POLY (2,6-DIMETHYL-1,4-PHENYLENE OXIDE) :
SYNTHESIS, CHARACTERIZATION,
MODIFICATION AND APPLICATIONS

by

KUNAL CHANDER

Thesis submitted to the
Indian Institute of Technology, Delhi
for the award of the degree of

DOCTOR OF PHILOSOPHY

DEPARTMENT OF CHEMISTRY
INDIAN INSTITUTE OF TECHNOLOGY: DELHI

February 1986



DEDICATED TO MY PARENTS



CERTIFICATE

This is to

DIMETHYL~ 1 oo PHENYLENE '

certify that the thesis entitled

OXIDE)-

"pOLY (2,6-

SYNTHESIS, CHARACTERIZATION;

MODIFICATION AND APPLICATIONS" submitted by Kunal Chander to the

Indlan Institute of Technology, Delhi for the award of the degree‘

of ,Doctor
¥

carried out by him.
and supervision and
Asﬁbmission!of the thesis,
requisite'standafd.
The | results contained

submitted in part or full,

of Philosophy is a record of bonaflde

has fulfilled the

' research work"

Kunal Chander has worked under our guxdance

requirements for the

which to our knowledge has reached the

.this thesis have: not  been

to any othcr Unlver51ty or Instltute

for the award of any degree or diploma.

3 K-Vorms

(I.K.Varma)
Thesis Supervisor
- Professor of. Polymer Science,
Head, Centre for Materials
: SCIEHCG and Technology,
" Indian Institute of Technology,
Delhi.

Defont
(R.C.Anand) '

Thesis Supervisor ‘
Astt. Professor in Chemistry,

Department of Chemistry,

Indian Institute of Technology,
Delhi.



ACKNOWLEDGEMENTS

1 feel highly indebted to extend'my deep sense of gratitude to
© Prog.(Mrs.) T.K.Vanma and On.R.C.Anand unden whose meticulous
guddance and constant encouragement tﬂib work has achieved 4its
present fonm. Thein dedication, 4invatuable suggestions and in-
exhaustible stone of enengy was a con;tant sounce of {nspiration.

I am gnateful to the' heads 0f Chemistny Depantment,
Pro.R.P.Gandhi, Prog.N.K.Jha and Prog.B.L.Khandetuat fox providing
the - necessany facilities fon carrying out this work. 1 am also
gnateful ‘to Pro§.D.S.Vanma  of Textile Depantment fon the help
nendened atAuanioué slages of the progfect,

Thanks anre due %o Dn.A.C.Jain and Dn.C.L.Jagga of TTMMEC {on
neconding inﬁnaned‘dnd mass spectra of the samples.

N wigh to extend my thanks to Dn.M.S.choudhary, ~ Mn.S.P.Gupta,
Ma.A.Tendulkan, and othen collegues fon thein coopenation duning this
wonk.

1 am thankful to Mn.Surendna fon cannying out theamal and
elemantal analysis, Mn.Baladutt ﬂoﬁ neconding NMR of 1he samples and
M. Sansvat fon making tracings.

E&.An&ﬁ Khandefwal and En.Nau&eep Singh of Computen Aided
Printing Senvices (CAPS) needs special mention for théin painstaking
eﬂﬂoutbuduning compilation of this thesis

Last but not Least, 1 wish to thank myv brothens, Dn.Hanah~
Wandhan and Ex.Rahul Kuman, who have all afong been providing me
timely help and tnemendouA_monal support,

p—rt N

(KUNAL CHANDER)



ABSTRACT

The present thesis includes results of investigations
of the chemical mddifiéation of poly(2,6wdimethyi-1,4-
phenylene oxide)(PP0). The modified PPO's thus syntheéized,
have been evaluated as photostablizers. for polyolefiné viz. -
polyethylene and polypropylene.

PPO was synthesized in the ‘1aboratory by oxidative
.coupiing of 2,6~dimethylphenol usipg Cu~pyridine complex as
a catalyst. A number of samples of PPO were prepared by -
varyinglreaction parameters. PPO Samples with high intrinsic
vicosity [n] > 1 dL/g were also prepared but these samples
developed yellow colour after drying. )

| In order to investigate the origin of yellow colour
these samples were studied through atomic absorption; UV, ir
and NMR spectroscopy. | | ) |
"The modifications of PPO.were accomplishedvthrough a
common intermediate; 'pély(2-bromomethy1~6-methyl-1,Arpheny-
lene oxide). This bromo PPO (PPOBr) \was reacted with various
organic compoundé to incorpo:ate;phosphorous,. silicon and
benzptriazole moietiesvin'PPO. The resultant products were
characterized‘through their intrinsic viscosities, eiedental :
analysié and va;ioué spectroscopic techniques.

PPOBr was prepared by a free radical bromination of PPO
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using N-bromosuccinimide (NBS) and benzoyl peroxide: Oﬁiy
éne metﬁyl grohp per repeating unit of PPO was brominated by
using 1:1.1 mole ratio of PPO and NBS in theiyreaction '
mixture. |

Phosphérylation ~of PPOBr was cérried' out through
Arbgzov‘s reaction. This reaction is normally accompanied by
a gel formation. During the presént investigations, the |
reaction conditions were aptimized.to eliminate the gel
formation. |
Incorp&fation of benzotriazéle group in PPO was accom=-
. plished by reacting PPOBr with 2-(2;6-dihydrOXyphényl)-2H¥
benzotriazole in the presence of‘sod;um hydride.

‘Silylation of PPO was carried out by estarificatioﬁ of
p~trimethylsilyl benzoic acid with PPOBr using triethylamine
as tbe base. Silyl benzoic acid in turnlwas' prepared by
oxidation  of trimethylfp-tolyl silane‘ ‘with chromium
tfioxide. \ o

The effect of moleculér weight bn the thermal beha?iour
of PPO was investigated by dynamic thermogravimetfy. éPO
samples were stable in air and nitrogen atmosphere tho
350°c. | |

. The effect of“sugstitution‘of hydrogen of the methyl
~group by bromine , -g(OEt)z and benzotriazole groups on -

thermal  behaviour of PPO was evaluated 1in nitrogen .
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atmosphere.  PPOBr and PPOP showed a two step decomposition
behaviour. The char yield of PPOP and PPOB ‘was - higher

compared to PPO,

" In .thej'DSC traces of PPOP and PPOSi, endofhermid
transitions correspohding‘to their melting were observed at
180 °C and 174 °C respectively. .

._ADifferent weight-percent-of PPOP (0, 1 and 5) were meit
blended with PE or PP and these‘were stﬁdied (fgg) théir
pho@gtability, thermal aging and prbcessing‘char§¢teri§§ics..

~ On irradiation blended sample of PE, the iﬁ;ensity‘ of
vinyiic absorption increased'with.time but in sample PE/PPBP
(5%2)  no significant change was observed. Mechanical
properties measurement (tensile» étrength," % elbngation,
yield étress) indicatéd a better retention of properties,in-
the irradiated PE samples containing PPOP. |

Addition of 5% PPOP in PP had a significant effect on
fractional retention of 17 secant modulSus, Meit'floﬁ'indéx
studies o} extruded material ShbWed’thét PPOP significéntly
reduced the MFI of PP. |
|  Effects of .combination of commercially - available
Tiﬁuvin or lrganox Qith PPOP were also studied on the prope-
rties of PP. Theée results showed that.PPOP and Tinuvin have

a synergistic effect on the fracpioﬁal retention yield stress

of PP.V
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Silicon containing bismaleimide was also synthesized véﬁd
characterized in the laboratory. Thermal behaviour of:
bismaleimide and-chain"extended'bismaleimide was evaluated.

These studies are included in the appendix.
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