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Polyners have fouwnd epplications in almogt a1l walks of life.
In the fiddd of cloctrical and oleo{:ronic‘industries, polyncrs have
considerably improved their sbabus in recont years. In addition to
their conventiounal role as clectrical insuletors, they now foature ag
sengitive clenents - scnsitive to temperature, radistion and clectric
stress. The ;Eiwtlzering of these newer vistas demands an understanding
of the underlying dieloctric and clectronic processcs in polymers.

And this forms the topic of the present thesis.

~ Caning to think of the 'dielectric and slectronic processcs in

polyners!, one is rawinded of Ecclesissbos (Chapt. 9, Verse 11 )t

The race is not to the swift, nor tho battle to the strong -

But time emd chance happeneth to them all.®

In polymers, we deal with slow and slugeish charge carriers (present at
1 million @™ level) which ab an clectric field as ligh ag 1 1V cmq,
hardly nanage to drift across one centimetre Llength in a sccond's tinc.
And bhere, we deal with the 'hositating' dipoles which teke years to
settle down to the thermodynemic equilibrium (upon the application ‘
or withdrawal of en electric stress). But still the polymers cozldu;"i:,
and their dipoles rotate, and when we subject them to a changing -temper-
ature, radiation or electric fiold, they do respondi
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In the first:chapter, a survey of the currsnt trends in the study of
the diclectric and eloctro;ic processos in polyrers is prosented. Saic of
the practical applications of pol;sZﬁrs such as in 'electrets! and 'dloctro-
photography! are eritically reviewed. The lagt soction of this chepter
prosants the scope of the present work ~ analysis of the photocrosslinking
in Poly(vinyl cinnamate) (PVCn) by the dicloctric and dlectrical methods
and tho investigation of the photocarrier gencration and trepping in

Poly( N-vinyl carbazole) (PVK) and their applications in electrophobography.

Chapter II contains the details of sample preparation and measure-
nent techniques enployed in the present study. Design and development of
a mmber of experinentel setups for the different s“cuclieas}-are also briefly

doscribed.

In Chapter III, the photocrosslinking in PVCn is anelysed using
8.cs and d.c. techniques. Activation energicsfur dipolar relaxation and
charge carrier generation for PVCn and its crosslinked product are obtained

from the isothermsl relaxation and steady state current data.

Chapﬁer IV illustrates the utility of non-isothermial relaxation
(themally stimilated discharge current or TSC) technique in analysing the
photocrosslinking process :Ln PVCn. TSC is enployed to study the dipolar
relaxation times, their distribution and activation energies. The capture
cross section, atbempt to escape frequency and low frequency diclectric

loss are also computed from the TSC data,
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Chapters V and VI respectively deals with the photoconduction and
photoclectret state in PVK. Tho offect of illuninatien intonsity, tempor-
aturc, clectric ficld,purity and crystellinity on thé photo and darl carrdier
gencration, transport and trapping arc investigated. The sbudics lead to
the conclusion thet tho high ficld photocondustion in PVK is duc to tho

field~assisted carricr detrapping.

Corona-induced surface activation in polymers is of dimenso academic
and practicel interest. The decay of the surface chargo sprayed onto the
polymer foil fram the corona discharge can yicld valuable information aboub
its transport parameters. The thermal and photodissipationsof the surfaco
charge, which form the basis of clectrostatic printing techniques, have
considerable technologiceal applications. Tho surfaco activation technique
could also be usod in the fabrication of veory strong foil homo-electreots and
to improve the sclf-adhesion of polymer films. Chapter VII contains an
analysis of the mechanism and dynamics of the corona-induced surface acti~
vetion of polymers. Meny of the above mentioned aspects as applied to PVK
and PVon are also studied.

Chapter VIII could be considercd as totally application-orionted. PVK
and its chargo transfer complexes (with electron accoptor dyes) arc the best
organic photoconducting systems. They possess charge acceptance and decay
characteristics well suited for clectrophotographic spplications. The studios
show that double layer structure consisting of e PVK:trinitrofluorenone layexr
coated over pure PVK oxhibite oxcellent eloctrophotographic performance.

Thus, PVK offers an alternative cte: the costlier selunium 'mastor plates!
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in Xorography. Morcover, the flexibility of the polymor systan suggests
the possibilitics of developing detachable 'master shoets! that could be
fixed to a nctellic drua in the autonatic 'clcetroprinting' machines, in

place of the sclaniwa coatod motallic druns.

Chaptor IX features the sumeary of the results frou the different
studics on PVCn and PVK. It is shown that conperison and corrcletion of
the regults yielded from differont investigations give usoful infornation
about the microscopic propertics of the polymer systom with spocial refor-

ence to FVCn and PVK.

It is hoped that the present work will be of some intorost to the
solid state scientists in gonerdl and the experimentel polymer physicists
in particular. It offers a new method for the study of the photocrossliniim
procoss in polymcrs ~ a ficld which is gaining intorest bocavse of tho
importance of photolithography in all micromirdamtgtion tochniques. It
also explains, to a cortain oxtent, the mechenisms responsible for the
high ficld photoconduction in PVK - a polyner which offors immense prospects
in the cloctrical and electronic industry. The work is also bolieved to be
of tochnologicel importence, as it provides an alternative photorecoptor
systan, with added advantages, over the costly selonium plabtes and drums

now prevalent in the electrophotographic machinos.



) ) ..
A part of the work prescnted and referred,in this thesls has elso resulted

in the followins rescarch papors (commmnicated/accepted for puhlic gtion):

7

10.

1.

Study of woljacr crosslinlkdin; by themially stiuuletoed current -

Polyiacr (acceptod for publication).

Hon-isotherial decay of normal end photocrosslinlicd PVCn eleetrets -

(corrmmicated).

Evaluation of very low frequency diclectric loss factor in Poly(vinyl
cinnemate) - (commnicated).

On the field dependent photoconduction in Poly(vinyl carbazole) -
Polymer (accepted for publication),

Photoelectret state in Poly(vinyl carbazole) - J. Polyn. Sci. Polym.
Phys. (accepted for publication).

TSC reversals in ZnO photocloctrets - ( conmunicated).

Detemination of recombination and trepping kinetics in ZnO photo-
electrets - (commnicated).

Non-isothermel relaxation in ZnO photoclectrets - (commmunicatod).

Double 1ay¢r structures for tramsfer clectrophotograephy ~ IHEE~LAS
Conf., Chicago (Oct. 1976) (acceptod).

Binder type plate for electrophotography - IEEE-IAS Conf., Chicago
(Oct. 1976) (accepted).

ZnCdS-Ag binder layers as applied to charge transfer eloctrophoto-
graphy - Photo. Sci. & Eng. (accepted for publication).



CO:TENTS

PREFACE i -

ABIREVIATIONS AND SYMBOLS vi - vii
CHAPTER I : DIELECTRIC AWD ELECTROMNIC PROCESSES IH POLYMERS :

TH: STATE OT THE ART 1 - 60
CHAPTIR II : EXPERIENTAL 61 - 175
CHAPTER IIT : COMNDUCTION AND DISCHARGE CURRENT ANALYSES OF

PHOTOCROSSLINKING IN PVCn 76 - 90
CHAPTER IV : THERMALLY STIMULATED CURRENT ANALYSES OF PHOTO-

CROSSLINKING IN PVCn 91 -108
CHAPTER V : PHOTOCARRIMR GENERLTION AND TRAPPTING MECHANTSMS

TN PVK 106 -125
CHAPTER VI : PHOTOELECTRET STATE ANALYSES OF CHARCGE CARRIER

TRLPPING IN PVK 126 -139
CHAPTER VII : STUDIES ON THi SURFACE ACTTVATTON TH POLYMERS

. BY CORONLA CHARGING 140 -155

CHLPTER VIII ¢ ELECTROPHOTOGRAPHIC DISCHLRGL OF PVK, PVK:TNF

AND PVE-PVK:TNF LAYERS 156 ~164.

CHAPTER  IX : SUMMARY AND CONCLUSIONS 165 170



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8

