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GENERAL INTRODUCTION

The chemistry of organic sulfur compounde centree
around thiols (also called mercaptans), whose discovery,
in 1834, has been accredited to ”eire. This important
discovery has been aptly described to have opened up a
whole new section in organic chemistry and notkjun a
series of new organic ccmpounde. ¥ith the rapid advances
of science and technclogy steadily opening new avenues
the past few decades have witnecesed the splendid growth
of thiols from the cocoon of scientific curioeity to an
important and indispensable class of compounds reaching
the previously inacceseible areas. A large number of
thiole have been eynthesized since their academic inception
and the addition of new onee to the ever-growing revertoire
of sulfur compounds seems tc be endless.

The special interest that attaches to the study of the
behaviour of thiole ie felt more and more strongly in
biochemical research and in industry. And this acme of
interest and activity is all the more fascinating, but not
surprieing either, realising the ability of these compounds
to enter reactione beyond the reach of their oxygen analogues
creating entirely new and useful structures. And this is
evident from thre ever-growing multifaceted apnlications



thicles are finding.

Many aspects of thiol chemistry and early work have
been well reviewed by Malisoff et lll.

Methods of Preparation of thiocls

Consequent to the tremendous development in the chemietry
of thicls, new reagents and methode are constantly being
worked out in the direction of the synthesis of thiol
compounds. Some of the important methods are briefly
described below:

1. aAddition of Hydrogen Sulfide to Olefine”*d

Hydrogen sulfide addition to olefins has been an
industrially important method for thiol-synthesis. Hydrogen
gulfide addition to terminal olefins in presence of free
radical initiators, or when photechemically induced yieléds
the anti-Markownikoff product (i.e. terminal thiol) while

in the absence of these, the reveree is true.

ee radical: hy 5
1128 f‘_l_._ﬁ____-> RCHZ('HZSH
RCH-CHZ ‘

No to_! > RC cha
initiatore "

Radical additiom of H,© to clefine is a very general
reaction applicable to terminal, internal or cycloolefins.
Ultraviolet radiation of 22537 % ir generally used. UV
radiation of Aaround 3000 R is aleo employed in conjunction

with unoitlurl‘- Y-rndlations 6 and ?-rayl" have also



been used to effect the addition.
Ionic addition of Hzc to olefins hag been effected

8 and lewie acid oatnlyoh’. Korshunov

with many protic
et ‘110 have found alkylaluminium chlorides to be effective
catalysts for the addition. Ionic additione to «,f~-
unsaturated carbonyl compounds and nitriles are generally
catalysed by alkali hydroxides and aninnn'u. However,
the sulfide formed by a typical thiol-olefin addition

reaction is the normal by-product in all these reactionse.
2e e Reagtion o l halides w 0 te

Alkyl halides have been reacted with many compounde
for the preparation of thioles. The reagente and the

schematic representation of reactiones are shown below:

(1) Using Thiourea

This ie perhaps the widely used ladoratory method for
the preparation of thiols. An alkyl halide reacte with
thiourea or a substituted thiourea™ to form an isothiuronius

salt which with a bape yielde the thiol.

+
RX + H,HC(=S)NHR' - FSgm, x~ Baee , pey
NHR?

Kemada’

1,6-bis(thiomethyl) naphthelene in 72% yield from the
corresponding biechlore compound. Klayman et alm. ueing

* has reported the syntheeie, by this method, of

acetyl thiourea, have synthesized many alkyl and aryl thiole,
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and thie synthetic route may prove ureful in the preparation
of water and alkali-gensitive thiols.

(14) kali Metal Hydroculfides

This is a good method for the preparation cf thicls
from alkyl halides. Sodium hydrosulfide and, less commonly
potaseium hydrosulfide, or alkaline mdronnlnduls are

used for this reaction.
R=X + NaSH «)» RIH + NaX

Takikawa et alm have observed good yielde in the
liquid ammonia medium. The metal hydrosulfide reaction ie
most useful for primary halides and the reaction is very
difficult for tertiary halides because elimination reaction
predominates. Sulfides, formed by the reaction of the
halide with thiocl, are the major by-products.

(i1i) Sodium Trit

Martin et alm

reported a convenient synthetic method
for dithiole from alkyl dihalides ané scdium trithiccarbonate

fellowed by acid treatment.

) >
C1-R-Cl42NasC(=s)SNa =2H8CL, plec(a8)ENal, —He> H -R-SH
Very good yields are cbtained.

(iv) Reagtion with Sodium Polysulfide followed by Redugtion

Alkyl éihalides react with sodium polysulfide tc



form alkyl polysulfide which can be reduced to yield the
dithiols.

Eliel et alle have gynthesiged a series of high
molecular weight aliphatic dithiols by the reagtion of
alkyl dihalides with sodium disulfide followed by reduction
with lithium aluminium hydride.

2H

P
X-(CH, ) X > S(CHy) & == uS(CH,) SH

u.z:..anzo
DMF
The main advantage of thie method is the maximum
sterecchemical contreol that can be achieved with good yields.

3. By the iydrolyeis of Thicl Esters

Synthesis of thiols by the hydrolyeis of thicl-esters,
~RCOSR'= ig a method of high general utility particularly
useful in making olefin-based thiols.

Addition of thicls, e.g. thiclacetic acid CH,CCOSH, is
similar to the addition of hyédrogen sulfide to olefine
described earlier. Under free radical conditions or
photochemical radiation, thiol acide add to olefins to give
anti-Markownikoff products, which are readily hydrolysed
* 20 4o yiela the thiol.

or amponia
ROHe=CH, +CH, COSH ﬁj—f;—%> ROK,, OH, SCOCH,

NaQ
RCH,CH,SC00H, HaOH , RCH,CH,SH + NaOhe

by aqueous base

e ) RBHZCHZSH + !Bon



b

By this method Guthrie et al“’21 have synthesised
high molecular weight polythiols having as many as 6-~7
thicl groups per molecule.

4. From Po dr Cempounde and Mere ide

The acid-catalyzed esterification of hydroxy compounds
with mercapto acids to yield thiocl terminated compoundes isa

popular and industrially important method. The reaction
involved can be shown, ©.g.

HO=-R~CH + 2SHCHR'COCH -> R(()COCHR'SR)2

The use of a variety of simple and polyhydroxy compounds,
good yleld anéd absence of by-producte highlight the wide
utility of thie method. Some of the hydroxy compounde which
have been used are glycercl, pentaerythritel, polyalkylene
diole and polyalkylene triols®s ',

5. Synthesie of Thicle by Reduction of Disulfides
d other 8 C 4

Disulfides, REFR, on reduction give thiocl compounds

pssp 2B, 2Ren

A pyriad of reducing agents have been used to effect
the reduction, e.g. zinc-acid, tin-acid, sodium bmhydricc“
and 1ithium aluminium hydride®>. Recently, Woode and
nqym“ have found sodium hydrogen selenide to be an
efficient reducing avent for goocd yields of thicls. The



reactions involved are:

RESR + 2HCeNa (excees) -, ZRCH + ce® + HZSQ

H#

RCCR + HSe > 2R°H + Se°

Borgoegno et a127 have used formamidinic acid to effect
disulfide-reduction under phase-~tranefer conditiocns.

Thiols have aleo been occascionally syntheeized by the
reduction of:

(a) 1hiocyanatooze'“

Na=N or
RECHN Ha

> T8H
Zn-HC1/ACOH
(b) Xanthates

RHy
Et0CE K + Rx

> RSEH + EtOCSHHz

This method is particularly useful for water-soluble
halidee.

6. Aromatic Dithiols

1) From Resorcinole

A method for the synthesis of arcmatic dithiole has been
developed starting from aromatic dihydroxy compounds and
dimethylamino thiocarbonyl ohloridoao. The method
essentially consiste of the formation of O-aryl-N-dimethyl
carbamate, thermal rearrangement tc the corresponding
S-aryl analogue followed by hydrolysie tc yield the
thiol.
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H < q%’--’loz SH
i . -—;L
(1) NaH/DuF OH )
R SC1CNMe >R \ R (
<C : (1) & <O/ e
1 I }
OH Sﬁmz SH

(ii) From Sulfonyl Chlorides

Another important method for the syntheeis of aromatic
dithiols involves the reduction of bis(eulfonyl chloridee)

vy einc-acid3l or phospherous and iccine <.

_?0201 H

/ -

(O (O
00201 SH

Aromatic dithiole are important intermediates for

pharmaceuticals, bactericides and ineecticides.

Re one of Thi

Thiols react with a variety of orgamic and inorganic
compounds involving the thiol group. Although some of the
reactions are similar to that of their oxygen analogues
there are certain decided differences related to the
(a) higher acidities of thiols, (b) ease with which thidle
undergo oxidation and (c¢) the ability of thiole to enter
free-radical reaction with ease. Some of the important
reactione of thiols are briefly described below:
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1. Oxidation

A characteristic and facile reaction of thiols is
their capacity to easy oxidation to yield disulfides. The
oxidation of a thiol to disulfide by oxygen goee rapidly
in presence of base. Metals (iron and copper), metal

chelates and amines also catalyze this reaction.

2REH + an -> REER + nao

A variety of other mild oxidizing agents are also
used, e.g. metal oxideusa- This oxidative coupling in
presence of metal oxides forme the bagis for the curing
of some industrially very important thiol containing liocuid
polymers. Oxidation with dimethyl sulfoxide has been used

for the synthesis of cycliie d!.oulndus‘.

1
HS-(CH,),~SH + (CHy),80 => §=(CHy) =8 + (CHy),8 + Hy0

Lowe®? reports the complete oxidation of thiole and
disulfides to the corresponding sulfonic acids by DMSO
containing hyérogen halide as the catalyst.

Oxidation with iodine forms the basie for the analytical
determination of thieole by iodimetry.

2REH + 12 «>» PSSR ¢+ 2HI
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2. Reagtion with Halogens under Controlled Conditione

Halogens, particularly chlorine, react with thicle
uncer contrclled conditions to give sulfenyl halides

RSH « Cl2 => REC1 + HC1

(However, sulfenyl chlorides are usually prepared by the
chlorination of disulfides). Roon36 reported the syntheeis
of the bis(eulfenyl chloride) of 1,2,4,5-tetrachloro-p-
xylene dithiocl, an useful croeslinking agent for natural
rubber.

3. Addition to Olef and Acet lonena

Thiols add, generally with ease, to olefins and
acetylenes either by free radical or ionic mechanisms to
form sulfides, and thie addition resembles the hydrogen
sulfide addition to unsaturates® . The reaction is
characteristic of all types of thiole, e.g. alkyl, aromatic
and heterocyclic thiols.

Radical addition of a thiol in presence of the usual
free radical initiators, e.g. oxygen, peroxides,
agoinitiators or photochemical radiation yields the anti-
Markownikeff product. Under the radical conditione thiols
yield vinyl sulfides with acetylenes and further addition
forms the diadduct®’ 98,

R'CH=CH,

M R'CHZCHZSR'

-0 > _Cﬂgcsp—ﬁn_) —CHZC( SP )2-

RSH for; hy
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Addition of thiole to uneaturates can aleo occur
by ionic mechaniem promoted by acid or sulfur. Metal
halides and basic compounde catalysze thiol addistion to
«y f~unsaturated carbonyl compounde and nitruola‘?'a)"o.
The ionic additicns:

REH + R'CH = CH =~> R'C%CHS
by
generally give products resulting from normal ﬁarkownlkotf
addition.

4., Addition to Activated Double Ronds

Triols readily add to activated double bonde, =.g.
maleimides and N-substituted maleimidees in presence of
tertiary amine catalysts to form imidothicethers, €ege

RSH + ”j\n-m: st ﬁ

u\./ > ns—J\l‘)-Pn
0

These reactions are very general. Bisthicle react with
biemaleimides to form polyimidothicether polymer"l. a recent
class of addition type thermoplastic polymers
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S5« Reaction ¥With Carbonyl Compounds

Thiocls, similar to their oxygen analogues, undergo
acld catalyged addition to carbonyl compounds (aldehydes

and ketones).

H RS/

R-SH + 0=C (\c/ RSH 5 >° + HO

- — o ME; £ oy
rs” \ RS

hemimercaptal mercaptal

However, the formation of vinyl sulfides from thiols and
ketones in presence of titanium tetrachloride catalyst has

also been reported by Mukaiyama et al‘z.

g PSH &
M= TLCI‘ i
SR
6. Reaction with Isogyanates

Thiols, like their oxygen analogues, react with

isocyanates to form thiourethanu‘a and tin or titanium

Lewie acids are known to catalysze this reaction“.

|
RSH + R'NCO -> RSCNHR'

Polythiols react with polyisocyanates to form nolythiourethane

polynor-‘s which show gooé¢ solvent and water resistance.

7. Reaction with Epoxides

Thiols readily react with epoxide compounds to form



2=~hy droxy thxoothor-“. and basic compounds catalyze this

addition.
R=8H + Cﬂz\?u- -) nsonz?u-
OH

¥Many polythiols have been used as epoxide resin curing
agents to impart epecific properties to the end product.
(see Chapter II, Ref. 72-80).

€. Reagtion with Elemental Sulfur

Thiols react with elemental sulfur to form etable
organic polysulfides.

2REH + n8 = PS(n*l)R + Ezf\

Thie reaction renders it porsible tc synthesize organic
polysulfides in a convenient w‘w"s. This is one reaction
the oxygen analogues find it éifficult to enter into.

Sodium polysulfides also react with thiols to form

polysulfides.

9. Formation of MNercaptides

Metal salte of thiols are called mercaptides. Thiols
react with many metallic cations tc form the wercaptides, a
majority of which are inscluble in water.

RSH + M* -> ©rsu + 8

2RSH + W2* -> (mS),M + 20"

ol



One of the important applications of this reaction
is in the 'ewsetening of petroleum distillates'. This
procees involves the formation of lead mercaptide fclloved
by further reacgtion to form lead sulfide and organic
disulfide. This is the very widely known 'Doctor Test'.

Uses of Thicls

The reactivity of thiols, their ability to take part
in a wide variety of reactione and the braathtaking
advances in the eynthesis of complex organic molecules
have made thicle an attractive clase of compounds, and
enormouely important intermediates for various biochemical
and induetrially important anplications. Thiole have come
to occupy an important and unique positicn in the stuédy of
polymer synthesie and protection. A brief account of the
important applicatione of thicle with particular weference
to the study of polymers is presented below.

1. As Chain Tranefer Agente in the Polymerigation of
Uneaturates

Aliphatic thiole are extensively used in the
polymerisation of unsaturated monomers to control the
polymerigation (and molecular weight) and to give productse
with required processing characteristics and properties.
Thiols are indigpensgab’ e in the manufacture of industrially
important rubbers based on acrylonitrile, styrene, bntadieﬁ?' 51.
etwlanosa, styrene~but adiene graft caom:lymr.s3 ané
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neoprene rubbersq. Rogoz ineki et a155 have used mercaptc-
acid esters of polyols as chain transfer agente in the
polymerization of vinyl chloride.

2+ As Thermal Stabiligers for Synthetic Polymers

Tre role of thiols and their various derivatives assumes

paramount importance in the thermal stabiliszation of synthetic

polymers. Thiole have been used in the stabilization of

vinyl chloride polynerlss. polyamide ﬁbrel61

phenylenc.sz. to name a few. The discoloration prevention

and polyoxy-

efficacy of organotin derivatives of thiols in PVC remains

supreme and unsurpassed among a hoet of thermal stabiligers
for pved,

3. As Antioxidants

The antioxidant propertieg of thicle and thely derivatives
have been attributed to their ability for peroxide decompoeition.
This is one of the moet important applications of thiols in
polymer etabilization. Some of the synthetic polymers
for which thiol-antioxidants have been uged are polyolefins,
vinyl chloride polymu-c63 and po]yoxymethylom-“. Thiole
have been used as important intermediates in the eyntheeie
of other antioxidants for synthetic polymers. Recently,
Nakamura et a165 have described the use of thiolstriazine

compounds ar antioxidante for epichlorchyérin rubbdber.

4. As Vulcanizing Agente and Vulcanisation Accelerators
?clythicls have also been employed in the vulcanization
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of elastomers, e.g. in the thermal vulcanisation of
epihalohydrin elaltmrl“. in the radiation-vulcanization
of pol.ydianom and chlorobutyl ela-tmrlse. llood36 hag
reported the use of mono, di~ and tri-sulfenyl chlorides
(prepared by the chlcrination of thiols) as vulcanizing
agents for natural rubber. 2-Mercaptc benzothiazole and
derivatives constitute a very well known and impcrtant

clase of rubber vulcanization acoohr;tora’g.

5. In Epoxy Resin Curing

2clythiols are among the important curing agents for
epoxy resine. Some of the polythiols used are mercaptoacid
esters of polyols, thicl-terminated polysulfide liauid
volymers, cycloaliphatic and heterccyelic polythiols. Many
new polythicle have been used tc¢ cure epoxy resins at room
temperature to give products with reduced water absorption
as well as desired hapdnese (Ref. 72-8C in Chapter 1I).

6. Shrink-prco d Crease~resi t Finishings
of ¥oollen ané Cotton ¥ibree
Poly(thioglycolates) and poly(3-mercapto propicnates)
finé wide applicatione in the title process and the nrocees
for Keratin-—containing fibree is extensive and induetrially
widely used. Some of the thiols used are thioglycclates
of glycerol, trimethylol propane, pentaerythritol,

polyalkylene diols and tr101l7° atc.



7. In Biological !.a'lrohn'

Mercaptan containing compoundes and pclymers, for
example, poly(vinyl mercaptan), poly(p-mercapto-styrene)
are becoming very important as model compounde in the
understanding of reactivity of enzymes containing
gulphydryl groups. Mercaptan containing polymers are
useful for secuestering heavy metal ions.

Apart from the above mentioned uses, thiols alec find
important uses in such widely different and important fields
as in photography, cosmetics, hairwaving preparatione etc.
Thiole can perform a vital role in the synthesies of
mildewcidee, bactericides, bacteriostats, pharmaceuticals,
biocides, preservatives, slimicides, disinfectante, anti-
dandruff agents, surfactante and in a wide range of syntheses.
Biodegradability is another thiol plus; because the oresence
of the sulfur atom has been shown to 2nhance the biodegradability
of the biocide.

A brief introductory survey on the gynthetic methods,
some interesting and important reactione and the emcrmous
importance of thiols in the field of polywers and other
area@ hag been made above The ensuing work in the following

chapters deale with:-

- The synthesis of thiole, particularly thioglycolates,

and their utilization in the synthesis of new polymere.
The thiole synthesized were the poly(thioglycclates) of
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polyole euch as ethylene glycol, polyethyleneglycole-
200, 400, 600, castor o0il, trimethylol propane
(Chapter-I1).

Some of these poly(thioglycolates) and a thiol-terminated
polysulfide liquid polymer (prepared from an organic
dihalide ) were employed to synthesigse new aminofunctional
compounds which were uped as curing agente for a liquid

epoxy resin (Chapter-II).

New polythicurethane polymers were synthesized by
reaction of some of the poly(thioglycolates) with aromatic
diisocyanates, and properties of these polymers were
studied (Chapter-III).

Hew pelyimidothicether polymere and copolymers were
syntheeized by reaction of poly(thioglycclates) with
aromatic bismaleimides, and the repulting producte
characterizeé (Chapter-IV).

Castor oil tris(thioglycolate), which showed an inherent
propenaity tc form solid film on exposure to air, was
cured with lead peroxide and p~quinone dioxime using
various fillers, and the machanical properties of

cured producte were determined (Chapter-V).
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SYNTHESIS OF POLY(THIOGLYCOLATES)
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INTRCDUCTION

Poly(thioglycolates), the esters of polyhydroxy
compounde with thioglycclic acid, are a clasrc of thiol
compounde of high industrial importance. These poly
(thioglycolates) find a veriety of important applications
in the synthesis of polymers, in the synthesis of various
derivatives highly useful as protecting materiale for
synthetic polymers against degradative influencee, in
hair waving compositions, in shrink prcofing and crease-
reeistant finieshinge for wool and cotton fibres etec.
(see General Introduction).

The eynthesie of thioglycolate compounde can be
accomplished by the usual acid~catalyzed esterification
technique, p-toluene sulfonic acid being the widely used
catalyst. Vaidya} has alec employeéd cation-exchange
reein - Amberlite - for the thioglycolate syntheeis with
good yielde. Hayakawa and Toyotaz have reported the
synthesis of mercaptan-containing organic esteres from
the corresnponding halo-esters and alkali or alkaline
earth hydrcsulfide. The esterification reactions sre
perfcrmed in neutral aromatic hydroearbon solvents, but
chlorinated solvents like tetrachloroethylene have aleo

been used.
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PRESENT INVECTIGATICN AND PECULIS

In the present study, thioglycolate esters of ethylene
glyecl, diethylene glycol, polyethylene glyccle=200, 4C0
and 600, trimethylol propane and castor oil were
eynthesized. Toluene or xylene was used as solvent and
p=-toluene-sulfonic acid as the catalyet. The syntheeis
of thioglycolates is briefly described below.

i) Thioglycolate cf Glycols

A tcluene or xylene eolution of the glyccl (0.10 mole),
thioglycolic acid (0.25 mole) ané p-toluene eulfonic acid
was refluxed tc remove water ageotropically. After all
the water wag removed, the reaction mixture waes washed with
hot water, dried and the solvent wae removed under reduced
pressure. Glyccl bis(thioglycolates) hafe the general
structure:

i i

HSCHacO( ozn‘o )nc Cstﬂ

where n = 1, for ethyleneglycol
n =4, fcr PiG=-200
n= 9, for PEG-400 and
n =13, for PEG-6C0

The NVR spectrum of ethylene glycol bis{thioglycolate)
i® shown in Fig.l.l.

ii) Tris(thioglycolat of Cagtor oil

This was prepared by adding thioglycclic acid (0.35 mcle)
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to a toluene or xylene colution of castor oil (0.10 mole)

at 30°C and refluxing the contents tc remove water

areotropically. Thie is a new poly(thioglycclate).
Castor oil tris(thioglycolate) hae the structure:

i ]

R-COCH( CHZO~C R )2
where R = -(032)7CH-CHCH2?HO~C-CH
(CH2)5083

ZSK

The IR spectrum of castor oil tris(thicglycolate) is
shown in Fig.l.2.

Characteristice of all thioglycolate compounde
syntheeized are recorded in Table-1l.

Thiol content was estimated by the method of Saville®.
The wethod involves the addition of agueoue eilver nitrate
solution to a pyridine sclution of the compound and
titrating againet etandard alkali.

R-SH + AgNOg - REAg + H'
¥olecular weight was calculated from the experimentally

found thiocl content.

The results of these calculatione are recorded in
Table-2.
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DISCUSSION

High acadenic interest and ever-increasing commercial
importance make thiole an important class of organic
compounds. The opportunities in the synthesie of these
compounds are intriguing as some methods offer more
latitude in their preparation and one such method involvee
the reaction bf mercapto-carboxylic acide with hydroxy

31

compounds. Thie eynthetic method ies a simple acid~catalyzed

egterification and any hvdroxy compound can be employed.
The products are kncwn as thioglycolatee (when synthesized
from mercaptoacetic neid) or f-mercapto propicnates (when
eynthesized from f-mercapto propionie acid).

In the present work, bis(thioglycolates) of ethylene

glycol, diethylsne glyeol, trimethylol preocane. polyethylene

glycols (PEG)-200, 40C and 600 and tris(thioglycolates) of

trimethylol propane and castor oil were gynthesized. Thelir

refractive index, elemental analyeie data and boiling
pcint (wherever poesible) are recorded in Table-l. The
elemental analyeis data and volumetrieally found -CTH
content support the etructure acsigned to them.

The bie{thioglycclates) of PEG-200, 40C and 60C were
highly susceptible for hydrolyeis even in mild basic
enviromments. Attempts tc purify the bis(thioglycolates)
of 'EG-200, 40 and 6 and tris{thioglycclate) of castor



0il by distillation under reduced pressure were thwarted
by the formation of dark and viecous producte during the
process.

Thiol compounds generally ehow a medium inteneity
vand at  2530-2900 ow © in the infrared region, characte-
ristio of -5H functionality?. All pely(thicglyeclates)
[except castor oil tris(thioglycolate)] show at thie band.
The bamé at 1730-1750 om » is of O=0 in ester group.
Bands in the regiom 1180-1300 cn t are due to C-C and 1t
ig difficult to distinguish the ester C~0 and ether C-C
bands. The NER spectrum of ethylene glycol bis(thiogly-
colate) is ehown in Fig.l.l. The thiol group appearse ase
a triplet centered at 2.26. The CH, of the thicmethyl
group is found ag a doublet centered at 3.35 &.

The infrared spectrum of caster oil tris(thioglycolate),
however, was of interes: (Fig. 1l.2). Thie compound showe
a propensity to form clear, brittle film, inscluble in
usual organic solvente, on exposure to0 air or even on
storage. Castor oil, which is the triglyceride of
ricincleic acid, contains three double bonde of comhlete
gig-configuration. IR spectrum of pure castor oil has
2 broad band at 740 ow © ( ~ 13.6 i) characteristic of

gis-double bonde’*S.

1

On esterification, however, the
740 cm - band decreases in intensity ané a sharp band of
medium intensity appears at 80 cu'l (10.2 u). ihie

10.2 u bané ie# characterietic of the double bond with



o
(53]

'trang'- configuration and thus it may be ceoncluded that
esterification of castor o0il with mercaptoacetic acid
involves cie-trane isomerization. It is beyond doubt

that castor o0il tris(thioglycolate) contains a considerable
amount of the ester with trans-double bond configuration.
However, the relative amounte of cig~ and trans-

compomde could not be determined.
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EXPERIMENTAL

Materiale
Pelyethylene glycole-200, 400 and 600 (NCCIL, India)
thioglycclic acid (807) (Veb=-Labor Chemie Apolda, Germany)

weye ueed.
Prepar b colates

Ae Ethylene rlycol bis(thioglycclate)

A toluene (or xylene) (150 ml) solution of ethylene
glycol (6.2 g, 0.10 mole), thioglycolic acid (23.0g, 0.25 mole)
and p~toluene sulphonic acié (1-1.5% w/w of the glyccl) was
refluxed in a three necked flask eaquipped with a mechanieal
stirrer, a thermowell and a Dean Stark arrangement for the
ageotropic removal of water. After all the water had been
removed, the contente of the flask were cooled s washed vith
hot water and dried over anhydrous sodium sulnhate. The
solvent was renoved under reduced pressure and the compound
was ourified by distillation in vacuum.

2is(thioglyocvlatee) of other glycols, listed in Table-l
were prepared in a similayr way.

Phyeical properties of all glyeol bis(thioglycolates)
aye listed in Table-l. '?

For ethyleneglycol bis(thioglyeolate): IR 1735(-C),
2518 om X(-8H).

NMR(CC1,): & 2.2(t, BH), 3.35 (@, CH,SH), 4.4 (8, CCH,CH,C )
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B ation of Castor o ris(thioglyeclate)

A toluene (or xylene) (400 ml) solution of castor oil
(73.2 gy 0.1 mole) was heated in a 3-n~cked flask enuipped
ag above to a temperature of es-)o°c. and thioglycclic
acid (32.0 g, 0.35 mole ) wae added followed by p=-toluene
gulphonic acid (1.57 w/w of castor oil). The co tents of
the flask were refluxed to remove water aszeotropically.
After all the water had been removed, refluxing was continued
for further 19 hours. The reaction mixture wae cooled,
waghed with hot water, éried over anhydrous sodium sulphate
an@ the solvent was distilled off under reduced prescure.

Phyeical properties of castor oil tris(thioglycolate)
are shown in Table-1l.

IR of castor oil tris(thioglycolae): 1730 cm (C=0),
370 om”(C=C trans).

Analytical M-thrcd

Estimation of Thiol Content and Determination of
Moleculur Weight therefrom

A weighed amount of the sample was diceclved in

pyridine (15 ml) and 5% aqueous silver nitrate solution

(5 m1) was pipetted out into the flask. The flask was
stoppered and kept aeide for 5 minutr-a. At the end of this
period, distilled water (100 ml) was added intoc the flask
and the content was titrated againet standard sodium
hydroxide sclutiocn using phenclphthalein indicator.



Calculation
% 6H = —TT(‘,'Z,_F'—MN ‘3\3‘,06 x 100

where V = volure of HaOH for sample
N = normality of NaOH solution
¥ = weight of the samnle in grome
NOTE: In these titratione, blank correction is not
necespgary becaure a simple mixture of silver

nitrate and pyridine wae found tc be sensitive
to even one drop of NaCH solution.

Molecul ‘eight"
The molecular weight was caloul:ted from the end

group analyeis of -SH groups, ueing the relation:

M= 100. 2. E/e

where 7 = Number of end groupe per molecule
£ = Holecul:r weight of the end group
e = Experirentally found content of the
end group in percent.

3b
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INTROCDUCTION

Ever since their eignificant commercial debut

1 and Grocnleez

following the pioneering work of Caetan
hardly three decades ago, epoxy reeing have steadily

and rapidly come to occupy an unique place of their own
among the thermosetting reeins. The rate of publication
of tegchnical literature and of a multitude of patents,

for which epoxy resine have been an enviable and instant
target, remains unparalleled in the thermosetting resin
field. Thie ever-increasing global interest in enoxy
resins originates mainly from a large number of unusuvally
valuable properties which can be engineered to a multitude
of diversified applications, an extremely wile variety

of reactions that can be used for curing and the high
versatility of the producte that result.

Commercial epoxy resins are characterised by the
presence of two or more l,2-eporide (“~epoxide) grouns
per molecule capable of being converted to thermoset
form with a croeslinking agent.

The epoxy reeins first commercially developzd and
gtil) dominating are those based on 2,2'~bis(4-hydroxy-
phenyl ) propane (bisphenol-A) and epichlorohydrin. These

resins can be represented, in general, as:

‘};‘:@-wuz—qucuz

v 2108404 () W () y-o0m,ci0

e

(n=0-12)
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A large number of other diphencls are aleo used in the
gynthesis of epichlorohydrin-baged epoxy resins” o eege
resorcinol, substituted bisphenol-A, polyphenols (phencl-
formaldehyde novolacs), tetraphencl ethane, and poly
(oxyalkylene) glycole etc. Amanc and Nakata® have reported
new polyepoxidee based on nolyhalobiphenyl alkylene ethers.
Another clase of epoxy reeins in vogue are the
epoxidized-polyolefins (epoxidized byperacids). The
interest in these resins originates mainly from the
gimplicity of the process anéd an innumerable number of
olefins, both cyclic and polymeriec, which can be used.
Regently, Mateunura et a1® have used epoxidized poly(4,1-
phenylene oxides) for heat resistant epoxy resin compositions.
The chemistry of ““~epoxides haes been reviewed by

Winstein and Handor.onv and the chemistry and technology

of epoxy resine by ILee and llovlllo"e ", Bruinel®,

and May and Tanakall.

y Potter

Cur o Res

‘Curing' (or hardening) in epoxy resin technology
desaribes the process of conversion of the liquid (or
thermoplastic) epoxy resin to solid, infueible, croselinked
thermoset structurer Thig transformation is acocomplished
by the addition of a chemically reactive agent (the curing
agent or hardnor). The transformation or curing of
epoxy receins is essential because the useful properties
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of epoxy reeins appear only after curing. Depending on
the curing agent and ouring oonditions, it is poseible

to obtain products having high electrieal insulation
properties, good thermal resistance, mechanical properties
ranging from extreme flexibility to high strength, a wide
but useful range of electrical, thermal anéd mechanical
properties, solvent reeistance and a host of other useful
oroperties.

Curing of an epoxy resin can take place by the
reaction of epoxy groups themeelvee (polymerigation) or
by the reaction of the epoxy group with active hydrogen-
containing compounde (polyaddition). A distinguishing
feature of the epoxy reein curing ie that moet of the
curing reactions are ionic. A brief account of the epoxy
curing by (A) polyadditiom,and (B) polymerization

reactione ie presented below.

(A) Polyaddition Reacticne
Pclyaddition is the moet widely used reaction for

epoxy curing in which the croselinking occure by chain
extension. This is achieved by the reaction of epoxy
groups with active hydrogen compounds. Commonly used
active hydrogen compounde are polyaminee and thelr
derivativee, polyacide and anhydrides, polywercaptans
and polyphenols (phenol formaldehyde ncvolacs). The moet
widely used of these are the polyamines.
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1. Poy.ﬂg!!

These are the most important and widely used epoxy
resin-curing agents which function by chain extension.
A polyamine, to be effective as a croselinking agent,
should contain at least three active hydrogens on primary
or sscondary nitrogens. The amine is incorporated inte
the structure of the croeelinked polymer and will become
part of the backbone.

The reaction of an amine with an epoxide group may
12,13,

R—HH2 + OHZ-OH- —D RN-CHz-?B- (1)

N

be represented as

OH
R-n-cnzclm-+ caa-/cx- -—> mw(caz?ﬂ-)z (2)
OH OH
nzu-cnz?n- . c%dqu- _— nzncu.‘,?n- (3)
O-CBZ?H—
OH
Andorlonl‘ found that some strongly basic alinhatic

polyaminee cauped a pubstantial mmount of etherification
reaction and that aromatic aminer o not promote etheri-
fication reaction (3) because of substantial eteric

hindrance in the tertiary amine formed. Sidyakin’>, by
I.R spectrosecopy and Sojka and Moniz'®, vy c-13 W

gpectroscopic studiee, showed that the reaction of an



amine with the eporxide group involves the formation of
a ?witter ion intermedisite which ig in equilibrium with
the aminoalecohol formed:

| |
-¥m<§27cu — :l'v-cnz:in- - -xcu?_zz-

¢
The recgent work of Badran et a117 also supports the above
mechanism.
Pelyamines may be aliphatic or aromatic. Among the
former cliass simple polyamines (e.g. diethylenetriamine }11 .

long chain polyalkylene po]yaminnm, polyether pol:,':suni.neam

polyether glycol polyaminnzo and unsaturated Doly;‘mrinQUZI
are widely used. A new addition to this claes of amines

18 the siloxane polyalkylene polyamines 2 2%

which increase
surface hardness and find use in moldings, coatings and

adhe sives. These amines have the general structure:
3 .
¥ B° [sarerfol, RnH,

Aromatic amines react with epoxy groupe at a slow
rate than the aliphatic amines. Currently the most widely
uged aromatic polyamines are m-phenylenediamine, 4,4'-
diamine diphenylmethane, 4,4'-diaminodiphenyl sulfone and
xylene diamines. Aromatic amines, although recuire
elevated curing temperatures, provide good solvent
resistance and high heat distortion temperaturee to cured
systems. Aromatic polyamines, synthesieed by the reaction



of 1-10 moles of aromatic diamine with 1 mole of divinyl
sulfone (or diaminodiphenyl eulfone) hove been found to
give better thermal properties to cured -yetnnzs 26
Sobel et al®’ and Kwiatowski et al’® deserive a flame-
retardant and self-extinguishing epoxy resin composition
cured by nuclear-halogenated aromatic ether polyamines,
while polychlorinated xylylene diamines impart good

flexibility and elastic 1ty2 , Epoxy resins containing

encapsulated n-phmlenedimineac (prepared by an interphase
stepwice copolymarisation with hexamethylene diisocyanate)
haé a 4 month storage stability at rocm temperature. Amine

blende, either alcmo81

or omullincdaz have been used for
regulation of pot life. lMetal chleoride oo-plex33 or
organcmetallic co-poundoa‘_‘ combination with aromatic
polyamines have also been used to improve adhesion to
gteel and to give electrical insulation properties.
Amines based on phosphorus compounde are used in
flame-retardant and self-extinguishing epoxy resin
compositions. Hindersinn > describee the uee of

shosphoramidates of the following two general typee:

Aminocyclotriphosphagines have also been used to impart good

mechanical properties to epoxy resin cmp0t1t10n836-

43
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Heterocyclic amines and cycloaliphatic polyamine
curing agents used include N-aminoethyl piperaszine,
Z-wtnobontnuuoleav ete. 4,4-di(aminoeyclohexyl)

methane°C

, menthane diamine etc. Blends of eycloaliphatic
amines with metal perchlorates have been used for room

temperature epoxy-harden j.ng"j ) .

Modified Polyamines

Since the moet commonly available polyaminee are toxic,
irritating or earbonate readily in air, their derivatives
have been prepared by adducting or reacting polyamines
with many moncmeric ané polymeric coupling agents having
functional groupe reactive towards the amino group. Reduced
physiological ofroein‘c. ease of handling, convenient
mixing ratios with epoxy reeins and regulation of pot life,
and good shelf life highlight some of the principal
advantages of these modified nolyamines.

Examples of modified polyaminee are cyance thylated
solyamines®l, oxyethylated polyamines' , halohydrinether-

polyamine udduotuv'. glyeidyl ether-polyarine adduots>>—%5,

pobuino-«aldelndc% 87 and polyamine-thiourea o«mchmfsm‘.al"'e'm
Jolyamine-urea adducts containing carben disulfide’” and
nolyamine-caprolactam reaction produotn:u's?'-

Polyamines have aleo been reacted with a variety of
polymers to obtain polyamine-polymer derivatives. The
polymers (or polyfunctional compounds) used include

polyi.ocyanatcssa. chleoroeul fonated polyetnyleno“,



oolyoarbonatuss s+ Polybutad unu56 ’ nol.yunthuneos7 ’

mercaptan terminated polmrnle

'62

» phenol-formaldehyde
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reaction product y» polyepisul fides

and oligomeric

acrylic resins containing reactive pendant greupu“.

2. Polyamides

Polyamides are used as epoxy hardeners tc achieve
such special properties as lower toxicity, lower exothernm
in large castings, more latitude in stoichiometry, improved
flexibility, good water reeciptance and longer pot life.
Generally, the cure of epoxide rceing with nolyamides is
dependent on the reactions with secondary apine and
terminal amino groupe. Currently, extensively used
polyamides are the polyamidoamines resul ting from the
reaction of polymeric fatty acids ané polyuinuss'e”.
Unsaturated polyamidee have also been used in adheeive

epoxy-reein formulation lse.

11

Modified polyamides™ ™ are aleo used, like modified

polyamines, in epoxy curing, @.g. nolyamide adducts with

5:'. acrylonitrile or caproluotam7o. Polyamide-

epoxices
nolyamine blends containing metal oxidees finé important
usee in epoxy curing for increased adheesion strength with

improved resistance to low and high tmp.raturo'7l.

3. Po ercapt
Polymercaptane undergo polyaddition reaetione with
epoxides (in presence of bagic catalysts).
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HG=R=SH 4 =0H-CH, = <CQHCH,SRSC He
\/ 2 ? 2 "2?
OH OH

In epoxy reein technology, the moet widely used
polymercaptane are the mercaptan-terminated polyesulfide

polynera’z. Other polymercaptan curing agents used

include mercapto carboxylic acide and their e-tera73’7‘,
D°1¥0thﬂr*h101l75. reaction products of hydrogen sulfide

with diglycidyl cthere76 etc. Oycloaliphatic polythiole

77-793
are finding increasing user in the curing of epoxy resins
for preparation of enamels, paints, potting compositionms,

casting laminates and adhesives. Dou80

describes the
use of tolylene bis(polymercapto propyl thiocarbamates)
for improving the adhesive etrength of epoxy reseins to

metale.

4« Anhydrides

Hext tc aminofunctional compounds, anhydrides are
the most widely used epoxy-curing agents. In general,
anhydridee provicde long pot life and low exotherm and
yield prcducts with superior thermal and mechanical
resigtance. They are used principally in laminating
formulations and to a limited extent, in high temperature
adheeive formulatione,

Anhydrides react with epoxy resins both in presence
and absence of catalyets (acidic or baaic)el'ez.

A variety of commercially available acid anhydrides,



majority of which are cyclic, offer excellent properties
as epoxy curing agents. Of these, the most widely used
are methyl bieyelo [2.2.1]-heptene-2,3-dicarboxylic

anhy éride, hexachloro bicyclo [2.2.1]-hoptono-2.a—
dicarboxylic anhyéride, hexahydrophthalie anhydride and
dodecyl-succinic anhydride. A variety of di- and poly
anhyérides have been claimed in the literature far epoOxy
ourlngno Majority of these are the Diels-Alder adducts
of maleic anhydride with vinyl compoundoea ®4 Other
polyanhydrides used in epoxy curing include aromatic ether
or thioether anhydrlduas, polyester-polyanhydrides
(prepared by the reaction of hydrogenated polydienes with
trimellitic anhydrldo)“. anhydride-terminated polymers
(prepared from polyalkylene glycols or diarines and
unsaturated dicarboxylic anhydride) for flexibility®’ and
anhydrides containing tetraphenylarsenic tetraphcnylborneee
for long pot life. Fluorine containing anhydrides have
been used in the curing of fluorine-containing epoxy

resin le“’.

5. Carboxylic Acids
Iibasic and polybasic acids are another clase of

compounds that undergo polyaddition reactione with epoxy
groupe. These have found limited applications in
castings, laminates, adhesives, molding powders and
filament windinge. However, polymeric acids are widely
used in coatings.



Similar to anhydridee, acids aleso react with epoxiders
in presence of basic o:tnynaqo'n-
Aliphatic polymeric fatty acids were employed by

%2 for epoxy curing. Examples of

Belanger and Klarsen
new carbeoxyliec acidse which have been used include
bensimidagole dicarboxylic acids  (for heat resistant
compositione) and amidoimidocarboxylie acids (or bieimido
dicarboxyliec aoul)% for improved heat resgistant and flame

resistant laminated epoxy sheets.

6. Pelyphenols

wacr” has reviewed the work on epoxy-peolyphenol
curing reactions. Most of reported work on curing of
epoxy resine with phenoclic resins has been on the novolac
typelll.

Pflug and Ynlnta)‘

found that bisphencl-A or other
dihydroxy diphenylmethane novolacs gave heat resistant
compositions especially useful in electrical appliances.
Lohse and Sohroibcr” describe the use of a product from
methoxy terminated eiloxane and a cresol noveolaec for
epoxy resins giving reeins with good water resistance.

Catalyeste for eporide-polyphenol reactions include

inorganiec bases, nitrogenous bases and stannous naltaae.
7. Lelyureas
Urea and ite derivatives are particul.rly useful for

99,1CC X

high temperature curing of epoxy resine The
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products of urea-formaldehyde reaction may be used ars
accelerators for anhydride cmrou’9 and as cocuring agents
for glycidated novolac roun.ml. Polythioureas
(rewnc(=8)nHR"]) p* 202 pyaragices’®®, guantdines?®»105
dicyandtmtdoms »106 have been found to be useful as epoxy
curing agents or as catalysts. Gude et dlw have found
the low molecular weight amine terminated polymers (from
m-phenylenediamine and p-phenylene diisocyanate) to be
particularly useful for sclvent resistant coatinge and

molding epoxy resin comwpositions.

(B) Curin, Res Catalytic Agente
(by Polymerigzation Reaction)

Catalytic polymerization of epoxy resins occurs
with a variety of Lewis bases and acids as well ag many
salts and complex catalyste. Although epoxy curing by
lewie bases and acids reesulte in basically the same cured
polymer having a polyether structure, their modes of
initiaticn, propagation are different. Vith lewie bases,
anionie polymervigation takes place while with lewis acids,
it is oation;c.

1. Anionic Catalyets

The cure of epoxy resine, todate, by polymerization
using anionic catalyets, has not found wide commercial
accentance because of long cure cyclee required ané the
low heat distortion point of reeulting cures. However,
the advent of imidazcle derivatives offer excellrnt



proepects for minimising the cure cycle duration.

Tertiary amines are the most widely used catalysts
of this class. Pyridine, 2,4 ,6~tris(di-mpethyl aminomethyl)
phenol (DMP-30), triethyl amine, benzyldimethylamine are
widely used and typical of this class.

The use of a variety of metal and organometalliec
anionic catalyets in epoxy curing hae been reviewed by
qulordloe. These include triethanol borates and titanates
with chelated metal salte’®’’'10 and trioreryl boratelll,

Imidagolesti-115

, imidagolines and bise-imidazolenes’ 1©

have been used to give high distortion temperaturee, and
flexible compositions. The recent in thie clase appear to

be polyketones from bensmimidazole’’’ and bisbenrimidazole 1€
isophthaloyl chleride. Epoxy resine cured with these compounds
show little or no ignition loss at high temperaturees.

Imidazole borates't? are used to improve compatibility and

storage stability to epoxy resin curing compositions.

2+ Cationic Cotalysts

A wide variety of inorganic chlorides and their
flucborates, e.g. SnCl, eerve as cationic catalysts for
epoxy recins. The moet important compound in this class,
in terme of commercial utilisgation, ie boron trifluoride,
BF . Bl-‘a ie not uege’ul as such becauee of the difficulties
in handling and controlling ite reaction with epoxy resins.
It is generally used as a complex with ethere and

120-122

amines Of these only the BF; methyl amine comnlex



finde wide usage. Fleming and uav-t!.nlas

have reported
the use of bhorontrichloride-amine comnlexes as latent
hardeners, which show good storage propertiee. Diaryl
iodonium ﬂl:«crro\:m-awa:"z6 have been used in the epoxy
reein coating comnosition which are phetechemically
hardened and show good oil resistance. Tertiary amine
salts of “-subetituted carboxylic acide >*126 ypnjcn
show decompoeition in the range 10-200°C have been used
to impart improved stability and pot life at room
temperature.

In the present work, new aminofuncticnal curing
agente for a liquid epoxy resin were synthesiged from
solythiol compounds, paraformaldehyde, diethylene triamine
or tetraethylene pentamine, phenol or 3-pentadecenyl
phenol, which is a readily available indigenous raw-
material. The polythicle used were a thiol-terminated
polysulfide liquid polymer and bis(thioglycolates) of
ethyleneglycol, polyethylene glycols-200,400 and 600. The
curing of epoxy resin by these aminofunctional curing

agents was studied at room temperature and at 50°C.
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PRESENT INVESTIGATICN AND PRSULIS

Aminofunctional compounds, e¢.g. polyanines and their
reaction products with a varie'y of compounds, find
extensive uses in a multitude of epoxy resin-based
applicatione because of their high versatility. Teriv:-
tives of »olyamines, which are preferred to parent
polyaxines for certain advantages, have been prepared with
other polyfunctional coupling dagente. Same of the sulfur-
containing coupling agents that have been used are

thicurear‘ﬁ'“. carbon dllﬁd.s.o and thiol-terminated

oupomdé&'sl.

Berenbam®’ desoribed the use of aminonolysulfide
polymers, prepared by the reaction of a hyéroxy or thiol
terminated polysulfide polymer with an alkylene imine, in
the curing of epoxy resins. This was followed by the work
of Bortotll.s;. who reported the use of aminofunctional
phenol-containing polysulfide polymers in epoxy reein curing.
Theee compounds were prepared from a thiol terminated
npolysulfide licuid polymer, phenol, an aliphatic polyamine
and paraformaldehyde. 7The curing by these compounds was
characterized by low exotherme, good pot life and room
temperature curing. lLater, Bertonlso used aminofunctional
agomethine-containing polysulfide polymers in the curing
of epoxy reeinsg to givo hard resinous producte which were

pliable, stable and useful. The recent work ies of



Takeuohi and Twikuda’® deseribing the curing of epoxy
resing with the reaction products of a polymercaptan,
arylene diamine anéd an alkyl-substituted phenol. The
polymercaptan itself was prepared by adducting hydrogen
gulfide with bisphenol-A epiehlorchydrin ccoolymer. These
conolymers showed good storage stability.

The present study deals »ith the preparation of new
aminofunctional compowmnds from thicl texminated compounde
and the study of the curing of a liguid epoxy reein
using them.

Following materials were used to synthesise the
aminofunctional compounde.

i) Diethylene triamine purified by distillation prior
to use.

ii) Tetraethylene pentamine used as received.

1ii) Phenol purified by distillation prior tc uee.

iv) 3-Pentadecenyl phenol: Commercial cashewnut shell

H liquid was distilled under reduced
/‘\ preesure to yield d-pentadecenyl phenol
|
o/

O—"*+Cygfap  p.p. 135-200%C/2-3 terr.

~

v) Paraformaldehyde was used as received.

vi) Glyccl bie(thioglycolates) (see Chapter-I). Bis
(thioglycolatee) of following glycols were ueed:
ethylene glyeol, pelyethylene glycols-200,400 and 600.

vii) Thiol terminated polyeulfide linuid polymer. The



N
ol

synthesis of thiol terminated polysulfide liguid
polymer was accomplished as described below:
(a) Zreparation of Sodium disulfide Solution of Pank 2.25
Sodium polysulfide solution of desired rank can
be prepared using the relation:

6NaOH + 2(x+1)8 - 2Na 8, + Na, 8,04 + 3!!20

where x = rank of sulfur.

Scdium polysulfide sclution “‘282.25) of rank 2.25
and 2 M concentration wae prepared by heating the requi-ed
quantity of aqueous sodium hydroxide solution and sulfur
and diluting the resulting solution with water.

(b) ara e Polymer from Dic ethyl
() Sodium disulfide

Scdium disulfide solution was placed in a flask
and heated to 65°C. Magnesium hydroxide, the nucleat ing
agent, was generated in situ by adding sodium hydroxide
and magnesium chloride solution to the flask. The contents
were heated to 85°C and a mixture of dichlorodiethyl formal
and 1,2,3-trichloropropane (79.5:0.5 molar ratio) was added
with etirring during 1 hour. The fommed disulfide polymer

wag washed several times with water.

(e) t ed Redu o sulfide 2
give the Thiol-Terminated Polymer
The abcve prepared disulfide polymer was subjected

to controlled reduction using sodium hydrosulfide and
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sodium sulfite. After the reduction, the polymer was
recovered by acidification with dilute hydrochloric acid
and subpequently washed with water.

Various reactions involved in the reduction process

¢an be written as:

REER + NaSH » RENa + RESH
RSEH + Nazsoa » RBH + unzszo§'

RESR + Na,SO,+NaSH > RSH + Na,S0,+RSNa

RENa + H' » PSH

Characterictice of the thiocl terminated volymer

prepared are:

Phyeical etate ligquid
Average mol.wt. 370- 380
Mercaptan content 6.8 = 7.0
pH of water extract 6 -8
Refractive index 1.55

Deneity 1.31

Colour and clarity Amber, clear.

The infrared and NMR spectra are shown in Figs. 2.1
and 2.2 r.'pecti“l’ .

Pr atio ofunctional Compound
1. From Polysulfide Liquid Po Phenol (or 3-Pentadecenyl
Phenel ),Al tic Polyam and P ormal dehyde
A mixture of polysulfide liquid polymer, phenol
(or 3-PDP), aliphatic polyamine (DETA or TEPA) and
paraformaldehyde was stirred at 100+2°C for 2 hours, and
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the temperature was allowed to fall to the ambient. The
mixture was maintained at room temperature for 3 days
and then heated at 100°C under reduced prersure to remove
water and obtain the product.

Characteristics of all these compounds are regorded
in Table-l. Fig.2.3 shows the NMR spectrum of LP-3°DP-TEPA,
2. @1 bie(thioglycolat Diethylenetriamine

P and Paraformaldehyde y

Glycol bie(thioglycolate), phenol and paraformaldehyde

were heated to 10(+2°C and diethylene triamine was added
carefully with stirring to prevent excessive frething. The
contents were stirred for 2 hours at 100+2°C and the
temperature was allowed to fall to ambient. The mixture
was maintained at this temperature for 3 days and heated
at 100°C under reduced pressure to remove water and tc
obtain the product.

Characteristioe of all these compounds are shown in
Table~1.

M of Iiquid Epoxy Resin with Aminofunctional Compounds
The 1iquid epoxy resin and each of the aminofunctional
compounds were mixed in the ratio 1:1 and 2:1 respectively
at room temperature and stirred together.
Table-2 givee the mixing ratioe of the liquid epoxy
resin with varioue aminofunctional compounde. The
fcllowing characteristices of various epoxy reein-

aminofunctional compound systems were determined, viz.
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the exotherm, pot life and gel time (Table-3).

Curing
After thorough mixing and noting the peak exotherm,

the mixture of epoxy reein and tre curing agent was
poured into a silicon-grease pretreated metallic mold ané

cured by keeping the mold at rcom temperature or at 50°C.

Hardness
Hardnees of the cured sampler was determined by
using a Shore D durometer with respect to time. These

readinge are recorded in Tables-4 and 5.



Pable-3: Exotherm, Pot life and Gel time of Various
Arinofunctional Compound-Araldite Systems
System® Exg:hom Pot life Gel time
Aw 51 2.0 hrs. 2.5 hre.
B 42 5.0 hrs 7.0 hrs.
C 48 4.0 hrs. 5.0 hrs.
J9) 39 48.0 hre. 53.0 hre.
B 32 4.2 hrs. 6.5 hre.
¥ 31 28.0 hrs. 38.0 hrs.
G 45 15C min. 160 min.
H 39 3+C hre. 5.C hre.
J 40 45 min. 70 min.
K 35 3.0 hre. 5.0 hrs.
L Je 6.0 hrs. 8.C hrs.
M 32 24.0 hrs. 48.0 hre.
N 31 3.C hrs. 16.0 hre.
p 30 36.0 hrs. 55.0 hre.
Q 28 7 days 8 days
R 28 9 days 10 days

* See Table-2
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Table~4: Shore-D Hardness of Room-temperature Cured Systems

Syntom.' Time in Days
3 5 7 10 1% 21
A 20,22 25 28 35 42 50
B 20 - 25 30 35 40,42
c 10 15 1e 20 22 25 28
7 .« 12 15 17 20,25
E 18 20 23 25 30 35
¥ 2 - 10 12,14
G 14 25 30 40 45 50 65
i ? 10 20 22 25 as 45
J 16 22 3¢ 35 . 40 45
K ?7 10 12 16 . 20 22
L 10 - 16 20
M 10 16
H : . 10 16
P ? 12
" 3 SCOFT
P )

* Not determined
*¢ See Table-2.



Table-5: Shore-D Readings of 50°C-cured Systeme

Time in Days
Syetem 1 a

5 7 10 14 21
A 30 35 45 55 60 65 70
B 25 28 35 45 50 60,61 65
c 20 . 35 4C 40,45 50 52456
D 10 15 . 20 . 32,35 40
E 25 3¢ 35 40 52,55 6C
F 186 20 16 25 40,45 50
G 25 30 40 45 50 55 65
H 22 25 30 395 45 50 60
J 20 35 40 50 52 65 80
K 30 35 40 45 60 65
L 12 16 20 25 30
M 7 . 12 K 15 20
N 12 - 16 20
? 12 16
Q 7 )
R foft 7

* Not deternined.
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DISCUSSION

Phenol and substituted phencle (e g. m-cresol)
react with formaldehyde (or paraformaldehyce) to produce
producte having hydroxy benzylic or ring substituted
hydroxy benzylic units respectively. Those condensates
containing methylol groups, -CHzOH, can react with
active hydrogen compounds (with the elimination of water)
to form products having wice commercial utility.

3-Pentadecenyl phencl, (m-HO 0611‘015!!27). is a
readily available indigenous raw material (obtained from
cashewnut shell liquid). It reactes with formaldehyde
gimilar to other meta-substituted phenole.

Bertozzi’’ reported the use of new aminofuncticnal
compounds, synthesized from phenol, aliphatic polyamine,
thiol-terminated polysulfide polymer (a class of active
hyérogen compounds) ané parafermaldehyde, in the curing
of epoxy reein. The present study was intended to
synthesize new amino functional compounds and study their
curing with a liquid epoxy rerin (Araldite of CIBA Ltd.).
The aminofuncticnal compoundes were prepared from phencl,
3=-pentadecenyl phenol, diethylene triamine, tetraethylene
pentamine, a thiol-terminated polysulfide liocuid polymer
and various glycol bis(thioglycolatee). (The characteri-
etices of the aminofunctional compounds so prepared are
ghown in Table-l). Since efforts to purify theese
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produets by known methods were unsucceseful, they were
used as such. Also in the process described by Bertosezi,
no purity criterion was mentioned.

Attempts to determine amine hydrogens by volumetric
preeedures were unsuccessful due to the difriculties
encountered in end-point detection. Nitrogen contents
(determined by microanalyeis) were higher than the
calgulated values (Table-l). The cause for such an
observation, however, coulé not be ascertained.

The probable structure of aminofunctional compounds
(A¥Cg) from thiol terminated nolysulfide polymer, aliphatic
polyamine, phenel and paraformaldehyde, according to
Bertozgzi, may be written in general, as:

B, NH(C, H NH) C, K NH,

?n
{s.n'-sl-—cne Q CH,NH(O,H NH) C,H NH,

Lp

where: R = H, for phenol
R= -015ﬂz7 for 3-pentadecenyl phenol (3-IDP)
ns=1, for diethylenetriamine (DEIA)
n = 3, for tetraethylene pentamine (1EPA), and
R'm= —(czﬂQOCHZOCZH‘tSB)S 02!!‘00}!20(!2!{‘il - for
polysulfide polymer of mol.wt. 10CC.

An attempt was made to get spectroscopic data in
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support of the above structure.

The infrared spectra of phenol-containing Al'Ce show
etrong abeorption at 760 om ® characteristice of 1,2,3-
tricubetituted benzene'? . A can be expected this band
ie absent in the infrared espectra of AFCe based on
3=-pentadecenyl phenocl.

The NMR spectrum (Fig.2.3) of the LP-3PDP-TLPA
product (see Table-l for complete name) congiests of a
doublet centred at 0.95 & (aseribable to ......C}!z-cga
in the side chain of 3-PDP), a sharp singlet at 1.31 ¢
(long methylene chainj; a triplet centered at 5.3 &
(0lefinie protons pregent in the alkyl chain of 3-PDP);
an ill-defined doublet centered at 6.9 & (two aromatic
protons in 1,2 ,3,4~tetrasubetituted bensene ring) and a
gignal at 5.0 &, which disappears on D,0  exchange, may
be ascribed to the active hydrogen atoms. The signal
at 6.5 0 ie probably due to the ring protene of the
impurity of the unreacted starting material (namely,
a-pentadecenyl phencl). The absence of the multiplet
centered at 1.51 & (~-SH orotons of the polysulfide
polymer, see Fig. 2.2) wae aleo noted, The prerence of
gignale in the range of 2.3 - 4.7 & ie reminiecent of the
polysulfide polymer (Fig.2.2). In the case of AFCe
prepared from glycol bis(thioglycolates [G1ycol vie
{thicglycolates) have the structure: HSCHZC(-(.‘-)O
(Cﬂzcﬂzc)nc(-c)cnzSR ], we noticed the cleavage of ester
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linkages from the infrared poeition of -C=0 group, vis.

—&-o in the AFC 1650 —

-C=C in parent ester 1735-1750 om 1
-X‘-zm— at 1250 em !

It ie likely that the amide formed is an C-substituted
thioglycolamide (the infrared spectra of these compounds
-]

also contain the 765-770 em ~ band characteristic of

1,2,3=trisubetituted bengene). Hafelle and Brogolae
using methylamine and Minagawa et allz’ using butylamine
have found that amidation of thioglycclates (or S~-substituted
thioglycol :tes) readily occure to yield the corresponding
amide.

The mixing of Araldite with polysulfide pclymer-based
AFCe was exothermic, the magnitude of exotherm being
dependent on the amount of curing agent in the system.
Mixing of more viscous aminofunctional compounde is known
to result in low exotherms. The low exctherm from
LP=-3PDP-DETA, despite its lower viecosity compareéd to ite
phenol analogue, may be due to the sterically bulky
d=-pentadecenyl substituent in thd ring. The somewhat
more exotherm of the LP=3PDP-T1EPA than LP-3rDf-DoTA may
be attributed to higher functionality of the former (vis.
four more secondary aminogroupe in the molecule).

The mixing of AFCs based on glycol bis(thioglycolatee)
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was characterizgzed by low exotherms [oxoopt for the ArC

from othvlenoglyool—bil(thxoglyoolsto)] which may be due

to the presence of amide linkage in the APC. Kamon et all~’
found that the crosslinking of epoxy resine waeg dependant
on the basicity of the amine. Edwards' ' used the development
of exotherm as a measure of the reactivity of the curing
agent. Thus, the low exotherm and reactivity of there
glycol bis(thioglycolates)-based AFCe can be related to the
deoreased basicity of the amide. This is in agreement with
132 ana 0'Neill et a11%3
that polyazines react fully and faster at room temperature

the obeervations of Peerman et al

than polyamides.

The reactivity of an epoxy reein curing agent system
(and hence the peak exotherm) can be related to the pot life
and gel time therefrom. It may be reasoned that the
magnitude of the exotherm ie inversely prosortiocnal to the
gel time. Thie is supported by the results reccrded in
Table=3.

Curing reaction with polysuvlfide polymer-based  FCe
leade tc more croselinking in the earlier stages of curing
because of higher functicnality. In epite of this greater
croselinking, the long, flexible molecular etructure may
impart flexibility to the cured polymeric film which will
be consequently soft in the earlier stages of curing.

The structure of the AFCs based on glycel bis thiogly-
colates), however, remaine uncertain. It is likely that



the amidaticn »nrocess may result in the free polyol
formation. It may, however, be noseible to derive the
effect of such polyols in epoxy curing. The effect of
ether linkagee in imparting flexibility to a molecule ie
well known. Thue the AFC from ethylene glycol bis
(thioglycolate ), with no ether linkages in the molecule
may be expeocted to give hardest film while PEG-600
bis(thioglycclate) having as many ae 132 ether linkages,
should give the softest cured polymeric film with epoxy
resin. The AFCe from other two glyccl-(thioglycolates)
may be expected to show intermediate curing properties.
Thie phencmenon ie evident from the results recorded in

Tables~4 and 5.
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EXPERIMENT AL

I. |[Materials

(1) 3-Pentadecenyl Phencl

Commercinl cashewnut shell linuid wae dietilled
under reduced prersure to give 3-pentadecenyl phenol, a
pale yellow coloured, clear 1iguid. b.o. 135-200°C/2 torr.
ng
Anal. 021x320 requires: C, 83.94%, H, 10.767

1.5080

Founé 3§ C, 83.73%, H, 10.82%

(2) Thiol-terminated Polysulfide Liguid 7o
Thiocl-terminated polysulfide liquid polymer was
prepared from sodium disulfide, bis(2-chloroe thoxy )me thane
using 1,2,3-trichloropropane for the creation of croeslink

centres. The polymer synthesis is described below:

(a) Preparation of Sodium Disulfide Solution (1:252.25)
To an aqueous solution of eodium hydroxide

(68.0 g NaCH diseolved in 205 ml water) wae added powdered
sulfur (58.93 g) and heated to dissolve &ll the sulfur.
Gooled, filtered and diluted with water (to a total volume
of 285 ml) to give approximately 2 molar eclution of
Nay82.25°

(v) 2re tion of Al Disulfide Po

Sodium disulfide solution (285 nl) wae heated

with stirring to 65°c, on a water bath, in a four necked
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flask equipped with a stirrer, thermowell, dropping funnel
and a reflux condenser. The nucleating agent, magnesium
hydroxide, was generated 'in situ' by adding 24% (v/v)
aqueous sodium hydroxide solution (4.5 ml) and 567 (w/v)
aqueous magnesium chloride eolution (6.25 ml) with stirring.
The contents were further heated to 85°C and bis(2-chlore
ethoxy ) methane (1CC ) containing 1,2,3-=trichlorc propane
(0«45 g) was added during 6C minutes, keeping the temnerature
constant at 85°C throughout the addition. After the addition,
the flask was heated at 12-13°C for further 6C minutes.

The contente of the flask were transferred to a
beaker and washed repeatedly with water. The polymer wase

obtained as a viscous mase and the yielé wae 85-3C g.

(e) Reduction
dydrosu

A mixture of the nolymer (€5 g), obtained above,
and 20% aqueous sodium sulfite solution (306 nl) were
heated in a four necked flask to 80°C. Sodium hydrcsul fide
eclution 23% (42.5 ml) (which was obtained by eaturating
agueous sodium hydroxide solution with hydrogen sulfide)
wap added with vigorous stirring during 30 ninutes, keeping
the temperature constant at e0%c throughout the addition.
lieating wae continued for further 0 minutes at the =ame
temperature. The contente were then poured into water and
repeatedly washed till the waehings were neutral to litmue.
The washed product was acidified with 157 HCl. After
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washing with water, extracted with bensene anc the
benzene extract was dried over anhydrous Nazsoq. The
dried bensene extract was filtered and bengene was
distilled off under roduced pressure tu yield the polymer
which was further dried under vacuum.

The characteristice of this polyrer are ghown on

page « This polymer has the structure

H(8 01120!!20082031120!128)6 H

a c b a b e a
HYR data: OCH,C (s ¢ 478)
-SCHZCEQO - (m , 3.806)

_1;1(801120)!200“200![20}{25)}_{ (t, 1.518)

IR data: 2520 cm 3(-SH).
Infrared and NMR spectra are showa in Tigs. 1.1 and 1.2.
(3) B Res

The licuid epoxy resin used was Araldite LY 553 (CIBA
India). Araldite is a biephenol-A epichlorohydrin epoxy
resin having an epoxy equivalent of 243.4 = 243.6
corresponding to a molecular weight of 485-4)3C.

(4) Diethylene triamine and phenol were purified by
dietillation.

(5) Tetracthylene pentamine used was of Cerman make.

(6) Bis(thioglycolates). For preparation see Chapter I
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(7) Paraformaldehyde used was of B.D.H. make.

II. Methods
Preparation ofunctional Campounds
The method of Bertorzi®  was followed to prepare the
aminofunctional compounds based on:
(1) Pelysulfide liquid polymer, and
(11) Glyeol bis(thioglycolates)

A. Based on the Polysulfide liquid Polymer
Phenol or 3-pentadecenyl phenol (0.0213 mole) polysulfide

liouid polymer (0.012 mole, 12 g), paraformaldehyde (0.0465
mole, l.4 g) and the aliphatic polyamine (0.0204 mole) were
stirred together for 2 houre at 100;2°0 in a three necked
flask equipped with a etirrer, a thermowell and a
distillation condenser. After the heating was stopped, the
flagk wae waintained at ambient temperature for 72 houre.
Then it was heated on a water bath under reduced pressure

to remove water. Yieldsof the products were all quantitative.

B. Based on Glycol bie( thioglycolates)
The above procedure wae glightly modified for the

preparation of aminofunctional compounde based on glycol
bie(thioglycclates). Phenol (0.0213 mole), glyccol bis
(thioglycolates) (0.012 mole) and paraformaldehyde ((.0465
mole) were stirred together at 100;2°C and diethylen-
triamine (0.024 mole) was added carefully to prevent
frothing. After the addition, the reaction mixture was



heated for 2 hours at 100:2°c. Rest of the nrocedure

wags same as above.

Determ ion of Viscosi

Viscoeity of each of the amino functional compounds
wag determined as the rate of vertical flow on a flow-jig
between two pointe five centimeters apart.

Properties of all the above aminofunctional compounds

are recorded in Table-1l.

I1i. Mixing of dite and Amino al Compounds
In each case, weighed amountsof the epoxy reein,

and aminofunctional compound were mixed with stirring

in the proportion of 1:1 and 2:]1 respectively at ;x;:abie-nt

temperature.

(a) Measurement of Exotherm

Ae the mixing of liquid epoxy resin and amino
functional compounds was exothermic, a thermometer with
ite buldb dipping well inside the mixture was emnloyed to

record the exotherm.

(b) Pot Life and Gel Time

Pot life was taken as the time elapsed from the
instant of mixing to the instant when the system became
highly viscous.

Gel time was taken as the time elapsed from the
inetant of mixing to that instant when the surface of the

gystem was tack-free and when the reein surface did not



move in 5 minutes with the container tilted to 10° 134,

(e) Curing
After regording the maximum exotherm, the mixture
wag poured into a silicene greane pre-treated metallic

mold anéd cured by keeping the mold at room temperature
or at 50°C.

(4) Haréness

Hardness of the cured samples was determined by a
Shore D durometer according to the ASTM designation
T 2240-68.
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INTRODUCT ION

It is not often in high polymer chemietry that one
type of material, by virtue of its ability to react with
other materials, can give rise to varied types of
products adorned with a felicitous versatility, par
excellence. And isocyanates present an outstanding
example possessing such a remarkable ab_iutyl's.
Isocyanates by reaction with a variety of compounds, yield
producte finding extensive uses as fibres, plastics, foams,
rubbers, leather subetitutes, coating compositions,
adhesive formulatione etc. - a feature that seldom findse
a parallel. The research and development activitiee in
isocyanates are heralding new and glamorous anplicatione
for isocyanate products. For example, studies on blood
compatible biomedical polymers have indicated a large
number of uses for polyurethanes as synthetie blood
vessele, intraortic balloone, artificial heart devices,
vascular grafts, artificial kidney wmembranes etc.7
Polyurethane foams, because of their light weight, coupled
with their ability to be sprayed into desired shape, are
becoming highly versatile in the world of movie—mannge.
National Chemical Laboratory had been actively engaged
in the study of polyurethane coatings, polyurethane rigid
foame ete. which vm expected to have high industrial
utility.
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Amonget a variety of isocyanate reactions, reactions
with active hydrogen-containing compounds, particularly
polycle and polyamines- have been extensively studied.
Isocyanate reactions with polyole and polyamines, which
provide a versatile approach to a variety of end products,
have formed the backbone for major polyurethane industiries
the vorld over.

Appreciating these developments and keeping in view
the ever-widening commercial importance of thiol compounds,
another important class of active hydrogen compounds, it
is eurprieing that no serious efforte seem to have been
directed towards the eynthesie and study of polythiourethane
solymers, which are the thiol-isocyanate addition products.

Thiols react with iscoyanates tc form thiourothanu’"lz

0

i
R-S8H + OCN-R' =) RSC-NHR'

Early kinetic studiees of thiol-isocyanate reactions
indicate low-reactive nature of the thiol group towards
isocyanate rnnotionm. For the reaction of isocyanates
with active hydrogen compounds, which involvee the attack
on the electrophilic carbonyl carbon of isocyanate group
by the nucleophilic centre of the attacking mclecule, the
following order of reactivity of active hydrogen ccmpounds
has been theoretically predicted and experimentally

c:onfimedl“ .
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Rﬂuz > Ar’ﬂz > ROH > ArOH » RSH

Thus thiole, compared to hydroxy and amino compounds, are
less reactive towards iscoyanates. The formation of
nolythiourethane nolymere from nolythiocle and polyiro-
cyanates may be visualised as:

_L i

HS=R=EH + OCON-R'=NCO =) ‘ SRSCNHR'NHG—%—

Although thiol-isocyanate reactione are well known,
the e¢arly notable attempt towards the eynthesie and uee
of polythiourethanes wae that of Mitohel1l®. uitchell in
1357, patented a proceseg for the production of nolythio-
urethane cellulur foame by the reaction of polyisocyanatee
vith thiol-terminated polysulfide liquid polymers. These
precducte were reeilient and flexible with good cellular
etructure. However, the production of these producte wae
rendered difficult due tc the less-réactive nature of the
thiol group necessitating the use of extremely reactive
catalysts, high reaction temperatures or prolonged
reaction periocd. Irocyanate-blocked, i.e. thiourethane-
terminated, polysulfide polyrers were described in a
process patented by Bortoz:116, almoet a decade later.
These polymers were prepared by adducting the thiol-
terminated polysulfide polymere with monoisocyanates.
These isocyanate-capped polymerse, in contraet t¢ the
virgin thiol-terminated polysulfide polymers, showed



long term ambient-storage stability in admixture with
active curing agente but cured to fully vulcanized
rubbers at elevated temperatures.

However, a positive. and recent approach to the
synthesie and study of polythiourethane nolymers has
been that of Zochniak et 3117. who eynthesized poly-
thiourethane polymers from 1,5~pentanediol bie (thiogly-
colate) with toluene-2,4~diileocyanate (IDI) and 4,4'-
diphenylmethane diisocyanate (iDI). !"hou polymers,
which were high melting sclids, showed good etrength,
water resistance, dielectric properties as well asg fair
thermal resistance.

Thus, it is unambiguoue that research activities on
polythiourethane polymers are still in infant stage and
further research is necescary not only to understand
their chemistry but also to bring out their advantageoue
traite and other important innovations to judge their
suitability for important applications.

¢ of P e he R
and_Active Hydrogen Compounds

Polyurethanes and polyureas can be cured by

ne

isccyanate

polyiscoyanates, polyamines, peroxides, sulfur and
fornaldehyde. Because of the etructural eimilarities of
polythiourethanes to polyurethanee, polythiourethanes
may also be cured with the above-mentioned curing agente.

The ocuring procese of these polymers ir esrentinl since

90
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useful properties appear generally after the curing stage.
A brief account of the curing action of these curing
agente, viz. polyisocyanates, polyarines, peroxides,
sulfur and formaldehyde, is given below.

i) Polyisccyanate Guring"s’le

Aride groups, ~NH-@- » which form the backbone of
polyurethane ('U), nolyurea (’A) and polythiourethanes(?TU)
are the active hydrogen centree serving ar the potential
sites for crorelinking reactione with isocyanates. Thie
reaction which results in the formation of'acyluroa croge-

linke can be shown as:

| ! |
“ RS A

73 CON=-R'-iC0O HT T-ONHR'NHO—?

7 T 1h  §f

7& OCN=~R'-NCO 51 1—0NHR'&HO-§
- i | T
Croselinked structure

If active hyédrogen groupe are present at the end of the
macromoleenlar chain, curing by polyirocyanate will
proceed by chain exteneion.

Polyisocyanates generally used for curing are 7171,
MDI and dimerized TDI (known as 'Deemodur TT' mp.13C°C).

¥or adeguate cure, usually excees isocyanate is employed.

Diisocyanate-cured vulcanizates are relatively tough.
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Generally good physical properties of vulcanigates are
obtained for a minimum shore A hardneee of 75.

11) Polyamine-Curing > %!

Isocyanate-terminated polyurethanes, polyureas and
polythiourethanes are readily orosslinked by polyamines
and polyols, although polyaminee are most important.
Theee compounds function by a chain-extension curing

i i

HZHR'NHZ 4+ OCNeR=NH=(0=) =~ =F=0NHRECO -2

i i

HZHR'NHONHR—NB—C-1-Aﬁvv--X-CNHRNCO

process, i.e.

(X=0, NH or 8)

Diamine curing systeme are more esuitable for the production
particularly of cagtable elastomers. Aromatic diamines

are most widely used for curing and the folloving

diamines may be generally nployodzo. 4,4'-Diamino
diphenylmethane, 4 ,4'-methylenebie(2-chloroaniline)(MCCA),
Benzidine, 3,3'-dichlorobenzidine (ICB), dianisidine,
p-phenylene diamine and polymethylene polyaniline. Of
these, MOCA is perhaps the best known. DCB has aleo been
found to be suitable for commercial uee as it combines
workable set time with relative ineensitivity to the
variatione in the cure time or temperature and amount of

2

the curing agent used. Hircsawa and Lu?‘ have found

(alkylene dithic) dianilines to be effective urethane-
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croselinking agents giving highly elastic cellular

polyurethanes.

11i) Peroxide-Curing*~®

The chemistry of peroxide curing of polyurethane
polymers hag been studied in much detail. Among the organic
peroxides, dicumyl peroxide an@ henzoyl peroxide are
generally used. A8 can be expected, these curing agente
cure by a radical mechaniem. The free radicale from the
peroxides react with the polymer by abetracting a hydrcgen
atom from the active methylene site as shown:

R0-OR => 2RO-

i H
270, + 2- = —_— 2 - -> -
-2ROH G-

Croselinked structure

%hen peroxides are employed for MDI-based polyurethanes,
polyureag and nolythiourethanes, the eroselinking reaction

occure primarily within the hard eegment, i.e.

RO. + .-c-uﬂ-\C\>-cx2-<_\-m c-x- S
-)-C—NH@-GH-@-NH-C—X- -> croeelinked etructure

It may be expected that croselinking by percxides invclving
haré segments and rubbery segments will show different
effects. Cooper and Tobols\qaa studying benzoyl-peroxide



curing of a polyester urethane opined that croeslinking
by peroxides within the hard segments of linear elastomere
affecte the plateau modulus, primarily decreaeing it,
while erceelinking in the rubbery segmente shows itself
above the !‘ of the hard segments.

Peroxide and diisocyanate curee are compatible and
can be used together for specific end propertiee. The
desired final properties of vulcanizates can be achieved
by a proper manipulation of peroxide to isocyanate ratio
in the curing composition.

iv) Sulfur-Curing®426

Conventional polyurethane compoeitione from
saturated monomers are not generally suitable for curing
with sulfur becauese of the absence of sites of uneaturation.
Sulfur curing may be made effective by syntheeizing
polymers from unsaturated monomere, for example castor oil
based polyurethanes or polythiourethane polymers. Sulfur
cures of esuch polymers is best achieved by using only
sulfur or sulfur in combination with the usual sulfur-cure
accelerator and activator. Sulfur-cures generally give

hard valcanizatee.

v) ZFormaldehyde-Curing

Saturated or unsaturated elastomers may also be

27

cured by using formaldehyde-relesaging substances and a

small amount of acid or acid-forming compound. The source

a1



of formaldehyde may be paraformaldehyde or amine~
formaldehyde condensates.

Formaldehyde first adde to urethane hydrogen to form
N-methylol group:

-NH=-C~- + CH,O — -?—C—

CH,OH
i

This methylol group further reacts with a -HH=C~ of another
chain resulting in ecrosslinking of the chains by methylene

bridge.
P T
-§-C- + -N=C- — 2+ H,0
HyCH ~N=CO=

Khnkilullinze. studying the vulcanisation of urethane
rubbers with paraformaldehyde in presence of alkaline
and alkaline earth metal perchlorates, found the resulting
rubbers to be best suited for producte which are eub jected
to thermal and dymaric stress. However, in the formaldehyde
vulcanization procese, water ie an undeeirable by-product.
The present investigation is an attempt to gain
further insight into the synthesis and etudy of new
polythiourethane polymers. In the course of this study,
new polythiourethane polymere were syntheesized and their

tensile properties were determined.
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PRESENT INVESTIGATION AND RESULTS

Polyaddition producte of isocyanates with active
hydrcgen compounds, especially polyols and polyamines,
are of growing interest due to their many splendoured
varieties embellished, often, with unexcelled brilliance
of vivid and glamorous applicatione. The ever-mounting
interest that centres around such products criginates
mainly from the more latitude possible in their synthecis
and, more interestingly, due to some of the inherently
advantageous and important properties, e.g. good strength,
high abrasion resistance, good oil and chemical resistance
ete.

Polyols and polyamine-addition products with
polyisocyanates (known as 'polyurethanes' and 'polyureas’
reespectively) are highly versatile and find glamorous
applications in various fields. Next tc polycls and
polyaminer, the other important active-hydrogen compounds
are thiocls. Thiols react with isocyanates esimilar to
their cxygen analogues. Except for the recent work of
Zochniak et all’ the literature reveals scanty work
regarding the eyntheeis and study of polythiourethane
polymers. Zochinak et 1117 have reported the syntheeis

and properties of only twe polythiourethane polymere
prepared from 1,5-pentanedicl bis(thicglycolate) with
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toluene-2 4-¢iisocyanate and 4,4'-diphenyl methane
diisocyanate.

The preeent investigation wag theve fore undertaken
to gain further knowledge regarding the syntheeis and a
few properties of new polythiourethane polymere. These
polythiourethane polymers were propared using the
bis(thioglycolates) of polyethylene glycole-200,400 and
600 and castor oil trie(thioglycolate) with toluene-2 ,4~
diiesocyanate (IDI) and 4,4'-diphenylmethane diisocyanate
(1),

General Synthesis of Polythiourethane Po re

(1) From DI and a Glvcol bis(thioglycclate)
(in 1:1 molar Proportions)

1LI and a glycel bie(thioglycolate) in ecuimolar

proportione were heated under vacuum at 32-)3° for 6=7

houre. The characteristice of all theese products are
rooordg? in Table-l.

Product from caster oil trie(thioglycolate) (1 mole)
and IDI (1.5 mole) was prepared eimilarly. It was a
brittle material. m.p. » 220°C.

(2) From the Mixture of a Glycol bis(thioglycclate)
(1 mole) and Castor il tris(thioglycolate)(]l mole)
with TPI or DI (2.5 mole)

A mixture of a glycol bis{thioglycolate) (1.0 mcle)

and castor oil trie(thiocglycolate) (1.0 mole) and TDI or

EDI (2.5 mole) wae heated under vacuum for 7-8 houre at
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32-33°C 111 a s0lid product was obtained. The product
after ite preparation was kept overnight before testing

for physical properties.

Testing

Each rubbery product was mixed with MDI (the crose-
linking agent) on a laberatory two-roll mill and the
milled material was pressed out at 145°C for 30 minutes.
Tensile strength and elongation, and hardness were
determined according to the methode described in ASTM
designation D 412-66 and D 2240-68 respectively. These

results are recorded in Table-2.

Solvent Resistance of Vulcanizates

Solvent resistance of the vulcanizatee was determined
as percent weight increaee, as described in the ASTH
designation D 471-64, after 15 daye of immersion at room
temperature. The liquids used were tcluene, acetone,
ethylacetate, carbontetrachloride, 20% aqueous sulfuric
aeid (v/v) an@ 10% aqueous scdium hydroxide (2.5 N)
gclution. The results are presented in Table-Z.
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DISCUSEION

Ever since their brilliant discovery by Prcf.Bayer
in 1337, the growth of polyurethane pclymere hae been
relentless and splendid. These polymere have besn the
focus of universal attraction bedecked with a hoet of
important properth'l which can be engineered to a variety
of diversified applications. It is not outeide the realm
of poseibility tec onviuon. these isocyanate-based
nolymers becoming, with the advent of new technicues of
preparation and procereing, the most sought-after materiale
in not too distant future.

The important properties of polymers based on the
reaction of isocyanatee with active hydrogen compounds,
viz. hydroxy, amino or thicl ccmpounds, have been attributed
to the presence of -m—g-x linkage (X=C, ¥H or 8). Yhen X is
different in “NH=0=X * the linkage -m{g-x and the

corresponding prcduct are known by different namee ae

ghown below: o
i
J = Name of the ~-NH-C=X Name of the corresponding
linkage yolymer
(¥ Urethane “olyurethane
- NH~- Urea fclyurea
S Thicurethane Pcelythiourethane

Among the uses of :olyurethanes, it is eepecially to their

use as elastomers that much of the literature has been
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d.VOtQGZ)- Their uee as elastomere ariges mainly due
to the good strength, abrasion resistance, o0il and
chemical resistance. The urethane groups contribute
polarity and hydrogen bonding necessary for improved
strength, elasticity anéd abrasicn resistance, and also
for providing good chemical reeistance.

Apart from polyurethanes and polyureas, the syntheeis
and study of the prcperties of polythiourethanes have not
been looked into extensively. The work of Zochniak et u”
happens to be the only published report dealing in esome
detail with the synthesis and a few properties of two
polythiourethane polymere from 1,5-pentanediol bis
(thioglycolate) with IDI and MDI.

The present work was undertaken to synthesize and
study the teneile properties of a few new polythiourethane
polymere. The following materials were employed for
their eynthesis.

(a) Toluene-2,4-diisocyanate (TDI)

(b) 4,4'-Diphenyl methane diisocyanate (MDI)

(e) Bie(thloglycolatee) of polyethylene glyecole-200,
400 and 600 respectively, and

(d) Caetor oil tris(thioglycolate) (COTT).

Tre polythiourethane polymers, which were tested
for thd r teneile strength, elongation at break and
hardnese, were syntherized from the mixture of a glycol
bis(thioglycclate) (1.0 mole), castor oil wis (thio-
glycelate) (1.0 mele) and the aromatic diisocyanate (2.5 moles).
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The synthesie wae accomplished without the use of any
golvent. Some of the conclusions that seem to be
immediately evident from thies synthesis regarding the
characteristics of the resulting polythiourethane
polymere may be summarized as follovs:

(1) The molar quantities of the diisceyanate, glycol bis
(thioglycolate) and O0IT being constant, the number of
thicurethane linkager (N,) can be assumed to be the same
fer all elastomers. Although Ny is same, the cengcentration
of thiourethane linkagee (¥,), expressed as weight percent

content, will be different for each product.

(2) COIZ, which may be considered as & trifunctional
croeslinking agent, wae used in a fixed molar quantity in
the preparation of all polythiourethane polymere. Ilence,
the number cof crosslinke imparted by CCYY may be assumed
to be same while the croselink deneity, cbvicuely will be
disrferent for each polymer.

(3) Urethane groupe contribute polarity, hydrogen
bonding and rigidity etec. into a pelyurethane polymer

molacul.za

Since oxygen and sulfur occur in the same
group (Group VI) in the pcriodic tnblo. a rimilar effect
of the thiourethane linkage, y. 54 » on the polythio-
urethane molecule may be expected. The effects, evidently
of -NHC[0)0- and -NH-C(0)S~ may not be identical because

of the inherent differences in the properties of oxygen
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and sulfur, and -C-0C and C-S bonde. It ie also known
that the ultimate properties of elartomers like teneile
strength and elongation at break, depend on the degree
of croselinking, extent of hydrogen bonding etc.

(4) It ies known that for a riven series of polyurethane
polymers syntheeigzed from one irocyanate and a particular
series of difunctional aliphatic active-hydrogen compounde,
in fixed mclar cuantities, properties such ae tensile
strength, glass transition temperature (Tg) of the resulting
polymers, will be guided primarily by the structure of the

18’30. The above three

aliphatic difunctional compound
properties decrease with an increase in the aliphatie chain
length while elongation at break increases. In the present
case, the only variable factor in the eynthesie of
polythiourethane polymers ie the structure of the glycol
bie(thioglycolate), the general structure of which may be

reprerented as:

i i

HSCHZCO(CHZCHZO)nC CHZSR

where n = 4, for PEG-200
n= 9, for "EG=40C, and
n =13, for PEG-6C0
Thue it way be coneidered that the ultimate properties of

the elastomers using these glyccl bie(thioglycolatey Will

depend primarily on the value of n'.
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From the above generaligzations, it is clear that
although “t ies same for all polythiourethane elastomers

based on theee glyccl bis(thioglycolates), W, decreages

t
with a corresponding increase in the molecular weight of
the glyccl bis(thioglycolate), i.2« in the order:

PEG=200 bis(thioglycolate) » PEG-400 bis(thioglycclate) »
PEG-600 bis(thioglycolate ).

1 and Chichagova et al°? coneider that high

Edgar3
content of urethane linkage in the polymer backbone increases
stiffness, rigidity and, thus, strength in a polyurethane
nolymer. Smith and !agnnaaonla. while studying the
properties of a given series of polyalkylene glycol-
polyurethanes, found the !k to be linearly dependent on
the content of urethane linkage in the polyurethane. They
aleo found a linear relationship of tensile strength vith
i!. The results of Chen et 5130 indicate for a eeries of
polyether glyccl-based polyurethsnes a reciprocal
relationehip of tensile etrength with the polyether chain
length. The elengation at break was found to increase
with increasing polyether chain length. Thue, all these
abeve suggest high tensile strength, hardnece (which is
a measure of degree of croeslinking) to the nolythiourethane
elastomer from COL1-PEG-200 bis(thioglycolate) which
decrease with an increare in the molecular weight of the
glycol. But elongation at break may be expected to show

an increasing trend. The resulte recorded in Table-2 are



107

in complete agreement with these vieve.

The aromatic unit, -<z23>~ , in the polymer backbone
chain ir especially effective in inducing stiffnese in a
molecule. ?hia effect ariree due to the resonance and
planarity of the arcmatic ring. This produces a rigid
gtructure which raises the T8 of tre polymer33~35. If
more aromitic unite are preesent in the chain, the e“fect
on strength and rigidity would be more pronounced. Thus,
we can expect an increase in strength and hardneses for
the DI-baged polythiourethane slastomers compared to
those based on TDI. Thie is supported by the resultis
recorded in Table-2.

The complete degradation of the vulcanizatee in 10%
agueous sodium hydrcxide (2.5 W) sclution may be due to
the complete hydrolysis of the ester linkages present
in the elastcmer. It was also observed that all glyccl
thicglycolatee, in pure etate, show = high degree of
sueceptibility for hydrolyrie even in mildly baeic

environment.
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EXPERIMENTAL
General Remarks

Teneile strength and elongation teete of vulcanieatee
were performed dumbbell epecimen at room temperature using
a Scott tensile testing machine. Hardness was determined
at room temperature using a Shore~A Durometer.

Tensile etrength of vulcanisater ig expressed in
'Mega Pascal' (MPa), the reccrmmended SI unit for tensile

strength36. The conversion factor is:

1000 psi. = 70 kg. om 2 |
= 6.7 % 106 Palor Newton/me ter sl /me )
= 60) MP&

Melting pointe are uncerrected.

Materiale
1. Castor oil trie(thioglycclate) and bis(thioglycclates

¢f nolyethylene glyeols-200, 400 and 600 (see Ch. I).
2. Toluene-2,4-diisocyanate (TDI) wae used without
further purification. 4,4'-diphenylwethane
diisocranate (¥DI) was distilled under reduced
preceure prior to use (m.p. 87%).
3. All sclvents used for sclvent-resistance rtudies

of vulcanizates were purified by known methods.

Methode

Synthesis of Polythicurethane Polymere from iDI and a
Glycolbis(thioglycolate)
Ethylene glycol bis(thioglycolate) (2.1 g, 0.0l mole)




109

and DI (1.74 g, 0.01 mole) were heated under vacuum
(1-0.5 torr) at 92-93°C for 6=7 houre to give the polymer.

Polythiourethane polymers from TDI and bis(thiogly-
colatee) of polyethylene glycols (FEG)-200, 400 and 600
were prepared similarly.

The characteristice of all these polymere are
recorded in Table~-1.

p hioureth e b olate)-
Castor 0il tris(thi golate) m and IDI

PEG~-200 bis(thioglycolate) (0.0l mole, 3.52 g) and
castor oil trie(thicglyecolate) (0.0l mole, 11.54 g) were
dried wnder vacuum at 92-33°C. TDI (0.025 mole, 4.35 g)
was added and the contents were heated under vacuum for
a pericd of 7-8 houre until a solid, rubbery preduct
resulted. The product, which was pale yellow in coloour,
was removed and kept overnight before testing for its
physical properties.

Polymers from the mixtures of castor oil tris
(thioglycolate) (0.0l mole with PEG-400 bis(thioglycolate)
or PEG-600 bis(thioglycolate) (0.0l mole) and IDI
(0.025 mole) were prepared similarly.

’olymers from the mixture of glycol bis(thioglycolate),
castor oil tris(thioglycolate) and MDI were also eynthesized
similarly.

Testing
The rubbery prcduct was paesed through a two-roll
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laboratory mill to get a sheet. It was mixed with MDI
(10 parte per 100 parts of rubber by weight) and again
given several pacsses tc get a sheet. This was preesed
out in a metal mold in a hydraulie prees at 145°C for
30 minutee. DTumbbell specimen were cut from the
vulecanigates using a standard dumbbell punch of width
0.,125". Teneile strength and elongation were determined
at room temperature according to ASTH deeignation

D 412-68. Shore-A hardness wae founé out according to
ASTE deeignation D 2240-6E.

Solvent resistance of the vulcanizates wae determined
in acetone, earbon tetrachloride, ethylacetate, toluene,
204 agueoue sulfuric acid, 107 agueous sodium hydroxide
and water ae percent weight increase after 15 duye of

immereion according to ASTM designaticn D 471-64.
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INTRODUCT ION

The search for new polymeric materials - both
thermoplastic and trermoset - is being pursued with new
enthusiaem and increasing interest in recent years. This
activity has been very well aided by ingeneous technical
and technological developments for their procersing, and
the changes poesible in the polymerization systems which
allow much more latitude in the control of microstructure
and physical properties of these polymers. Furthermore,
modification of many of these polymers can be achieved to
better their range of utility without sacrificing some of
the other key properties. In some cases, the exceptional
clarity and/or improved physico-chemical properties of these
new plastics make them desirable replacement for the
conventional polymers in many applicational.

New interest has been shown in the synthesie and study
of some new thermoplastic polymers which have, as an integral
part of the polymer backbone, alternating 'hard' and 'soft'’
domains. The 'hard' units arise from high melting monomers
while the 'soft' units are from low melting or liquid
monomers. Since such polymers are generally not crosslinked,
they display typical thermoplastic behaviour. The solution-
polymerization techniques make it possible to synthesize

these addition polymers having a wide variation in their

Nen
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phyeical properties by a proper manipulation of the molar
ratios of monomere. Typical of this clase are the
polyimidothiocether polymers, a recent class of polymers
reported by Crivello and Juliano® in 1975. These polymers
are made by the addition polymerization of bismaleimides
with polythiole. Bismaleimides have the structure:

5

Because of the flanking carbonyl groups on either side
of the double bonds, maleimide doudle bonds are highly
reactive and susceptible to facile reduction, Diele-Alder
reactionr, 1,3-dipolar addition reactions as well as an
attack by a large number of nucleophiles. Maleimidee are
also capable of radical or photoinitiated homopolymerization~ °.
Maleimides readily react with active hydrogen compounde, to
yield polymers having succimimide rings in the backbone.

HX-R'=XH + (E}u-n-u -> -{-—x n'-x-ﬂ\gn-m«?\#

(X=5,0,NH .802- )

The nolyamino bismaleimice (also called polyaspartimides)
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formation ie very general. The reaction takes place
readily, usually in presence of an organic acid, with

any maleimide or amine. Theee polyaspartimides poeerees
high thermal stability®’’ and mechanical strength, and
also exhibit interesting properties useful in electrical,
friotion and ablative applications etc. ' . Maleimide-
aryl sulfonic acid polymers have aleso been reported to
have better heat resistance. Apart frcm these, maleimides
and their derivatives find use as rubber vulcaniaing

agent)o'u. polyester-croselinking agent -13'14

15-17

» €poxy
curing agents and many other apnlieations.
Significant progress in the syntheeie and characte-
rization of polyimidothicethers comes from the work of
Crivello and Juniano® and Crivello’®. Thicl-maleimise
addition reactiones are facile. Thiols and thiclate anion
are among the moet powerful nucleophiles known and the
literature contains ample examples of their addition to
paleimide compounde?™?®, Thiol addition to wmaleimice

can be shown, in general, as:

|

RSH + -R* -> RS =g
§ Y

Sueccinimidothioether
e.g. mercaptc acide, alkyl and aryl thiols have been shown
to add to W-pubetituted maleimides in presence of a basic



catalyst, usually a tertiary amine, to give good yilelds
of addition producte.

Tertiary amine catalyszed addition reactions of
bismaleimide and bisthiole have been shown to yield

2.18.

polymere, known as 'polyimidothiocethers' These

reactions which may be shown as

O

'
?| R".N: l /'L —
(Ex-n-@ + HS-R'=SH —2p | R-K_ - /l—-s-n--g
! [ | ‘\(

0 0

are highly general and facile, and both the bismaleimide

and bisthiol of widely differing structures react to give
polyimidothioether polymers. Crivello and Jnlitnoa reported
the synthesie of a series of bimmaleimide-polyesulfide
polymers which showed good mechanical and sclvent registant
18 has described the synthesis

of polyimidothioether polymers from bismaleimides and

properties. Recently, Crivello

various low-molecular weight dithiols. These and the above
polymers, as may be expected, are thermoplastic in nature.
Copolymers may also be prepared by the combinatione of more
than one dithiol with a biemaleimide or vice-versa. Such
polymerizatione can yield, depending on the method of
syntheeie, random conolymere or block conomouz'm.

Still more interesting are the reactione of maleimices

with hydrogen sulfide. These reactions occur readily to
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yield the imidothicether in which hydrogen sulfide behaves
like a typieal dithiol, e.g. reaction of hydrogen sulfide
with N-phenylmaleimide proceeds as shown:

(o

]l;‘lEN-Ph v Hs 2y Ph*Sur\‘LS‘l\/E-Ph

Generally, the thiol-maleimide nolymere are synthesisged
by stirring together & mixture of the dithiol and the
bismaleimide in m-crescl (using a tertiary amine catalyst) or
in dimethyl formamide (ueing acetic acid ae the catalyet).

The present work was undertaken tc synthesize the
polyimidothiocether polymers from bismaleimides and bis
(thioglycolates) of ethylene glycol and various polyethylene
glycols and tc characterize the resulting polymers.
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PPESENT INVESTIGATICON AND RESULTS

It has been emphasized earlier that our aim has been
to synthesize monomeric dithiocl compounds and using some
of them to synthesize polymers or derivatives, e.g. amino-
functional curing agents for epoxy reeins, polythiourcthanes
polymers and polyimidcthiocether polymers.

The study of polyimidothioether polymersis interesting
because of the high generality of reactions, the eacre of
syntheeis, the variations possible in the esynthesis of these
polymers and copolymere and most important of all. their
thermoplastic nature. Although these polymerization reactions
were applicable to almost all the bismaleimides, the present
study has been limited to the utilization of only two
biemaleimides in the synthesis of title polymers.

Following compounds were used in the synthesis of
polyimidothicether polymers.

(1) 1,1'-(methylene di-44l-phenylene) biellH-Pyrrole-2,5-
dionel: commonly kmown ag N,N'-bismaleimido-4,4'-diphenyl
methane (henceforth abbreviated as DMB)

(41) 1,1'=(1,2-phenylene)bis [1H-Pyrrole-2,5-dionel; ecmmonly
known ae o-phenylene~N,N'-biemaleimide (henceforth referred
to as OPBM)

(i111) Bis(thioglycolates) of ethylene glycol, polyethylene
glycol-200 (PEG-200), polyethylene glycol-400 (PiG-400)
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and polyethylene glycol-60C (PEG-600).
General synthetic methode for various materials are

briefly described below:

Bismaleimides

These were prepared by elightly modifying the method
of Sca.rlcz‘. The arcmatic diamine and maleic anhydride,
in required molar quantities, were mixed at room temperature
in a neutral aromatic hydrocarbon solvent. The reaction
produet after filtration, was cyclodehydrated using acetic
anhydride and fused sodium acetate. The resultant bismaleimide

was recryctallized from bengene-ethancl mixture.

1 )
, Aey0/ j ]
Ar(NH, ),+2 | => Arj—- Toons® v N
W |
0 “ 0 2
| 0 2

Melting point and elemental analyeis data of the
syntheeigzed bismaleimides are presented in Table-l. Infrared
and NMR spectra of IMB are shown in Fige.4.l and 4.2

wveepectively.

N-phenyl Maleimide

Thie was synthesized from equimolar ocuantities of
aniline and maleic anhydride by the method described for the
bismaleimider and recryeialized from water. m.p. 88°C.

Glycol bis( thioglycolates) : For synthesis, see Chapter I.
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al hod of P er Synthes

Model Reactions

(1) Reaction of Hydrogen Sulfide with N-Phenyl maleimide

Hydrogen sulfide is the simplest bisthiol known and
its addition to N-phenyl maleimide was tried as a model
reaction, viz., the thiol addition to maleimides. This
reaction has also been studied by Crivenole. The reaction
of H,8 with N-phenyl maleimide in m-cresol is very fast.
The addition does not stop at the monoaddition stage and
compouné I ie the final product obtained.

.. N N |
AN O :

Ph-N *'58')‘fb*\/»—sa (J’* Pmk;]\gi\(’lm

o ! 0 N 0 ¢

¥enoadduet 1
M.p. of I 201°C (Lit. 202-204%¢)1®

The elemental analysis data shown below also corresponds
to the diadduct I.
Anal:Caled. for -oncadduct(qoﬂaozlw)x C,57.37%, H, 4.34%
for diadduct (I) (C,oH,c04W,8): C, 63.15%, H, 4.24%
Found : O, 63.424%, H, 4.43%
The infrared spectrum of thie compound ie shown in
Fig. 4.3.

(ii) Addition of Thiophenol to DMB
Thiophenel readily adde to D'B in m-crescl in presence
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of tri-n-butyl amine. Thiophenol, DMB were stirred in
m-creeol containing two drope of tributyl amine and poured
intoc methanol to precipitate the product.

| | = ]
phsi +| [ ¥ H, => CH, C>—n ol
T e

M.p. 142°C
Fig.4.4 shows the infrared spectrum of thie new compound.

General Synthesis of Polyimidothiocether Polymers
Polyimidothicethers from Bismaleimides anéd H,S

A steady etream of hydrogen sulfide wae paesed with
gtirring into a m-cresol sclution of the bismaleimide
containing tri-n-butylamine for 60 minutee. The reaction
mixture was poured into methanol to recover the product.

Characteriestics of these polyimidothicethers from
bismaleimides and H,8 are recorded in Table-2.

Fig. 4.5 ghowe the infrared spectrum of the DIB-HZS
polymer (Polymer-I).

Polyimidothiocethers from DB or OPEM and Glyccl bis
{thioglycolate) (4n 1:1 wolapr Proportion)

Into a m-cresol eclution of DMB (or OPBM) was added
the glycol bis(thioglycolate) and tri-n-butylamine. After
etirring for 3 hours at room temperature, the reaction

mixture wae poured into methancl containing glacial acetic
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acid to precipitate the polyrer. When the prcduct did not
geparate out, it was recovered by removing all organic
liquide under reduced presrure.

In Tablee-3 and 4 are recorded the characterietics of
the polyimidothicether polymere from D¥B and OFPBM respectively.

The IR spectrum of DMB-PEG-400 bie(thiocglycolate)
polymer (Polymer V) ie shown in Fig. 4.6.
[ oth DiB oglycolat

: [ 5 é

DiB (0.1 mole) and a glycol bis(thicglycolate) (0.0l mole)
were stirred together in m-cresol containing tri-n=butyl amine
for 30 minutes. Hydrogen sulfide was bubbled in for 60 minutes
and the reaction mixture was stirred for further 6C minutes.
The product was recovered in the usual way by pouring the
reaction mixture inte methanocl.

Table-5 gives the physical characteristice and

elemental analysis data of all theee polymers.
General theeie of Copolymers

Two typee of copclymers were synthesized.
(a) From DMB and twec glycol bie(thioglycolates)
(b) From the mixture of DMB and OPBM and a glycol bie
(thieglycolate)

Copolymers from DMB and two Glyocl bis(thi colates

Into a solution of DMB in m~cresol were added with
stirring a mixture of two glycocl bis(thioglycolates)
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followed by twe drope of tri-n-butyl amine. After stirring
for 3 hours at room temperature, the product was isclated
in the ueual mannmer by pouring the reaction mixture into
acidified methanol.

In Table-6 are recorded the characterietics of these

copolymere.

e MB-OPBH a cl b i e

These polymere were synthesized ae described above

from a mixture of DMB and OPBH and a glycol bis(thioglycolate ).
Table-7 givee the characteristice and elemental

analysie data for all these copolymers.
Fig. 4.7 shows the infrared epectrum of DiB~0PBM

ethylene glyccl bis(thioglycolate) copolymer.
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DISCUSSION

Thiol-maleimide addition reactions are facile and
very genmeral, and thiols or maleimides of widely differing
structures can be used like other difunctional monomers,
bisthicls and bismaleimider yield linear polyimidothicether
polymers.

The addition of hydrogen esulfide to N-phenyl maleimide
in m-cresol catalyzed by tri-n-butylamine as a model reaction
was examined before attempting the polymer synthesis. The
hydrogen sulfide addition was epontaneous at rcom temperature
with good yields. This reaction also proceeds in dimethyl
formamide containing glacial acetie acid. cx-ivollo18

studying the hydrogen sulfide addition to N-phenyl

» while

maleimide, found that this reaction was espontaneous in basic
dipolar aprotic solvents as well ae in pyridine. Based on
these, the base catalyzed thiol-addition mechanism can be

visualiged ag:

RSH + Bi —<2) 5  Rs® 4 B’
RSG + N~R' .-L&L, ° -R'

RS
d
S ;
RS g/""‘ '('g—)'* vs\li;ﬂ-l" + B
(1I)

e\ BE*



14v

When R=H (for Has). further reaction of II with another
molecule of maleimide is poerible and this leads to the

diadduct as shown below.

K=R' Nﬂ'ﬁ'—* R’N) R
“"’*( 1? N

\an*
v IIX
} I'iadduct

Iv

Since the mono adduct IV coulé not be iesclated (as
described earlier), it may be considered that the eneuing
reactions are relatively faster. Such thiol-maleimide
reactions are facile with bisthiols ané monomaleimidee,
and biemaleimides and monothiols, e.g. thiophenol addition
to DMB wae found, in the present work, to be facile to
yield the adduct.

Similar additions of bisthiols or hydrogen sulfide
to biemaleimides yield linear polyimidothicether volymers.
Crivellola. while examining this type of polymerization
reaction, found that the polymerization reactions in
dipolar aprotic sclvente and in absence of catalyets, lead

to inscluble, gel-like products. This was attributed to



141

a seriously competing bismaleimide-self polymeriszation
reaction. The reaction was considered to be an anioniec
polymerization of the bismaleimide initiated by the thiolate

ion ae shown:

Q\I/U’ R's® — E\R (v) '(l,\n/“ "\Y/ﬁ —> ete.
(V) (v1)

Such typee of alkoxide or hydroxide iom-initiated
anionic polymerigzation of maleimides in non-aquecus medium
have been shown to take place rapidly even at low
tonpontnruas.zv. Doobrza found that even pyridine, a
weak base, catalyzes the polymerisation of maleimide in
aqueous medium. Cri.vcnom sugzgested that the homopolymeri-
zation can be minimized or prevented by intercepting the
species VI by protonation. rhii can be achieved (i) by
ueing glacial acetic acid in DMF or DMSO or (ii) m-cresol
containing a tertiary amine e.g. N,N,N',N'-tetramathylene
ethylene diamine or triethylamine. Crivello founéd that
m-cresol containing the t-amine suited best for the purpose.

A study of infrared spectra of polyimidothicether
polymers (Tables 2-7) gives an ineight into the probable
structure of these polymers. In Fig. 4.1 (IR of pure LMB),
the strong imide carbonyl absorptions appear at 1720 =and

1800 o-'l. The unsaturation bande appear at 3100 om"l



due to O-H stretching vibration, at 850 and 630-700 om™ *
due to the out of place deformation vlhrati.onza’ao, and
characteristic of ON=CH form. The band at 1380 em * (etrong)
may be assigned to assymmetrical stretching vibrations of
c-¥-0%2. In all the polymers from the bimmaleimides, the
absence of ethylenic-unsaturation bands at 630, 840-850

and 3100 om™* is conepioucus indicating thiol addition to
maleimide double bonde. The etrong band at 1180-1200 on 1
in the IR spectra of imidothioether polymere, has been
assigned to the 0-5-C stretching vibration'®, expectedly
this band is absent in the original biemaleimide and the
thiol. The absence of a band at 2500 om » (-SH) and the
presence of a band at  1180~1200 om * (C-5-C) conclusively
indicates the thiol addition to maleimide double bonds
(Fige. 4.2 - 4.7). Crivello’® nas indicated a band due to
suceinimide ring methylene protone at 1380-140C em"l;
however this is overlapped by the band due tc C-H-C
etretehing vibration. Intereetingly, these polymere carry
Un asymmetric centre on the carbon atom in the succinimide

ring carrying sulfur subetituent, i.e.

The physical properties of these polymers show a high
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degree of dependence on the aliphatic chain length of the
thiol ae it forme the aliphatic backbone (the soft domain)
of the polymer. Ae the carbon chain length between the
thiol groups is increased, the tendency tovarde low
viscoeity becomes apparent. These are evident from the
results recorded in Tablee#2 to#7. In the precent case
this trend with the use of long-chain ethyleneoxide unite
(i.e. ether units) may be expected to be more pronounced
because of the flexidbilizing nature of ether linkages. This
flexibility increases with increasing ether content.
Polyimidothioether copolymers, as mentioned earlier,
may be prepared by using two different thiole with a
bismaleimide or vice-versa. The copolymere prepared are
shown in Tables-6 and 7. The infrare@ spectra revealed
just the basic featuree described earlier and cnly the
elemental analyeés data seem to supnort, at leaet partially,

the etructure assigned for these copolymere.
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EXPER IMENTAL

neral ks

Melting pointe were determined using a 'Tempo Melting
Point Apparatus' and are uncerrected.

Viscosity is reported as 'inherent viscosity'. Viecosity
measurements were made using an Ubbelohde Viscometer on a 17
golution of the polymer in DMF at 30°C.

Nuclear magnetic resonance spectra were recorded on a
Varian A=-60 spectrometer and using trifluorcacetic acid as
solvent.

IR spectra were recorded either as nujol mulls (for
solids) or as liquid filme (for liquide).

'Work up' referred tc frequently in the experimental
pection, means the fellowing: the reaction mixture was
poured into 500 ml methancl (containing 10 ml glacial acetic
acid) and the precipitated product wag filtered, washed with
methanol, many timee and dried. Vhen the reaction mixture
formed a homogeneous phase with acidified methanol, the
product was recovered by removing all organic liquide under
reduced prescure. All polymerization reactione were

performed at room temperature.

Materials
All amines were purified by either recrystallization
or distillation. Maleic anhydride was purified by mixing



the crude material vith a little acetic anhydride and
dietilling at normal pressure. The fraction boiling at
195-196°C was ecollected and used. Cresol means m-cresol .
which was purified by distillation (».p. 201-202°C). ALl
other organic solvents used were purified by known methods.
Bis(thioglycolates) were synthesized as already described
(Chapter-1).

Methode

All maleimide compounds were prepared by a slight

modification of Searle's ntbodz‘.

Synthesis of N-Phenyl Maleimide

A solution of aniline (7.3 g) in toluene (20 ml) wase
added with stirring to a ecluticn of maleicanhydride (3.81 g)
aleo in toluere (250 ml) in a 500 ml beaker. The additicn
wag highly exothermic and the precipitation of N-phenyl
meleamic acid was instantaneous. After the completion of
addition, the contente were allowed tc stand for 30 minutes
to complete the reaction. The precipitated product was
filtered through a Buchner funnel and was waghed with
several fresh portione of warm toluene. The precipitate
wag then placed in a 500 ml round bottom flask with a reflux
condenser and acetic anhydride (150 ml) was added followed
by fused sodium acetate (5 g) and heated on a water bath
for 80 minutes. The reaction mixture was cooled and poured

into 3 litres of ice-water when N-phenyl maleimide separated
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out as a crystalline, canary-yellow sclid. It was filtered,

washed many timee, with ice-water and dried. N-phenyl

maleimide was recrystallised from water to yield yellow

needles. m.p. es8°c.

Anal.Cloﬁ.r()al‘: Requires: C, 69.36%, H, 4.04%, N, 8.09%
Found : C, 62.177, H, 4.21%, N, 8.17%

Synthesis of Biemaleimides

A solution of the aromatic diamine (C.05 ‘molo) in
toluene (100 ml) was added with stirring to a sclution of
maleic anhydride (0.1C mole) in toluene (250 ml) contained
in a 500 ml beaker. IThe mixing was exothermic and
accompanied by rapid formation of the bismaleamic acid
precipitate. After the completion of addition, the contente
were allowed to stand for 3C minutees, filtered and the sclid
waeg washed saveral timee with toluene. The bismaleimide
was obtained after the cyclodehydration process of
biemaledmic acid using acetic anhydride (150 ml) and fueed
eodium acetate (5-6 g) as described for N-phenylmaleimide.
All bismaleimides were recryetalliged from benzene-ethanol
mixture.

Melting pointe and elemental analysie data of
bismaleimides are recorded in Table-l. Bismaleimides were
characterized by comparing the above data with literature

18

values™ and aleo by infrared epectral characteristics.

IR epectrum of 4,4'-diphenylmethane-N,!N'-bismaleimide(DEB)



(Pig.4.1): 1720(C=0), 630, B840-850 and 3100 em >(C=C).
NER = & 4.0 (S -csu‘-g_gz—csu‘-) s 7+2=7.8 (m, aromatic
and olefiniec protons).

Model Reactions
(1) Reaction of Hydrogen Sulfide with K-phenyl Maleimide

Inte a mixture of N-phenyl maleimide (2.5 g), cresol

(20 ml1) and 2-3 drope of tri-n-butylamine contained in a
3-necked flask ecuipped with a stirrer, a gas inlet tube
hydrogen sulfide gas was bubbled with stirring. The
reaction was exothermic. After 30 minutes, hydrogen rulfide
pasepage was stopped and the product was obtained, as reported
in the 'work-up' (see General Remarke). The product wae a
nearly-white solid. Reorystallized from acetconitrile.
m.p. 202°%, yleld: 2.45 g.
Anal. C,oH, O N,8 Requires: C 63.15%, H, 4.24%
Found t C, 63.42%, H$.43%

The same product wae also obtained by performing the
above reaction of N-phenylmaleimide in dimethyl formamide
(25 ml) containing glacial acetic acid (5 ml) .

147

IR (Pig. 4.3): 1720, 1790 (C=C), 1180 (C-S-C), 630 cn-l(-csns).

(2) Reaction of Thiophenol with DB

Thiophenol (1.10 g), N,li'-biewaleimido—4,4'-diphenyl
methane (DMB) (1.80 g) were stirred together at room
temperature for 3 hours in cresol (25 ml) containing 2 drops
of n-Bug¥. The product, obtained after the usual work up,
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vag a white sclid. m.p. 14200. yield: 1.6 g.

Anal.Caled. for CygH,c0.N,8, Requirees: C,68.51%, H, 4.5%
Founé H 0'68083’. K, 4.8:‘

IR spectrum of this compound is shown in Fig. 4.4.

Characteristic bands are: 1710, 1780 om >(C=0), 1180-1130 em »

(C=8-C), 700 c-'lg-csns).
Synthesis of Po dothicether P .

Syntheeie of Polvimidothiocethers from
Bism de d Sulfid

In a 3-necked flask equipped with a stirrer and a gas
inlet tube were placed 4 ,4'-diphenylmethane-,i'~bismaleimide
(DuMB) (2.0 g) and cresol (25 ml) and stirred gently to effect
solution. Hydrogen sulfide was bubbled into the mixture
for 5-10 minutes and 2-3 drops of tri-n-butylamine was added.
Hydrogen sulfide stream was continued for a total of 60
minutes. The reaction was mildly exothermic. The polymer
was obtained after the usual 'work-up'. The product was a
white sclid.

Pelyimidothioethers from hydrogen sulfide and other
bismaleimides were prepared similarly. Characteristics of
all these polymers are shown in Table-2.

Fig.4.5 shows the IR spectrum of DIB-RZS polymer.
Characteristic bands are: 1730 om ® (C=0), 1190 om 1 (C-8-C).
Synthesis of Polyimidothioethers from Bismaleimides
and col bi oglycolates

In these syntheses the preparation of title polymers
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was limited to DMB and o-phenylene-N,N'-bismaleimide (OPBM).

(1) Polyimidothicether Polymers from Bismaleimide and

Glycol bis(thioglycolate) in 1:1 molar Propertion

DMB (1.19 g) and creeol (25 ml) were gently stirred

together in a 3-necked flask to effect sclution. ZEthylene
glycol bis(thioglycolate) (1.05 ¢) was added to the solution
folloved by the addition of 2-3 drops of n-Buan. The
mixture wae stirred for 3 hours. The reaction wae slightly
exothermic. The product was obtained after the usual
‘work-up'.

Polyimidothioethers from DMB and bis(thioglycclates)
of PEG-200, 400 and 60C were prepared similarly. Characte-
ristics of all these polymers are shown in Table-3.

Polyimidothicether polymers from o-phenylene-N,N e
bismaleimide (OPBM) and the glycol bis(thioglycolates) were
prepared similarly. Characteristice of these polymers
are shown in Table~4.

The IR spectrum of DMB-PEG-400 bis(thioglycolate)
polymer: 1720 (C=0); absence of bands due tc C=C vibrations

is conepicuous.

(2) Polyimidothicethers from DB and Glycol bie(thioglycolatee)
in 10:1 Molar Proportion and Hydrogen eulfide

DMB (3.58 g) and cresol (25 ml) were placed in a
A-necked flask equipped with a stirrer and a gas inlet tube.
“thyleneglycol bis(thioglycolate) (0.21 g) and 2-3 drops



of n-Bu,N were added into the flask and the mixture stirred
for 30 minutee. Hydrogen sulfide gas was then bubbled into
the reaction mixture with stirring. Hydrogen sulfide
gtream was continued for a period of 60 minutes and then
stopped. The reaction mixture wae stirred for further

60 minutes and the product was isolated after the working up
the reaction mixture.

Similarly polymers from DMB and bis(thioglycolates)
of PEG-200, 400 and 600 were prepared by the method
described above.

Physical properties of all these polymers are recorded
in Table-5.

thesise C rs
(1) Eynthesie of Polyimidothicether Copolymers from DB
mole) and ) col bie(th colates )(0.5 mo each

DMB (3.58 g) and cresol were placed in a 3-necked
flask equipped with a stirrer. Fthyleneglycol bie
(thioglycolate) (1.05 g) and PEG-200 bie(thioglycolate)
(1.71 g) were added to the sclution followed by the addition
of 2-3 drops of n-Bual!. The reaction was slightly exothermic.
The reaction mixture was stirred for 3 hours and worked up
tc obtain the precduct.

Similarly copolymers from DMB and the varioue mixtures
of glyecl bis(thioglycolates) were prepared by the method

desecribed above.



Characteristice of all the copolymers prepared are
recorded in Table-6.
(2) Polyimidothicether Conclymers from a Mixture of

DMB OPBM a G b 1 at

A mixture of DMB (1.79 g) and OPBM (1.34 g) was

gently etirred in creeol (25 ml) in a 3-necked flask to
effect solution. Zthyleneglyccl bis(thioglycolate) (2.1 g)
was added to it followed by the addition of 2-3 drops of
n-Bu,N and the contents were stirred for 3 houre. Ihe
copolymer was obtained after the working-up of the reaction
mixture. Other conclymers from DiB-Q¢BM and other glyccl
bie(thioglycolatee were prepared eimilarly.

In Table~7 are recorded ths characteristice of all
these copolymers.

IR epectrum of DMB-O’DM-ethyleneglyecl bis(thioglycolate)
conolymer has been given in Fig.4.7. Characterirtic bands
are: 1736 on'l (C=C), abeence of ethylenic unesaturation

bands a8 700 em >, 845 oo~} and 3100 en~ ! is conspicuoue.

15
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CHAPTER-V

‘RUBBERY PRODUCTS FROM CASTOR OIL
TRIS(THIOGIYCOLATE )




INTRODUCTION

An increasing epur of activity in research on sulfur-
containing polymers ie being witnerred for the pact two
decades. In the wake of such newer interest, as may be
rightly anticipated, several sul fur-containing compounds
having interesting properties,and new reagente for the
polymerigation of sulfur compounds, have been added to the
ever-growing repertoire of sulfur compouudal's. Such an
intercsting development may not come as a complete
surprise remembering the many important usee of sulfur
compounds (see General Introduction). The chemistry of
esulfur compounds iteelf is quite fascinating becaure of
the wide epread array of chemical and phyeical properties
exhibited by many ¢ifferent sulfur containing functionel.
Theee range from high reactivity to chenically inert
character. fome of the sulfur containing compounde are
of high academic intereet while scme others are of
profounéd commercial importance.

The chemistry of organosulfur compcunds - including
orgmosulfur polymers ~ centres around thiols. The multi-
faceted industrial applications of thiols are too well
known and numerous to be recounted here (see General
Intrcduetion). Many polymers containing sul fhydryl
group have been syntherized having interesting apnlications
not only in biology and medicine, but also in the domain
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of commercial adhesives and coatinge. Some of the well
known polymere are:
H<SCHzcﬁac°n2°cnch28)nn - the well ¥mown IP-series of

polymere of Thickcl Chemical
Corporation

—'(c“z‘f“;‘ﬁ"
SH

—(0“2' Bjesenee -Cﬂzo\ro' :
O OH,SH

SH

—lt-g-CH—( CHZ )niﬂ-ENH(CHZ )n NH
Ly dn

Sulfhydryl containing polymers have aleo been
prepared by treating the corresponding polyglyeciédyl
compounde with mercaptocarboxylic acide. For example,

poly(glycidyl methacrylate) and thioglycolic acié give.

G
/N
O‘OCHZCH-CR
e (1 + 2HEBCH,COOH -
—cHC=C—2 2
“‘OC‘CHz— ()CCH25H

+—HC—I;-) HZOI' CH 2SH

3

Many of these mercaptan containing nolymers are

useful as sequertering agents for heavy metals, as model
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compounds in underatanding the reactivity of engzymie

.
5, as redox reeine etc’.

sulfhydryl groupe

A multitude of imnortant chemical nproperties
exhibited by thiocle are of an exquisite character. Of
these, the propensity for facile oxidation to disulfide
structurers with a wide variety of inorganic and corganic
oxidieing agents ie of importance in industrial apnlications.
Among the thiol group-containing organic polyrers, thiol-
terminated polysulfide liquid nolymere (the weil known
‘L' generic series of Thiokol Chemical Corperation) are
by far the representative type of this clase and are
industrially imnortant. These IP-series nolymers find
extengive asplications in sealant compoesitions. In a
majority of applications, theee thiol terminated polymeres
owe their high utility to their ability to form high
molecular weight s0lid rubbery nrcducts dy the action of
oxidizing a.onts‘. The espential procese behind the
formation of these products ir the oxidation of thiol
terminal groups to disuvlfide etructures.

Polyrere obtained by oxidative cure are of more
utility since the cxidaticn procecs (described in following
paragraphs ) does not result in the introduction of
oxidant fragmente into the polymer backbene. The presence
cf curing agent fragment in the peolymer backbone will have
undesirable effecte on the final propertice of the cured
precduct. The following classes of oxidizing curing agente



are used in the oxidation process of thiol group containing

oonpound-7.

1. Metal Orices
Oxides of lead, zinec, magnesium, calcium, barium,
iron [Pe(I1) and F&(171)], cobalt and copper leu(1D).

2. Metal Peroxides

Peroxides of lead, sinc, magneeium, calcium, manganese,
tellurium, selenium, tin, ircn (FeC,), araenic'(Aeac'a) ané
antimony (Sb203 and 8b2°5)'

3. Cther Incrganic Oxidizing Agents
Chromates, dichromates ané perchloratee of sodium

and potassiur.
4. Organic Peroxides

Bengcyl and dicumyl percxides, cumene and t-butyl
hydropercxides and t~butyl perbenzoate.

5. Other Organic Oxidiging Agents

Mono~ and poly nitroderivatives of bengzene, trinitro-
toluene ané other organcnitro comoounde. p-Tuincne

dioxime is aleo an important and widely used oxidiezing agent.

6. Miscell asneous Organic Curing Agente
Organic titanates, borates and silicates; quinone,

2-furfural and reactive phenols: di-, and »noly igocyanates
and epoxidee.
A large number of basic catalysts are also emploved

for accelerated cures. These include aliphatic, aromatic



and heterocyclic tertiary aminee, polyamines, and amine
palte. Acid catalyste ueed include acid anhydridees and
lewis acide.

A brief account of the curing action of the above

listed compounds is preeented below.

1. Metal Oxides
Generally, the compounde of this class are not very
active and lead to the formation of mercaptide etructures

with the metal atom in the main chain, e.g. with ZnQ,
2RSH + ZnC -> REB=Zn=-ER + H20

These mercaptides, which usually give higher volatility
loes at high service temperatures, probably catalyse a
gtructural rearrangement at those temperatures rerulting
in high heat afing loreeg. But patisfactcry cures are
possible with oridee of zinc, magnesium, calcium, cadmium,
ccbalt, copper or lead when procecsed at 158°F for longer

neriods.

2. Metal Percxides

Trese form a very important class of thiol-oxidising
agents and generally give complete cures. In thie class,
lead peroxide (70,) ie one of the commonly used and moet
versatile curing agente, which functione at both room or
elevated tolporaturue'lo.
The reactions of lead peroxide with thiol group, as

a typical example of curing by inorganic percxides, may



be shown as:

2R=-CH + P'bcz ~> RSSP 4+ PhO + Hzc (1)
2RSH + Pb0 -5 RE=PH~ER + H20 (ii)
RS="b~ER A or h» N RSR + PbS (1i1)
RS=Ph-SR + E’boz -2 ST + 2Pb0 ete. (iv)

The presence of lead merciptide bond, ae shown in reaction
(41), introducee a number of deficiencier and is
undesirable’. The conversion of mereaptide bond to
monosulfide, i.e. reaction (iii) ie of higher concern ae
it leade to a lose of adheeicn. The presence of the
mercaptide linkage aleo contributes to a weight loes by

cyclodepolymerigation reaction, shown in reaction (v).

~8S-ReSe§~\=>  -88-FeST 4§~ (v)
-8R/ lJ

(in commercial polysulphide rubbers, P= 02540032002H4-)
Since the mercaptide bond ig regenerated, the
continued interchange reaction may result in the volata-
lization of a major part of the criginal pnolymer unless
the mercaptide formation ie reduced. One of the waye of
minimizing the concentration of mercaptide groups is by
incorporation of a very small amount of elemental sul fur.

The reaction with sulfur may be shown as:
RE=Pb-ER + & «=> RB=EF + PBS

The presence of disulfide linkage is essential for good
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chemical resistance. Flemental sulfur 1s ucsually employed
in trace amount (0.25 g/100 g of the polymer). Larger
proportions of elemental sulfur contribute to thermal
instability (by the attack of suvlfur on the polymer
nydrcearbon backbone) adversely affecting the adhecion
characterietics and aggravating strees-relaxation
characterietice.

Humeroue studies have revealed tellurium dioxide,
manganese dioxide and various chromate salts to be
particularly useful for cures with fewer side reactions
than lead peroxide. Fatty acids- stearic acid ie widely

used- act ag retarders tc control the cure rate.

3. Crganic Peroxides
Variocus orgmlb peroxides have been used for oxidative
curing of thiols. OCumene hydroperexide ie a géluble

curative. The cumene hydroperoxide-thiol reaction may be

shown as:

2&-5»011-0-0—0!.2@ — Rs-smnzomo-cmz

Cumene hydroperoxide is o;'\]y moderately active anéd
activatore such as diphenyl guanidine or triphenyl guanidine
are generally used with it.

It hae been found that generally the tertiary
alcohols formed, being mildly acidic, lower the high

temperature servigeabllity of cured products.



4. Dioximes

Among the organic oridizi g agente, dioximes,
particularly p-cuinone dioxime, give effective curee for
thiol terminated low-molecular weight polymers. The

reaction may be writien as:
/__: /
6 R=SH+ HO=Nm \e§-OH = 3RESP + zuzmuzn-@\-m{z
/’ i /

Aliphatic diamines, formed from aliphatic dioximes may act
as chain-sciesion promoters becaure of higher basicity.
Thus, the usefulnese of dicximes ie limited to aromatic
dioximes. p—-Quinone dioxime ie generally used in
conjunction with diphenyl guanidine.

5. Organic Nitro Compounds

Aromatic nitro compounds, c.g. cdinitro benszene,
trinitrobenzene, or trinitrotoluene, have been found to be
effective in the oxidative curing of thiocl-terminated
liquid polymers. The stoichiometric reaction involved may

be written as:

12R-5H + oarz@noa — 6RESR + 41,0 + H2R©-NI{2

However, these are nct ag effective as the reaction
indicates because, in reality, a number of oxidation levels
between the nitroc and aminc groups are nossible. Diphenyl
guanidine is employed ae the basic eatalyst with nitro

compounds.

161
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6. Aldehydes
In thies class, 2-furfuraldehyde is widely used in

the curing of thiol terminated liquid polymers. The
curing is generally accomplished in an acidic environment,

e.ge furoic acid.
RS
2R-8H + ona-@ —_—> wl 1+ me
e K

AS can be ®een, the product is characterized by the
presence of thioacetal nnkag.?'e. These compoeitions,
however, have nc advantage over other general cure systems
and exhibit pcor elevated temperature eerviceability.
Other acid catalyste useful include organo—-eubet! ituted

phosphoric acids, formic acid and salicylic acid.

7. Epoxy Resins and Polyi anates

Many aliphatic and aromatic polyepoxide resins and
polyisceyanates react with thiol-terminated compounds
and such additive curing reactions are of prime importance
in adhesive applicatione because in theee reactione no

by-preducts (e.g. Hac) are formed. (Chapters II and IV).

t. Miscellaneous
Nuincne reacte with thiole and, in the absence of

water, yields hyéroquinone ae a by-prcduct. Many

organotitanium derivatives have been evaluated ag ocuring
agents for thiol compounds. Tetraisopropyl titanate and
tributyl borate have been found to be very reactive with
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polymers having hydroxy or thiol ¢nd groupe.

In the preeent etudy, castor oil tris thioglycolate),
a new polythiol, was synthesized from caetor oil and
thioglycolic acid. This polythiol exhibite a strong
tendency to form transparent, brittle and insoluble film
cn exposure to air. The thiol compound also formed solid
sroduct® with metal peroxidees and p-nuinone dicxime. The
present work was, therefore, aimed at a study of curing of
castor oil tris(thicglycclate) with lead peroxide and
p-quinone dioxime ueing various inorganic fillers. Teneile

properties of the cured products were determined.



PRESENT INVESTIGATION AND FESULTS

Esters containing at least three thiol groups
prepared by the reaction of nolyhydric alcohcls with
mercaptocarboxylic acide are known to form filme cn
exposure to air which are inscluble in organic lolvantnn.
And oastor oil tris(thioglycclate), a new trithiol prepared
ty the reaction of castor oil with thioglycolic acid, was
no excepticn. It showed a strong tendency tc form
transparent and brittle film cn exposure to air and the
film was found to be inecluble in organic eclvents. It was,
therefore, thought that it might be poseible to obtain sclid
rubbery products by curing with the usual oxidative curing
agents which are used in the curing of thiol terminated
polysulficde liquid polymers.

The aim of the pr-sent work was to invertigate the
pceeibility of ueing lead dioxide and p-quinone dioxime/
diphenyl guanidine curing syetems to cure castor oil tris
(thioglycolate) and determination of the physical
properties of the cured producte.

For the synthesis of castor oil tris(thioglycolate)
[coi2] see Obapter I. Curing of CCTT by lead peroxide
and p-quinonedioxime i: deecribed below.

(1) Lead Dioxide ("b0,) Curing System
Tue tc high specific gravity of lead dicxide (3.375)
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and its tendency to settle from the pmix, it is not
practicable to use it as such. Therefore it wir used as
a dispersion in dibutyl phthalate (C=5 paste). The C=5
parte was prepared by mixing thoroughly the fcllowing:

Lead dioxide 5C parts
Dibutyl phthalate 45 parte
Stearic acid 5 parts

The compounding recipe for the lead dioxide curing
of COIT is shown below:

coTT 100 parte
Filler* ¥

Sul fur 0+25 part
Stearic acid 1.0 part
C=5 pante 15 parts

» Fillers used: Carbon black 303 TiC, 5C; or
silica 15 parts .

Set timee of varicus mixes are shown below:

Filler Set time at 7¢°C, hre.
Carbon black 20
710, 16
Silica 10

Physical testing of the vulcanizates was carried out
according to ASTM deeignatione D 412-66 and D 676-53T.
These resultes are shown in Table-l.

In case of Ti0, and eilica filled producte, the
vulcanizates were too brittle for the properties to
be determined.
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Table-1l: Properties of Pwo, cured vulcanizates
preseed out at 160°C for 10 minutes.

Teneile Relative Shore A
Filler gtrength extension hardners
MPa 4
Carbon black _ 0.568 20 65
’1‘102 - - 55
54lica - - 50C

1 guanidine(LPG) Cure System

This eystem is effective for thiocl-terwinated low
molecular woight polysulfide 1liquid polymere where lead
dioxide curing syetem ie not ac ueeful. p-Cuinone dioxime
wag used in combination with an amine accelerator, diphenyl
guanidine (D?G).

Compounding recipe for p-auinone dioxime/IPC cure

gyetem for CO"T used wae as follows:

core 100 parte
Filler= Y parts
p=-Quincnedioxime 10.5 partse
PG 4.5 partse

*Fillere used: Carbon black 30, 3102, S0 or eilica 15 parts.

Sat timee of varicus mixes are shown below:

Filler Set time at 70°C in hre.
Carbon black 12
110, 72

Silica 7¢
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The phyeical properties of the vulcanizates are
recorded in Table-2.

a_jo%)!’""
Table-2: Physical properties of p-quinone/DPG cured
vulcanigates
Teneile Relative Shore A
Filler strength extension hardiness
Ma %
Carbon black 0.64 20 yde
'Ii(?a 0.26 20 55
Silica 0,38 10 50
the Ca t colate ) and

thiol-terminated polysulfide liquid polyme:re (MV 4CCC)

It was thought that the addition of other thiocl
terminated polymers to COTT would help in improving the
overall phyeical properties of COIT vulcanigates. Our
immediate choice for this purpose was the two thiol
terminated polysulfide liquid volymers, namely, LP=2

(mol-ﬂ. 40(.0. 2,0‘: Oro..l’-nk) and LP=32 (mClo'to 4000 and
C.5% eroeslink).

Lead dioxide Curing System for COIT & 170-32 Combinations

ILP=-32 was mixed with COIT in different pronortions
and cuwred with lead dicxide.

The compounding recipe is showvn below
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cory »
Lp=-32 .
Sul fur 0.25 part
Etearic acid 1.0 part
C-5 paste 15 parts

*mixing ratioe of CCOIT and 1.P-32 and their set times

apre shown bel ow.

Sy etem coTY LP-32 Set time at 70°C, hre
I 25 75 33
11 50 50 36
111 75 25 42

The phyeical properties of these vulc mnizates are
given in Table-C.

Table-3: Phyeical properties of lead percxide
cured CO.I-IP-32 vulcanizates

System Teneile Relative Shere A
vy otrength exteneion hardnese
MPa 4
I 1.28 110 45
I1 0.68 30 53
111 0.66 20 55

p=Ouinone dioxim@_'ga Curing fystem for CO.T-

1P-32 and COIT-IP-2 Combinaticns

COIT was cured separately with L’-32 and LP-2 in
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the ratio 1:1 by weight using the p-quinone dioxime/l °C
cure system.

The compounding recipe used ir shown below:

CoTT 50 parts
LP=32 or 1P=2 5C parts
Carbon black aC parte
p=-Quinone dioxime 10.5 parts
26 4.5 parte

Set_Time: 1) COTI-LP-32 € hre. at 7090
11) CO7T-1p=-2 & hre. at 7¢%C.
The physical properties of the vulcanizateg are
given in Table~4.

Table—-4: Physical properties of p-fuinone dioxime/liG-cured
Vulcanizates pressed out at 160°C for 10 minutee

Syster Teneile Relative Chore A
strength,¥ra extension » hardnese
COLT-1P=-32 1.51 80 60
COTT-1P=-2 1.72 50 65

Solvent resistance of lead dioxide-cured COIT and the
CO0IT-1LP-32 vulcanizates (shown in Table-l) was determinec
ag percent weight increase after 30 daye of immereion at
roon temperature in the following solvents: benszene,
toluene, xylene, ethyl aceta:te, carbon tetrachloride,

methyl alcohol, isopropyl alcchel and water. Theee

resulte are recorded in Table~5.
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LIS LSSION

Polymers having thiol groups, preferentially at the
end of the chain, are of high academic intereet and
industrial importance. These find wide utility in
sealant compositione in the preparation of solvent-
resistant elastomers, ag repair and coating materials,
ag fuel tank and pressurised cabin sealants in aircraft
industry, oil seals and plotting compounds in electrical
industry, as deck and hull caulking materiale in marine
industry etc. Scme of such important properties ariese
due to their ability to get converted, on reaction with
oxidising agents, to products having elastomeric
properties. These oxidigzed producte are characterized
by the presence of reourring.dilultide. ~E8=, units
negessary for high resistance to fuele, oils, solvents
as vell as imprrmeability to gacses.

Mercaptan containing esters, formed by the reaction
of hydroxy compounde with mercatocarboxylic acids, and
having at least three or more thiol groupe are known to
form insoluble films on exposure to n&rll. And castor
01l tris(thioglycolate (CCIT), belonzing to the above
class, aleo behaved eimilarly. It showed a propeneity
tc form a clear, britile and insoluble film on exposure
to air and even on etorage in closed containers. [Hence,

it was attempted to cure CO.T with the oxidizing agents
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used usually for curing thiol terminated polymere, vig.,
lead peroxide and p-quincne diorime (GHF) using the
fillers carbon black, silica and titanium dioxide.

CCTT hae the following structure (neglecting the

d¢ouble boné configuration in the mclecule, 8ee p.

A
R Obﬂa-Tﬂ-CAZOCR
(—ER

I
vhere R = -(cnz).,cn:cncnz?xoccnasn
(cmz)scn3

From the structure of CUTT, the following conclusions
are evident.
i)} CCIT is monameric in nature
i1i) Ae COTT contains three thiol groups, it will be
extensively croeslinked in the cured state.
Conrmequently elongation will be low and hardnese
will be more.

iii) R group in the molecule shown in the structure
contains 16 carbomn atome, and the -(cnz)scnz3
group present therein may be considered to be
pendant. Such a bulky pendant grcup may be
expseted $o enforce less compact packing of
individual chains resulting in low modulue and
strength.
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The tensile strengthes of hoth the lead peroxide and
Gik cured CUIT vulcanizates were lov  Tables-1l and 2
respectively ). Cilica and titanium dioxide filled lead
peroxide-cured vulcanizates of CUIT were too brittle for
the phyeical properties to be determined. This may
probably be due to the relatively poor reinforcing action
of theee fillers.

The effect of monameric nature of CUIT and the
extensive croeslink in cured state was better underatood
by admixing COIT with other thiol containing nolymers
having relatively high molecular weight, flexible structure
and low crosslink density. Our irmediate choice wag the two
thiol=terminated polysulfide linquid polymers shown below:

1p=32: Molecular weight 4C0C, 0.57 crosslink

1P=2 : Molecular weight 400C, 2.0% croselink

The croeslinke in theese polymers are imparted by 1,2,3-

trichleropropane. These polymere have the etructure:

& ] Y F 3
H\UCHzcﬂg() CK20 CH2L.H, £ )2311.

and when cured individually, show high strength, elonzation

and low shore A hardneelll'u.

By gradually increasing
the 1P=-32/C0IT ratio, a corresponding increase in tensile
strength, elongation may be expected. Thie is supported
by the results reccrded in Table-3. On the basie of the
results recorded in Tables-1l and 2, relatively better

improvements may be expected by employing the GiF-curing
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eystem. The 1LP=-32-C0IT system should result in better
etrength and extension, while the L’-2-COIT combination
ghould show comparatively more strength and rore hardness
but low extension. Theee are fully supported by the
resulte recorded in Table-4.
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EXPER IMENTAL

General Remarks (see page 108)

Materials

Castor oil tris(thioglycolate) preparation and
characterization are given in Chapter I page

Lead peroxide was used as C-5 paste prepared by
mixing 5C parte of lead dioxide, 45 parts of dioctyl
phthalate and 5 parte of stearic acid. "

p-Cuinone dioxime and diphenyl guanidine were used
without further purification.

All sclvente, used for solvent resistance studies,

were purified by known methode.

lethods
Curing of Castor oil t;_!,e(thioglgcolatg) with lead dioxide

Castor o0il tris(thioglycolate) was weighed into a
mixer and the filler added in three portione in the
intervals of 10 minutee and mixed well. Stearic acid and
gulfur were added and thoroughly mixed for fur her 15
pinutes. (-5 paste wag added, mixed well for ancther 30
minutes and alloved tc set in an oven at 70°C.

Curing of castor oil tris(thioglycolate) with
p-quinone éioxime and diphenyl guanidine

Castor oil trie(thioglvcolate) and the filler were
mixzed thoroughly as described above. p-Tuincne dioxime
and diphenyl guanidine were added, mixed thoroughly and



allowed to set in an oven at 70°C.

Curing of the Mixture of Castor oil tris(thioglycclate)
and Polysulfide liquid Peolymers with lead dioxide

Separately weighed amounts of castor oil tris
(thioglycolate) andé the polysulfide liocuid polymer (17-2

and LP=32) were transferred into a mixer and mixed
thoroughly with carbon black. Then sulfur and stearic
acid werc added and mixed well. C=5 paste was finally
added and after mixing thoroughly was allowed to set in
an oven at 7¢°C.

c th AF is(th colate )
and Polysulfide uid polymer with p-aquinone dioxime

and diphenyl guanidine

Separately weighed amounts of castor oil (thiogly-
colate) and the polysulfide liauid polymer (1P-2 or
Li=32) were traneferred into a mixer and mixed thoroughly
with carbon black. p=Quinone dioxime and diphenyl
guanidine vere added and after being mixed thorcughly,
allowed to et in an oven at 70°C.

All the tack-free cured products were kept overnight
before testing for their tensile properties.

iesting
The tack-free products, after heing crumdbled on a

laboratory rubber mixing two-roll mill, were pressed cut
at 160°C for 10 minutes in a metal mold. Tensile

176



strength, elongation and hardnees were determined at
roop temperature on dumbbell-shaped specimens.

according to ASTM designations T 412-68 and D 224(-68.

Solvent Resistance of Vulcanigzates

Equilibrium ewelling of vulcanizates was found out
according to ASTM designation D 471-643 ae percent weight
increage after 30 days immersion at room temperature in
the follcwing sclvents: bensene, toluene, xvlene, ethyl
acetate, carbon tetrachloride, methyl alcohol, isopropyl

alocohol and water,
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INTRODUCTICH

Poly(vinyl chloride) (popularly known as PVC)- one
of the earliest thermoplastics to be produced industrially
and whieh ©2till holdes = major place amongst industrial
plastice - has grown from a state of academic curioeity
at a relentless and impressive rate to a fullfledged
fascinating topiec of endless interest. Even more
interesting, the fact remains that over the yeare,
invertigations relating to the degradation and rtabilization
of PVC have captured the imagination of a multitude of
workere and continuee tc be one of the moet active areas
of research in polymer chemistry. Such an ever—-increasing
universal intereet unveils the world-wide economic
importance of thie highly ver-esatile and low coet plastic.
Probably there is no other thermoplastic that exhibits.
on plasticization, such a broad spectrum of enormouely
important properties.

In spite of =uch a portentous interest the reality
remains that PVC happene tc be one of the few polymers
that shows low resistance to thermal and photodegradation.
Under the influence of heat, light and high energy
radiation, PVC progreessively splits off hydrogen chloride
resulting in a general deterioration of phyeical and

electrical properties accompanied by discoloration.
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PVC presents an ideal and outstanding example of the
few polymers that degrade by sequential elimination

without monomer loss.

Initial Sites of Dehydrochlorination
Available experimental resulte of many authore
geem to support the view that neither the idealiged
head-to-tail structure (aleo c¢nlled 1,3-structure) of
PYVC:
MCHZCHCJ.CHQCHCI — e

nor the abnormal heaé-to-head structure (1,2-structure)

is the prime cause of initiation of dehydrochlorination,
which once induced, proceeds by a 'zipper-like'
elimination of more hydrogen chloride resulting in
extended polyene structure contributing to the discolo-
ration of the polymer. Therefore, attention has been
focuseed.on eome of the structural irregularitiee in
the polymer that function aes potential sites of

inherent inctability. iany review articles have bheen
published dealing with the thermal dehydrcchlorination
and etabilization of PVC ™2, The following structural

irregularities have ‘bun studied mwore extansivoly6 '7.

(i) Branching Sites
Aranch sites in PVC presumably arise by a chain
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transfer between a chain radical and an already formed
polymer, and can be of two kinde:

?1
.MMM.(i*M and/or e
Branch Branch
Tertiary Hydrogen Tertiary chlerine

Although the existence of branch points has been
confirmed by spectroeccpie 1nveatigationla, thé gtructure
of the branch ite=1f is not clear. Chlorcmethyl (CHECI)
group containing bra:nches are presumed tc be present.

The recent calculations of Valko ot a1® ehow that
differently branched structures have different reactivities
and that there aleo contribute to the hydrogen chloride
elimination reactions.

(i1) End Groups

2VC can have two typee of end groups. <1hose
containing initiator fragmente or terminally uneaturated
groups arieing from chain transfer reactions. The
results of many workere show conflicting evidencee e.g.
while Park and Skene’ found that the end groupe from
peroxide initiator fragrente were more effective in

10 observed the

inducing dehydrcchlorination, Meyer
opposite. Thus, thie ever-recurring problem of
reconciliaticn of the resulte of different investigators

#till cloudr the isrue and thie is partly attributed to
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the widely variant sensitivities of the different
techniquee employed for estimating evolved hydrogen
chloride and other decompoceition products.

Studies with model compounds suggest no remarkable
effect of terminal unsaturations on d«hydrcochlc.z-i.m:\tioun':"2

of PVC.

(1i1) Internal Unsaturation and Allylic Chlorine

Thermal dehydrochlorination studies of low molecular
weight model compounds in gaseous phase, liquid

7,11,13,14

phase and the semi-empirical calculatione of

Valko and Tvaroska'® indicate that internal unsaturation
with allylic chlorine is thermally more labile thanm
terminal wnsaturation and it is likely that these may act
as potential initial eites of inetability during thermal
degradation. Recently, Buruiana et 3115. by HLR studies,
and Petiaud and Phu]'6 by 'lMR-spectrum accumulation—-
technioue' have confirmed the existence cof internally
unsaturated units in PVC and aleo found such a polymer

to be more unstable.

(iv) 1,2-Dichlero Structure s7

Although l,2-dichlorc structuree formed by head-to-
head unite are lees gtable, there is no conclusive proof
for their existence in the polymer. The “-chloro
saturated structure obtained at the beginning of
dehydroechlorination, i,e.
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-HC1 e

Cl

hae been shown to be more stable th:m allylic chlorine-
containing otruoturun. The relatively increased
gtability of “-chlorc unsaturated structure, which would
prebably inhibit gipper-elimination of hydrogen chloride,
probably explains the increased thermal stability of

chlorinated PVC and poly(vinyledene chloride).

(v) Sterecregularity of the PVC Polymer

Hagoveanu et 5117 have indicated that the PVC
synthesized at constant temperature in 2 given temperature
range ( 45, 52 and 60°C) hae practically the sune degree
of eynl@iotacticity and cryetallinity (57). Abbae and
Serv1k7 suzgest that the syndiotactic sequences might
affect the propagation of polyene sequences but cannot
be considered as specific initiation eites for dehydro-
chlerination reaction.

Mechaniem of Thermal Dehydrochlorination

Three dictinet mechanisme have been pronosed tc
explain the thermal dehydrochlorination of PVC and all
have evidences in their favour. But it is quite interesting
that all the three mechanismg have unanimity in that the
dehydrochlorination is the prime cause for polymer
inetability and once initiated, is folloved by a zipper-
like elimination of more hydrogen chloride.



(1) Ionic Mechaniem

l1iquid phase thernal decomporition studies of low
molecular weight model conpoundll*. the catalytic effect
of lewis acids, protic acide, basep and acceleration of
dehydrochlorination in polar eclvents favour an ionic
mechanism for dehydrochlerination in PVC. The
accelerat ing effeot of Friedel-Crafte comwoundale. which
are known to react by an ionic mechanisem, andé the
catalvtic reaction of hydrogen chloride with degrading
pv019 alsc suggeet an icnic pathway.

Roy £19%., R .01
RO1 + HOl —— R'HC1, — R' + HC1,

r* H  + olefin

e m——
~
H* +ncl'.; — 2 HC1 etc.

The exirtence of such intermediates has been proved
by variocus ne:hodlzo'za. Further evidence for the lonic
mechaniem comes from the worke of Meyer et 3114 and
OnOrukns which support Schlimper's postulation of the
presence of [Polyere .....H 1217 type complex in

degraded i“\"C‘M .

(11 ) Unimolecular Mechanism

Gas phase hydrogen halide elimination reactions of
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halogen containing hydrocarbons have been shown to proceed

via 4é-center unimolecular traneition -tatnzs

[ o+ b=
-cnz-?u-cn-cnu- —_ -cuz-t—cu-—-g; CHC-
| : -
Cl H 5~Cl- - sHd+

— —CHZCH-CHCHCZl- 4+ HCl

Theoretical calculations of the bond energy requireé

to polarize C-C1 to C'-C1~ 2®  .na the work of Asahina

and Onoaukaa support the above mechanism. Activation
energy calculatione of Valko et ‘18 and Valko and
h&‘olhlz euggest that unimolecular elimination reactions
via a 4-center transition state are permitted and aleo
that .truotml'h-ruulu-itiu seenm to contribute to

polymer instability by such an elimination.

(ii1) Free Radical Mechanism

Evidences in favour of free radical mechanism
for the dehyércchlorination for the pure polymer under
controlled conditione and in inert atmosphere are guite
imprescive and more in number. lany authorss ~2?
consider the chlorine atom, formed by the homolytic
cléavagc of C-Cl bond, to be responeible for inducing

chain reaction.

C1* +  -CH,CHC1- —»  -CHCHC1- + HC1
~GHOHC1- —» ~-CH=CH- + CY



The accelerating effect of free radical eouroolao.

uv and 7-radiation°  * on cehydrochlorination, and

BSR otuduuaf”‘% manifest indirect evidence for radical
formation. Liquid phase dehydrochlorination experiments
of Bamford and Fenton37 in tritium-labelled tcliene, and
Leibman et 3136 38 indicating the formation of macro-
radicals, provide direct evidence for the free radical
nroee8s, Degradation experiments on »olymer mixtwes and
graft copolymers of PVC also indirectly point to the active
participation of chlorine atoms in dehydrochlorination

proce 9037 v39-43 .

The work of Yousufzai et al*®, whion
conelueively showed the existence of chlorine atoms in the
dehydrechlorination of "VC hae been cited as an exciting
evidence for the free radical mechaniem. Atmospherie
oxidations are mostly free radical in nature and an
increased rate of dehydrochlorin-tion in air cshould sleo
be regarded as further evidence for the free-radical
srocess*? *%6,

It is interesting to note that most of the evidences
for these mechanisme stem from the liguid phase studies
of mocel compounde. These leave enough speculations how
best these reculte can be correlated tc the gaseous
decomposition studies because of different rates. Equally
interesting. #till, ie that no convincing argument has
yet beon advanced to indicate that the dehvdrochlorination

of PVC {ie different from that of low molecul ar weight

a0
(=p]
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mocdel eompounds.

Poly(vinyl chloride) is normally procesesed at high
temperatures (around 180°0) in air and with a variety
of polar and monpolar additives. Under such rigoroue
conditions, it is rather difficult to aseeses the
currently available evidence in support of any of the
three mechanisme. Hence, it may well be 2seumed that
both ionic and radical proceeses may be concomitant and
the preponcderance of one over the other will be governed
by many factors. Nolam and Shaptroi‘? have presented
evidence in support of the manifestation of esuch a dual
mechanisn during thermal dehydrochlorination of PVC. They
found that at 134°C, PVC degrades thermally via s dual
mechanism - the unimolecular process preceding a radical
chain procees and that the latter wae predominunt.

in interesting euggestion has been made regarding
the influence of conjugated sequences in promoting
demrdrochlorination‘e. It is suggested that conjugated
sequences with a large number of double bonde may become
excited tc the triplet state even at room temperature
and certainly at high temperature of procesging.
Relaxation of the ;’:olyene back to the einglet etate
yielde energy that may excite the C-Cl boné and initiate
further degradation reactione and/or croeslinking.
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Thermal Stabilization of PVC using Stabilizers

The technology of stabilizing PVC against degradative
influences has advanced faster than the understanding of
the degradation process itself. It is immediately
obvious that these degradative reactions necessitate
the incorporation of stabilizers to improve physical and
electrical properties and enhance the life of PVC
articles. The stabilization of PVC using varioue
additivee has been dealt in detail in many reviewsl ™,

These stabilizing additives, which vary widely ian
chemical structure, are selectsd and combined in various
waye to satisfy proceseing and end-use requiremente.

The manufacture, selection and proper combination of
theee stabilizers comprise the art and ecience of ?VC
technology.

It is now generally recognized that the stabilirzers,
tc be most effective, should porsess one or more of the
following salient features supplementing their prime
function of binding (or destroying) hydrogen chloride
evolved from the polymer.

(1) An ability to replace labile chlorine atoms (e.g.
at allylic position) to give thermodynamically more
etable groupe in the polymer thus lowering the number
of potential sites of inherent instability.

(11) An ability to modify chain reactione and thus
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inhibiting the 'zipper'-like elimination of hydrcgen
chleoride.

(1i1) The ability to interrupt conjugated polyene-sequences
in the polymer and hence the colour formation.

.iv) The capacity to render prodegradent substances
(including impuritiee in the polymer and by-nroducts

produced during the stabilization procerse) inrccuous.

A higher capacity of the functional groupe (or ligands)
in ‘the stabilizer or ¢f the cleaved producte to interact
with hydrcperoxidee and/or the polyene sequences in the
polymer would be a highly valuable additional aseet to the
stabilizer efficiency.

In addition to these, ané equally important, the
stabilizer should be colourless, compatible with PVC,
non-nigrating, non-toxic, effective in esmall quantities,
non-staining and, to a large extent, should not adversely

affect other properties of the polymer.

Iypes _of Stabiligers used

Stabilizers have been classified intoc the following
general typn“:

(1) Salte of Nineral Acids

Theese include carbonates, sulfates, silicates, phosphatees
an@ phoephites of the metale, e.g. efcdium, lead. and calcium.
Organic phoephites are by far the meost important class
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from the technological point of view.

(11) Salte of Carboxylic Acids

(n) Salte of fatty acide (stearates, lauratee, ricinoleates)
(h) Salte of other acides (e.g. maleates, phthalates etc.)
The above acid ealts of Ba, Cd, 40 and Ca find

exteneive applications commercially.

(111) Organctin Compounds

Theee organometallic compounds represent by far
the most efficient clase of PVC stabilisers in vogue
commereially. Organotin carboxylotee, mercaptides and
mercapto alkanoates (thioglycolatee anéd mercaptc propicnatee)
are representative typee in thie class. Of these, the

mercaptcalkanocates are most efficient and remain supreme.

(iv) Other organic compounds of metals and metallcids, e.g.

alcoholates ané mercaptides.

(v) Epoxies

Common types are epcxidized soyabean oil and

lingeed o0il epoxidimed ethers and esters.
(vi) Polycle and Nitrogen Compounds

Theee include pentaerythritol, sorbitoel, amino
compounds of all typee - notably derivatives of ureas,

thioureas, guanidines, various amines, amides and imidee.

(vii) Synergistic combinations cf two or more stabilizers.
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Mechaniem of Stabilization

Metal soaps and organotin compounds, which were used
in the present study, constitute a very important clase
of commercial stabilizere widely used. So, presently, a
@iscussion of the mechaniem of stabilization will be
limited to these two clarces of etabiligere only.

(A) Metal Soap Stabilizers

Important in this group are the fatty acid salte
and maleates, acetates of barium, cadwium, zinc and calcium.

Frye and Horctso'sl suggeeted that metal scaps
functioned by replacing a labile chlorine atom with the
metal soap ligand. The work of Shimura et al®? supported
the above mechanism of Frye and Horst and also revealed
that the eeterification . cf the polymer by metal soaps
ie closely related to the stabilization of PVC. Evidence
for the ester-exchange reaction alsc comes from the work
of many author|53'5‘ and erterification studiee of mcdel
compoundée with metal soaps, by Bengough and Onozuk157.
indicated that only allylic chlorine ané not tertiary
chlorine is esterified.

chnchukse. in view cof the complexing ability of
metal atome in the wetal soaps, postulated the following

echeme of reactione depicted below.



o+

cnafncu-cncua CH, CH ~CH=CHOH, ouac'mcn-cmm3
r\’ -—’ :OD k

MX,(or MXC1) X b X - + MX0)

Another poseibility involving allylic shift, aleo

exiets for the ester-exchange

o+
——QH-@CH-——-

C¢1 —  -CHeCH-gH- + 01
X

p —— X

i

It ie evident that complexing of labile chlorine with
metal chloride (M012) will not lead teo any stabilization
but probably will enhance the degradation. Therefore, the
species reesponsible for stabilization are sz and MXC1
but not MC1,. It was also argued that stabilizing effect
of the metal soaps ie dependent on the complexing ability
of the metal as well as the sige and nucleophilicity of
ligands attached to it.

The work of Bengough and 0noeuka57 revealed that
ester-exchange reaction is not necesearily linked to
stabilization and the stability by there materials aspe rs
tc be due teo their ability to react with double bonds
and thue limit the discoloration.

The addition of basic substances such as pyridine,

epoxy ccmpounde and metal soaps, ies found necessary to

192
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prevent the elimination of carboxylic acid during processing.
It has been suzgested that the base functiorns by shielding
the methylene hydrogen from carboxylate oxygensl. The
reactivities of metal soaps have been shown to correlate
with the ionigation petentials of the metale (in metal
goape). The reactivity of metal soaps, accordingly, may

be shown as follows:

Zn(CCOR), > €A(0CO™), > Pb(OCOR), > Ca(OCCR), > Ba(CCOR),

Synergism of lietal Soaps

One of the moet important factors influencing the
effectivenese of PVC stabilization is the phenomtnon of
synergism. The virtue of this interesting and very
important phenomencn liee in the significantly enhanced
efficiency of higher magnitude from the use of symergistic
combinatione than might be expected from the adéitive
action of the individual componentes in the mixture.
Synergistic mixtures can contain monotypie or different
types of stabilizers. The necessity for employing a
mixture of two or more different stabilirers arisec
because generally the individual comncnente will not
possese all the salient features for efficient functioning.

Soaps of metals RBa, Cd, Ca and ’n are hardly ever
ueed alone but always in 3a-Cd and "n-Ca couples. These
rixturee ahsorb 82-95% of the theoretical quantity of

hydrogen chloride. Ocekas et ale). ueing zinc and
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caleium oleates, found an effective ontimum ratio of Ca
t0 Zn of 2:3 when initial colour wae of prime importance
and 4:1 for delayed induction period before the onset
of catastrophic discoloration.

Significant progressg in the understanding of the
manifestation of metal soap-synergistic action comes from
the work of Onocukns‘ by a study of model com>ounds. The
resulte of the work indicate a minimization of dehyéro-
chlorinating-catalytic effect of reactive metal chlorides
(2zine chloride and cadmium chloride) through an ester-
exchange renction with another metal soap (caleium or
barium socaps:; it may aleo be noted that these two socape
have metale of low ionization potential).

The presence of metal soap of low reactivity in the
mixture is necessary to prevent the elimination of
carboxylic acid.

xlo-chutse attributed the Ba-C4d eynergism to a
rapid exchange of chloride ione from C4ClX to 3‘*2'

Caclx « BaXz —_— caxa + BaCl X

and presence, probably, cf a fcllowing type metallic complex:
.x'
X - Ba  Ca-2
oY

Recently Iida et 3166

have suggected the intenee
coloration of the metal soap stabilized (Ba, Cd, Zn and

Ca) PVC f£ilm to be due to the formation of a metal
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chloride-polyene complex susceptible to rearrangement

from the remaining wetal socap in the syetem. The presence
of such complexee has been supported by experiments with
model compounds. GSignificant differences in the ioniszation
potentials of group II metals employed eeems to be a
neceseary criterion for efrective aymrgin“. Tre greater
initial stabilisation evinced by group II B metals was
attributed to their high ionization potential (lower
electropositivity), increased tendency to covalemcy and
capacity to engage in free radical processes. FEnhanced
ionic character, consequent upon low ionization potential
(high electropositive nature) was thought to be responeible
for low effectiveness of group II A metal laurates and
these soaps are also thought to be lees prone to radical
proceeses. They exhibit weak stabilizing action but total
discoloration is considerably delayed. The efficiency of
the group IT A - II B metal laurate couples may be due to

61

the dual mechaniem operation but there is nc evidence to

support this hypothesis.

Organotin Stabiligers

Amcng the organometallic etabilizere, quadrivalent
tin compounds are most widespread and gome tin stabilizers
are outstanding in their efficiency. TPemarkable progrece
in blow-mclding, particularly in food packaging, hae

ensured glamour applications for these stabilizers, as
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these applications demand extraordinary clarity and higher
thermal etability.
Organotin compounds most often used have the general

formulasd
RpSn %o p

where R = Organic radical
1 = Organic (or rarely inorganic) function bonded
tc tin through oxygen or sulfur

The high effectivenecs of etabilizing action of
organotin compounds is due to their polyfumctionality.
Organotin compounds generally used are carboxylates (of
fatty acide or dienophilic acids), mercaptides and
thioglycolates, of which the thioglycolates reign supreme.

Frye et 1162. observing a gradual lose of radicactivity
from the polymer, stabilized by labelled organotin
compounde . on repeated disrolution - precipitation cyclees,
attributed the phenomenon to the presence of a cocrdination
link between the stabilizer and the pelymer. This can be

shown as:

4- | -C-

a R g; X a i

+ .ooos-o?onuonon.‘ '..‘-'.
Rabn )\2 — ..0 e : R R2 Ee f:,,n-——‘)

RivesooostonassX :

i a o BRSO

R nE i
Cetahedral complex

P,Sn X01 + —C - X + --¢ - C1

— 2
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The complex once formed, with a further poceibility
of rearrangement as shown, is susceptible for cleavage
with hydrogen chloride. There is no evidence, however,
that such complexes indeed exiset.

Spectral atudic.63'64

have indicated that the ester-
exchange reaction hae no profound effect in thermal
gtabiligation of PVC and that the etabilization by the
organotin compounde (or their cleaved products) may be
governed by the ability of the etadbiliser to react with
ungaturation sites in the pelymer. The epectral studiensa
further indicated little or no addition to double bonds
(in the polymer) either with organotin esters or the
aliphatic acids formed after reaction with hydrogen chloride.
Mufti and Poller’’ while demomstrating Diels-Ailder
reactions of organotin maleates found that such type of
Diele-Alder reactions are even more likely with free
maleic acid (or ite half-esters) liberated from the
stabiligers. In case of organctin mercaptides or
thioglycolates it is highly probable that the thiols
formed from the stabilizer (after reaction with hydrogen
chloride) will add to the double bonds either by free

radical or ioniec ncohan13166’7°.

YuumMetuﬂ
studying the acid-catalyzed addition of thiole tc dienme
nolymere have shown that acids are also capable of
promoting thiol-addition to double bonds. Another well

known and squally important reaction of thiocls ie the
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capacity for hydroperoxide decomposition.

It was found that the relative ease of exchange of
the X groups in a,‘,::nx,‘, (Y=carboxylate or sulfur deriva:ive)
with tertiary chlcrine atoms in the polymer hae no greater
effect on their efficiency and that the stabilizing
efficiency is decided mostly by their readiness and capacity
72473, ohe high
efficiency of organctin mercaptidee and thioglycolates hae

to exchange with &llylic chlorines as well

been attributed to their readiness to exchange with both
types of chlorine atoms offioiontly73 '7‘.

It ie well known that the tin atom in organotin
compounds, which has normal o~ bonde, is capable of forming
donor-acceptor (coordination) bonds by participation of
ite ¢-orbitals with various nucleophiles (X,S,0 ete) 864,
Ninsker et al“ have advanced an interesting argument
regarding a possible interaction of tin atom with v-bonds
of V0, involving the Sd-orbitals of tin. Accordingly,
the v electrons of the conjugated double bond system in
the polymer (analogoue to the electron pair present on
nucleophiles ) will form d,-p, bonds with the tin atom.

The formation of these complexes can be depicted am:

¢ = ¢ e =0T
4
~on” — -8aZ

_C = CT >C=C
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The effect of such complexes would be, obviouely, to

destabilize conjugated systems.

Internal Stabilization

Another new and definitive approach towards the problem
of PVC stabilization ie the art of internal stabilization >.
This involves the incorporation cof thermally stable and
chlorine-free monomers during the vinyl chloride-polymerigzation
etage iteelf. The idea ie obviously to limit the nurber of
adjacent vinyl chloride units in the polymer backbone.

No apparent difference in the stabilization action seems
likely betwean the stabilizere externally admixed and chemically
incornorated. lowever, it is not clear whether the ligands
of the stabiliser replace labile chlorine atom or add tc
unsaturation sitees produced cn dehydrochlcrination.

Heat and light stabilirzed PVC polymers have been
cbtained by pclymerigation of vinyl chloride containing C.1 -~
10% pelyvalent metal salte of 06“018 carboxylic acidl%.

The present work was aimed at the syntheeir of two
new organothiosilicon compounde for evaluvation in
plarticiged PVC ag thermal stabilizere. Syneregistic
combinatione of one of the two organothioeilicon compounde
were employed with metal soape as well ap an organothiotin

thioglycolate.



P N STIGATIO RESULTS

Polyfunctional corganic derivatives of metals, non-
metals, and eilicon play a major role in the synthesie
and stabilization of polymers. The use of these compounds
is of paramount importance in the thermal stabilization
of poly.vinyl chloride (PVC), one of the oldest and mort
used thermoplastice. The principal elements on which the

stabiligers are based, are shown below.

Periodi 11izer elements’ '
Group
1 1I-A 11-8 111 v v
Na Mg B s1 P
(A1)
(K)— Ca (Ce)
\\\
~7n
Sr
/Cd Sn Sb
Ba
b Bi

The fatty acid salte of group II elemente invariably
are used in sub group A-B couples (as shown in Tableébove)

200
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Besides lead compounds, currently the most commenly used
commercial stabilizers are the fatty acid salte and
mercaptides of Ca, Zn, Cd, Ba and tin. Particularly the
introduction of mercaptides (alkyl mercaptides and
thioglycclates) of tin has been a landmark in thermal
stabiligation of PVC. The commercial utility and efficiency
of organotin compounds, particularly the sulfur derivatives,
remains unsurpassed even today.

Apart from tin and lead, the other element in Group-IV
whose derivatives have also been used in PVC stabilization
is eilicon. Some of the organceilicon compounds which have
been tried as PVC stabiligers are the silagzanes (having
8i-N bvonds), eilyl urethanee, silicon-urea derivatives,
polysiloxanes and organosilicon and germanium hydrides.

¥illie, in 1965, first patented the use of silazanes,
prepared by the ammonolyeis of compounde of the type
R,54C1, and RS1Cly, in the stabilisation of pvc’e0?d, 1n
the same year, Thinius reported the stabilizing properties
of urea derivatives of eilicen" , e.g. Bu,Si(NHCONHR),
prepared from silyl diisccyanate and aminee, and also of

i)yl urethanes®l'®2,

The following year, Andrianov
et 5183 described@ the use of polyciloxanes and poly
{ary)l aluminosiloxane) ae PVC stabilizere which were
found tc be effective in an amount 1 part per 100 parte

84,85

of resin. Sangalov et al and Hongu et 315 have

used many organopolysiloxanes for heat resistant FVC resin
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compositions. Recently, Mironov et a187 found a compoeition
containing silsesquioxanes with dibutyltin rulfide to impart
enhanced heat stability to poly(vinyl chloride). Some
eilicon and germanium organic hydrides have alszo been found
to delay the thermal decompoeition and the onset of
discoloration in PvcEe®,

Tin compounds, mostly the quadrivalent tin derivatives,
currently in use as PVC gtabilimers, are relatively of high
coet. The resourcee of silicon are more widely distributed
in nature unlike than those of tin and thue it ie poesible
that organcsilicon stabilisers for PVC would be, comparatively,
of lower cort. Although organoeilicon ccmpounds, reported
ec far in literature, are not aes efficient as organotin
compounds ae etabilisere for PVC, it is evident that further
work is necessary in this direction.

It ie interesting to note that all the organosil icon
compounds tested for PVC stabilization so far, had only
£1-0 and 8i~-N linkagee, and no compounds with Si-& linkage
had been tested for their thermal stabilizing action in
PVC. W¥ith thie fact in mind, coupled with the high cost of
tin derivatives and ready availability of many silicon
compounds, the present study was aimed at eynthesizing
quadrivalent organosilicon compounde characteriged by the
presence of two or more °i-8 linkages for evaluation as
stabiligers for PVC. Two new organothiosilicon compounds .
di(phenylthio)diphenyl eilane and tris{phenylthio) phenyl
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eilane were synthesized. Of these two, di(phenylthio)
diphenyl silane was used in combination with laurates of
zine and calcium and big(mono~2-ethyl hexyl maleate) of
barium and cadmium. A combination of di(phenylthio)
diphenyl silane with dibutyltin-5,5'-bis(2-ethylhexyl
thioglycolate) was aleo used. These combinatione were
evaluated for their thermal stabilizing action in PVC,

(1) Synthesis of Organothicsilicen Compounds

These were synthesized by reacting the corresponding
phenylchloroeilane with the sodium =alt of thiophenol in

bengene.
Ph281012 + 2NaSPh =y thsx(SPh)2 + 2NaCl
Ph8101, + 3NafPh ———> rnsx(eph)a + 3HaCl

Ph281(SPh)2. di(phenylthio) diphenyl silane and
ph81(8Ph)a. trie(phenylthio) phenyl silane were pale clear
yellow colored liquide with index of refraction of 1.614
and 1.643 reepectively.

Diphenyl dichlorosilane and phenyl trichlorosilane
were synthesized acccrding tc the methed of Roeenberg
et .190 from siliccn tetrachloride and phenyl-magnesium
bromide and using 2,2,4~trimethyl pentane as the sclvent.

PhMgBr + 5101, => PhSiCl, + MghrCl

2PhMgBr + 8101, -> Ph,BiC1, + 2MgBrCl

The physical properties of these are shown overleaf.



Ph,8101,: b.ps 122°0/2 torr: .E§7 1.577
Yield 53%
PhS1Cly ¢ b.p. 62-65°0/1.5 torr, nZ’ 1.524
Yield 55%
(11) Zine laurate wag syntheeiged according to the method
of Vhitmore and Lauz-o”1 from zinc acetate and sodium

laurate in aqueous medium.

Zn(OAo)2+ 2uaoac(cﬂa)mcaa > zn(oac(cnz)m(cua)2+ 2NalAc
meDe 127°0. white, fluffy powder.

(ii1) Caleium laurate was synthesiged according to the
method of Yoko'92 from caleium chloride and sodium laurate

in aqueous medium.

Call, + "°z°(°"z)1o°'a -> ca(ozc(c:ﬂz)mcna )2

m.p. 130°C, white, fluffy powder.
(iv) Cadwium and barium bis(mono-2-ethylhexyl maleate) were
synthesiged by treating the sodium salt of mono=-2~ethyl
hexyl maleate with the respective metal chloride in aqueous

medium. Both the organometallic compounds were clear,

20

colerless liquide. Their formation may be shown ag follows:

u012 4 Naoaccn-cmozceul., - l(ozccx-cxcozcenl., )2
(¥= Ba,Cd)
(v) Dibutyltin -8,58'-bie(2-ethyl hexyl thioglycolate) was
prepared hy the reaction of dibutyltin oxide and 2-ethyl

hexyl thioglycolate in benzene. It ie a clear colorless
liquid.

A



Bu28n0 + ZRSCHZOOOCBHI7 -2 Buzsn(E;CHzCO( 08317)2

C ound and Testin

The compounding recipe for the evaluation of etabilisere
in PVC is shown below:

PVC reein 10C parte
(SR=10 suspension polymer of

K value 66)

Dioctyl phthalate 5C parte
Stabilizer (or stabiliser 2 parte
compoeition)*

Stearic acid 1 part

* various etabilizer composition used
are shown in Table~1l

After mixing all the ingredients, sheete were taken
out by milling on a two-roll mill. These sheeted out
materials wrre then subjected to oven aging test at 180°C.
The resulte obtained are recorded in Table-2.
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DISCUSSICN

The technology of PVC stabilization has developed
faster than the efforts made towards the underctanding
of the mechanism of ite thermal degradation. There is
general agreement between the available experimental
results of a number of workers that the thermal, non-
oxidative decompoeition of PVC involves sequential lose
of hydrogen chloride. This process resulte in polyene
sequencer, and these, when of consgiderable length, lead
to unédesirable colour in the polymer. A noeitive catalytic
effect of liberated hydrogenm chloride on the dehydrochlo-
rination reaction in PVC has aleo been suggeeted by
Van der Wen and de Wit).

Therefore, it is evident that the prime function of
a stabilizer should be to offeset the balance of evolved
hydrogen chloride either by decreasing the rate of
dehydrochlorination or by reacting with it, or both. In
addition, stabilizing ability of the cleaved products
of the stabilizer alsec contributes to the stabilization
of the polymere. The moet widely used stabiligers are
organametallic compounds of the general formula MY, where
M can be RZSnz* (Realiphatic), Zn°*, 0a*, Ba®* or Ca®*
whereas Y may be -0%' (alkoxidesr), =0COR' (esters), -°R"
(mercaptides) or -SCHy=R" -CCOR™ [thioglycolates or
mercapto propionates (R' =CH,)l. The most efficient
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stabilizers in vogue are the organo tin sulfur compounds.

In the preeent study two organosi’icon sulfur
campounde were syntheeized and evalunted ae thermal
stabilizers for “VC. They were: di(phenylthic) diphenyl
eilane (IL?7.8) and tris(phenylthic) phenyleilane (TPIFS).

It hae been demonstrated that when orcanotin
atabilizere stnYz are heated in aprotic, low-polarity
solvents with gaseous hycrochloric acid, released at rates
comparable with those obtained in degrading PVC, the
cleavage of Sn-Y bonde occurs and not R-‘n bonde. FEven in
excess acid, this mode of cleavage remains unaffected)s.
The cleavage of ‘n-Y, and not R-fn bonds, ie of paramount
importance in the PVC stabilisation procese by RZS“Z
compounde. These can be shown as follows:

!
—C— Y o+ HCY

T , T
e R 2 Cl-?n—!’ -—C-—f'l’.n-Cl + HY

Destabilizing Stabilizing

The importance of Sn=Y bond cleavage ie readily
appreciated because in the cleavage of C-Sn bond, the
final prcduet stannie chloride ir a powerful catalyst for
dehydrochlorinaticn re&ctionﬂ-

Organothiotin compounds have been rhown tc undergo

Sn=& bond cleavage by rescticn with hydrochloric acid



in 1iouid phase’”'?®, simslarly, organothiosilicon
compounde, with dry hydrogen chloride, also undergo facile
S54=85 clnvqgcn- Sueh reactions are aleo poreible with
the liberated hydrogen chloride in degrading PVC. These

reactions can be shown as:

Rn“(SR.)ﬁ-n + (4=n)HCY =-> Fn}wl(%n) + (4=-n) HSR'

These reactions liberate the corresponding organic thiol,
R'SH, which ¢an either act as tranefer agents for the
termination of radical chain degradation reactioneg or add
directly tc double bonds.

Rockett et ll* while examining eimilar cleavages of
a series of orranothiotin compounde with hydrcchloric acid
in non-aqueous aprotic golveant medium, observed better
thermal stabilizing action in PVC for those organothiotins
which 1liberated more thiol (the liberated thiocle were

estimated by usval titrimetric proceduree). It was found
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that the two organothiosilicon compounde uesed in the present

study behaved similarly ylelding the thicl and, further,
that the tin compound namely, dibutyltin-S,8'-bis(2-ethyl
hexyl thioglycolate) liberated more thiol than either of

the two organothiosilicon compounde used, viz., di{phenylthio)

diphenyl eilane or tris(phenylthic) phenyl silane. The
higher efficiency of the tin compounéd (eee Table~2)

therefore, may be partly attributed tc the above phenomenon.

As there wag no difference in the etabilization
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efficiency between the two organothiosilicon compounde

used (see Table-2) and, also because of the ease of its
synthesis, di(?hanylthlo) diphenyl eilane was employed for
further studies. Thie included its synergistic combinations
with zinc laurate and calcium laurate, barium bis(mono 2-
ethyl hexyl maleate) and caémium bis(mono 2-ethyl hexyl
maleate) and their evaluation in PVC for thermal etabilizing
action. Aleo, the combination of di(phenylthio)diphenyl
silane with dibutyl tin-&,5'-bis(2-ethyl hexyl thioglycolate)
was evaluated as thermal stabiliger in PVC (see Table-l).

The stabiliszing efficiency of the mixture of dibutyltin-
8,5'=big(2=ethyl hexyl thioglycolate) and éi(phenylthio)
diphenyl eilane (System 'D' in Table-l) as may be expected,
wae found to be intermediate of efficiencies of the
individual componente (the time for initial dicoloration at
180°C for the organcthiotin, organothiosilicon and their
mixtures was 120', 60' and J0' respectively). It is highly
probable that the organothiceilicon compound may function
ag an absorber of the organctin chloride liberated.

PhyS1(SPh), + BugbnCly; => Phy8iC1, + ansn(SPh)z

Such reactions, which involve ©Si~5 bond cleavage, are
well known in model nyata-)e-

Admixture of di(phenylthic) diphenylsilane with metal
scaps (Systems E to H in Table-l) was effective in prolonging

the time for onset of the initial discoloration period.



But an overall improvement (particularly the time for

complete discoloration) which may be expected, wae striking
particularly for Zn-Ca scap~DPTi§ mixture. For example,

the time for blackening for PVC with Zn~Ca laurate was 7C
minutes whereas addition of DPIDE as the third component
increased it tc more than 120 minutee. An overall improvement
wae also noticed with Ba-Cd soap mixture. It may be considered
that di(phenylthio) diphenyleilane, added as the third
component, will function as a good acceptor of the formed
metal chloride (the prodegrading effect of metal chlorides

on PVC is well known)e These reactions can be written as:

Ph,S4(SPh), + MCl, => Phy81Cl, + l(SPh)z
(i = 2n, C4, Ba, Ca )

Such types of 81-8 bond cleavages in organothioeilicon
compounde by metal chlorides have been shown in model
syeteme to result in good yields of metal mercaptide-”'”.
These metal mercaptides may also function as auxillary
stabilizere. The effect of formed organosilicon chloride
on the stability of PVC is, however, not clear.

Abel et 11100 have shown that alkyl chloridee are
alsc capable of reacting with organothioceilicon compounds
involving 51~ bond cleavage. SJuch reactions are, hovever,
very slow compared to alkyl bromides or iodides.

64

Minsker et al”  suggested the formation of € -p_
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type complexee between the tin atom in organotin compounde
and the double bonds in degrading PVC. Such types of
denor-acceptor complexee may be considered to be formed
involving the filled w-orbitals of double bonds in PVC

and the empty S5d-crbitale of tin atom. Silicon ie also
capable of forming eimilar 4 ~-p, bonds. Intramclecular
é,~p, bonding between 3d orbitals of silicon and w-electrons
of nucleophilee (5, N, O etc.) has been shovn to be possible

by bond length-measurement and spectral etudie-”'ml'loz .

Stone and Soyﬁ'e'th""m aleo ~onsider intramolecular 4 -

w
bonding in vinyl eilames involving empty d-orbitals of
@il icon and w-electrone of the double bond. Based on these
evidences, we envisage the prodbadble formation of Minsker-type
d,~p, complexes which involve w-electrons of the unsaturation
gites in the polymer and empty 3d-orbitals of eilicon, as

ghown below.

-84< > >84<
=GB CH=CH

Using molecular orbital picture, the formation of
the complex may be visualised as:
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The efrect of the formation of such a complex might
be to destabilise the extended conjugation in the polymer.
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EXPERIMENTAL

Materials

Ether refere to diethyl ether dried over anhydrous
calecium chloride, distilled over sodium and etored over
sodium wire.

lagnesium used wae of Grignard reagent grade. It
was washed with several portione of dry ether and after
drying at 60-70°C was immediately used.

8ilicon tetrachloride (b.p. 55°C) was carefully
dietilled and the partion boiling between 55-56°C was
collected and used.

Bromobengene, bengene and 2,2,4-trimethyl pentane
were nurified by known methods in the literature.

Lauric acid, zinc acetate, calcium chloride and
dibutyltin oxide were used without further purification.
Yaleic anhydride was purified ae described on page

PVC ueed was a suspension polymer of ¥X-value 66
and chlorine content of 57.47%.

Hethods

Preparation of Phenyl magnesium bromide
In a flape-dried 3-necked flask ecuipped with a

mechanical stirrer, an addition funnel and a reflux
condenser were placed magnesium turnings (2.5 g, O.1 g
atem) and ether (10 ml). Bromobenzene (5.0 g) in ether
(25 ml) wap slowly added intc the flask followsd by ethyl
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bromide (1 ml, synthesized from ethyl alcohol and
hydrobromic acid). The flask was externally warmed for

a short period with warm water to initiate the reaction
which, once initiated, proceeded vigorously, and the colour
of the reaction mixture turned brown. Another portion of
bromobenzene (10.7 g) in ether (50 ml) was added dropwise,
with vigorous stirring, to maintain a steady reflux.

After the completion of addition, the reaction mixture was
gently refluxed for further 2 hours. The resulting
solution, which was clear brown, was used as such for

further reactions. Yield: 75-80%.

preparation of Phenyl Trichlorogilane

In a éry 4~necked round bottomed flask, equipped with
a stirrer, a thermowell, an addition fumnnel and a reflux
condenser carrying a cwla-guu'd tube, were placed silicon
tetrachloride (3C g) and 2,2,4=trimethyl pentane (75 ml).
The ethereal solution of phenyl magnesium bromide prepared
above wae added dropwise with efficient stirring. Immediate
discharge of the brown colour of phenyl magneesium bromide
and the precipitation of magnesium salte in the flask was
cbserved. The temparature was maintained at 40-45°C
throughout the addition tc minimize silicon tetrachloride
escape. After the addition of the Grignard reagent,
the reaction mixture wae refluxed for 6 hours, cooled

and filtereé trrough a éry Buchner funnel as cuickly
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as possible. The precipitate was washed several times
with 2,2,4-trimethyl pentane, and from the filtrate were
dietilled off excess silicon tetrachloride and 2,2,4-
trimethyl pentane under reduced pressure. The residue
wae transferred to a 50 ml dry flask and was vacuum
distilled to yield phenyl trichlorosilane. Yield 55%
(about 6-7% of diphenyl dichloroeilane waes also obtained
ag other product). ’
bepe 62-65°0/1.5 torrs NZ7 1.524

Anal. OgH;51C1; Requires: C1, 50.28%, 81, 11.67%

Found : Cl, 49.437, Si, 11.58%

IR Spectrum (Liouid ¥ilm): 1120 (84-C); 143C, 1470 and
1590 cm  (Phenyl ring absorptions).

Diphenyl dichlorosilane

This wae prepared from silicon tetrachlorice (7.5 g)
and phenyl magnesium bromide (prepared from 15.7 g of
bromobengene and 2.5 g magnesium) using the same procedure
described for the preparation of phenyl trichloroseilane.
Yields 53%. bep. 122°6/2 terr. N3’ 1.577
Anal: 01251081012 Requires: Cl, 28.02%, Si, 11.06%

Pound : Cl, 27.90%, Si, 11.02%

Syntheeis of tris(phenylthio)phenyl eilane

Into a solution of benzenethiol (2.2 g) in ether
(50 m1) was added dry pieces of sodium (0.5 to 0.7 g)

followed by more ether. After a period of 2-3 hours, ether
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wag distilled off and the white suspension of sodium
benzenethiolate was taken up in bengene (50 ml).

Phenyltrichlorcsilane (2.02 g) in benzene (10 ml) was
added with stirring at room temperature to benzene-godiux
benzenethiolate dispersion. The addition was exothermic.
After the addition, the reaction mixture was refluxed for
6 houre, cooled and filtered. After removing benzene under
reduced precsure, the repidue was fractionally vacuum-
distilled to yield tril(phonylth!.o)phonylnilm;. a pale-
yellow ccloured, clear liguid. Abeence of hydrolyzable
chlorine was confirmed by titration with alkali.
bepe 260-230°C (bath)/6=7 terr. NE’ 1.643
Anal: Ca‘Haosasl Reouires: 84, 6.5%

Found : Si, 6.41%

IR Speetrum (¥ig.6.1)(Liouid £ilm): 1120(Si-phenyl), 1440,

1490 and 1590 om™ L (phenyl ring absorptions). The bands at
1120 en~} and 1430-1440 cm~} are characteristic of silicon-
phenyl absorptions.

Synthesis of q“gultMo)dighcgzl 8ilane

This was prepared from diphenyl dichloroeilane (2.5 g)
and sodium bengenethiolate (prepared from 2.2 g benzenethiol
and 0.5 - 0.7 g sodium) using the procedure described for
the syntheeis of tris(phenylthio)phenyl eilane.
bep. 230°% (bath)/3 torr. M2’ 1.614, & 1.085
lolar Refraction: Caled: 127.28: Found: 127.6



INVTSTANIHd (OIHLTANIHd) SI¥L 40 WNYLD3dS ¥l +-9 9ld
(SNOYMOIN) HIO9NIT3IAVM
Gl ! €l 2i bE o] 6 8 L [ % )

T T 5 T T T T T T T i
1024
p i)
>
P
(0))
-10v =
l
P
o
099
°
= —08 —
I I I I T T T I Ao

00L 008 006 000! 006! 0002 000€ 000¥

-



220

Anali G, H,08,51 Requires: S1, 7.02%
Founé : 81. 6031;

Preparation of Zinc laurate
Into a solution of lauric acid (2.0 g) in alcohol

(25 m1) wae added from a burette a 0.2 N alcoholic sodium
hydroxide to a phenolphthalein end point. Bulk of the
alcohol was evaporated and the total volume of the contents
wag made upto 150 ml with dietilled water.

Separately was prepared a golution of zinc acetate
(1.1 g) in water (30 ml).

Both the solutione were warmed separately to 60°C and
the zinc acetate so<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>