Y ATY
Y- L\,APDC VoY oy
¢- L\.APDCVG\ ALY
o- L, :PDC:G, ATY .
1- LPDC,G, TA AT
V- L\ APDCG 17 AAY
A- L, PDCG TAAQT
q.- LPDCG T AAY
Yoo L, APDC,G¢ T1.9AY
VY- LPDC,G T AAY
VY- LPDG Y1 00)
VY- H,\PDCG XARE
Vé- H,:PDCG oV VY
yo. HPDCG v vay




Table (¥-Y): Represent the Conductivity for prepared polymers .

No. | Polymer Name 6 (S/cm)
V- LDPE Vooeex) o
¥- LPDC AN
V- L,.:PDC EAEAR
£- L,..PDC vex)
o- L, \PDC:G, v 0Oox)
- L, :PDCG, AREAEN
V- LPDC:G, A ax)
A- L, \PDCG Yvox )t
A- L,.:PDCG LYo x) T
V.- LPDCG LLVvex) .
V- L, APDC,G¢ LYY EX) LT
VY- LPDC,Gr CAAXY L
VY- LPDG C Y EAx)
V- H,\PDCG LYIYX)
Vo H, PDCG POYAXY
V1- HPDCG v AAEXY

¥-Y  Mechanical properties
Y-Y-\ Effect of fillers on the mechanical properties of LDPE

and HDPE



Two type of filler used to study the effect of carbon black ( C ) and
graphite ( G ) on the mechanical properties . From figures following , show that
increasing of the percentages of carbon black and graphite leads to increase
the tensile strength up to ( ¢+7 ) above this percentage no change in tensile
strength , also from the same figures show that the value of tensile strength
when using graphite ( G ) are more than when using carbon black ( C) as filler,
may be due to lubricating character of the graphite ( G ) also the same results
obtained when using mixing of both filler directly with LDPE (i.e increasing the

value of tensile strength when increase the percentage of mixing fillers ) .

Y-Y-Y Effect of fillers on the tensile strength of LDPE and

HDPE

Fig.(¥-21) show the effect of ( wt.% ) filler ( C & G ) on the tensile
strength of LDPE , the result show the tensile strength increase nearly by
increasing ( wt.% ) of these filler because the presence of the filler on the LDPE
decrease the free volume and then leads to increase tensile strength but the

value of tensile strength when used ( G ) are some weight more than when

used (C )(m’.

The same result obtained when used ( C & G ) as hybrid fillers for LDPE ,
i.e also the tensile strength increase smaller with increasing( wt.% ) of hybrid

fillers . Fig.(Y-°V) show the behaviors of this effect .



Fig.(Y-°A) show the effect of ( wt.% ) filler ( C & G ) on the tensile
strength of HDPE , the result show the tensile strength increase nearly by
increasing ( wt.% ) of these filler because the presence of the filler on the
HDPE decrease the free volume and then leads to increase tensile strength but
the value of tensile strength when used ( G ) are some weight more than when

used (C)

(ve3)
Fig.(¥-©4) show the effect of ( LDPE + PAM ) with different percentage of
hexamine ( HM ), from the result showing that :
- The tensile strength decrease with increase all percentage of hexamine
(HM ) this due to more cross linking also .
- The tensile strength for LDPE when used (' & Y wt.% ) PAM are
smaller than when used ( Y wt.% ) PAM , but still the value for all are

less than for LDPE alone """ . The cross linking reaction are :

N
\
HZC/ ?bCHZ 0 l
CI—/|N\CH2 ZAN
N/ 2 \N H=—C-H + NHyCHyOH + HOCHNHCHOH +
H,
CH,OH
OH-CHy—N N + NHr
CHOH

Hexamine (HM)



T
— /CH\'OH /\
CH —€—-NHy + OH-CHy—N N >
n CH+OH
Polyacrylamide(PAM) Hexamine (HM)
| |
'SR 'R
CHy | O Hv |
I |

CH —C-NH-CHy—=N—CH-NH-C CH—

n CHF n
NH,
C |@=
& e L
n

In one the study, the effect of ( wt.% ) PAM on the tensile strength for
the ( LDPE with different wt.% Cav ) . Fig.(¥-1+) show in general no change in

tensile strength for the LDPE with different percentage of ( Csv ) except for

( V.© wt.% C«v ) when the percentage of PAM is ( Y/ ) this means that this
percent was the more toughness than other percentage *) The cross linking

reaction are :



-/ Cf-IwCHv /L
CH —€—NHy + (CHs)»C—0—0 - C— CH(CHx)+CHr _—

n

PAM Cav

\_CH —€ — NHr~

O - C (CHy)r

n

Also Fig.(Y-1)) show the effect of different ( wt.% ) of PAM on the

tensile strength for the ( LDPE with different wt.% G. aldehyde ) . The result



show that the maximum value of tensile strength for LDPE when the ( wt.% ) of
G. aldehyde is ( ©Z ) and for PAM is ( Y/ )i.e ()Y PMa ) compared with ()
PMa ) for LDPE alone , this also due to more toughness at this percent (ve?)

The cross linking reaction are :

N
CHy | |
I || | N
CH —€—NHy + H=C—(CHy)r—C—H —
n
PAM Ga
| |
N N
CHv o| 0 THY
I |

CH —€—-NH-CH—-(CH)r—CH-NH-C CH— —
n | n

OH OH



CH —€-NH-CH-(CHy)r—CH-NH-C CH—

n | n

__/\_,O
__/\_,

While Figs.(Y-1Y , ¥-1Y , ¥-1¢) show the effect of PAM on the tensile
strength for the ( LDPE in the presence of G. aldehyde and C.v together ) .
There figures show increase the value of tensile strength with increasing

percentage of PAM , alls due to more cross linking occur with increasing ratio

of PAM (Y,



Y-Y-¥ Effect of fillers on the impact strength of LDPE and

HDPE

Fig.(¥-12) show the effect of ( wt.% ) filler ( C & G ) on the impact
strength of LDPE , from the result show that the value of impact strength
decrease with increasing the percentage of fillers , this due to the more
brittleness of LDPE with these fillers and the value of impact strength of LDPE
filled with graphite ( G ) slightly more than that for LDPE filled with carbon

(V'Y

black ( C ) because of the lubricating effect of graphite ( G)

In general most powdered filler reduced the impact strength because
the force concerted in one place leads to crack the sample . The same effect
obtained for the impact strength for LDPE filled with different ratio of hybrid
fillers (i.e carbon black ( C) and graphite ( G )). Fig.(¥-11) show this effect (¥ev)

Fig.(¥-1Y) show the effect of the ratio of hybrid fillers ( C & G ) on the
impact strength of HDPE , and from the result show the impact strength
decrease from ( £+ KI/m" ) for HDPE aldhe to ( Y° KJ/m' ) when the ratio of

there fillers (C& G ) is ( Y.® % wt. ) the same case as above for this trends (ve%)



For LDPE copolymerized with different ratio of ( ),Y and Y7 wt. PAM ),
the impact strength decrease with increasing the wt.% of hexamine ( HM ) as
cross linking agent , because the find polymer structure will be more cross

linked with increasing both ( PAM & HM ), Fig.(Y-1A) showed these effects """

Fig.(¥-19) show the effect of PAM on the impact strength of LDPE in the
presence concentration of G. aldehyde . The result show that the impact

strength decreased with increasing ratio of PAM (i.e ¢+ KJ/m' for LDPE +

G. aldehyde to =~V KJ/mY when the ratio of PAM is ©7 wt.), this because of
the copolymerized of LDPE with PAM in the presence of G. aldehyde and then

lead to more cross link polymer (ve¥)

The same trend for impact strength of ( LDPE + C.v ) with different
percentage of PAM are obtained . Also the decreasing of impact strength is
due to more cross link during the addition of different percentage of PAM in
the presence of Civ as peroxide which lead to cross linked polymer . The result

show in Fig.(Y-V+).

Figs.(Y-Y), Y-YY, Y-¥Y ) show the effect of PAM on the impact strength
of ( LDPE in the presence of G. aldehyde and C.v together ) . There figures
show reduce the value of impact strength with increasing percentage of PAM,

alls due to more cross linking occur with increasing ratio of PAM (ven

¥-Y-¢ Effect of fillers on the elongation of LDPE and HDPE



The failure of material is normally associated with plastic deformation in
the form of necking at the breaking point . The amount of elongation is
measured for the plain blended matrix as a function of fillers, types of fillers,

also degree of blending .

Fig.(¥-V¢) show the presence of hybrid fillers lead to decrease the
elongation both in ( carbon black ( C ) and graphite ( G )) because these fillers
enter the free volume in LDPE and progressive tendency towards brittleness or
reduce elongation, also in some time the excess addition of fillers in the matrix
would result in the progressive formation of two phase region or ( phase

separation region ), the excess of the percentage of thesis fillers from

(Y. =1Y.2 % wt. ) no change in the value of elongation ("*".

Fig.(Y-V°) show the effect of hybrid fillers on the elongation of LDPE ,
the result show that the value of elongation generally decrease with increasing
the percentage of hybrid fillers up to ( V.® % wt. ) above this ratio the value of
elongation remain constant , while Fig.(¥-Y1) show the same behaviors for
HDPE , but the value here less than for LDPE because the HDPE are more

crystalline than LDPE and than leads to less value of elongation (veh

In another study , for the effect of polyacryl amide ( PAM ) on the
elongation of LDPE cross linked with hexamine ( HM ), the Fig.(Y-VY) show the
behaviors of elongation curves and showing the value decrease with all

percentage of PAM (i.e V,Y and Y/ wt. ), but the of effect of hexamine ( HM )



was larger up to ( Y.°/Z wt. ), above this the value of elongation remain
constant, the reason for decreasing the elongation is due to more cross linking

which lead to decrease the elasticity of the final products (el

The same behaviors for elongation curve are obtained for ( LDPE + G.
aldehyde ) in the presence of different percentage of PAM , but here the
decrease of elongation up to ( ¥/ wt. PAM ), above this the value of elongation

nearly constant . Fig.(¥-YA) show there results "*" .

The same trend for elongation of ( LDPE + Civ ) with different
percentage of PAM are obtained . Also the decreasing of elongation is due to
more cross link during the addition of different percentage of PAM in the
presence of C.y as peroxide which lead to bind the chain of LDPE with the

chain of PAM or itself leading to more cross linked polymer . The result show in

Fig.(¥-va) "4,

While Figs.(Y-A+, Y-AY | Y-AY ) show the effect of PAM on the elongation
of ( LDPE in the presence of G. aldehyde and Cv together ). There figures show
increase the value of elongation with increasing percentage of PAM , alls due

to more cross linking occur with increasing ratio of PAM """



¥-Y-¢ Effect of fillers on the hardness ( shor A ) of LDPE

and HDPE

The hardness of any materials is generally considered as a surface
property , but the shor — hardness is a special parameter exclusively used for
polymeric materials to define their resistance to piercing . This would in fact
reflect up on about the mechanical integrity of the bulk and in tarn up on

internal bonding .

Fig.(Y-AY) show the effect of the fillers on the value of hardness , the
result showing that the hardness of LDPE increase when the percentage of
fillers ( Y.o7 wt. ) for both carbon black ( C ) and graphite ( G ), but the value of
hardness when the carbon black ( C) as filler more than when the graphite ( G
) fillers , this is due to lubricant effect of the graphite ( G ) more than carbon

black (C ).

In the other hand , the increasing of the percentage of both fillers from (
Y. — Y+/ wt. ) no change in the value of hardness ( nearly remain constant ),
but in the final percentage (i.e YY.°Z wt. ) the value of the hardness deviate
from the curve especially in the case of graphite ( G ) as filler, this actually due

to non homogenesity of LDPE with graphite (G ) during mixing """ .



In Fig.(Y-A¢) show the effect of hybrid fillers on the value of hardness for
LDPE and from the result showing that the value of hardness increase when
the percentage of carbon black ( C ) filler more than graphite ( G ) fillers also

this due to the lubricant effect of graphite ( G) A

While Fig.(Y-A®) show the effect of hybrid fillers (carbon black (C)¢+%
and graphite ( G ) ©+7 ) on the value hardness of HDPE , the result show that
the value of hardness decrease with increasing the percentage of hybrid fillers
up to ()7 wt.), the hardness will equalto (Y1 shor A) (i.e the same value

for HDPE alone ), finally the value of the hardness decrease with
(VY.o/ wt. ) of these fillers .

As abstract the value of hardness decrease this may be due to non

homogenesity of the surface of HDPE after mixing with fillers ()

Fig.(Y-A1) show the effect of hexamine ( HM ) as cross linking agent on
the hardness of ( LDPE with different percentage of PAM ), and from the result
the maximum value of hardness when the percentage of (HM )is ( ¥.°7 wt.
& V7. wt.) of PAM because the ( HM ) as cross linking agent bonded between (
LDPE & PAM ) which leads to increase cross linking density , above this the
value of hardness decreased , due to formation of porosity formed on

decomposition of ( HM ) by heating .



In the presence of different percentage of G. aldehyde (°,V.® and ) +/wt.) as

cross linking agent on the LDPE with variation of PAM AN

Fig.(Y-AY) show the result of the hardness value and the trend of this
value mainly constant with increasing the ( % wt. ) of PAM except of hardness

for all percent of PAM are higher when the percent of G. aldehyde is

( V.e/Z wt. ) in the LDPE this mean that this percent give the best cross link

(Y1)

density for the polyethylene with PAM

In another study , the effect of peroxide percentage on the value of

hardness for LDPE in the presence of different percentage of PAM .

Fig.(Y-AA) show these value and the trend the hardness value decrease except
for ( V.7 wt. C.v and in the presence of ¢/ wt. PAM ), the maximum
hardness value of LDPE , this lead to more cross linking density of the final

products , with increasing PAM concentration( for all percentage of C+y )"

While Figs.(¥-A4, Y-+, ¥-4Y) show the effect of PAM on the hardness (
shor A ) of ( LDPE in the presence of G. aldehyde and C.v together ) . There
figures show increase the value of hardness ( shor A ) with increasing

percentage of PAM , alls due to more cross linking occur with increasing ratio

of PAM "°Y

¥-Y-1 Effect of fillers on the hardness ( shor D ) of LDPE



and HDPE

Fig.(¥-4Y) show the effect of the two type of filler ( carbon black ( C)
and graphite ( G )) on the hardness ( shor D ) of LDPE from this figure show that
the value of the hardness fluctuated during the percentage of these filler ( ¥.°

— Y Y¥.o7/ wt.) this due to non homogenesity of the final surface

structures () .

While Fig.(Y-4Y) show the effect of hybrid fillers on the hardness , and
showing that the hardness decrease firstly from ( £€© shor D ) for LDPE alone to
( €Y shor D) when the percentage of the fillersis Y.oZwt. ( YoZ C+ Yo/ G ),
then increased smartly up to ( £V shor D ) when the percentage of these fillers
(VYY.oZ wt.), the increasing of the hardness leads to decrease the free volume

of LDPE "*"

Fig.(¥-4¢) show that the hardness of HDPE increased with increasing the
ratio of mixed fillers (©+%Z C+°+7 G ) up to V.°/ wt., above this the value of

hardness became decrease, i.e the optimum value of hardness is

( €© shor D), this leads to more homogenesity and less free volume at this

percentage of fillers AN

While Fig.(¥-32) show the effect of ( % wt. ) hexamine ( HM ) on the

hardness of ( LDPE with different ratio of PAM ) , from this figure show these



value is fluctuated with the percentage of hexamine ( HM ) because of the
presence of the porosity in the final surface structures of LDPE and this
porosity formed during the decomposition of hexamine ( HM ) during the

heating """

On the other hand Fig.(¥-27) show the effect of percentage of PAM on
the hardness of ( LDPE + G. aldehyde ) . The result showing that the value of
hardness decrease with increasing ( % wt. ) of PAM () — Y7 wt. ), while in the (
Y7/ wt. of PAM ) give the maximum value of the hardness of ( LDPE with all
percentage of G. aldehyde ), than the hardness decrease with increasing ( %
wt. of PAM ) . This means that the optimum condition for the hardness of LDPE

when the percentage of G. aldehyde is ( V.°7 wt. ) while for PAM is

( Y7 wt. ) because this ratio give the best cross linking for LDPE (2N

Fig.(¥-4Y) show the effect of percentage of PAM on the hardness of (
LDPE + Cav ) . The result showing that the value of hardness decrease with
increasing ( % wt. ) of PAM () — YZ wt. ), while in the ( ¥Z wt. of PAM ) give
the maximum value of the hardness of ( LDPE with all percentage of Csv ), than
the hardness decrease with increasing ( % wt. of PAM ) . This means that the
optimum condition for the hardness of LDPE when the percentage of Cav is (
V.o/ wt. ) while for PAM is ( Y7 wt. ) because this ratio give the best cross

LT

linking for LDP



While Figs.(¥-4A, Y-243 , Y)Y+ +) show the effect of PAM on the hardness
( shor D ) of ( LDPE in the presence of G. aldehyde and C.v together ) . There
figures show decrease the value of hardness ( shor D ) with increasing
percentage of PAM, alls due to more cross linking occur with increasing ratio

of PAM "°Y

¥-Y-Y IR Spectra

Fig.(Y-4) show the FTIR spectra for to( LAMHM) polymer , the
appearance of a new strong peak in the frequency range ( Y¥°o cm™ ) for to
primary substitute amide , also disappearance moderate two peaks in the
frequency range ( Y&+« , Yoo )em™ for unsubstitute amide and disappearance
broad peak in the frequency range ( Y¢++ - ¥1++ Jem™ for ( OH™ ) group , this

indicate the formation polymer cross linking .

Fig.(Y-)+) show the FTIR spectra for to( LAMC.y) polymer , the

appearance of a new strong peak in the frequency range ( Y12+ cm™ ) due to

(C =N ) bond, also disappearance moderate two peaks in the frequency
range ( Y&++ , Yoo, )cm'~ for unsubstitute amide this indicate the formation

polymer cross linking .



Fig.(Y-))) show the FTIR spectra for to( LAMGa) polymer , the
appearance of a new moderate peak in the frequency range ( Y¢© - cm™ ) for to
primary substitute amide, also disappearance moderate two peaks in the
frequency range ( Y&+« , Yoo )cm'\ for unsubstitute amide and disappearance
broad peak in the frequency range ( Y¢++ - ¥1++ )em™ for ( OH ) group , this

indicate the formation polymer cross linking .
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Fig.(¥-°"):Effect of fillers on the Tensile Strength of LDPE for [LPDG , LPDC] Polymers .
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Fig.(¥-° V):Effect of fillers on the Tensile Strength of LDPE for [LPDC:G, , LPDC,Gy , LPDCG]
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Fig.(¥-° A):Effect of fillers on the Tensile Strength of HDPE for [HPDCG] Polymers .
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Fig.(¥-¢ 9):Effect of hexamine on the Tensile Strength of LDPE for [LAM\HM,
LAMHM , LAM:HM] Polymers .
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Fig.(¥-" +):Effect of PAM on the Tensile Strength of LDPE for [LAM,CYV,

7 LAM:C"Y , LAM:C" V] Polymers .
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Fig.(¥-1):Effect of PAM on the Tensile Strength of LDPE for[LAM,Ga,

LAM:Ga , LAM:Ga] Polymers .
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Fig.(Y-1 Y):Effect of PAM on the Tensile Strength of LDPE for [LAMGa, LAMC-y]
Polymers of (°/. Ga, C+v) .
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Fig.(Y¥-1Y):Effect of PAM on the Tensile Strength of LDPE for [LAMGa, LAMC-v]
Polymers of (V.°% Ga, C.v) .
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Fig.(¥-1 ¢):Effect of PAM on the Tensile Strength of LDPE for [LAMGa, LAMC-v]
Polymers of (\ * 7. Ga, C+) .
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Fig.(¥-1V):Effect of mixed fillers on the Impact Strength of HDPE for [HPDCG] Polymers .
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Fig.(¥-1 A):Effect of hexamine on the Impact Strength of (LDPE with different ratio of PAM)

for[LAM\HM , LAM\HM , LAM:HM] Polymers .
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Fig.(¥-14):Effect of PAM on the Impact Strength of (LDPE with different ratio of

45 G. aldehyde) for[LAM,Ga , LAM:Ga , LAMGa] Polymers .
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Fig.(¥-V +):Effect of PAM on the Impact Strength of (LDPE in the presence of peroxide

C.v)for[LAM,C1Y , LAM,C1V , LAM:CV] Polymers .
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Fig.(¥-V ¥):Effect of PAM on the Impact Strength of LDPE for
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Fig.(¥-VY):Effect of PAM on the Impact Strength of LDPE for [LAMGa, LAMC.y]
Polymers of (7. Ga, C+v) .
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Fig.(¥-V ¢):Effect of fillers on the Elongation of LDPE for
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Fig.(Y-V ¢):Effect of mixed fillers (hybrid)on the Elongation of LDPE for

[LPDC:G, , LPDC Gy, LPDCG] Polymers .
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Fig.(¥-V 1):Effect of mixed fillers on the Elongation of HDPE for [HPDCG] Polymers .
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Fig.(¥-VV):Effect of hexamine on the Elongation of (LDPE with different ratio of PAM) for[LAM\HM
, LAM/HM , LAMHM] Polymers .
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Fig.(¥-V A):Effect of PAM on the Elongation of (LDPE with different ratio of

350 q —e— 5%C67
G. aldehyde) for[LAM,Ga , LAM:Ga , LAM:Ga] Polymers .
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Fig.(¥-V 9):Effect of PAM on the Elongation of (LDPE in the presence of peroxide C.v)for[LAM,CYV ,
LAM,C1Y , LAM:CV] Polymers .
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Fig.(¥-A + ):Effect of PAM on the Elongation of LDPE for [LAMGa , LAMC.\] Polymers of (°/. Ga, C-v)
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Fig.(¥-A):Effect of PAM on the Elongation of LDPE for [LAMGa , LAMC-.\] Polymers of (V.°’. Ga,
Cw) .
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Fig.(¥-AY):Effect of PAM on the Elongation of LDPE for [LAMGa , LAMC-./] Polymers of (\ * /. Ga,
Cw) .
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Fig.(Y-AY):Effect of fillers on the Hardness (Shor A) of LDPE for

[LPDG, LPDC] Polymers .
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Fig.(¥-A¢):Effect of mixed fillers on the Hardness (Shor A) of HDPE for [HPDCG] Polymers .
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Fig.(Y¥-A"):Effect of hexamine on the Hardness (Shor A) of (LDPE with different ratio of PAM)
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Fig.(¥-AA):Effect of PAM on the Hardness (Shor A)of (LDPE in the presence of peroxide
C.v)for[LAM,C Y , LAM(CYV , LAM:C1V] Polymers .
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Fig.(¥-A4):Effect of PAM on the Hardness (Shor A)of LDPE for
LAMC-.] Polymers of (°/- Ga, C-v) .
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Fig.(¥-9 +):Effect of PAM on the Hardness (Shor A)of LDPE for

LAMC-\] Polymers of (V.®/. Ga, C.v) .
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Fig.(¥-9%Y):Effect of PAM on the Hardness (Shor A)of LDPE for [LAMGa,
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Fig.(Y-9 Y):Effect of fillers on the Hardness (Shor D) of LDPE for
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Fig.(¥-4Y):Effect of mixed fillers (hybrid)on the Hardness (Shor D) of LDPE for

[LPDC:G, , LPDC,Gy , LPDCG] Polymers .
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Fig.(Y-9 ¢):Effect of mixed fillers on the Hardness (Shor D) of HDPE for [HPDCG] Polymers .
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Fig.(¥-41):Effect of PAM on the Hardness (Shor D)of (LDPE with different ratio of
G. aldehyde) for[LAM,Ga , LAM:Ga , LAM:Ga] Polymers .
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Fig.(Y-4 V):Effect of PAM on the Hardness (Shor D)of (LDPE in the presence of peroxide
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Fig.(Y¥-9 A):Effect of PAM on the Hardness (Shor D)of LDPE for
LAMC‘\V] Ponmers of (°/ Ga, Cw) .
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Fig.(¥-4 4):Effect of PAM on the Hardness (Shor D)of LDPE for
LAMC-] Polymers of (V.°/. Ga, Cx/) .
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¥-¥ Hydrgel Polymers

The gel is known for tow compounds system non solution , when doing
spread of low molecular weight through out the polymer chains cross linking .

The cross linking between polymer molecules are divided for many types :

V- The chemical bonds formed for cross linking reactions , when the
polymer swelling in suitable polar solution . Gel formed when the

cross linking s percentage is lower .

Y- The intermolecular bonds , when its strong enough to resist

interference energy between polymer and solvent .

Y- The bonds formed between ions in the solutions and polar groups of

polymer .

¢- The bonds formed between the polymer chains and additives particles

(fillers) has active spreads property between solution molecules .



The gel differ from solution , where the gel is insoluble due to the

bonds between chains or due to top molecules compounds which prevent
bonds movement . When making gels medium between solution state and

solid state .

¥-¥-\ Swelling and deswelling studies as a function of time

The swelling ratio ( Q) as a function of time at room temperature of the
prepared hydrogel [ LPEHM ] is shown in Fig.(¥-)+)) . It is clear that the
swelling ratio ( Q) is increased with the increase of adding polyelectrolyte up
to concentration of ( ©Z w/w ) . An increase in polyelectrolyte concentration
from (Y — 7% w/w ) will increased the swelling ratio ( Q ) twice . The above
swelling behavior is due to the decrease of cross linking density (i.e large free

volume ), this conclusion is similar to that found by R. Weast (34



The deswelling rate of the hydrogel [ LPEHM ] is shown in

Fig.(¥-) *Y) . It clearly that the water loss cellulite as the percentage (w/w) is

large with the decreasing of cross linking . At time ( © hrs ) the

( ©7 polyelectrolyte ) will loss about ( YY.YZ ). All type of hydrogel were dried (

i.e loss all waterofat _Y hrs).

The cross linking of hexamine ( HM ) with polyethylene and polyelectrolyte

may be represented as follows :



wileo(.CHy = CH o) eee(.CHy = CH ....).(.CHy = CH ....)...]...

C=0 C=0 C=0
|
| |
N NHy )
/ \ |
HxC CHy Na+
/
HyC—N N —€Hr
°
CHr CHy Polyelectrolyte ( PE ----- C—NHy)




A H
—+—C-H + NHyCHYOH + HOCHYNHCHyOH +

0
CH,OH
OH-CHy—N N
CH<OH
Hexamine (HM)
O“ /CH*OH A\
(PE-—--C—NHy) + OH=CH: =N < >
CHYOH
Polyelectrolyte (PE) HM

O O

CHV|

NH|



PE

The swelling ratio ( Q) as a function of time at room temperature of the
prepared hydrogel [ LPEGa ] is shown in Fig.(¥-) +¥) . It is clear that the swelling
ratio ( Q ) is increased with the increase of adding polyelectrolyte up to
concentration of ( ©Z w/w ) . An increase in polyelectrolyte concentration from
(Y — o/ w/w ) will increased the swelling ratio ( Q) twice . The above swelling
behavior is due to the decrease of cross linking density ( i.e large free volume

), this conclusion is similar to that found by T. Jahns (vre)

The deswelling rate of the hydrogel [ LPEGa ] is shown in

Fig.(Y-) « €) . It clearly that the water loss cellulite as the percentage (w/w) is

large with the decreasing of cross linking . At time ( © hrs ) the

( ©7 polyelectrolyte ) will loss about ( V.37 ). All type of hydrogel were dried (

i.e loss all water ofat = hrs).

The cross linking of gluteraldehyde ( Ga ) with polyethylene and polyelectrolyte

may be represented as follows :

O Q O /\
(PE-——-C—NHx) +  H=C=(CHy)r—C—H

v

Polyelectrolyte (PE) Ga



PE - C~NH = CH = (CHx}r — CH - NH — C --——--PE —

OH OH

O 9

PE ----- C~NH=CH - (CHx)r = CH 4 NH = C -—-—-PE

0] 0]

&

The swelling ratio ( Q) as a function of time at room temperature of the
prepared hydrogel [ LPEC.y ] is shown in Fig.(¥-)+°) . It is clear that the
swelling ratio ( Q) is increased with the increase of adding polyelectrolyte up
to concentration of ( ©/. w/w ) . An increase in polyelectrolyte concentration

from () — °Z w/w ) will increased the swelling ratio ( Q ) twice . The above



swelling behavior is due to the decrease of cross linking density (i.e large free

volume ), this conclusion is similar to that found by G. Rathna (™

The deswelling rate of the hydrogel [ LPEC.y ] is shown in

Fig.(¥-) 7). It clearly that the water loss cellulite as the percentage (w/w) is

large with the decreasing of cross linking . At time ( © hrs ) the

( ©Z polyelectrolyte ) will loss about ( YY.VZ ) . All type of hydrogel were dried (

i.e loss all waterofat & hrs).

The cross linking of peroxide ( C.v) with polyethylene and polyelectrolyte may

be represented as follows :

( PE ----- C—NHy) + (CHy)»C—0 -0 —C—CH(CHy)+CHr -
Polyelectrolyte (PE) Cav



Fig.(¥-) +Y) show comparison of using different cross linking agent at
fixed concentration ( Y7 w/w ) . The figure clearly shown that uptake water
follows the order . Peroxide ( Cav ) ( *.Y%° ) > Hexamine (HM) ( +.VAe) >
Gluteraldehyde ( Ga ) ( *.*4Y ). This behavior may be due to the variation in

I (YAV-Y1A)

the cross linking density of the hydroge

The rate of losing water for the above three types of cross linking were
Hexamine ( HM ) > Peroxide ( C.v ) > Gluteraldehyde ( Ga ) as shown in  Fig.(¥-
\+A) . Gluteraldehyde ( Ga ) deswelling was so slowly that it dried after )+ hrs.

This is due to large free volume size (3

Fig.(¥-) + 1) show comparison of using different cross linking agent at

fixed concentration ( Y% w/w ) . The figure clearly shown that uptake water



follows the order .Peroxide( C+v )( *.©+% ) > Gluteraldehyde (Ga ) ( *.Y¢¢ ) >

Hexamine ( HM ) ( *.YA% ) . This behavior may be due to the variation in the

| (YTV-¥1A)

cross linking density of the hydroge

The rate of losing water for the above three types of cross linking were
Peroxide ( C1v ) > Hexamine ( HM ) > Gluteraldehyde ( Ga ) as shown in Fig.(¥-

V) +) . Gluteraldehyde ( Ga ) deswelling was so slowly that it dried after Y'Y hrs.

This is due to large free volume size ()

Fig.(¥-)Y)) show comparison of using different cross linking agent at
fixed concentration ( Y% w/w ) . The figure clearly shown that uptake water

follows the order .Peroxide( C+v )( *.1Y® ) > Gluteraldehyde ( Ga ) ( *.©°) ) >

Hexamine ( HM ) ( +.YY% ) . This behavior may be due to the variation in the

I (YIV-Y1A)

cross linking density of the hydroge



The rate of losing water for the above three types of cross linking were
Peroxide ( C1v ) > Hexamine ( HM ) > Gluteraldehyde ( Ga ) as shown in Fig.(¥-
VYY) . Gluteraldehyde ( Ga ) deswelling was so slowly that it dried after ¥\ hrs.

This is due to large free volume size ()

Fig.(¥-)Y) show comparison of using different cross linking agent at

fixed concentration ( €% w/w ) . The figure clearly shown that uptake water
follows the order . Gluteraldehyde (Ga ) ( *+.Y+Y ) > Peroxide ( Cay )( *.7 ¢+ ) >

Hexamine ( HM ) ( +.YYA ) . This behavior may be due to the variation in the

cross linking density of the hydrogel (VA

The rate of losing water for the above three types of cross linking were

Peroxide ( Cxv ) ~ Hexamine ( HM ) ~ Gluteraldehyde ( Ga ) as shown in

Fig.(v-)1¢) ™)



Fig.(¥-YY2) show comparison of using different cross linking agent at
fixed concentration ( °% w/w ) . The figure clearly shown that uptake water
follows the order . Gluteraldehyde (Ga ) ( *.%+) ) > Peroxide ( Cay )( *.VY3 ) >
Hexamine ( HM ) ( +.YY4 ) . This behavior may be due to the variation in the

(YIV-Y1A)

cross linking density of the hydrogel

The rate of losing water for the above three types of cross linking were
Peroxide ( Cxv ) =~ Hexamine ( HM ) > Gluteraldehyde ( Ga ) as shown in
Fig.(¥-))1) Gluteraldehyde ( Ga ) deswelling was so slowly that it dried after ¢+

hrs. This is due to large free volume size (™



Y-¥-Y IR Spectra

Fig.(Y-'Y) show the FTIR spectra for to( LPEHM) hydrogel , the
appearance of a new strong peak in the frequency range ( Y¥o cm’ ) for to

primary substitute amide , also disappearance moderate two peaks in the



frequency range ( Y&+« , Yoo )em™ for unsubstitute amide and disappearance
broad peak in the frequency range ( Y&+« - Yo )em™ for ( OH") group , this

indicate the formation hydrogel polymer cross linking .

Fig.(Y-Y) show the FTIR spectra for to( LPEGa) hydrogel , the
appearance of a new strong peak in the frequency range ( Y¥°o cm™ ) for to
primary substitute amide, also disappearance moderate two peaks in the
frequency range ( Y&+« , You.. )cm" for unsubstitute amide this indicate the

formation hydrogel polymer cross linking .

Fig.(Y-) ¢) show the FTIR spectra for to( LPEC.v) polymer, the appearance
of a new strong peak in the frequency range ( Y1 cm” Jdueto (C=N)
bond, also disappearance moderate two peaks in the frequency range ( Y¢++,
Yo )cm" for unsubstitute amide this indicate the formation hydrogel

polymer cross linking .
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Fig.(*- * V): Effect of hexamine (°’.)on the Water uptake (g water / g dry gel) of (LDPE with
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Fig.(¥-) * ¥): Effect of hexamine (°’)on the Deswelling (%)of (LDPE with different ratio of PE)
for[LPEHM] hydro gel .

1 -
—o— 1%PE
0.9 - X —O0—2% PE
—&— 3%PE
0.8 - —8— 4% PE
—X%X—5% PE
~ 0.7 1
(]
(@]
>
T 0.6 A
Q
o]
T
2 05 A
(=)
g
= 04 4
S
S
© 4
= 0.3
0.2
X
0.1 A ¢
03X T T T T T )
0 5 10 15 20 25 30

Time (hrs)



Fig.(¥-) + ¥): Effect of Gluteraldehyde (°’.)on the Water uptake (g water / g dry gel) of (LDPE with
different ratio of PE) for[LPEGa] hydro gel .
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Fig.(¥-) * £): Effect of Gluteraldehyde (°”)on the Deswelling (%)of (LDPE with different ratio of PE)
for [LPEGa] hydro gel .
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Fig.(*-\ * °): Effect of C.v (°7)on the Water uptake (g water / g dry gel) of (LDPE with different ratio
of PE) for[LPEC-v] hydro gel .
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Water uptake (g water/g dry gel)

Fig.(*- + 1): Effect of C.v (°/)on the Deswelling (%)of (LDPE with different

ratio of PE) for[LPEC+\] hydro gel .
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Fig.(¥-) * V): Effect of HM , Ga, C.v (°7)on the Water uptake (g water / g dry gel) of (LDPE with /.

Deswelling (%)

of PE) for[LPEHM , LPEGa , LPEC-.] hydro gels .
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Fig.(¥-) * A): Effect of HM , Ga, C.v (°7)on the Deswelling (%)of (LDPE with /. of PE) for[LPEHM,
LPEGa, LPEC.v] hydro gels .
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Fig.(¥-) + %): Effect of HM , Ga, C.v (°”)on the Water uptake (g water / g dry gel) of (LDPE with Y.
of PE) for[LPEHM , LPEGa , LPEC-.] hydro gels .
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Fig.(¥-\\ +): Effect of HM , Ga, C.v (°”)on the Deswelling (%)of (LDPE with Y. of PE) for[LPEHM,
LPEGa, LPEC-v] hydro gels .
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Fig.(¥-1 ' )): Effect of HM , Ga, C.v (°%)on the Water uptake (g water / g dry gel) of (LDPE with Y.

of PE) for[LPEHM , LPEGa , LPEC-.] hydro gels .
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Fig.(¥-Y\ ¥): Effect of HM , Ga, C.v (°”)on the Deswelling (%)of (LDPE with Y7/. of PE) for[LPEHM,

LPEGa, LPEC.v] hydro gels .
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Fig.(¥- ) £): Effect of HM , Ga, C.v (°7)on the Deswelling (%)of (LDPE with ¢7. of PE) for[LPEHM,
LPEGa, LPEC-v] hydro gels .
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Fig.(¥-) ) °): Effect of HM , Ga, C.v (°”)on the Water uptake (g water / g dry gel) of (LDPE with °.
of PE) for[LPEHM , LPEGa , LPEC-] hydro gels .
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Fig.(¥-Y 1): Effect of HM , Ga, C.v (°”)on the Deswelling (%)of (LDPE with ¢7. of PE) for[LPEHM,
LPEGa, LPEC-v] hydro gels .

Conclusion




The program of this Ph.D study titled ; Synthesis of new Polymers, study
of Electrical properties , Mechanical properties and study of Swelling and
Deswelling ratio for new Hydro gels properties . Pointed out the basic

important conclusions :

V- The Electrical Conductivity was increased when PVC composites
filled Graphite than those filled Carbon black, due to the high

Conductivity of Graphite .

Y- The increase in DOP concentration leads to increase the Conductivity

increased .

Y- The increase in filler (C) or ( G ) the Activation energy was

increased .

¢- The increase in temperature the resistivity was reduce , and the

Conductivity

is increased .

©- Good mechanical properties was obtained when using new

method in comprising the Sandwich method .

1- An increased in tensile strength of prepared Polymers was noticed using



(C,G,PAM) as afillersand (HM, Ga, Cxv ) as a cross linking

agents .

V- A decrease in impact strength and in elongation with an increase in conc. of

filler while increase in the hardness was noticed .

A-The polymer [LDPE and PAM] and the polymer[LDPE and PE] with
(HM, Ga, Cxv) as a cross linking agents an optimum cross link density

which leads to large swelling ratio were obtained .



Suggestions for future work

According to the obtained result suggest :-

V- The study other properties of Electrical Conductivity for polymers

prepared, also the study of Conductivity for to other new polymers .
Y- In Electrical Conductivity for polymers using other fillers and other
cross linking agents to the LDPE , HDPE polymers , also study using

same fillers for to other polymers .

Y- Study Mechanical properties using ( PAM ) as a filler with

other polymers .

¢- The study of other factors as a function for to hydro gels prepared in

this study example (pH ) .

- Different metals can be plated on the prepared polymer after

enhancing the Electrical Conductivity for polymer .

1-To used electrolysis to coat the Conductive polymer with certain metals



which would be more homogeneous and adherent .



