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The thermal and photo-oxidative stability of acrylonitrile-
butadiene-styrene copolymer (ABS) has been investigated in the presence
of various stabilizers representative of two different mechanisms of
antioxidant action; chain breaking and preventive. When present in
the polymer as additives bis (3,5 ditert butyl 4 hydroxybenzyl)
monosulphide and 4-benzoyl 3 hydroxyphenyl o-ethyl thioacid esters were
more effective thermal and UV stabilizers than any commercially
available stabilizers. Furthermore, they showed synergistic behaviour
as photo-stabilizers.

Stabilizers containing the above functional groups have been
bound to ABS through the thiol group by free radical addition to the
double bond. The antioxidant 3,5 ditert-butyl-4-hydroxy-benzyl-
mercaptan was found to inhibit adduct formation in the presence of
residual monomer (styrene) remaining from the polymer manufacture.
This has been overcome by (a) removing the“monomer before reactiom,
(b) by using a water soluble azo-type initiator. The mechanism of .
the inhibition process has been shown to be due to the oxidiation
products derived from the antioxidant.

The adducts were effective both thermal and photo-oxidative
stabilizers for ABS and their effectiveness was not modified by solvent
extraction of the polymer. Furthermore, ABS obtained by mixing latices
containing the antioxidant and UV stabilizer adducts showed symergistic
behaviour towards photo-oxidation.

It was found that latex-bound antioxidants could be produced in
concentrated form and that these, when diluted to normal concentration
with unstabilized ABS latices were as effective as those obtained by
reacting with total latices at lower concentrations.

ABS
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CHAPTER CNE -  INTRODUCTION

The acrylonitrile butadiene-styrene (4BS) group of polymers is
an example of & genersl class of two phase polymers consisting of a
dispersion of soft rubber (elastomer phase) in & hard and usually
brittle matrix (styrene-scrylonitriles copolymer SAN), In general
elastomer phase contributes toughness to the polymer whils the matrix
gives hardness, ease of processing, tensile and flexural strength.

The development of this general class of polymers dates back
almost 100 years, to the discovery of polystyrens (PS). The popularity
and gfowth of P8 has been due to its low cost, ease of processing, use-
ful physical properties such as hardness, rigidity, high refractive
index, good electrical propertiss and resistance to water, The chief
defect of PS is brittleness menifested as low resistance to impact,
Attempts to overcome this deficiency have culminated in the devglopmenx
of s0 called high impact polystyrene (HIPS) wherein en slastomer is
incorporated in the polymerised styrene to improve greatly the resist-
ance to shattering of plaatic.1

Initially these materials were made by mechanically blending bulk
rubber with PS on a two roll mill or in a Banbury'mix&n??hough blending
of two polymers by mechanical masatication would appear to be a very
simple process, two elastomer blends of natural rubber (NR) and styrene
butadiene rubber (SBR) blended to & homogeneous mixture showed micro-
scopic hstarogsnsityj. ABS polymers made by mechanical blending of
a) SAN copolymer and butadiene scrylonitrile rubber
b) SAN copolymer and a graft styrene and aorylonitrile with polybutadiene

(PBN)

had good impact properties but lowsr tensile and flexural strength, hard-

ness and thermal propertissh o



Graft copolymerisation of all monomers onto & preformed substrate
such as PBD was able to rectify all the deficiencies of mechanical
blondingB. Graft copolymerised HIPS was not introduced until the late-
forties and was soon followed by ABS.

The mechanism of reinforcement in rubber modified PS and SAN co-
polymers remains a subject of complexity. A mechanical mixture of PS
and 2 high diens elastomer has much lower impact resistance than a
conventional HIPS indicating the importance of graftings. The theories
8o far proposed as explanation of rubber toughening have been class-

ified into 4 categories by Boyer and Ksakkul&7.

a, Energy absorbtion by rubber particles.
b. Crasgse initiation by rubber particles.
C. Rubber particles acting as reinforcement and cresze terminators.
d. Bubber particles acting as obstacles to crack propagation.
The following Teble (1) summarise the varisbles which could effect

the final properties of ABS type of graft copolymarua.

TABLE 1 VARTABLE; WHICH EFFECT PROPERTIES

PHENOMENOLOGICAL VARTABLES STRUCTURAL VARIABLES
Matrix properties (1) Chemical Structure
(2) Average Molecular
Weight
(3) Molecular Wt., Dist-
ribution
Dispersed phase (4) Chemical Structure
of Rubber

(5) Volume of rubber

(6) Volume fraction of
the dispersed phase

(7) Average perticle size

(8) Particle size dist-
ribution
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TABLE 1 - VARIABLE) WHICH EFFECT PROPERTIES (Cont'd

PHENOMENOLOGICAL VARIABLES STRUCTURAL VARIABRLES

(9) Degree of cross=link-
ing
Interfacial adhesion (10) Degree and Structure
of rubber matrix graft-
ing.

1.1, STRUCTURE OF GRAFT COPOLYMERISED ABS

The two phased naturs of HIPS was first suggested by Buchdahl
sd Nislson’, on the basis of dynsmic mechsnical properties obtaimed with

torsion pendilum The existence of separste damping peaks for rubber and
PS led to this conclusion. Microscopy provided the positive proof for
the existence of the rubber as discrete dispersed phase in both HIPS
and ABS,

Moore, Moyer and Frazsrlo put forward a general procedure to deter-
mine the chemical composition and major structural features for two=
phase polymers and carried out the analysis of ABS graft copolymer.

The major steps of a typical procedure are

(1) IR analysis for its composition

(11) Centrifugation to separate the graft polymer from the

ungrefted copolymer or homopolymer and non-polymeric
ingredients

(1ii) Ozonolysis of the graft phase under selected conditions

to remove the graft polymer from the unseturated substrate
without alteration of the graft copolymer

(iv) Analysis of the graft polymer, non-graft polymer and

non-polymeric ingredients.



The analysis of the graft phase gave information of the addition
sequence of polybutadiene, and it was found to be 1,4 and 1,2 end not
1,2 1,2 blocking., They were able to determine the degree of branching
and cross-linking of the graft copolymer. The major drawback of this

method was the succeptibility of CsN group to hydrolysis.

Schuster, Hoffmann and Dingos11 showed that SAN copolymer grafted
to polybutadiene can be isolated from the oxidation residue by a

Kﬂnoh oxidation, The different structursl features of the graft

copolymer, such aas the graft positions, crosslink positions were
identified by the increased content of COCH groups of the SAN copolymer

obtained after the KHth oxidation of the polybutadiene graft.

SAN

I

- CH2 - CH = CH = 082 - CH = CH - cﬂz -
0 Kiin0Q
H/ X

-~ SAN

HOCC = CH = CH2 - COCH

SAN

/

CH2 - CH =CH - CH - CH2 - CH = CH2 -« CH = CH = GHZ -

l

CH
Il

CH2
0] /mok
SAN

HOOC = CH = Cﬂz = CH = CH2 - COQH

|

COOH
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SAN
- CH2 - CH = CH -« CH - CH2 - ir - CH2 - CH = CH - CH2 -

-»Cﬁg -~ CH « CH - CH, - CH - CH2 = CH - CH_, = CH = CH = CH, =

2 | 2 2
CH
|
Gty
SAN
|
HOOC - CH - CH, - CH - CH, COCH
HOOC CH, - CH - CH, CH, - CH -CH, COCH

COCH

Kranz, Dinges and andling12, claim that polybutadiens graft
polymers can be characterised by first degrasding under mild conditions
with tertiary butyl-hydroperoxide and 0504 at 110°C for 30 minutes in
p=dichlorobenzene, and then degrading it in a second step with periodic-

acid at room temperature, This was found to give very good results

and did not effect the chain length of the grafted SAN copolymer chain,

The following information regarding the structure of graft co-

polymerised ABS is now available:

(1) The two-phase nature of the polymer,

(2) Of the two phases the matrix which is made by SAN
copolymer is soluble in most of the solvent and
hence, can be seperated from the insoluble greft
polymer by centrifugation.

(3) The addition sequence of thegsuybstrate Polymer, poly-

butadiens is exclusively 14 and 12 and not 12, 12,



(4) Tertiary allylic H and vinylic double bonds are common
in the graft copolymer,

(5) The appreciable number of cross-links in the graft
copolymer are randomly distributed.

(6) The graft centre is usually a carbon atom containing
2 allylic hydrogen atoms. The C atoms allylic to

vinylic double bonds remains usually ungrafted,

1.2, STRUCTURE PROFERTY RELATIONSHIPS IN ABS

When a rigid thermoplastic is subjected to an increasing strein
as in 8 tensile test, two types of behaviour are observed as illust-
reted in the Figure 1. Several common thermoplastics which are
normally described as brittle fall in the category of organic glasses
vis PS, BSAN copolymer, polymethylmethacrylate (PMMA). The orgenic glass
is brittle because the formation and propagetion of a crack overtake
the processa of deformation. The development of a crack in an organic

glass mey be described by Griffith-Irwing equation >,

G.E

Tield Stress V_ g |
| la

where the testpiece is a plate with a crack depth of 2a at one
side. The equation provides for fracture stress on GC’ the energy
required to extend the crack, E, the Youngs modulus and the crack

length 2a,

The introduction of rubber reduces the short time (Hookean)
modulus, as & result of incorporation of low modulus component effect-

ing the overall modulus. When a Hookean elastic body is broken under
2

tension the energy absorbed will be proportional to j%;- so that the



reduction in modulus provided it is not accompanied by an appreciable

change in V5 will lead to an increase in energy uptske of glass.

The primary function of the rubber component is to impart
ductility to the polymer. In order to get the maximum effect it is
necessary to graft a portion of monomer onto the rubber in & control-

led menner, The graft structure is influenced by the rubbers,

(1) average particle size
(ii) composition
(iii) cross-link density

(iv) cross-link structure.

The final belance of polymer properties is strongly dependent
on the graft structurs1h. In general a decrease in styrene concent-
ration in ABS increases the heat distortion temperaturs, elongation,
impact strength, but decrease flow hardness and tensile strength., A
decrease in butadiene content increase flow, herdness and tensile
strength, decreases impact strength, heat distortion temperaturs, but
elongation is relatively unaffectodth, as illustrated in the figures

2, 3, 4 and 5.

The increase in the impect strength of HIPS with the rubber
content is accompanied by a fall in the yield strength Fig, 5
The loss of yield strength can be minimised by incorporation as a
second monomer with styrene, acrylonitrile as in ABS polymer Fig, §
The result is a superior product in rigidity end impact stremgth
compared to HIPS., In general, a decrease in acrylonitrile content
increases flow and tensile strength but decreases heat distortion

temperature,elongation and impact strengt 15.
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Effect of rubber content on yield and impact strength.
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1.3, GENERAL MECHANISM OF OXIDATIVE DEGRADATION OF POLYMERS

Exposure of a polymer to oxygen is characterised by an induction
pericd during which the polymer does not show any obvious changes,
There is no evidence of oxygen absorption16. During this period hydro-
peroxides are formed and initiate the subsequent rapid autoxidation of
the polymer. 4s a rule, an increase in temperature reduces the
induction period end accelerates the autoxidation. In some cases,
when the polymer coatains trace amounts of peroxide impurities or
catalysts such as metallic salts, the induction period is not observed
at all and the process of catalytic oxidation begins immediately. The
decomposition of hydroperoxides is commonly regarded as the process
responsible for further rapid oxidation. This being a frse radical

mechani sm, the following stages can be recognised during autoxidation

of a polymer :

(#)  Initiation
(2) Propaegation

(3) Termination.

1.3.a. INITIATION

Initiation of oxidative degredation of & polymer, is by the
detachment of & loosely attached hydrogen atom to form a2 macroradical

for peroxidation. This is influenced by1?,

(a) the purity of the polymer
(b) the presence and the sbsence of
(1) antioxidents

(ii) stabilizers

(1ii) oxidative agsats



(iv) materials capable of peroxidation
(v) residues of unoxidised materials
(vi) peroxides

(vii) metal salts

(viii)electromegnetic radietion (UV light perticularly)

The activation of a C-H bond which forms the hydroperoxide
is dependent on the substitution of the same carbon atom. These sub-
stituents can decreese the bond energy of the C-H bond, The nagnitude
of the resonance energy libersted on the formation of the macroradical
is one of the vital factors in promoting the peroxidation of the
material. The listed substituents cover the most important groups that
activate C-H bond with respect to attack of 02, and fascilitate the

formetion of hydroperoxide,

bt H (R)
|

R-C-H - 02 —_— R-C - OCH

\ |

H (R) H (R)
R= = CHj -C=0

- Gt H5 and other aryl - NHR2

- CH = CH - NHCOR2

- OR - Cl

PS, contrary to the above, shows an anamolous beheviour.

In the following series, the oxidative resistance increase from left

to right.



10

CH
‘]’Hs 3
-CHz-CH <-Cﬁ2-CH2- <CH2-? or-CHz-CH-
-~
CH,§ 1

It has been proposed that the stability of PS arises partly from the
shielding effects of the phenyl groups‘a, and perhaps, partly from loss
in resonance energy caused by unfavourable orientation of crowded phenyl
groups attached to the main chainﬁg. Oxidative stability of polymers

have been shown to decrease abruptly with an increase in the numbers

of methylene groups separsting the phenyl groups from the main chain,

The polymer hydroperoxides can decompose homolytically due to
thermal energy, UV irradiation and catalys¥s such as transition metal

ions.
ROOH: — RO* + OH* (1)

Bateman and Hugh;azo found that in the cese of oxidation of polyolefins,
the decomposition of hydroperoxides, initially a first order process (1)
but as oxidation progresses, the bimolsculer reaction (2) assumes greater

importance.

2 ROOH —b RO + ROO + H,0 (2)

1.3.b. PROPAGATICN

The alkoxy radicals formed after the decomposition of hydro-

peroxides can foru21:

(a) hydroxyl groups in polymers by the abstrsction of H
from other molecules

(b) aldehyde groups by B - seission

(¢) ketonic C = O groups, the formation of which could be

explained by 4 different mechanisams,
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(a) RO° 4+ RH ——» ROH + R’

R 0° =R Pscission R 0 R
(b) / / / I V] 0k
-CH -CH -CH-CHy - —— -CH-C + °CH - CH, -
N\
H
gy Fafee 2
|
(e)(i) ~CH - C/= CH = CH, = + “OH — [CH = C - CH - CHy +HQ
R. 0B
| 1 |
- CH - C - CH - CH, -
X008 R O0°.R
| / | 9
(1) -CH-CH-CH-CHQ-——- - CH - C - CH - CH, -
+ +
R 0 R rlz |°H IR
|
-EH-CH_cﬁ-CHz- - CH - CH - CH - CH,

] ] i ]
| |
(1i1) -cnz-c-CHz-ca--——.-Cﬂz-h: + .CH, = CH
|
0* 0
R :3 R
| |
(iv) -cazT-cnz-T-cnz-cn-
0. H
- R R R
l | ‘
«0H - CH, -C-CH, -C -CH, —CH -
0. - #H,0
R R

-CH, - C +CH2-C-CH2-CH—-
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1.3.c. IERMINATION

The termination of the chains is due to the reactions of free

radicals with each othery in which inactive products are formed.

RO0* + ROO" ) (3)
ROO* + BR° ) inective products (&)
R’ + R ) (5)

When oxygen pressure is high, the termination reaction is almost
exclusively that of (3). Secondary effects of cross-linking and chain
scission occurs in the oxidation process; scission mey turn a solid
polymer into a thin liquid; cross-linking mey create & brittle net-

work., Both these effects may occur in the same polymer,

1.4, MECHANISM OF OXIDATIVE DEGRADATION OF FBD

Polybutadiene used to manufacture ABS contain three different types
of structural units of unsaturation, namely CIS 1,4, trens 1,4 and 1,2
vinyl, usually in a retio of 4.5:4.5:1. These olefinic unsaturetion
decreases the bond disociation energies of allylic C-H bonds, facilit-

ating the formation of macroradicals and also stabilise it by resonance.

E\‘ //E
H H B c -
I / \ i
C = C C = C
/i o o
C C o
P /\H e\
H H q H H
Cis 14 unit trans 1.4 unit
- CH2 - ?H -
CH
Cu
2
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The oxidative degradation of PBD has been the subject of
investigation by three independent groups22’ 34 25, with the
identification of several intermediates in the sutoxidation chein, but
arriving at different conclusions. Work to date has shown that the two
causes of polymer degradation (thermal and photo) leads to similar
products and the mechanism may w2ll be the same. The volatile products,
12 in number and identical were formed in each case on oxidation of poly-

butadiene, differing only in their relative concentration522 Table III,

TABLE IIT

VEC Analysis of Volatile Products Of PBD on Degradation

Ke temtiom
oS
Methene 6 2 70
Bthane or Ethylene 20 6 110
Propane - - .0
Allene - 3 195
Isotontane 100 15 322
2 Mepropene - - 3,
Butens or 13 Butadiene
- 31 b 520
- 105 8 741
- (Water) 4 - 1300
Hexanl 8 - 2 1713

Crotonaldehyde - - 2120
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Beavan and Phillip822 observed the following chenges in the
IR spectrum on thermal oxidation of PBD films.

(1) Formation of carbonyl absorbtion -at 1685 ecm™
(¢-R unsaturated ketones), 1699 cn™ (- B
unsaturated aldehyde), 1704 cm~ (COCH), 1720 cm™
(saturated ketone), 1731 cn™ (saturated aldehyde),

1739 cm™ (ester group).

(i) Formation of an absorbtion band at 2720 cm dus to the
C-H stretching of an aldehyde.

(1i1) Formation of a band at 3450 cm™ due to CH stretching
of alcohol.

The decrease in the relative concentration of o(-/B unsat-
ureted Cs0 during pholoxidation as opposed to thermal oxidation confirmed
by IR and phospho. emission spectra, led to their conclusion thet
these unsaturated carbonyl are responsible for observed final products, and
proper photostabilization can only be achiseved by quenching the excited
states of these species.

According to Scott 25 1,2 vinyl bonds are initially consumed faster
than cis or trens unsaturated units during PBD photoxidation. Meyer et
3126’ observed a lerge decresse in thermal oxidative degradation (by 02
absorbtion) with the first 207 saturation of PBD by the addition of
methylmerceptan and attributed this to faster saturation of vinyl double
bonds in the system; thereby increasing the bond dissocistion energy of
the tertiary C-H bond. Fig. §. Scott also observed the formation of

hydroperoxides prior to the development of carbonyls or hydroxyls during

photodegration and concludes hydroperoxides snd not carbonyl are responsible
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for oxidative degradation of-FPBD.

- CH, - CH - + CH_SH —_— -CH, - CH -
2 ‘ b
CH
I
CH

2 e 3

Shelton et a1°7 studied thermal oxidation of cis PBD at 25°C and
60°C by Fourier trensform infra red spectroscopy (FTIR)., Cis PBD was
selected because it has been the subject of a complete normsl co-ordinate
analysis, They obs;rvsd loss of o<- methylinic protons and a2 development
of C-0 grouping befors the appearance of C=0, or OH absorbtion bands at
25°C, but at higher temperatures, there was no time lag. Furthermore,
they did not observe the formation of a band at 1685 cm™' due to
unsaturated ketones; but observed the development of bands at 17C0 cmfd
and 1725 on” corresponding to c(-yﬂ..unsaturatod aldehyde and saturated
carbonyl, Scheme 1.

The formation of carbonyl during degredation of 1,2-vinyl unit
inveriably involves chain scisasion, and hence a2 reduction in molsculsar
weight andits dispersion,if the main chain is involved. The formation of
ethylene as a degrodation product can be explained by the following

reaction pathway. Scheme 2,
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Scheme 1. Mechanism of Oxidation of Cis and trans 14 Units of PBD.

Stages similar

-GH2-CH=CH-CH2 P -CH2-CH=GH-CH_
to 12 vinyl case |
0,
-CH2—CH=CH-(I;H-GH2-
0.
Loss of H. \ﬁvdrogon abstraction
~CH, -=CH=CH-C =CH, - * Sy = U5 L =i
2 1 2 [
0 OH
-4 A
1685 cm ﬁ 3450 cm
Laciasion
Aol hp
H
’
—CH2HCH:CH-C\\ -l-CHZ—
0
-1
-CHa-CH-CI'Iz-?-Cz- 1699 cm
-1
1720 cm /H
- CH = CH = CH2 -C
N
Norrish I -
173 cm"1

- CH = CH - CI{2+CO+ CHZ_

- CH = CH - 'CH2 + HCHO
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Scheme 2, Mechanism of oxidation of I,2 vinyl units of PBED.

0
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. . I
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I
CH CH Be
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}
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|
CH
il
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!0.
- CHZ - (13 - GH2 + OH 520 ?H
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CH CH
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TABLE II

Whole ABS resis

dispersion (in acetone)

Centrifugation (0° - 5°1 4OM .50 Mg 30 mins)

Inscluble graft phase soluble SAN copolymer

ppt in heptans
Ozonolysis, performic

oxidation
DRY SAN
liquid liquid extraction l
l/l\ IR, N2 analysis
anic layer
organic lay Aqueous layer X, ¥ M / ¥ ete
(cH c1,) [
3
Org. acids

Graft SAN Esterifization

copolymer

IR, H2 analysis G L C analysis

M, M LS / M ete
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OBJECTIVES OF THE PRESENT WORK

ABS polymers are becoming increasingly useful in applications
where high impact strength and toughness of the material is an sssential
requirement, However, it will become clear that the presence of PBD
in these resins adversely effect their ultra violet light stability
and hence the servicable outdoor life time, The majority of articles
made from diene rubbers such as PBD and its copolymers SBR, NBR are
available as black compounds, containing sufficient carbon black to cut
off the harmful effects of solar radiation. Such a protection in ABS
is limited to a smeller percentage of the articles made, From the volume
of patents published claiming the efficiency of various types of
stabilizers and their synergistic combinations, on the light stability
of ABS, the magnitude of the problem of proper stabilization of this

material could be judged.

The primary objective of the present investigation was to find
a suitable stabilizer or a2 combination of stabilizers to give a better
protection than thet used commercially at the moment. A proper understand-
ing of the mechsnism of oxidative degredation (both thermal and photo)

was found to be essential for this purpose.

To prevent the loss of these stabilizers by volatilization,
leaching and for better dispersion,attempts will be made to chemically

bind these with suitable functional groups to polymer backbone.
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CHAFTER TWO - EXFERIMENTAL

2.1, MATERIALS
The following samples were supplisd by Borg Warner Corporation,
Holland,

- JUnstabili sodl Lol

Y
ABS
\Pactory stabilizea latex

(33% W/V solids)
Polybutadienes latex Unstabilized.
\ABS; resin contains
5u% W/W Styrens
30% W/W Acrylonitrile
1 9% W/W Butadisne

Treces of residual monomer, Emulsifier.

The following compounds were donated by ICI Limited.

2,6-ditert-butyl-4-methylphenol 'Toponol OC'

2,6=-ditert-butyl phenol,

The following compounds were donated by Ciha-Geigy and

Cyenamid Corporation,

Irganox 1076

Cyasorb UV531

2, 4~dihydroxy benzophenone, thioglycollic acid and thio

propiotic ecid were obtained from Aldrich Chemicels Limited.
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2.2, SAMPLE PREPARATION

The sample films for analysis (Infra red, oxygen absorbtion
studies, oven ageing,falling dart, impsct testing etc.) were made by
compression moulding 0.5g of processed ABS (in a torque rheometer, sse
below) between two polished steel plates at 190°C for 3 minutes (1%
minutes pre-heating time)., Films of thickness 1/'12 m.m, were obtained

by this method.

2.3. TORQUE RHEOMETER

A charge of 33g of powdered polymer was used in the chamber
exposed to air (ram withdrawn) of the variable torgue rheometer 21
The samples were processed in & closed chamber (ram down) for 3 minutes
at 190°C, at high shear rate (72 rpm). The hot melt was chilled rapidly
in water on removal from the chamber to ayoid uncontrolled thermal oxid-

ation.

2.4,  MBEASUREMENT OF CARBONYL, HYDROXYL AND 14 TRANS POLYBUTADIENE

ABSORBANCE BY INFRA RED SPECTROSCOPY,

Studies were made by using Perkin Elmer Model 457 IR Spectrometer.
For quantitative anslysis log chart paper Perkin Elmer Part No. 5100 -
4366 was used. Selected pesks wers recorded on continuous chert paper
and the pesk 2220 om™ corresponding to C=N was used as the reference.
The indicies were defined as the ratio of the absorbance of growing or

decaying peak to that of the reference.
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2.5. IMPACT STUDIES

The impact strength of the ABS films were compered using & small
falling weight impact tasterza’. This consisted of a metallic tube (A)
fixed to 2 square steel block (B) which was clamped to another square
steel block (C) by means of two pins (D and E). The sample was inserted
between B and C and a dart like weight was released onto it, by with-

drawing the retaining pin (F), Figure 3.

The energy to break the samples was measured at intervals of
time during ageing. Semples of only 2.4-2.5 em2 were used for a single
test. Twenty specimens were tested for every exposure time and the

average was pressented in the results,

2.6, OXYGEN ABSORBTION STUDIES

The change in volume of oxygen, absorbed by ABS samples during
thermal oxidative egeing at tOODC, and hence the pressure was recorded
on & chart via a pressure transducer maintained at 2.0 volts (Pye ether
type UP 3TC). Two identical sets of tubes were connected to either
ends of the transducer and were immersed in a silicone bath maintained
at 100°C. The atmosphere of the cavity (116 cm™) containing the
sample was purged with oxygen. The system was allowed to come to
equilibrium end closed to the atmosphere. Calibration of the chart
recorder was done by extracting known volumes of gas at the temperature
of operation, from the sample vessel and reading the corresponding

value on the recorder.



JFigure 9. Falling dart impact
_28
tester

iy
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2.7. UV _CABINET

Indoor weathering of ABS films were conducted in & UV cabinet,
The equipment supplied by Ciba-Geigy Limited, consisted of & cylind-
rical metal cabinet with thirty 20 watt lamps mounted arcund the
periphery. The lamps were alternating equal numbers of fluorescent
sunlemps and black-lamps, the spectral charscteristics approximately
that of sunlight, In order to maintaig & constant spectral intensity
the lamps were changed in strict rotation, one lamp being replaced
every three days. The semples wers placed vertically facing the lamps

on & rotating sample holder,

2.8. QVEN AGEING

Films of ABS were mounted on cardboerd fremes (fremes made to
fit in the IR holder) and suspended in the cavities of a Wallace Oven,
sbout 10 inches from the top. These were aged in air at 100°C flowing
8t % cu.ft. per hour., The oxidative degradation was measured by infra

red spectroscopy (refer 2-i).

2.9. EXTRACTION OF ABS

Hexane was employed to extract ABS in the form of powder, as well
as films, Whatman peper thimbles were used to place the powder in the

soxlet. Extraction wes usually carried out for at least 48 hours,



24

allowing 7 - 8 minute intervals for each filling of the soxlet with

condensed hexsne,

2.10. CHEMICAL DETERMINATION OF HYDROPEROXIDES

The polymer hydroperoxides of ABS were determined quentitatively
29, 25.

by iodometry Approximetely (1g) of ABS was measured accurately
and dissolved in chloroform under Nz. (Best resulta were obtained
when left overnight under Nz). 40 ml of freshly distilled isopropyl
alcohol, 2 ml of glacial acetic acid and 10 ml of isopropyl alcohol
saturated with sodium iodide, were added and the sclution wes megnet-
icelly stirred for about an hour, in a dark place under nitrogen. The

solution was titrated with 2 standardised solution of 0.01N sodium

thiosulfate to the disappearance of yellow colcur of liberated iodinse.

21 T T I, + 2
ROOH . o ZH'T o 28"  —iep H,0 + ROH
- +
ROOH + 2I PR G I, + H,0 + ROH
therefore
ez = -[1,] = [wooH]
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2,11, QUANTITATIVE DETERMINATION OF 2-HYDROXY BENZOPHENONE DERIVATIVES

2-Hydroxy benzophenone derivatives in chloroform solution show an
abaogption mexina in the region of 300 - 350 mm. The intensity of
absorbtion was made use in the estimation of these derivetives, Hexane
extracts of ABS were evaporeted and the residue was dissolved in
benzene, and any residual polymer was removed by adding absolute
alcohol. The solution was filtered and the filtrate was used to obtain
a UV spectrum using benzene/absolute 2lcohol as the blank., The concent-

ration of the stabilizer was read off using a calibration curvs.

2,12, CHEMICAL DETERMINATION OF HINDERED PHENOL ANTIXOIDANTS

Metcalf and Tomlinson's method of colorimetric determination of
phenolic antioxidants was used in these estimstions 3Q This procedure
involves oxidation of antioxidants (A) under controlled conditions

with ferric ions, followed by the reaction

A reduced + Fe+5 A oxidised + Fe+2

of Fe+2 ions produced, with 22' dipyridyl to form a coloured complex
the intensity of which is proportionsl to the concentration of the

antioxidant.
2.12a REAGENTS

Hexane Analar

Toluens Anslar redistilled
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Ethanol Absolute
22' bipyridyl (0.5 solution in absolute ethanol)

Feclj 0.2% solution of Fecl .6H20 in absolute alcohol

3

(stored in the dark in an amber glass vessel),

2.12,b. FROCEDURE

10g of ABS (conteaining approximately 1 phr of antioxidant)
was thoroughly extrscted with 150 ml of analer bexane. The extract
was rotary evaporeted and the residue was dissolved in 25 ml of analar
toluene, 25 = 30 ml of absclute ethanol was added to precipitate any
residual polymer etec. The solution was filtered and the filtrate

made up to 100 ml with absolute ethanol.

Two dry 10 ml volumetric flasks painted with several layers of
black paint were immersed and clemped in a thermostatted (25 % 0.5°C)
water bath., 10 ml of the filtrate was pippetted to one, and 10 ml of
25/75 (V/V) toluene/EtoH solution to the other. 0.5 ml of dipyridyl
solution and 1,0 ml of Feclj/ktoﬁ solution wers added to the two flasks
and were allowed to stand at 25°C for sbout an hour. The optical
density of the solution was measured against the blank using spectro=-
photometer cells, using wave length 520 mf».

2.12.,c, CALIBRATION
Weighed out accurately 0.03g of the hindered phenol into a

100 ml volumetric flask., The solution was made up to 100 ml by adding
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25/75 (V/V) toluens/Et@H., Varying amounts of this solution was then
diluted to %00 ml with toluene/ZtéH (25/75) solution and the optical
densities for the corresponding antioxidant concentration were deter-
mined, A calibration curve was plotted opticel density vs the
corresponding weight of the hindered phenol.

2.135., COAGULATION AND DRYING COF ABS

Coagulant was made by adding 1.5 parts of conec H2502+,for every
100 parts of ABS, to 500 ml of distilled water. Steam was injected
and the tempersture of the solution was raised to 65°C., ABS latex
was added slowly with stirring to give crumbs of cosgulum, The solution
was cooled by adding water and filtered, The crumb was dried in the
laboratory in a vacuum oven at 55°C for a constant weight, Factory
mede samples were dried by fludised bed drying at 60°C for about 30

minutes,

2.13.1. PREPARATION OF ‘ABS RESIN

ABS latex was prepared using the formulation and the method
described in the US Patent 3,238, 275°'* The amount of PBD latex,

styrene and acrylonitrile used in the preparation of ‘ABS’

is mentioned below. (In parts by weight),

Styrene 54.0
Acrylonitrile 30.0

Polybutadiens/in latex 15.7
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2.4, SYNTEESIS AND CHARACTERISATION OF VINYL SUBSTITUTED COMPOUNDS

The following compounds were synthesised to determine their

potential as bonded stabilize in ABS,

OH OH
tBu@tBu tBu@tBu

OCOCH=cH, CH,0COCH=CH,
3,5 di-tert-butyl 4 hydroxy . 3,5 di-tert-butyl 4 hydroxy
phenylacrylate.(DBPA) benzylacrylate.(DEBA)

OH OH
coDoxcic,  (GrooL) oo

P OCCH=CH, Co OCH,CH=CH,
4-benzoyl 3 hydroxy phenyl- 4-benzoyl 3 hydroxy phenyl
acrylate.(BHBA) allylether (BHAA)

2414,a. SYNTIESIS OF 3,5-DITERTIARY~BUTYL-4-PHENYLACRYLATE

The following reaction scheme was used;32
OH OH 0
CH CHO 0

3
OH OH

*@',____

OCOCH=CH2 OH
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2.,14a8,1, PREPARATION OF 26 DITERTIARY BUTYL BENZO-QUINONE.33

128g (0.8M) of bromine was added dropwise to a stirred
solution of 44.6g (0.2¥) of 26 ditertiery butyl-k methyl pehnol
(TOPONOL 0OC., ICI Limited) in 600 ml of tertiary butyl alcohol at 25°C,
The tempersture rose, and after the addition of bromine stirring was
continued for a further hour, The mixture was cooled and the yellow
crystalline product filtered off, This was washed with 107 sodium
thiosulfate solution, then with distilled water and dried in a vacuum
desiccator. The product was an off white crystalline sclid, melting
at 189°C. The yield was 42g (90%) of 3,5 ditertiary butyl 4 hydroxy

benzaldehyde. The aldehyde was charscterised by IR, and NMR spectro-

”opy L]

IR data,
Phenolic CH 3640 om™'
Carbonyl 1670 om™!

NR ( c012+)
Aldehydic proton 0.2T7 (singlet)
Aromatic proton 2.3T (singlet)
Phenolic proton 4.3T (singlet)

Tertiary butyl protons  8.6T (singlet).
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The aldehyde (30g) was dissolved in 5% caustic sodas solution
(640 ml) and 91 ml of &% H,0, solution edded dropwise over one hour.
The temperaturs was maintained at 50 - 60°C, and throughout the addition
air was bubbled through the mixture. A deep yellow crystalline solid
was precipitated., This was filtered, dried and recrystallised from

methanol as yellow-orangs prisms (10.5g) melting at 65.5°C.

IR data
C-H Aromatic 3010 cm™'
C-H Aliphatic 2900 o™
Carbonyl 1660 cm™

NMR (cc:.h)
Arometic protons 3.5T (singlet)

Tertiaryl butyl protons 8.6T (singlet)

2.14.,82, PREPARATION OF 2,6 DITERTIARY BUTYL 4 HYDROXY PHENOLBE'

2,6 ditertiary butyl benzoquinone was dissolved in propanol
and concHel acid to give & yellow solution., Zn-dust was added, when the
effervescence ceased sodium bicarbonate solution (40% W/¥) was added to
decompose the excess acids and the solids filtersd off. Tho iso-propancl
solution was rotary evaporasted to yield a white solid. This was re-
crystallised from pet ether and a white crystalline solid was obtained

melting at +00°C.
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IR Data.
Free phenolic OH 364o cm™
hydrogen bonded OH 3500 = 3100 cm™"
NMR (001&_)
Aromatic proton . 3.3 t (singlet)
Phenolic proton 5.4 T (singlet)
Tertiary butyl proton 8.6 T (singlet)

2.14,.2,3. PREPARATION OF 3,5-DITERTIARYBUTYL-)-EYDROXY PHENYL &CRYLATEBA'

22.2g (0.1M) of 2,6 ditertiary butyl 4 hydroxy phenol and 20,2g
(0.2¥) of triethyl emine were dissolved in 150 ml of tetrahydrofuran,
under nitrogen, and stirred with cooling in ice until a clear solution
was obtained. 9.1g (0.1M) of acryloyl chloride (Aldrich Chemicals) was
added over a period of ten minutes and stirring continued for one hour.
The triethyl amine hydrochloride was filtered off and the filtrate poured
into an excess of water to give an o0il. This o0il slowly solidified on
standing to an orangs solid. This was recrystallised, from ethanol, to

a white solid melting at 102-103°C.

IR Data
Phenolic OH 3640 cm™!
Ester carbonyl - 1730 cn-1

Vinyl double bond 1650 cm™
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NMR (GDC].B)
Aromatic proton 3.2 T (singlet)
Vinyl protons 34=4.2T (multipLet)
Phenolic protons 5.0 T (singlet)

Tertiary butyl protons 8.6 7 (singlet)

2.14.b. SYNTHESIS OF 3,5 DITERTIARY BUTYL 4 HYDROXY BENZYL ACRYLATE

This was prepared according to the following scheme,

53

CH2 OH CH20COC H= CH2

2.14.b.1. PREPARATION OF 3,5, DITSRTTARY BUTYL J HYDROXY BENZYL ALCOHOLS?

The 2,6 ditertiary butyl phenol was obtained from ICI Limited and

used without further purification.

53.5 parts by volume of a 75% solution of formaldehyde in

tertiary butyl alcohol 50 parts of a 500g/litre solution of 2,6 ditertiary

butyl alcohol and 14 parts of a 50g/litre solution of potassium tertiary
butoxide in the same solvent were mixed at 20°C and stirred under NZ’

for thirty minutes. The mixture was then poured into ice water and two
layers formed the upper organic leyer solidifying. The solids were

wagshed with water stirred with hexane filtered and air dried. A
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crystalline white solid of 3,5 ditertiary butyl 4 hydroxy benzyl-

alcohol was obtained melting at 13700.

IR Data
Free phenolic OH 3600 cm™
H-bonded OH 3500 - 3300 ca™'
NMR (cc1h)
Arometic protons 2.97 (singlet)
Phenolic proton L.97 (singlet)
Methylene protons 5.57 (singlet)

Tertiary butyl protons 8.6T (singlat)

2,14.b2, REACTION OF 3,5 DITERTIARY BUTYL L HYDROXY BENZYL ALCOHOL
WITH ACRYLIC ACID.®

A mixture of 47.2g (0.2M) of 35 ditertiary butyl 4 hydroxy,
benzyl alcohol and 130 ml of acrylic acid was warmed gently until
& clear solution was obtained. A further 10 ml of acrylic acid contain-
ing one drop of concentrated H2th acid was added and the solution
allowed to remain at room temperature for six hours. The solution was

washed with water and the organic layer was extracted with ether. The

ether layer was washed with aqueous sodium bicarbonate to remove sxcess

acrylic acid., The ether phase was dried over anhydrous Hg‘SOj+ filtered

and evaporated. The residue was recrystallised from pgt ether to give
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3,5 ditertiary butyl 4 hydroxy benzyl acrylste melting at 68° - 69°C

in 90% yield.

IR Data
Free phenolic OH 3640 o™
Ester carbonyl 1820 cm-1
Vinyl double bend 1640 on™"

NMR Data
Aromatic pretons 2.97 (singlet)
Vinylic protons 3.6 = 4.5T (multiplet)
Phenolic proton 4.87 (singlet)
Methylene protons 5.07 (singlet)
Tertiary butyl protons 8.6T (singlet)

2.14.c. PREPARATION OF 4 BENZOYL-3-HYDROXYPHENYL ACRYLATE -°

OH OH
@co@m Sl SR @c0©0¢ow=wz
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The 2,4 dihydroxy benzophenone was used as received from
Aldrich Chemicals without further purification.

21 .4 parts of 2,4 dihydroxy benzophenone were dissolved in a
mixture of 4 parts of NaOH and 65 parts of methanol. The solvent was
removed by rotary evaporation, and monosodium compound was dried and
suspended in 125 parts of absolute benzene. Acryloyl chloride (9
parts) was added dropwise with stirring end cooling, and the
mixture stirred for a further hour. The sodium chloride was removed
and the benzene distilled off under vacuum., The ester was recrystal-
lised from equeous ethanol to give a pale yellow solid melting at

80°C in 70% yield.

IR Data,
Phenolic OH 3400 cm™!
Ketone carbonyl 1640 om™
Ester carbonyl 1750 cm

NMR Data
5 Aromatic protons 2.3 - 2,6T (mltiplet)
3 Aromatic protons 3.2 = 3,7 (multiplet)
Phenolic proton -2,2T (singlet)

Vinyl protons 3.1 - 4.0T (singlet)
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2,15 SYNTHESIS AND CHARACTERISATION OF MERCAPTO COMPOUNDS

The following compounds were synthesised to determine their

potential as adducts in ABS,

(I)H OH
o~
0y
CHZSH CF5OCOCHQSH
3,5 di-tert. butyl 4 hydroxy 3,5 di-tert. butyl 4 hydroxy
benzylmercaptan (BHBM) benzylthioglycollate (BHBT)
OH

HO@ Cst CHZQ OH

CH.OCOCH
2 ZCHZSH Bis(3,5 di-tert. butyl 4 hydroxy

3,5 di-tert. butyl 4 hydroxy benzyl)monosulphide (TBMP)
benzylthiopropionate (BHBP)

OH
@ Co —@ OCH,CH,0COCHSH

OH
4 benzoyl 3 hydroxyphenyl
o-ethyl thioglycollate @—CO —@O HZOCOCH H-SH
ol o2 e

4 benzoyl 3 hydroxyphenyl
o-ethyl thiopropionate (EBHPP)
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2.15.a. SYNTHESIS 35 DITERTIARYBUTYL 4 HYDROXY BENZYL MERCAPTAN

The following two step scheme was adopted 38.

5% %

CJ-IZCI CHZSH

2.15.a.1. PREPARATION 3.5DITERTIARYBUTYL L HYDROXY BENZYLOHLORIDE

The 26 ditertiary butyl phenol was used as received from ICI

L mited without any further purification.

205 g of 26 ditarti;ry butyl phenol was placed in & 3 necked flask
with & sintered gas inlet, stirrer. 105 g of psraformeldehyde and 500 ml
of concentrated hydrochloric acid were added and stirred. Hel gas was
passed into the mixture taking care that minimum would eacape. Stirring
was continued for 7 hours and the reaction mixture was sllowed to stand
for a further 15 hours., Hel gas was again passed into the solution
for a further 2 hours with stirring. The mixture separates into two
layers, the bottom aqueous layer was discardsd, The organic layer was
exiracted with ether and washed neutral with sodium bicarbonate solution

followed by distilled water. The extrsct was dried with anhydrous NgSOA

ether distilled off by rotary evaporation. The 35 ditertiarybutyl 4

hydroxy benzyl chloride was collected by vacuum distillation at 140t as

& red liquid,
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(It was observed that catalytic emount of ferric chloride

0.5g increase the yield of the bengylchloride).

IR Data,
Phenolic OH 3640 cm

NMR Data,
Arometic protons 3.0T (singlst)
Methylenic protons 6.2T (singlet)
Tertiery butyl protons 8.7T (singlet)
Phenolic protons - 24T (singlet)

2,15.a.2, PREPARATION OF 3,5 DITERTIARY BUTYL J HYDROXY BENZYLMERCAPTAN

5.8g of Mg(OH)2 was added to 125 ml of dimethylformamide solution.
Hydrogen sulfide gas was passed through this mixture for sbout half an

hour. The mixture turns green during this process. A solution of 29.0 g
of 3,5 ditertbutyl 4 hydroxy benzylchloridein 50.0 ml of hexsne was

added dropwise to this mixture while stirring. The addition was control-

led in such a way not to allow the resaction mixture to turm bright

yellow. (To prevent the formetion of sulfides). The reaction mixture
was allowed to stand for a further hslf hour with stirring and was added
to an ice-water mixture. The mercaptan was extracted with ether dried
with anhydrcus sodium sulfate. The ether was rotary eveporated and the
mercaptan was obtained by vacuum distillation at 128 - 131°C (0.5 mm

of Hg' 3,5 ditert.butyl 4 hydroxy benzylmercaptan was cobtained as a
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liquid solidifying at 27°C to a white solid.

IR Data
Phenolic OH 3640 on"

NUR Data
Aromatic protons 3.0T  (singlet)
Methylenic protons 6.0  (singlet)
Thiol proton 72T (singlet)

2.15.b. SYNTHESIS OF 3,5 DITERTTIARY BUTYL L HYDROXY BENZYL THIOQ ACID
ESTERS,

The following reaction scheme was used in the preparation of the
two thio acid esters 35 ditertiary butyl 4 hydroxy benzyl thio glycollate

and thio propionate.

OH OH OH
e ™ R
CHOH CH20CO(CH2)nCHZSH

n=12

)
The 35 ditertiary butyl 4 hydroxy benzyl alcohol was preparsd

using the procedure described under 1L4.b.1.

23.6 g of 35 ditertiarybutyl 4 hydroxy benzyl alcohol was dis-
solved in 200 ml of toluene, 3 drops of concentrsted sulfuric acid and
0.15M of thio acid added to this solution. A Deen and Stark apparatus
was placed between the flask and the condensor to collect the water

formed in the reaction. The solution was refluxed and theoritical
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was collected in 5 - 6 hours. The solution wes washed with

bicarbonate solution, followed by distilled weter, and then

sodium

dried

with MgS0 . The ester crystallises out from tolulene solution on stand-

y

ing. Purther recrystallisation was carried out from benzene,

Thioglycollate ester pale yellow ¥Pt 98° - 99°%
Thio propionate ester white MPt 80°- 81° ¢
Spectroscopic data for 35 ditertiary butyl 4 hydroxy benzyl
thio glycollate,
IR Data
Phenolic  OH 3640 cm™
Ester carbonyl 1725 om™'
Thio group S-H 2550(':(!:!1"'1
NMR Data
Aromatic protons 2.97 (singlet)
Thiol proton T.27
Tertiary butyl protons 8.67 (singlet)
-0-CH,- protons 5.67 (singlet)
-CH,-§ protons 6.0T (maltiplet)

Spectroscopic data for 3,5 ditertiary butyl 4 hydroxy benzyl thio pro-

pionate,
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IR Data
Phenolic OH 3640 cm”
Ester carbonyl 1720 om™
Thiol group S-H 2550 om™

NMR Data
Aromatic protons 2,9T (Singlet)
Thiol protons 7.2T (Triplet)
Tertiary butyl protons 8.,6T (Singlet)
0-CH,- protons 5.6 (Singlet)
-CH,-CH, -8~ protons 6.0-6.27 (Multiplet)

Both compounds were confirmed by Mass-spectrometry and elemental analysis,

2.15.c. SYNTHESIS OF 4 BENZOYL 3 HYDROXY PHENYL O-ETHYL THIOGLYCOLLATE,

The following two-stage process was used in the synthesis of this

compound,

OH

oH oH
ol yon — @m@ocw - @co@ocHchzocou@

2.15.c.1. PREPARATION OF 2 HYDROXY L( A- HYDROXY ETHOXY) BENZOPHENONE-?

21.4 g (0.1¥) of 24 dihydroxybenzophenons &nd 4.0 g (0.1M) of
sodium hydroxyde were dissolved in 125 ml of distilled water 8.1g
(0.1M) of ethylene chlorohydrin were added all at once to the above

solution and the mixture was stirred at 90° - 95°C for 4 hours, and
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allowed to stend overnight at room temperature, The tacky solid
obtained was recrystallised from acetonitrile to give white crystals,
upt 92° - 93°.

IR Data
~

Phenolic hydroxyl 3500 = 3100 cm

and alcoholic hydroxy

Benzophenone carbonyl 1630 ca”'
Aliphstic CH, 2920 e

NMR Data
Aromatic protons 2.3 - 2,5  (Multiplet)
Phenolic proton - 2,2  (8inglet)
Alcoholic hydroxyl proton L.0T
Methylinic protons 6.5 = 6,72 (Multiplet)

The compound was confirmed by mass spectrometry,

2.15.c.2, PREPARATION OF 4 BENZOYL 3 HYDROXY PHENOXY ETHYLTHIO-
GLYCOLLATE,

25.8g (0.1M) of 2 hydroxy 4( A - hydroxy ethoxy) benzophenone
end $0.0g (0.109 M) of thioglycollic ecid were dissolved in 200 ml of
toluene. 0.5 ml of concentration sulfuric acid was added to this
soclution. The flask was fitted with a Dean's stark and a condensor

end the solution was refluxed till the theoritical amount of water was

removed, (5 - 6 hours). The solution wes washed neutral with sodium

bicarbonate solution, distilled water and dried with anhydrous MgSQk.
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Toluene was removed by rotary evaporation to give a red liquid

which gives a yellow solid on standing MPt 53 - 54°C.

The compound was confirmed by mass spectrometry.

3-hydroxyphenoxy ethylthiopropionate using II.EQ

acid.

IR Data

H=Bonded Phenolic

Ester carbonyl

Thiol group SE

NMR Data (CC1

4)

Aromatic proton

Methylenic protons

Phenolic proton

Thiol proton

3 Aromatic protons

The same procedure was adopted to make

IR Data

4-bonded Phenolic OH

Ester carbonyl
Thiol group (SH)

Aromatic carbonyl

O

3400 - 3200 cmm1

I720 n::m-‘|

2550 ol

2,3 - 2.6T
6.2 - 6,51

- 2.21
7421

3.2 = 3,771

4 benzoyl

to thiopropionic

3400 - 3200 cm'1

I720 cm4

2550 crn_‘1

1630 cm—1



NMR Data (0614)
5 Aromatic protons 2.3 - 2,67
3 Aromatic protons B2 =43 7T
Phenolic protons - 2,27
Thiol proton .27

Methylens protons
0C-CE; CH, -8 6.2 = 6,47 (multiple)

0-CH,- CH, -0 6.5 = 6.7C (multiple)

This compound was confirmed by mass spectroscopy.

2,16, PREPARATION OF BIS (3,5 DITERTBUTYL 4 HYDROXY BENZYL)
MONOSULFIDE *©-

19.2g of scdium sulfide (ths) in 15 ml of water, 120 ml of
isopropyl alcchol and 50g of 3,5 ditert butyl 4 hydroxy bensylchloride
were refluxed for 2 hours. The solid obtained was filtered, washed with
water dried and recrystallisedffrom iscoctane solution. The pale yellow

solid after recrystallisation had a melting point of 142 - 143°C.

IR Data
Fhenolic OH 3640 cn™

NMR Data
Aromatic protons 2.97 (singlet)
Tert butyl protons - 8.6T (singlet)

Phenolic proton 4.81 (singlet)



45

Methylenic protons 5.6 T (singlet)

The compound was confirmed by mass spectroscopy.

2.17. SYNTHESIS OF 35, 3,5 TRETRA TERT. BUTYL STILBENE-L A '- QUINONE™ °

26 ditert-butyl 4 methyl phenol (41g, 0.05 M) and benzoyl
peroxide (12.1g) were refluxed in purified chloroform (150 ml) for
140 hours. The bright red solution was then extracted with agueous
NhHClj. Evaporation of dried chloroform solution geve a bright red
gum. By repeated extractions with ether unsoluble 35,3'5 tetra tert
butyl stilbene 44' quinone was purified., This material was recrystal-
lised from glacial acetic acid in orimson needles.
¥pPt 300°C

IR Data

Quinone carbonyl 163 o™

NMR Data (Acetic acid)

Olefim t protons 6 = 7T (multiplet)

2,18a, ALTERNATIVE METHOD FOR THE PREPARATION OF 35 DITERTIARY BUTYL

i HYDROXY BENZYLMERCAPTAN.

The following two-step procedurs was adopted for the preperation

of the thiol derivative mentioned above; using
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3,5 ditert butyl 4 hydroxy toluene instead of 2,6 ditert. butyl phenol

as in 2.15.a,

2,18.a.1., FPREPARATION OF 35 DITERTIARYBUTYL L HYDROXY BENZYLBROMIDE,

The 3,5 ditert butyl 4 hydroxy toluene was used as received from

ICI Limited, without any further purification.

22,0g (0.1M) of 35 ditert butyl 4 hydroxy toluens, 20,0g
(  0.1M) of N-bromosuccinamide and 0.3g of azobis iscbutronitrile
(AZBN) in 20C ml of carbon tetrachloride were refluxed for 3 - 4 hours.
The succinimide floats to the surface after reaction. The solid wes
ro ,oved by filtration and CClL was removed by rotary evaporation. The
3 5 ditertiery butyl L4 hydroxy benzylbromide distils off at 135°C on

vacuum distillation at 0.5 m.m, of Hg pressure.

2.18.a.2, PREPARATION OF 3,5 DITERTTARYBUTYL L4 HYDROXY BENZYLMERCAPTAN
BHBM),

4.0g (0.1M) of NaOH wes dissolved in 125 ml of ethanol.
H28 gas was allowed to pass through the solution till the w ight was
increased by 1.6 gms. 29,9g of 35 ditert. butyl 4 hydroxy benzyl-
bromide in 50 ml of ethanol wes added dropwise over a period of 30
minutes to the above solution, with nigowrons stirring, The mixture
so obtained was filtered to remove sodiumbromide separated during the
reaction., Ethanol was removed by rotary evaporation and 3,5 ditertiary

butyl 4 hydroxy benzylmercaptan was obtained by vacuum-distillation
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of the residue at 128-131°C (0.5 m.m. of Hg pressure). The liquid
obtained solidified to & white solid having a melting point of 27-
28°.

The compound was identified by IR, NMR mass spectroscopy, and

elemental analysis, (Section 15.a., this chapter),

2.19. PREPARATION OF EMULSIONS

Stabilizer smulsions were prepared by the following method
described for Irgamox 1076 in its technical bulletin*?’ but using
stearic acid in place of 10g of antioxidant was melted with 1g of
stearic acid at 70-75°C and slowly added with vigorous stirring to
50 ml of water (70 - 75°) containing stoichiometric amound (0.135g
of 98.8%) of NaOH, Stirring was continued for 1 - 2 minutes and the
resulting emulsion was quickly cooled to room temperature in a cooling
bath. The solution was diluted before use by stirring hot water

to the required amount,
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CHAPTER THREE - MECHANISM OF OXIDATIVE DEGRADATION OF ABS

31

3.3.2, Infre red spectrs of unoxidised ABS

RESULTS

The following ebsorptions in the infra red spectra of ABS were

assigned with the help of data published in three references 43, bh, 45

ABSORBTION BAND cm~

TABLE 4. IR GROUP FREQUENCIES IN ABS

1

1550,

1350,

3060

3015
2920
2850
2220

1870, 1810 (3 peeks)

1637

1600, 1580

1490

1450

1315, 1240, 1210, 1180, 1160
1070, 1030

965

912

760, 700

ASSIGNMENT

C-H stretching of
phenyl group

C-H stretching

CH2

o
CN

Phenyl group monosub-
atituted

Cis 14 C=C polybutadiene

phenyl group

CH2 and phenyl group

CH@ and phenyl group
phenyl group

trans 14 C=C polybutadiene
1,2 vinyl and phenyl group

phenyl group monosubstituted
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3.1.b. Infra red spectra of extracted unoxidised ABS

The extraction of ABS polymer removes carbonyl absorbtion and

two strong peaks at 1120 cm™' and 1170 om™ respectively. The carbon-

y1 removed differs with the emulsifier used in the preparation of ABS,

Fis. 10,
Figure IO.
1800 1700 1600 CM T
| I I
After extraction — _
Na rosinate —_——
Na stearate ————
T400 1200 1000 CHM™T

l

After extraction —

Unextracted ey

]
II70 II20
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3.1.¢. Photoxidation of Unstabilized ABS

Compression moulded unstabilized ABS films were exposed to UV ir-
rediation at ambient temperature and the changes in the concentration
of functional groups wers monitered by IR, Typical IR spectrum of
photoxidised ABS is shown in the Fig,1r, The development of carbonyl
and hydroxyl centred arcund 1720 on™' and 3450 o:n:"‘i and the decay of
trens 14 absorption are shown in Fig, 12: Both functional groups,
carbonyl and hydroxyl show an induction period of 3 and 2 hours respect-
ively. Trens 14 PBD absorbtion showed an initial slow decay leading to
a faster linear depletion after about 3% hours of UV exposure. Oxygen
absorption too, showed an induction period of about 3 hours followed by
rapid sbsorption, similsr to the build-up of carbonyl, Fig. {'_2_ Impact
atrength fell very rapidly in a linear manner after only 3 hours of
exposure to ultra violet radiation, The lowest value was reached in
11 hours, though at this stage, only 12% of the trans double bond had
diseppeared (by infra red) Fig, 13.

The complex band in the carbonyl region is centred around 1720

om . The shoulders are assigned as follows:-

1670 - 1685 on” unsaturated ketone
1690 ca™" unsaturated sldehyde
1705 - 1700 om™' carboxylic acid group
1720 ca™' saturated C=0 group

1735 cm™" Ester C=0 group
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The vinyl absorbtion at 912 ou was not taken into account
in the quantitative analysis by infra red, due to the fact that it
overlaps with an absorbtion of the phenyl group. No chenge in the

nitrile or phenyl absorbtions was observed,

3¢1.d. Thermal oxidative degradation of unstabilized ABS,

Compression moulded unstabilised ABS film was overnaged at 100°C
in air and the changes in the concentration of functional groups were
monitsred by infra red spectroscopy.

The cerbonyl and hydroxyl groups showed an induction period of L
and 5 hours respectively at this temperature. The rapid development
of these, after the induction periocd was quite similar to that
observed on photoxidation. The decay of trans 14 polybutadiene absorbtion
also showed an induction pericd of about 2 hours, The shorter induction
period observed here could be dus to both surfaces being exposed to

ageing during thermal oxidation, as opposed to UV irradiation,
The falling dart impsct date showed & smooth fall, and the lowest
velue wes reached after 17 hours of ageing, when 4LO% of the trans 1,4

absorbtion had disappeared, Fig.14 . No changes in the sbsorbtion bond

of nitrile and phenyl group frequencies were observed during this period

of ageing.



Figure 14 Changes in the functional group indicies (by IR spectroscopy)
and falling dart impact strength of unstabilized ABS films on

oven ageing at 100°C in air
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3.2,  DISCUSSION

3.2.,8, Photoxidation of unstabilized ABS

These studies show that during the first 20 hours of exposure
to UV irradiation of unstabilized ABS films, only the unsaturation due
to D is effected. This is accompanied by & rapid loss of physical
properties such as impact strength of the polymer. Decrease in relative
proportions of acrylonitrile, styrene, and butadiene compcnents were
determined by Priebe and co workara,hT’ as a2 function of depth on out-
door exposure of ABS samples, 3.mm in thickness by infra red spectro-
scopy. Teble 5 and 6, The weathered plaquss after six months showed
complete disappearance of trans %4 and 1,2 vinyl double bonds up to a
depth of 30fbm. At around SOJhm materisl contained only one-third of
the original C=C double bonds. The formation of hydroxyl corresponded
to the disappe;ranca of double bond absorbtions. Fig. 12 Similar ex~
posure of SAN copolymer showed very little change even after eighteen
months of ageing., Table 6 . These results, therefore, show the
suseeptibility of the FBD moiety in ABS to oxidative degradationm,

Similar changes of the PBD component were observed by Scott et.
al.hé in HIPS. This observation eliminates the possibility of any
unforeseen influence of acrylonitrile component on the photodegradation
of ABS., Electronmicroscopy has also been used in these studies.

Weathering has been shown to decrease the contrast of rubber particles
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TABLE 5 COMPOSITION OF ABS SPECIMEN AFTER EXPOSURE
AS A FUNCTION OF DEPTH

DEPTH OF SFECIMEN ACHN St

% rel % rel

Centre around I500 Mn I00 I00
I00 ~m deep Io0 I00
50 Mm deep 92 96
30 um  deep 96 I00
Surface o ot
Heverse side I00 99

TABLE 6 COMPOSITION OF SAN SPECIMEN AFTER EXPOSURE
RESPECTIVELY, AS A FUNCTION OF DEPTH.

DEPTH OF SPECIMEN

Centre ( ~ 2000 }_u'n) 35.4 65.0
30 um deep 35.0 65.0
Surface 333 65.0
Reverse side 34.2 65.5

APTER I8 MONTHS

Centre (~2000 pm ) 35.0 66.0
100 M 33.0 68.0
30 UM 34.0 68.0
Surface 26.0 59.0

Reverse side 34.0 68.5

FOR 6 MONTES,

But E/; OH

% rel
100 I0
94 I8
312 44
0 95
0 I60
5 70
6 & I8 MONTHS

I0

I6
24
42
21



Figure 15 Increase and decrease of OH and butadiene content of
weathered specimen after 6 months respectively as a
function of depth(46)
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to the matrix component, of the surface of the sampls compared to the
centre, This was atributed to the faster loss of doubls bonds at the
surface, which takes up OsOh the staining agent used in preparstion
of samplsaks'
Zelniger and Wolfove®’? found that ABS loses toughness much
faster then &rylonitrile-styrene butylacrylate graft copolymer (4SA),
but in contrest to ASA, ABS does not regain its initial toughness after
the removal of the surface layer. This is said to be due to the PBD
rubber being oxidised to greater depths. Dynamic mechanical properties
of these polymers show a change in Tg of ABS on ageing. Similar chenges
were not observed for ASA, Figs. 14 & 17. Similarly notched impact
strength, bending strengbh indicate the grestersusceptibility of ABS
to oxidative degradation than ASA due to the more vulnerable FPBD moiety.

kS o

The damping peak, of HIPS was found by other workers
decrease in a similar manner. Parallel changes have been rscorded
for carbonyl, and hydroxyl groups by infra red spectroscopy.

Scott and Tahan® ' obsarved(ABS with 30% more polybutadiene

/
degrades faster on exposure to outdoor weathering., The rapid fall

in the impact strength after few hours of exposure is probably due to

photolysis of methylene bonds in the polybutadiene moiety., This has
been shown to be the weakest bond in ABS and polybutadiene, having a
bond energy of 38 Kcals, within reach of incident solar radiation.u3’5o'

4
The following schems 3, for the mechaniam{photoxidation was put forward
f
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SCHEME 3 — MECHANISM OF PHOTOXIDATION OF ABS

CH2 CH = CH CH2 2 CH = CH

%

- CH, - CH = CH - CH, + CH, = CH = CH - CH,
Joz CH, » CH - CH - CE, -

CH2 - CH =CH - C|2H2

00°

abstraction of H
CH2=CH-CH-CH -

2
|
00.
-~ CHch = CH - sz
OCH
hy CH2 = CH - C\H - GH2
J OCH
- CH, - CH = CH - CH, + *OH
0 abstraction
’ \f B? CH2 = CH -« CH = CH2-- + "CH
loss of 0 l
H* - CH2-CH=CH-CH2 . H.0

2
b

- CE,CH = CH - C= 0 ‘{aaof 34,50 om™ CHy » P8 = HiCR -

2 H H. 0 - ]
-
hy
J ~CH,CH = CH - COCH o
CH, = CH. + 'C - CH, -
«CH=aCH-CH, =C =0 Il
HZ o 5 { hy l 0
%720 em™ CH, = CB. e «TH <
180an ~CH.-CH =CH. + CO ¢ 2 e -

2 2 ‘ 0 1720 cm
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with the help of supporting references, to explain the infra red

and impact data observed, on photoxidation of unstabilized ABS films.

3.2.b. Thermal oxidation of unstabilized ABS

The structural units of insaturation in the PBD component of
ABS are similar to pure PBD, namely cis 14, trans 14 and 1,2 vinyl.
The analysis of graft copolymerised ABS has shown, that, this method
of manufacture increases the number of ts;ﬁiary allylic hydrogens in
the system, As a result the formation of carbonyl functional groups
on oxidative degradation increases the possibility of C-C bond rupture
than for pure PBD, effecting the molecular weight and its distribution
much faster and hence the physical properties to which the polymer is
tailor-made., In the sbsence of higher energetic reactions, the chances
of methylane bond rupture in thermal oxidative ageing are lowsr than
for photoxidation. This is manifested in the impact strength data
Fig. IA. The loss in the impact strength is smoother and slower even
though both surfaces are exposed to ageging. Therefore, it is possible
to conclude that formation of allylic peroxides plays a major role in

the mechanism of thermal oxidative degradation of ABS,

Shimada & Kabukihj’ were able to distinguish two parts to the

oxidation reaction involving,
a. the formation of hydroperoxides, followsed by

b, the decomposition of these hydroperoxides
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which induce chain propagation reactions., The formation of hydro-

46
peroxides in HIPS were determined iodometrically by Scott et a1 ’ on
oven ageing., They found that the initial concentration of hydroperoxid-
o8 increased very rapidly in & linear menner displaying no induction
period. With the decay of hydroperoxides, after atteining 2 maximum
concentration, the other functional groups, OH, and carbonyl begins
to develop rapidly, Fig. 18. This development of hydroperoxides in
the initial stages of thermal oxidative degradation in cis FBD was
observed by Shelton and co-workers. The following reection scheme L4,

where initistion takes place with the loss of tertiary allylic hydro-

gen is thersfore proposed to explain the experimental observations.

SCHEME 4 — THE MECHANISM OF THERMAL OXIDATIVE DEGRADATICN OF ABS

SAN SAN
\ Thermal \
-CHE=CH-=C =-CH, - s = CH=sCH-«C «CH, -
I 2 > » 2
H Energy l
SAN

+

Catalysts

SAN %
«-CH=CH-=C = CH2 - H ?AN
/ |
00, = % -CH=C - CH2 -
0
H abatraction
SAN H SAN
N |
CH = CH - F -CH2 S ? -=CH=C" = CH2 -
J 00H 00H l



58

SAN H SAN
\ | |
- CH=CH~-C -CH, - -C-CH=C -CH, -
l 2 | 2
0 0
0 0
H H
Thermal energy Thermal energy
+
+
catalysts eg. metal catalysts eg. metal
: ions ions
SAN H SAN
\ I l
-CH=CH~C «-CH, - -C~-CH=C ~-CH, -
o 1752 r :
|
1
i ‘loas of H,
e saN
~-CH=CH-C=0 ok ot o S B
&1 2
unsaturated + 'CH2—CH=CH— o
K9 tous % - A unsaturated ketone
- without chain break
1670 - 1685 em
Formation of a(-F unsaturated J
ketone with chain breaking Further oxidation
(1) Further oxidation
Further oxidation (2) Termination by crosslinking

(3) Termination by combination of
radicals (eg. alkoxy leading
to an ether)

(4) Termination by combination of
radicals (eg. peroxy)



Figure I8.

Changes in concentration of functional groups in
unstabilised HIPS extruded film (50/{ m) on oven

ageing at 98°C in air.
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Alkoxy radicals derived from allylic methylenic sites and 12 vinyl

units can give rise to the carbonyl prcducts mentioned.

- CH =CH - CH, -

- CH, =CH -« CH = CH - CH— e -CHz-GH2 2

2 2
0.

loss of H

- CH2 - C-CH'_-CHCH{

0
unsaturated -CH., #0=CH-CH=CH - CH2
ketone 2
unsaturated
aldehyde
1690 ca"
H 0
] |
—Cﬂz—?-CHz- —_— -CHz-CI:-CHz-
CH CH
I I
CH
CH2 2
12 vinyl unit
0
Il
- CH, - rf-+ CH, -
CH
I
CH

2
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3«3, EFFECT OF POSSIBLE PRODEGRADANTS IN THE COMMERCIAL FORMULATION
ON THE STABILITY OF UNSTABILIZED ABS.

The most important manufacturing process for ABS employs the
emulsion polymerisation procedure which gives an aqueous dispersion
of colloid sized polymer particles ranging from 1000 to 5000 & in
diameter. Polybutadiene is polymerised first as a seed latex and
monomers acrylonitrils and styrsne are subsequently added to continue
polymerisation with the seed particles., The key process lies in the
grafting of a significant portion of growing SAN random copolymer
groups onto the allylic positions of the elastomeric component,
The grafting betwsen the plastic and the elastomer components lsnds
compatibility to the system, resulting in a favourable state of dis-

persion and also bond the phases together.

The following components in the commercial formulation
described in Chapter 2, sectionI3.I, may potentially act as pro-
oxidants in the oxidative degradation of ABS,

* and F‘e"’3 ions -

(1) ~ Fe
A number of possibilities for the reactions of
transition metal ions, leading to the formation
of free radicals have been described by Rabek51.
The reactions IV and V are of the redox types

and hence, contribute more towards oxidative

degradation of a polymer than the rest.
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(1) H(m+1)++RH———._* e O

(ii) u(m+ L+ | RCH,0H ——  M"* 4 R-CH-OH + H *
Ty By ¢ Y u“*1+n-g=o N T
(iv) ™ & ROOH be? s WS l(m + 1)+ + RO* +OH ~

(v) w® + 1)+ pom —— @ +RO; + 4 *

By direct interaction with oxygen -

{tv) W™ 9, s u(m+ 1+ 03
5' + H' HO:
2 —_— 2
°:'a + RH ST RO®* + OH

(Where R polymer segment)

Furthermore, Kslleharsz’ found that Fe*? and Fe+3 stearates
reduce the induction period for thermal oxidation of un-
stabilized ABS to zero hours at 4140°C from 3.7 hours
observed for calcium stesrate.

(ii) Rosin acids - The disproportionated rosim acids of wood
rosin used in the commercial formulation as the emulsifier

contain 50% dehydroabietic acid (I) among other ecids.”?

CO,H



(iii)
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Low molecular weight polymers of aerylonitrile containing
dehydro abietic acid have been prepared by copolymerisat-
ion in emulsion. This possibility of imcorporation of
rosin acids to the polymer in ABS cannot be excluded
during graft copolymerisation. Hsnce, tertiary benzylic
hydrogens similer to cumene can be introduced this way,
thereby increasing the susceptibility of the polymer to

L]

oxidation

Cumene hydroperoxide :- It has been established, the
decomposition of cumens hydroperoxide by radical mechan-

ism results in photosensitizers such as acetorphenonse,

benzaldehyde.
O0M 0-
+2 -
Fe™ + s S~ + OH
o]) 0
—_— + CH.3

These compounds are known to accelerate photoxidation

2
of cumene 3 containing allylic hydrogen atoms,

0 i OH
: |
R - v
H H
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To exsmine the possibility of such pro-degradants
contributing to the degradation of unstabilized ABS,

ean attempt was made to use & completely inorganic
initiator system, in the presence of sodium stearats or

dodecyl benzene sulfonate sodium salt as the emulsifier,

3.13.a. Formulations excluding the predegredants, KQS208/N328208 system.

Formulations illustrated in Table 7 wers tried out in the laborat-
ory, detailed experimental procedure is similar to that discussed for

Borg-Warner system in Chapter 2 Section I3«

Here the two phases are :-
Styrens

Acrylonitrile
Flowing phase.

)
)
)
N323205-/11 00 al H,0 ;

)

Dodecyl mercaptan

PBD latex

Bmulsifier solution Steady phase.

)
)
)
)

KESZOB

Since N328205 was used in the flowing phase an extra dropping
funnel was fixed to the apparatus. Best results were obtained when the

chain transfer agent (mercaptan) was dissolved in the monomers.
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TABLE 7
ALTERNATIVE FORMULATIONS FOR THE PREPARATION OF ABS IN THE LABCRATORY

I I I v Vi
PBD lLatex 92ml 92 92 92 92
Styrene 103ml 103 103 103 103
Acrylonitrile 6hml 6l 6L bl N
Sodium rosinate (CHP/F9+2) 50ml - - - -
Sodium Stearate - - 1.58 58 5
Dodecyl benzene sulfonate - 3.0g - - =
Sodium salt
323208/50 ml H,0 0.78 0.58 0.5g 1.08 1.0g
Tert. Dodecyl mercaptan 0.5g 0.5g 0.25g 0.5g 0.7g
Na23205/1 00 ml E,0 0.7g 0.58 0O.58 0.75¢ 0.75g
Water 200ml 200 200 200 200
Time in hours 3 3 3 3 3
Temp °C 58 58 58 58 58

Yield of ABS (%) 65 95 95 95 95
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3.13.b. Results and Discussion

The low yield of ABS in the presence of sodium rosinate (~ 657
Table 7 Column I) could be due to the sensitivity of the radicals from
5208/5205 redox system, to benzylic hydrogens of dehydroabietic acids
of emulsifier. Though high yislds were obtained from the formulation in
Table 7, columas II, III, IV ( 95%), the flow propertiss were poor,
probebly due to high molecular weights of ABS obtained, giving thick
films on compression moulding,

This was eliminated by using a higher level of chain transfer
agent (mercaptan) as in Table 7, column V. The flow properties of the
resultant ABS were comparable to commercial ABS, as films of similar
thickness were obtained by compression moulding as described in Chapter
2,, Section 2 .

The infra red spectrum of ABS made by this procedurs showed no
difference, except for the absence of pesks at 3450 cm'1, due to
OH; 1670 ca™' due to ea “-F unsaturated C=0 group, 2nd a broad bend
at 1130 on corresponding to C-0 vibration (probably from C-OH group).
Figs.I19, 20, & 2T,

Quantitative enalysis for hydroperoxides by iodometry indicated
a lower amount (0.5 x 10 molas‘s/g) compared to ABS made in the lab-
oratory by the commercial formulation (2.5 x 10 moles -6/%).. The
absence of OH peak in the infra red appear to relate to the lower level

of hydroperoxide,



Figure 20. IR spectrum of ABS in the carbonyl region.

2090 . 180 1§00 em

Figure 2I., IR spectrum of ABS in I400 - I000 em region.
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The photoxidation of compression moulded ABS films were studied
by IR, following the changes of carbonyl and trans 1,4-PBD, It was
anticipated that ABS made by the 8208/3205 method would show improved
resistance to oxidation due to

a, Low hydroperoxide (polymeric) concentration in the polymer

b. The absence of transition metal ions Fb+2/Fs+3 from the
formulation.,

Ce. The absence of possible photosensitizers such as benzal-
dehyde and acetophenone (dscomposition products of cumene-
hydroperoxide).

The figures 22 eand 23, show very little improvement in the stability

of the ABS towards irrasdiation. This rapid carbonyl build up and trens
t4 PBD decay comparable to commercial ABS was confirmed by oxygen absorb-
tion, at £00°C on thermel oxidation, showing no improvement towards
oxidation of this meterisl at this temperature. Fig, 22. Therefors,

it is possible to conclude that the photo and thermal sensitive sites
such as tertisry allylic hydrogens, in the polymer are so susceptible

to oxidation, that the introduction of external sensitizers have very
little or no effect at all in the initistion as well as in the prop=-

agation reactions of the unstabilized ABS.



Figure 22 Loss of trans-1, 4 double bond (867 cm~1) absorption on oven
ageing of unstabilized ABS films at 100°C and oxygen absorption
at the same temperature
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Figure 23. Development of hydroxyl and carbonyl functional groups

on photo oxidation of unstabilised ABS films.
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CHAPTER 4 -~ OXIDATIVE DEGRADATION OF ABS IN THE PRESENCE OF
STABILIZERS AS ADDITIVES

4.1.a, PREVENTATIVE ANTIOXIDANTS

4.1.,2.,1 . TH8 EFFECTS OF METAL DITHIOCARBAMATES, PHCSPHITES, AND
THIODIPROPICNATES, ON PHOTO-OXIDATIVE DEGRADATION

The following stabilizers, 2ll typical peroxide decomposers,

were incorporsted, by processing in the torque rheometer at 1 W/

concentration,

Nickel dibutyl dithiccarbamate (NiDBTC)
Zinc dibutyl dithiocarbamate (Zn DBTC)
Weston 618 phosphite (618)
Dilauryl thiodipropionate (DLTP)

0 - CH CH, - 0

2 2
i 3 \‘P H
0 - CH2 CH2 -0

Weston 618 phosphite

The development of carbonyl group absorbtion on photo-oxidation
of ABS films is shown in Figure 24. The induction periods and the

embrittlement times are given in the accompanying Table 9,

The increased stability observed for the NiDBTC stabilizer is
accompanied by & green colouration, which is typical of this transition
metal complex. The colour fades slightly during photo-oxidation of

the film but embrittlement sets in, before a significant loss of colour
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has cccurred. The other stabilizers tested did not impart enmy colour
to ABS during processing operations or on subsequent photo-oxidation

of the polymera

STABILIZER CONCENTRATION INDUCTION PERIOD EMBRITTLEMENT

% W/w IN HOURS TIME IN HOURS
None - 2 -3 22
NiDBTC 1 12 Ll
ZnDBTC s ik 6 -7 30
Weston 618 1 10 40
DLTP 1 45=5 25

TABLE 9 - INDUCTION PERIODS AND EMBRITTLEMENT TIMES FOR ABS FILMS
CONTAINING PEROXIDE DECOMPOSERS AS STABILIZERS

L.1.2,2, DISCUSSION

The ABS samples containing the above peroxide decompgsing
stabilizers, after a short induction period, offered very little
resistance towards photo-oxidation. This was probably due to the
destruction of the original stabilizer during the induction period.
The resistance to oxidation after the induction period, thersfore,

probably depend on the antioxidant efficisncy of the products formed
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and in this instance, such products from the stsbilizers are in the

following order of effectiveness in ABS,

NiDBTC > Weston 618> ZnDBTC> DLIP

It has been suggested thet monosulfides (such as DLTP) behave as
entioxidents by conversion initially to sulfoxides (I) 2*. Three distinct
mechenisms for the chemicel reactions involved in the antioxident
behaviours of the derived sulfoxides have been identified by Armstrong,
Plant and Scottss. The first is a radical trapping process involving
the sulfenic acid (II) formed by the breakdown of sulfenyl dipropionate

sster (I) which is an oxidation product of thiodipropionate {1]

ROCH l?-
- e Tt — o —_—_— - — e — o
RDCOCH2 QHQS CH2 CH2 COOR ROCOCH2 CH2 SCH2 CH2 COCR
(1)
0
I
ROCOCHi'CHé'S"Cﬂé-CHE COOR e e ROCO-CH = CH2
+

RO-COCH,- CHy- SOH
(11)

(1)
R'00°

R'00H + ROCO-CHs- cnééo

The second is a radicasl generating resction resulting from a redox
reaction between hydroperoxides and the sulfenic acid. (2)., The sulfenyl

radical (III) formed in both instences is inert and dimerizes readilyss.
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ROCO-CHé-Cﬁi S0OH + ROOH —

- '.
ROCOCH; CH,SO + RO + H,O - “{2)
(I1II)
The third is a Lewis acid catalyst destruction of hydroperoxide by a

further oxidation product of the sulfenic acid, thought to be sulfur-

dioxide.(3) and (4)

1
ROCH
ROCO-CHE CHE SCH

ROCOCH, CH- SCH - (3)

ROCOCH3 CHj 50,8 ———— ROCOCH = CH, + H)S0; - (4)

According to Fumphris snd Scctt57’ 38, for gyclic phosphites of the type
IV and V, known to be catalysts for hydroperoxide decomposition, the
course of the reactions can be divided into two consecutive phases, The

first is the stoichiometric oxidation to phosphate as in monosulfides

discussed above (5),

0 Ol - O
B, c/ \ B, c/ : \P 0R
] POR \ /
G _ 0/ CE,— 0
(Iv) (M)

The phosphate undergoes further reactions with hydro-peroxide to give
8 catalytic species which appears to have the ability to decompose

hydroperoxides contemporaneously in two quite different ways, one



I

ca/ £ ROOH
‘ 2 POR L g
CH /

S

AR 0
CH, X #
POR - (5)

being Lewis acid catalysed process and the other is said to follow a

free radical prooess.58

?Hz/ \\P/’O
b ]
OR R'OCH
VI
0
CH, B _OH
P;OR
CHZ\O / o

0
CH/ L
| 2 P\-OF?
CHa“\o/ OOR'

Lewis Free
/////,acid proces;\\\ radical process

0
s
CH, X L OH

PCOR + éR(
' \
o +OF3 CH2“~H.0// 0
0

/ \ P 40

. TR
e

| o

e
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The formation of a compound of the type VI from VII for effective
catalytic decomposition is seid to depend on the free rotation of
CH2 - CH2 and other bohds in the molecule. If the free rotation of
CH2 - CH2 bond in VII is restricted by substituting a benzene ring as
in catechol phosphites ths catalytic activity is said to be greatly
enhanced.”?

The thermal antioxident and UV stabilizing behaviour of nany
dithiocarbamates complexes is well documented and has been shown to be
due to hydrdporoxide decomposition in a non-radical procesaéo’ 61, 62.
This use of metal complexes of dithiocarbamic acids as UV stabilizers,
depends on their ability to withstand oxidative treatment at high
temperatures during processing operzticns., The zinc and nickel derivat-
ives ars known to be thermally stablsso. The following mechanism for
the non-radical decomposition of NIDBTC, involves the initial attack of

hydroperoxides with the formation of 2 sulfoxide. Further oxidation in

the presence of hydroperoxides followed by hydrolysis, is ssid to give

J"ﬁ\. Lo

én isocyanate, S0,, 303 and nickel sulfate as end productasz’ 63, 6‘*.
M

0 0

s s 5 I
RQN-C/ \Ni/ ) /it RN 4 \N°/ \CNR
ST TR R

+2‘ROH|



73

R R S, TS ROCH [T
Il Il 0
0 0 2
70
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(Ri\! C-—-O)ZNI - SOZ
4501
S

1]
RZN-— C=0H .. 502 * NisO,

ROOH

RN=C=S + FROH + SO
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The oxides of sulfur so formed have been shown to decompose

hydroperoxides to non-radical products.

ROCH + 302, SO3 —_— Non radical products

It has been cbserved by Ranawseras sand Scottss’ that hydroperoxide
decomposition thermally at 60°C proceeded at about the same rate as the
light reaction at 29°C in the presence of NiDBTC leading to identical
decomposition products. They have arrived at the following conclusions

with regard to the UV stabilizing function of NiDBTC.

(1) NiDBTC is &n auto-synergistic antioxidant involving more then
one complementary stabilizing mechanisms,
(2) Mechanisms involved in the case of NiDBTC are
(1) Catalytic destruction of hydroperoxides
(ii) UV screening
(iii) Kinetic chain breeking.
ZnDBTC on the other hend, has been shown by Carlsson and W119366’ to
have (i) reduced activity towards hydroperoxides (i1) no UV screening
2bility end (iii) to heve lower singlet oxygen quenching ability than
NiDBTC. However, recent research into the mechanism of antioxidant
activity of ZnDBTC has shown that thermsl peroxide decomposition of
the two dithiocarbamate derivatives Ni and Zn are equivalentsz The mein
difference between them as UV stabilizers is their UV stability. ZnDBTC
has been shown to decompose and disintegrate on irradiation with UV

light approximately three-times faster than NiDBTC.s?
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4.1.8.3, ULTRA-VIOLET ABSCRBERS AND HINDERED PIPERIDENE DERIVATIVE

These stabilizers were incorporated into ABS by processing in
the torque rheometer at 190°C for three minutes, Films were ocbtained
by compression moulding of processed ABS, between two polished steel

plates at 190°C for three minutes.

0. H
| =
@CQ OCgHy UV 51

OH
N\
‘ i:EN/N Tiniuin P

2

o Dococnggrs (o i 7m

=)

OH
@ c —@ OCHLHOC-0-CHSH  EBHPT
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TABLE 10 - INDUCTION PERIODS AND EMBRITTLEMENT TIMES OF ARS STABILIZED
FILMS CON PHOTO-OXIDATION AT CONCENTRATION 3,06 x 102
MOLE STABILIZER/ 00z POLYMER

ADDITIVE INDUCTION FERIOD EMBRITTLEMENT TIME
(Hours) (Hours)

None 2 -3 22

Uvs531 10 = 11 o Lo

'riniu;ﬁ P 12 40

Tini;h 770 16 37

EBHPT 17 52

No visible colour was detected in the ABS films at the end of
induction period or even up to 25 hours after the smbrittlement time is
reached, The embrittlement time observed for the stazbilizers are in

the follewing order of effectiveness,
EBHPT > Tini!%: P > Tiniqg 770 > uvss

whereas the induction periods are in the order shown below,Figure 25.
EBHPT > Tinida 70 Tinn{ﬁ P> uvssH

L.1.8.4, DISCUSSION

The essential requirements of an effective UV stabilizer are

\
as follows :
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1) It should be reteined in the polymer during its life time
2) It should be extremely photostable
and 3) It must be capable of harmlessly disposing of the absorbed

UV energy.

Durmis et. al.,68 by measuring the loss of derivatives of 2-

hydroxy benzophenone, and 2(2-hydroxy phenyl) benzotriazole from iso-
tatic polypropylens showed & linear dependsnce of the logrithmy of the
rate constant upon molecular weight on increasing the size of the lineer
aliphatic substituent, For example, 2-hydroxy-4-methoxy benzophenonse
was lost 400 times faster at 60°C than 2-hydroxy-4~octyloxy benzophen-
one., The 2-hydroxy-benzophenons derivatives selscted, is. UV 531 and
EBHPT can probably be assumed to be lost from the polymer more or less
at the same rate dus to their long chain aliphatic substituents in the

4 position,

The major mechanism of photostabilization by UV absorbers is
said to be by the dissipation of electronic ensrgy into vibrational
energy through a radiationless route called internal conversion.

This is facilitated by the rapid tautomerisim « in the excited state of
the molscule due to the presence of a strong intreamolecular hydrogen

bond, in 2-hydroxy benzophenones and benzotriazoles., This concept of
light absorption followed by internal conversion cannot alone account
for the activity of UV absorbers. It has been observed that incident

UV light is reduced by only 50%, after renstrating 50 um  of polymer
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containing 0.1/%/W of UV absorber . In addition to the UV screening

ability of UV absorbers Carlsson and W119366’ have shown excited state
quenching of carbonyl groups by these derivatives, HButson and Scottsg’
have also shown that 2-hydroxy-4-octyloxy benzophenons (UV 531 ) acts as
weak radical scavenger to retard oxidetion under processing conditions.,

The enhanced activity of the sulfur derivative of 2-hydroxy-
benzophenone EBHFT over other stabilizers teated could be due to its
additional hydroperoxide decomposing ability, Figure 26, The hydroperox-
ide decomposition of EBHPT and other derivatives will be discussed under
section 4.8, of this Chapter.

The piperidene derivative, Tiniéh 770, showed a longer induction
period than V531 or Tini&@ P but the embrittlement was resched much more
rapidly than in the case of the U,V., absorbers. When the induction time
was subtracted from the embrittlement time for ABS film containing
Tini&p 770, the rate of formation of carbonyl from this point was
compareble to that of unstabilized ABS. This probably indicates des-
truction of the stabilizer by the end of the induction period.

The piperidene derivatives are readily oxidised to the correspond-
ing nitroxides by photolysis in the presence of hydroperoxidasss. No
UV screening ability or gquenching properties have been detected for

70 .

these amines or their nitroxides'”. The nitroxides have besn shown to

react readily with alkyl redicals to give stable productséé.



Figure 26. Decamposition of CHP in the presence of 2-hydroxy
benzophenone derivative EBHPT at 76°C
(EBHPT : CHP I : IO).
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4.2.a, CHAIN BREAKING ANTIOXIDANTS

4.2.a,1. HINDERED PHENOLS AS PHOTO-STABILIZERS

Phenolic antioxidants were incorporated into ABS powder by

solvent evaporation using ether, The stabilized ABS was processed in the
torque rheometer at $190°C for three minutes, The concentration of anti-
oxidants used was 4.57 x 10™° moles / 100g polymer, Films from pro-
cessed ABS samples wers obtained by compression moulding at 190°C for
three minutes. These were UV irradiated and the oxidative degradation
‘was followed by the development of carbonyl absorbtion using infra-red
spectroscopy, Figure 27. Induction periods and embrittlement times on

photo-oxidation are givea in Table 11,

o BHT

CPL‘ X =1tBu

1076

e T
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TABLE 11 - INDUGTION PERIODS AND EMBRITTLEMENT TIMES ON PHOTO-
OXIDATION OF ABS FILMS CONTAINING PHENOLIC ANTIOXIDANTS
AT CONCENTRATION 4.87 x 107> MOLE STABILIZER/A 00g POLYMER

STABILIZER INDUCTION FERICD EMBRITTLEMENT TIME
(hours) (hours)
Nons 2-3 22
BHT 9 =10 34
1076 9 =10 34
BHBP 6 -8 40
BHBT 7 a8 40
TBPS 10 42
BHBﬁ 12 50
TBMP 12 52

All phenolic antioxidants tested imparted a2 yellow colour to ABS after
the induction period. The intensity of the colour was much higher for
BHBP and BHBT at & given time, than for the rest of the phenolic anti-

oxidants.

4.2.a,2, HINDERED FHENQL DERIVATIVES AS THERMAL STABILIZERS

The ABS films obtained for these studies were prepared in a
similar menner to that described under section 2.a8.2. 8bove, using the

same additive concentration (4.87 x 1077 moles / 100g polymer) as was
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used for UV irraedietion studiss. Oven ageing of thess films were carried
out in a Wallace oven et 100°C in air flowing at 3 cu.ft. per hour.

The oxidative degradation was followed by the development of the
carbonyl and hydroxyl groups using infre-red spectroscopy. A typical
curve for stabilized ABS film is given in Figure 28, The initiel
decrezse in the hydroxyl pezk of stabilized ABS centred  around 3450
cm'1, is always sccompenied by a decrease in the absorption in 1200 -
1000 ca™" region. This behaviour was not observed for unstabilized

ABS on oven ageing. This is probably due to its faster rate of
degradation, &s the embrittlement time is reached in 30 hours at this
tempereture. The incresse in the carbonyl region (1730 - 1630 ca™')
after the induction period is accompanied by the hydroxyl and the
absorbtion around 1200 - 1000 cm . The induction period and smbrittle-

ment times observed for various antioxidants are given in Table 12,

TABLE 12 - INDUCTION PERIOD AND EMBRITTIEMENT TIMES OF ABS STABILIZERS
FILUS CN OVEN AGRING IN AIR AT 100°C AT CONCENTRATION
4.87 x 107> MOLE STABILIZER /100 # OF POLYMER

STABILIZER INDUCTION PERICD EMBRITTLEMENT TIME
IN HOURS IN HOURS
None 3 30
Factory Stabilized 220 300
BHBT 230 300

BHBP 240 Mo



Figure 28. Typical curves for the development of 0-H and C=0

o
absorbtions on oven ageing of a stbilised ABS film

in air at IO0°C.
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STABILIZER INDUCTION PERIOD EMBRITTLEMENT TIME

IN HOURS IN HOURS
BHT 280 350
1076 370 520
TBPS 400 530
BHBM 420 550
TBMP 675 . 800

L.2.,8,3. DISCUSSION

The fate of phenolic antioxidents during autoxidation has been

relessed to the occurrsnce of the following staps?1=-

RO . 3 AB it RHEH + A - (6)
2 2
A* + RO* et RO A - (7
2
2A° —_— Products - (8)

Campbell and Ccppinger?z’

reported the products of condensation
between tert butyl hydroperoxide and 2,6-tert-butyl-i-methylphenol (BHT)

involved the reaction (6) end (7) as indicated by (9) 2nd (10).
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+ teuoiZ —_— + tBUOH - (9)
CH. CH

tBud, ——
Cp% CH, 0£3ut
VIl

When BHT was photo-oxidized under very mild conditions, Tamir

e

v
and Pospisll73’ were able to isolate the hydroperoxy analogue ofK2,6—

ditert-butyl-4f-methyl-4-hydroperoxy cycolhexadisne-1-one (X) in very

high yields,

OOH
CH3

IX
This indicates that the mechanism of stabilization of both thermel and
photo—oxidation in the presence of hindered phenol antioxidents is
similar at leest during the initial stages of oxidation. When photo-
sensitized oxidation of BHT was carried further an oily mixture

containing ten major oxidetion products was obtained. Of these, they

found the only compounds visible on TIC plates were 3,5 3'5' (fetra-

tert-butyl-stilbene-4 4'quinone (X} and3,5 3'5'- petra-tert-butyl-



~diphenoquinone (XI).

e

X X1

Wbatfahl?h’ observed that for derivatives of compound XII (Where

R = H, OH, SH, Selkyl Sbenzyl), the stilbensquinone derivetive (X) is formed

on one elsctron oxidation. Furthermore, the stilbensquinone derivative
OH
tBu tBu

CHQR
XII

was identified 2s one of the major products of oxidati;n of compounds
BHBM, BHBP, BEBT and TBMP during the attempted adduct formation

reections in emulsion under redox conditions (Chaptem 6 and 7).
Therefore, it can be concluded that the visible colour observed during
photo-oxidation of ABS films containing hindered phenol derivatives is
due mainly, to the formation of stilbene gquinone (X) as one of the

major products of oxidation., The question arises as to why the intensity
and the rete of formaticn of colour is higqf%ith thiol acid esters

derivatives of 3,5 ditert butyl 4~hydroxy benzylalcchol, than the rest.



It has been observed that 2,6 ditert butyl 4 methyl phenoxy
is the only redical which can be detscted during the oxidation of the
parent phenol, although stilbenequinone ( X ) is the major snd product
of the reaction75. Ons suggestion is that, disproportionation of the

phenoxyl radical to @& p-quinone-methide followed by the dimsrisation

end reduction of the ethene grouping leading to compound (1)76.

(O]

HO CHZ CH2 OH
X = tBu -+
0 CH CH 0

X



An alternative suggestion has been made that the ethane derivative is
formed diresctly from a dimeride complex (XIII).?5 This theory is said
to give a better account of the effect of ortho substituents than the
first but conclusive evidence is lacking73. It has been observed that
BHT can be grafted to  NR ~ in the presence of redox system of
initistors™C, This has been attributed to the possibility of sbstract-
ion of hydrogen by primery radicals from the 4 methyl group leading to
the formation of 3,5 ditert butyl 4 hydroxy benzyl radical. Stilbene-
quinone derivative (X) can be obtained from this radical by the dimeris-

ation a2nd reduction of the sthane grouping (6).

0 0
RCHgPo =k “CH.R
X
OH 0
OH

2y

OH OH
— Q-
CH, ¢H,

CH3
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A A0 HO @ CH2 CH2® OH (1)
»CH2 ‘l

X

OH

Based on the evidence from one electron oxidation, Wbatfahl74’ was able
to divide 3,5 ditert butyl 4 hydroxy benzyl derivatives (XII) into two
general classes. The primary radical formed from one class of
derivatives of (XII) undergoes dimerisation and dispropotionation to
2

give the stilbene quinone derivativgv The primary radicel from the
second class decomposes by dispropotionation to form one molscule of the
parent phenol, and a stable mono substituted 3,5 ditert butylquinone-
methide (XIV) (13). Derivatives of (XII) where the C-R bond is weak
are said to belong to the first general class of antioxidants (12)

Of the hindered phenol derivatives tested the C-R bond is weakest in
the benzylalcohol derivatives, due to high electronegativity of the
OXygen atom and the electron affinity of the phenyl ring. (Further
implicgtions of Westfahl's observetions will be discussed in Chapter 6).
As a result BHBP and BHBT can be expected not only to develop colour
faster than the rest of the antioxidants but also to offer less

protection to the polymer even though they contein a sulfur atom

capable of peroxide decomposition. Table 12. Furthermore, it has been

73,

observed by Taimir and Pospisil that the substituent R of the C-R

bond of compound XII also governs the nature of the oxidation products
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OH 0 .

Y — Y e
i CH,

R R o
XII X

XI1 XIV

of the peroxydienone. Thus when R is H as in IX, the compound undergoes
exothermal decomposition sbove 130°C with formetion of parent phenol and
2,6 ditert butyl-4-methyl-4-hydroxy 2,5 cyclohexadisne-l-one (XV) as

major products - (14).

0 OH
gy

v



The hydroperoxide XVI (where R is CCHB) is decomposed at & temperature

lower than 20°C leading to the quinone (XVII) as the major product (15).

This can explain the reduced activity of thiol derivatives BHBP, BHBT than

A

HOO CHZOCH
XVI E
BHT or BHBM on thermal oxidation of stebilized ABS films. The formation of
free radicals on the decomposition of peroxy dienones has been reported
by Scottei. The formation of free radicels at a lower temperaturs, and

the absence of regeneration of the parent phenol as in (14) can sccount

Ch, OOR CHy Q

3

for the lower stability of ABS films containing thiol derivatives BHBT
and BHBP, Taﬁls 12. The oxidetion products such as (XV) too have the
ability to form stilbene quinone derivatives thereby increasing the rate
of colour formation as well as the intensity of colour in all cases.
Thus, Cook et. al.,az’ were able to show the formation of stilbene quin-

one derivative from the 4 bromo analogus of XV (16)?7.
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GG aecon

HBBr

The difference in the activities of the rest of the sulfur contain-
ing derivatives TBMP, BHBM and TBPS can be attributed to their peroxide
decomposing ability., Cumene hydroperoxide decompcsition studies at
70°C in the presence of sulfur containing hindersd phenols showed that 21l
but TBPS decomposed hydroperoxides rapidly and catalytically after a
short induction period. Figures29 and 30. A non-catalytic very nearly
stoichiometric reaction was observed for the decomposition of cumene
hydroperoxide by TBPS at 95°C after a long induction pericd (v 90
minutes) Figure 29. The white prscipitate obtainea from this resction
was identified by spectroscopic analysis as the corresponding sulfoxide,
This apparent lack of catalytic activity of TBPS can be releted to the
absence of methylenic protons in the molecule by comparison with BHBM
and TBMP, as similar behaviour observed for diphenyl sulfideass, rule
out any interference by the phenolic group on the decomposition reaction.

The influence of these protons on the reaction is further evidenced from

84, 85

the work done by Barnard and Hargrave “., In contrast to the high
yields of sulfoxides obtained by the reaction of saturated sulfides with

hydroperoxides the yield of allylic sulfides varies both with the naturse
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of the unsaturated sulfide with the hydroperoxide, and with the solventz7
As the rate of decomposition of hydroperoxides by BHBM and TBMP were
found to be similar (Figures?29 and 30) it is possible to assume that

the difference in the activity of the two on thermal oxidation of ABS
films lies in their mechanism of hydroperoxide decomposition. It has
been observed that thiols generate free radicals by redox reactions with
hydroperoxidesa6 as well as with oxygan?s. The formation of such
radicals as alkoxy in the presence of BHBM can not only influence the
initiation and propagetion of auto-oxidation, but a2lso decrease the
concentration of the active antioxidant by the hydrogen abstraction from
the hindered phemol group (6). On the otherhand, there is no convincing

evidence to suggest tlat free radicals are involved in the oxidation of

sulfides to sulfoxides, sulfones, thiol sulfinates etc.s?. In the case

RC: = RO +H 0O
' 2

s
™\

of monosulfides the aveilable evidence suggests 2 normel second order

RSH

Rs. + °OCH

reaction with respect to hydroperoxide and first order with respsct to
sulfide and that the final products are produced by & synchronous bond

rearrangementea .
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Figure 29. Decomposition of CHP in the presence of TBMP and

TBP at 70°C (TBMP/TBPS: CHP ~ T : I0).
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Figure 80 Decomposition of cumene hydroperoxide in the presence of
BHBM at 70°C. (BHBM:CHP, 1:10)
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Figure 3I.~ Decomposition of CHP in the presence of dibenzyl

5 15 br 3

monsulfide (DBM) at 70°C (DBM : CHP I : IO).

Time (Mmin)
35 485 S5 45

o1

oz

o9

10

472 4
12 ¢
431

14

25 95 05 15 130

Y
1=

CrCHsCH 2-@



b

A U s G O
G i g 2
He o
? 0-R

= O HO—
OQCH25(:H@04 = @< \ 0
/" '\x
CHy ~ CH,

OH HOQ
0
CH-.zﬁ—-CH2
0
R

29,90
A number of workers have studied the thermel decomposition of sulfoxides.

It has been observed that sulfoxides which decomposes below 100°C usually
contain F- hydrogen atoms which facilitate a five—centre first order
elimination with the formation of &n olefin.

Abbot and Stirlingag’ and Mislow and his co—workers90’ have shown
that in the case where there is no F-lwﬂ:ogeu atom, & sulfenate ester is
formed reversibly above 130°C via radical intermediates. Such decomposit-
ions of aryl elkyl, alkyl and alkenyl sulfoxides with formstion of free
radicals on photolysis have besen observed by Shelton and Davies 91.

Since ovenageing tests of ABS films containing the antioxidants wers
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carried out 2t 100°C such decompositions involving free redicals can be
ruled out. Furthermore, hydroperoxide decomposition by TBMP as well
as the dibenzyl sulfide (Figures 29 end 31) at.70°C show catalylic
behaviour. This not oanly rules out homolytic decomposition of these
sulfoxides but probably indicates 2 peroxide induced decomposition of
it. The homolytic decomposition of the sulfoxide derived from TBMP

on ovenaging of ABS films can also be ruled out due to the lack of
development of colour on thermal oxidation. Thus, contrasts with the
behaviour on photo-oxidation, &s the benzyl redical inevitably formed
on such & decomposition invariably leads to the brightly coloured

stilbenequinone derivative.

A;;or)130°
. 1
Ap CH,S0 Ar” — Ar CH, + 4 SO.

Al

Ar CH,CH Ar ArCHzoSAr' Ar'sozsAr'

The relative antioxidant activity on thermal oxidative degradation
of stabilized ABS films obtained with BHT as standard are compared in the
following Teble 13, with those observed by Jirackova and Pospisilgz’ 93
on oxidation of stebilized isotactic polyé?iene at 180°C end in the 2zobis
isobutronitrile initiated oxidation of Wetralin at 65°C. The oxidation
temperature of 180°C hes been chosen by these workers on the basis of
earlier studies which showed the effect of sulfur in & molecule of thio-

bisphenol became merked only at elevated temperaturasgh. The temperature
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at which stabilized ABS films were aged (100°C) was chosen on the basis
of studies by Flant and Scott95’ and Durmis et, al.,96’ where it has
been ohserved that the efficiency of the antioxidant depended on polar
and steric factors but also factors leading to low volatality at high
temperatures, A study of mononuclear phenolic antioxidants have shown
that high veolatality of these compounds playsa major role at temperatures
above 100°C. (The bound antioxidant thiol, BHBM has been studied at both
temperaturss 100°C end 180°C and the results are given in Chapter 7).

It is seen from Table 13, that the results are in general agresment in the
order of antioxidant activity. Furthermors, the reduced relative
activity when C-R is linked by &an oxygen atom, is reflscted in all cases
including those derivatives with peroxide decomposing activity.

TABLE 13 - RELATIVE ACTIVITIES OF HINDERED PHENOL ANTIOXIDANTS OF THE

TYPE XII AT AN ANTIOXIDANT CONCENTRATION OF 0.005 MOLE /
100 g PP, 0.00487 MOLE / 100 g ABS AND 0.0005 MOLE / LITRE

OF TRETRALIN
R for Compound Relative antiox. Relative antiox. Relative antiox.
I activity in PP activity in ABS activity in
at 180°C at 100°C Fetralin 65°C
(Reference 92) (Reference 93)
H 1.00 1.00 1.00
OH 0065 - 0-86
OCH3 0.75 - 0.61

OCOCH2$H - 0.82 -
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TABLE 13 - Continued....

R for Compound  Relative zntiox. Relative antiox. Relative antiox.
activity in PP activity in ABS  activity in
at 180°C [92] at 100°C t.atralin5°C|93

0COCH,CH,SH 2 0.85 o

SH 1.8 1.50 0.97

scH, 1,64 3 1.26

SR! 2,97 24 1.90

SSR! 2.88 = 2,67

Stendard 2,6 ditert 4 methylphenol {R=H)

R' = 3,5 ditert butyl-4 hydroxybenzyl.

The photo~oxidative stability of ABS in the presence of TBMP in
contrast to its thermal oxidative stebility with the same adduct shows
no improvement over the free thiol BHBM as additive. Table 14, This is
probably due to the ability in both cases to form initiating radicals
during hydroperoxide deccmposition or as a consequence of it. BHBM being
a free thiol is capsble of undergoing redox reactions with hydropsroxides
with the formation of alkoxy type radicals78. The formetion of free
redicals on photolysis of sulfoxides have been demonstrated by Shelton and

91,

Davis end was mentioned earlisr, The sulfoxides derived from TBMP
during the initial stages of oxidetions can similerly undergo photolysis

during photo-oxidetion of ABS with the formation of aralkyl radicals,
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The development of colour on irradiation of ABS films conteining TBMP
as the stabilizer can be explained on the basis of such a decomposition
of sulfoxide, This can be illustrated using a similar sequence for the

formation of free radicals on pyrolysis of dibenzyl 5u1foxide87.

0 |
@CH2§CH2-@ TR @crg + @c:sto
Cropr  Croroo

CH. “# SO

2 2

The benzyl radical so formed in the case of TBMP can act as the precursor

to the stilbensquinone derivative which give rise to the colour during

photo-oxidation of ABS film,
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4e3.2.,1. SYNERGISTIC COMBINATIONS

The main objective of the project was to achieve the highest
stability of ABS, by chemically bound stabilizers or combination of
stabilizers. It is a well established fact that during the processing
operations of & polymer various sensitizers capable of initiation of ox-
idative degradation are introduced into the system. As a consequencs,
it was decided to carry out the reaction to obtain bound stabilizer in
the latex stage, It will be evident from the evidence discussed in
Chapters 5 and 6, in the literature survey of bound systems that either
olefinically unseturated, or thiol derivatives of hindered phenols &nd
2-hydroxybenzophenones are suitable for reactions in the latex stege of
an olefinica;ly unsaturated polymer such as ABS. Therefore, the following
hindered phenol derivatives and 2-hydroxybenzophenone derivatives were
used in combination as additives during processing of unstabilized ABS
to 2ssess their combined activity. The ABS polymer with the additives
were processed in the torque rheometer at 190°C for three minutes, Films
were obtained by compression moulding of processed ABS, between two
polished steel plates at 190°C for three minutes., These films were UV
irrediated in the UV cabinet (Chapter 2) and the photo-oxidation was
followed by the development of carbonyl absorbance using infra-red
spectroscopy. Figure 32, The induction periods and embrittlement times

for these films are given in Table 14.
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TABLE 14 - INDUCTICN FERIODS AND EMBRITTLEMENT TIMES OF ABS STABILIZED
FILMS ON PHOTO-OXIDATION

2 hydroxybenzophenone derivatives 3,06 x 10~ mole stabilizer/1 00g ABS

DLTP I1.94 x 10 mole stebilizer/I00g ABS
Hindered phenol derivatives L.87 x1 0‘5 mole stabilizer/4 00g ABS
Stabilizer Additive effsct Combined effect
Combination Induction Embrittlement Induction Embrittlement
period time period time

Factory stabil- - - 6-~7 35

ized
BHT + UV531 20 69 22 65

BHT + UV534

+ DLTP 25 9 25 85
TBPS + UV5H 20 77 25 87

TBMP + UV531 24 88 40 100

TBPS + EBHFT 27 g2 35 95
TBMP 4+ EBHPT 30 103 T, 140
BHBM + EBHFT 29 102 75 138

The additive effects shown in Table 14 were obtained by using the results

described early in this Chapter (Tables 9, 10, and 11).
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4.3.8.2, DISCUSSION

Synergistic effects were observed when the thiol derivative BHBM
or the monosulfide TBMP was combined with the thiol derivatives EBHPT
respectively.

As expected, the diphenyl sulfide derivative, TBPS showed only a
marginal increase in activity in combination with 2-hydroxybenzophen-
one derivatives. This can be attributed to its lack of auto-catalytic
hydroperoxide decomposition activity.

Though the combined effect on the induction period in the presence
of DLTP, BHT and UV 531 was similer to the aiditive effect, the embrittle-
ment time was reesched much faster., This is probably due to a2 formetion
of the derived sulfoxide from DLTP accelerating the process of oxidation.

Thiol derivatives are known to decompose peroxides under redox
conditions leeding to free radicals?a The probabilities of reccmbination

of thiol redicals to form disulfides are much higher in the presence of

another thiol derivative &s in the case of BHBM and EBHFT (Tabls 14).

R'S., + RS, —— R'S3 R"

Less systemetic work has been done on antioxident effects of disulfides.

In this connection thiols must be considered in the same context, due to
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their reedy conversion to disulfides under oxidative conditions and the

0,

2 RSH

2 RS* RSSR

ROCH

reversibility of this reaction87. The oxygenated products of thiols are a

also readily intsr-convertible with oxygenated disulfidesg7’ as

2 RSO2H — ESOZSOR - H20
RSOSR + R'502H Vi 2H5023R'
are 2lso sulfsnic acids formed by breakdown of sulfoxides.

R'SCH — R'SSOR' + H20 e R'SSOzﬂ' + R'SSR!

Blundell end Scottga’ have examined 2 2'-dibenzoylaminodiphenyl disulfids
both in tretralin and in polypropylene. At peroxide/disulfide retios in
the region of 50:1 an guto accelereting induction period was observed,
The same kind of kinetics were observed at 165°C in polypropylene where
this compound shows antioxidant properties., The addition of a hydro-
peroxide to this system reduces the observed induction period.

The possibility of formation of such disulfides in the presence of
TBMP and EBHFT cen be suggested in the light of work done on rhotolylic
behaviour of sulfoxides of various monosulfides by Shelton and ].‘Jew:’.:-.?'l
Products derived from initially formed alkyl and sulfinyl redicals

confirmed the expected homolytic cleavege of the C-S bonds of the sulfoxides
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cn photolysis,

0
T A']_) 1
RSR —_ R', + RS0
I . ——— RS - OR
RSO- 1
RS. < R'0.
RSSR*

The probability of the formation of disulfides is greatly increased on a
aimiiar decompositiocn of sulfoxides of TBMP in the presence of free thiol
EBHFT, The formetion of disulfides and their oxidation can be put for-
ward as a possible explanation for the observed synergistic effects in
the presence of these two hindered phenol derivatives with EBHPT, It
follows from the sbove discussion that free radicals such as alkoxy
radicals can be formed in the presence of both BHBM and TBMP., As a

consequence of their formation, similar performances might be expected.

4.h.a, HYDROPEROXIDE DECCMPOSITION WITH SULFUR DERIVATIVES

The enhanced ebility of sulfur conteining derivetives to inhibit
ABS oxidation wes attributed to their peroxide decomposing ability. The
reactivities of these compounds were studied using cumene hydroperoxide

(CHP) purified by the method of Kharasch)?,
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boh.,a.,1, EXPERIMENTAL

Decomposition experiments :- Into 2 100 ml 3-necked flask, fitted

with a reflux condenser Né inlet and a stopper in & constant temperature
bath at 70 ¥ 0,5°C, waes placed an accuretely weighed sample CEP (~ 0.01M)
in chlorobenzene and the organic sulfur compound ( ~ 0.001M) if any were
added, in chlorobenzene. The total volume was brought to 50 ml with
chlorobenzene., At various times 2 ml aliquot removed and titrated for
peroxide content. The reactions were repeated in air. Further sample of
accurately weighed CHP (~0.01X) was pleced at the end of the initial decom-
position reaction to follow the catalytic effects of the products of

decomposition,

Iodometric Titration :- The iodcmetric method of Wagner,
Smith and Peters®’’ was used to determine the hydroperoxides in sligquots.
A solution of 20 ml freshly distilled isopropanol, 2 ml of glacial acetic
acid and the ;liquot was heated to reflux, 10 ml of isoprogyl alcoho;_
saturated with sodium iodide was added and the solution was refluxed for
five minutes. The solution was coocled momentarily and titrated with
0.01lN sodium thiosulfete solution., A titretion of 2 ml chlorobenzene was

used as a blank,

b.4h.a,2, RESULTS AND DISCUSSION

The following compounds were studied in the decomposition experiments:-
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(1) Bis (3,5 ditert-butyl-i-hydroxyphenyl) monosulfide (TBES)
(2) Bis (3,5 ditert butyl-4-hydroxybenzyl) monosulfide (TBMP) |
(3) 3,5ditert-butyl-4-hydroxy benzylmercapten (BHBM)

(4) 3,5 ditert butyl-4-hydroxy benzylthiopropicnate (BHBP)

(5) 3,5 ditert butyl-h-hydroxy benzyldecylsulfide.(DBBS)

(6) L4 Benzoyl-3-hydroxy o-ethylthioglycollate (EBHPT)

(7) Benzylmonosulfids.,

All but T3PS were active cumenehydroperoxide decomposers at 70°C,
The decomposition reaction in all ceses assumed first order kinetics after
2 short induction period and was found to be uneffected by oxygen in air.
Furthermore, all active decomposers showed repeated first order kinetics
for catalylic decomposition of CHP in chlorobenzene at 70°C - Figures
26, 29, 30, 31, 33 and 34,

TBMP on the otherhand, reacted stioichiometrically with CHP at a
highser temperaturs of 95°C. Spectroscopic eanalysis of the precipitate
formed on cooling the reaction mixture, showed the product was the

corresponding sulfoxide (XIX) derivetive. The hindered phenol groups

remains unsffected after the reaction.

tBu tBu
o) -
| [Bu

iBu 0

AX
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Decomposition of CEP in the presence of 3,5 ditert-

butyl 4 hydroxy benzyldecylsulfide (DBBS:CHP I:IO0).
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Figure 34. Decomposition of CHP in the presence of 3,5 ditert

butyl-4~-hydroxy benzylthiopropionate (BHBP:CHP I:I0).
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An analogus reaction has been observed for phenyl sulfidass.

Furthermore, PhSCHPh,, (PhCH2)3’ and PhSCH,Ph have been found to inhibit
the azobis cyclohexanenitrile catalysed oxidation of cumens to CHP at

110°¢. Phenylsulfide has not been found to inhibit this raaot103100
It can be concluded from these observations, that  aryl monosulfides

acts as effective stabilizers and peroxide decomposers only in the

presence of labile hydrogens.

The CHP decomposition studies also show a shorter induction period
at this temperature for free thiols BHBM, EBHPT and BHBP then for mono-
sulfides. This may be a function of reported ability of thiols to undergo
78

redox reactions with hydroperoxides Though free radicals are involved inthis

ROOH + R'SH ————» R0 4+ RS* & H,0

process GLC decomposition products in the presence of the above thiols
show a Lewis acid catalysed process leeding to the formation of phenol and
acetone, No ol-methyl styrene was detected. The monosulfides TBMP and

dibenzyl sulfide too showed the same products of decomposition,

(;..'H3 CH3
LEMHS N
P B
G

e

)
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The following compounds were identified 2s mejor oxidation products
of hindered phenol derivatives BHBM, TBMP, and BHBT, on TLC enalysis using

RF values, for authentic samplas?j.

3,5 ditert-butyl-4-hydroxy benzylalcohol

3,5 ditert-butyl-4-hydroxy benzaldehyds

2,6 ditert-butyl 1.4 dibenzo quinone,
3,5 3'.5" ditert butyl stilbene 4 4' quinons was identified as a minor
product of oxidation resulting in the development of colour during the

decomposition studies. The formetion of stilbene quinone derivative from

phenoxy radicels was discussed in Chapter 4 under section 2.a.3. The
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alkoxy rsdicals derived from thiol / CHP redox reactions or sulfenic acid
3 17 56

/CHP redox reactions ', demonstrsted by Armstrong and Scott”’ on

decomposition of hydroperoxides by sulfides can give rise to these

phenoxy radicels,

RSOH + R'OOH ———» RSO + RO + 5O - (17)

Analysis for antioxidant derivatives after the decomposition
reaction show, that mejor products exist as alcchols, aldehydes and as
quinone. These all lack the heteroatom, sulfur of the original compound.
The loss of sulfur suggests that 802 may be involved in & Lewis acid
catalysed decomposition of hydroperoxides by these sulfur derivetives.
This has been suggested for similar antioxidant bshaviour of thiodipro-

55

pionates”-,
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CHAPTER 5 - POLYMER BOUND STABILIZERS

The choice of stabilizers for a particular polymer and use is
governed by such technical considerations as
1e Solubility of the stabilizer in polymer (compatibility).
o Rate of stabilizer loss from the polymer through exudation,volati-
sation, leaching or other processes.
3. Initial colour and colour changs of stabilized polymer on exposure
to light or heat,
4, Toxicity of the stabilizer,
5. Ease of compounding with the polymer.
6. Cost/performance ratic ot
'Compatibility'of the additive with the polymer is a problem.
This term includes such properties as solubility of the additive in
polymer, the rate of diffusion of the additive through the polymer.
There are several approsches to solving the problem of stabilizer
I02
compatibility. Studies by Plant and Scott ’ have shown that for the
series §, volatility decreased with increese in the molecular weight
of the additive, and the activity of the antioxidant alsc incresased
for the series. Similarly for ultra violet absorbers a linsar
dependance of the 1og?-ithmaf'tha rete constant (for the loss ef
stabilizer) was found while increasing the size of the linear aliphatic

96
substituent .,
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. oH
Bu tBu 5 = CHB
H
CH, CH,COOR Eﬁ E
1225
: C7 Hag

Increase in the molecular weight hes been achieved by

,e F s
Ve gyl

polymerisation oﬂ,stabilizersto give polymeric stabilizers. Altern-
atively, compatibility can be greatly improved by chemically bonding
stabilizers to the polymer chain, It is possible to distinguish two

ma jor schools of thoughts, towards achisving these bound systems :-

(a) Modification of macromolecules to teks up commercially
available simple stabilizers,

(b) Introduction of functional groups such as olefinic
unsaturation to available stabilizers to be used in normsl

polymerisation and graft copolymerisations etec.

5.1. MODIFICATION OF MACROMOLECULES

(a) Bpoxidation of olefinic double bonds - Antioxidants such
es p aminodiphenyl emnie’®3 and 3,5 ditert butyl 4 hydroxy benzyl-

alcohol.Idebre reacted with epoxidised rubber to form bound systems,

— CHsCH-CHCH=s + @NH @NHZ ST

0
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OH
S - CHZ CH—CH-CH.Z"
[

NH

J

NH

J

(b) Introduction of aldehydes - Aldehyde groups were intro-

duced by copolymerisation of methacr- olein with butadiane¥05‘

& @NH@NHz
| —_— CHB.%CH J,:@NH-@

CH-C— CHO .

tBu
-+ @ OH 5 : 'tB'U
= CHyC CH OH

‘ Bu
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(¢) Conversion of carboxylic acids to acid chlorides -

Carboxylic acid groups of terpolymers such as acrylonitrile, : B
methacrylic acid butadiens were convertsd to acid chloridel®6  The
efficiency of such polymer modifications depends particularly on the

solubility parmeters of the macromolecules,

| t Bu
tBu
| tBu
CHyC~CO0 CHz—QOH
i
tBu

5.2,  MODIFICATION OF STABILIZERS

Since the beginning of 1960, the volume of papers and patents,
with conflicting claims of efficiencies on copolymerisetion of various
derivatives of stabilizers, began to grow. The sarly reports were

mainly concernsd on the developments in the field of UV absorbers of
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the type 2-hydroxy benzophenones end 2-hydroxy phenyl benzotriazole,

probably due to the lack of inhibitory tendencies of these derivatives

towards catalysts used in polymerizations. However, the copolymeris-

ation efficiency of some alkenoxybenzorhenones has proved to be wholly
: I07

inadequate with only 15% actuelly becoming pert of the chain.

Adverse effects of polar compounds on Ziegler Natta catalysts have been

reported, but Patton eand H::x‘mzz'ym’8 claimed copolymerisation of 4(but-

3-enyl) 2,6 ditertbutylphenol with propylene. Even after this discovery

x99
Iwata and Sarsaki “ described & method to eliminate the problem of

catalyst deactivation by substituting the phenol (Tf) with an alumin-

ium compound.

O-AlEtCl
-Bu tBu

CFECH:CHZ

o

Early attempts to copolymerise hindered phenocl derivetives by
radical polymerisation were made in the general belief that the
hydroxyl group would interfers with the polymerisation process by
trapping of radicals. Reported polymerisstion of hindered phenolics
have involved blocking the hydroxyl group by acylation, followed by

polymerisetion, and hydrolysis to regein the phsnol.Iﬁ%
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OH OCOCHy J— OCOCH3
t Bu tBu tBu tBu t Bu tBu
—_— e Y
CH:CHz CH:CHa "CH—CHE_
5 s

—-COCH.5

OH

tBu@tBu

— CH~CHx-
= _Jﬂ

Phenolic monomers of the type IIband III were incorporated
by aqueous copolymerisation, into SBR by Lad.dtﬁ using AZBN as the
12
free radical source. Kleiner ’ reported homopolymerisation and co-
polymerisation of 2 series of vinyl derivates of hindered phenols of
the ester types (IV) including acrylates methacrylates etc, with
styrene, vinyl acetate using high molecular weight peroxides such as

lauryl and decanoyl., However, the more common initiators such as

hydroperoxides, benzoyl peroxides etc were not able to initiste

HO« -ch= E__N@

IIb



115

o ¢-cvmon)
0

III

polymerisation because the aryloxy and alkoxy rasdicals abstracted
H-atoms from the antioxidant substituents of the monomers instead of

initiating polymerisation,

Kato eot, al.}13’114’alao observed that vinyl derivatives
of a hindered phenol (IV)cen be copolymerised with styrene, malsic

anhydride and methyl methacrylate in the presence of AZBN but not

I15

with cumene hydroperoxide., Meyer and co-workers, ~“attributed
OH
tBu tBu
=CH
COOGH, CH,0CH=CH,
v

the lack of copolymerisation of hindered phenol derivatives

with hydroperoxides end redox initiators, to the presence of
impurities in the monomers. They claimed to have copolymerised highly
purified monomers of the type VI,VII,VIII , with SBR, and NBR, in

high yields, under emulsion polymerisation conditions.



116
Bu /

R
i @{CHZ) ~ 0CO-C= CHR'

By n

VI

tBu /

R
HO @(C )— NH-CO-C= CHR'
0

tBu

ViI

R/
- N (7~ NH Co-L=CHR!

VIII

Having achieved these copolymerisations, they arrived at the

following conclusions.

(1) Somewhat higher initiator levels end/or increased
temperature appears to be required to achieve normal polymerisetion

rates in the presence of hindered phencl derivatives.

(1i) The only incompatible initiator monomer combinations
with amine antioxidants are those of persulfate end benzoyl peroxide.
Further proof of copolymerisations of vinyl derivatives of
. 1I5
hindered phenols in agueous emulsions were obtained by Levy
I16 :
Howarth and co-workers =, They do not mention the purity of anti-

oxidant monomer as 2 criterion for successful co-polymerisation, in

the presence of hydroperoxides and redox systems,
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The grafting of polypropylene film with 3,5 ditert butyl 4~
hydroxy phenylacrylate vy , has produced & bonded entioxidant system
which is non axtractablo32' Graft copolymerisation of these types
of monomers in the aquecus phase in natural rubber latex has been

80.

attempted with considerable success,

OH
tBuy 1Bu

OCOCH=CH

IX

7

The success of the copolymerisation of substituted 2-
hydroxy benzophenones and 2-hydroxy benzotriazoles is well documented.,
¥ II
Thus, copolymers of ekbylene with . TX; copolymers of XI, ? with
wreddd
verious monomers, copolymers of XII with styrensetc,, are all
claimed to be superior to compositions containing conventional UV

stabilizers ag sdditivses,

OH ?Fb ‘,N\ OH
@-co 00C=CH, CEN,N—@' NHOCH=CHCOOR

X XI
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Polyesters or polyurethenes containing xiii as part of the

glycol component ars 2lso claimed to be unusuelly resistant to

sunlight.IIg
CH HO
C —@
HOCH.CHO @- 0 OCH,CH, O
XIIT

Graft copolymerisations of ccmmercially available polymer-

isable UV absorber Fermesorb MA (xiv) have besn carrisd out success-

120
fully on polypropylene films . Acryloxy derivatives of 2-hydroxy

benzophenones were successfully graft copolymerised in emulsion

: I21
graft copolymerisation of ABS using hydroperoxides as initiators .,

OH
@co-@ow-mﬂ _0C0-C =
3 CH~CH; 0C0-C = CH,
OH CH,

XIv

5.3. ATTEMPTED GRAFT COPOLYMERISATION OF ETHYLENICALLY UNSATURATED
STABILIZERS WITH ABS

The following stabilizer combination was found to give &

considerable induction period as additive on photoxidation of ABS,
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OH
tBu 1Bu OH
@ oo OCgH,
H
g 3

As methods of preparation, and most aspects of copolymerisation
behaviour of ethylenically unsaturated stabilizer tyres illustrated
below are known, it was decided to attempt to chemically bind these
to ABS macromolecules, in order to obtain desired effact as observed

in the above combination as discussed in Chapter 4,

oH oH
{H-co it:>—OCOCH=CH2 (:j>co—<zz>00H2CH:t}5

BHBA BHAA
mu& e tBy :OH tBu
OCOCH:CHz CHzOCOCHSCHZ

DBPA DBBA
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5.3.2.1, FRCCEDURE
The following formulations were used in the attempted graft

polymerisations.

TABLE 14 - FORMULATIONS FOR THE GRAFT COPOLYMERISATION OF ABS
IN THE PRESENCE OF VINYL DERIVATIVES OF STABILIZERS

: 2 i
Styrene 54.0 54,0
Acrylonitrile 30.0 30.0
Polybutadiens/in latex 15.7 15.7
Dresinate 1.75 -
NaOH 0.036 -
Cereslose 0.7 -
Distilled Water 125.0 125.0
Antioxidant Monomer 1.0 1.0
(DBPA/or DBBA)
UV ebsorber monomer 1.0 1.0
(BHBA/or BHAA)
Cumene hydropsroxide 0.8 -
FESO, /TSPP solution 5.0 ml -
Na Stearate - 1.75
K25208 / 50 ml water - 0.6
Nazsze's/ 50 ml water - 0.6

Tert Dodecylmercaptan 0.3 0.5 - 0.6



121

Polymerisation time = 3 hours
Polymerisation temp. = 58°G

Atmosphers - Né

Styrene, Acrylonitrile monomers wers used without further purification
as supplied by the manufacturers.

The stabilizer monomsrs were dissolved in the flowing phase,
which consisted of,

Styrene

Acrylonitrile

Cumene hydroperoxide

for formulation I, and
Styrense
Acrylonitrile
Stabilizer monomer
Dodecylmercaptan

0. / 50 ml water

Ne 5,0,

for formulation II,
The latices were coagulated in the usual msnner, dried in a
vacuum oven and the dried crumb was extrected with hexane to rsmove

unreacted stabilizers, The bound stabilizer contents were estimated

by the methods described earlier in Chapter 2,
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5.3.8.2, RESULTS

The amounts of bound stabilizer was estimated using calibration
curves for sach compound (see Chapter 2, section II ) and the
results are given in Table 15,

TABLE 15 - PERCENTAGE YIELD OF ABS AND BOUND STABILIZER (VINYL) ON
GRAFT COPOLYMERISATION

Stabilizer Initial Yield % Bound % Bound

Type Concentration of ABS CHP/Fe*? 3,08/5,0;
in phr Systenm

None - 95% - -
DBPA 1 92% 15 18
DBBA 1 Inhibitory ' i
BHBA 1 93% 20 20
BHAA 1 82% Amount small

difficult to estimate

5.3.a2.3. ADDUCT FORMATION ON FINAL LATEX - PROCEDURE

ABS latex supplied by Borg Warmer Co., containing approximately

3% dry polymer was used in the formulations given over the pags.
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TABLE 16 - FORMULATION FOR GRAFT COPOLYMERISATION OF VINYL DERIVATIVES
OF STABILIZERS

ABS latex 33 / ml 300 300
Stabilizer emulsion /ml 100 100
(1g/A00 m1)
Cumene hydropsroxide /g 0.5 -
Fo*? / TSPP solution / ml 4 -
K,8,05 / 50 al water - 0.3
Nazszﬁ's / 50 ml water - 0.05 = 0,1
Cerelose /g 1 -
Atmosphere Né Né
Graft copolymerisation time - 3 hours
Polymerisation temperatures - (a) 50°% (v) 58°C,

Stabilizer emulsions wers prepared by the method described in Chapter
2., The ABS was coagulated in the usual menner dried in a vacuum
oven and extracted with hexane, for the evaluation of bound

atabilizer,

5.3.8.4. RESULTS
The hexane extracts were analysed for stabilizers by methods

described earlier in Chapter 2, and bound stabilizer concentrations
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were deduced using calibration curves,

TABLE 17 - PERCENTAGE YIELDS OF BOUND VINYL STABILIZERS

Stabilizer Initial % Bound % Bound
Ty pe Conceantretion  CHP/Fe*>  § 208/5,05
of Stabilizer System System
DBPA i 17 23
DBBA 1 0.0 0.0
BHBA 1 18 25
BHAA 1 12 20

5.3.a.5. DISCUSSICN

The emount of bound stebilizer was too low to give an appreci-
able protection to the polymer and hence, further tests on ageing
behaviour were abandoned. The question arises as to why the previously
reported copolymerisation reactions in the presence of antioxident

monomersIIz’

and UV absorber monomer derivatives with styrene,
butadiene or acrylonitrile and butadiens were successful, whereas the

above graft polymerisation reactions with similar monomers gave very
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poor yields., The basic difference probably lies in the mechanism

of copolymerisation and graft copolymerisation reaction.

Thus, a system to be copolymerised, prior to initiation
contains ,
(a) aqueocus phase (containing very low concentrations
of monomer)
(b) monomer droplets dispersed throughout the aqueocus
phase

(e) emulsifier micelles containing solubilized monomer.

In an ideal system, the initiation is supposed to take place
in the agueous phase and polymerisation starts when a free radical
enters a monomer swollen micelles. The polymerisation proceeds in
this micelle end it becomes a latex particle., 4s the polymer
molecule begins to grow, emulsifier is adsorbed (from the aqueous
phase) on the surface of this perticle and acts as a protective

colloid preventing floculation.

Stabilizer monomers are usually charged before initiation
of the copolymerisation reaction either as a solution in monomers
or dissolved in a polar solvent. Since the monomer-swollen micellss
are the largest particles in the reasction mixture ( .. 1 M Yo
there is every possibility that a major percentage of stabilizer

monomer is present in these, Therefore, the chances of stabilizer



Figure 35. Representation of the stages of co-polymerisation in

the presence of vinyl derivatives of stabilizsrs.
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monomer incorporation into the copolymer are high. The chances of
stabilizer monomer dissolved in monomer droplets taking part in the
copolymerisation reaction, depends on the diffusion through the
aqueous phase, These stabilizer derivatives are usually solids at
polymerisation temperatures. Therefore, it is possible to assume
that the rate of diffusion of stabilizer from the monomer droplets
to the reection centre (the micelles) through the agueous phase is
low., As a result, stabilizer molecules trapped in monomer droplets
probably precipitate when the monomer is depleted by its faster
rate of diffusion to the reaction centre., Since the percentage of
stebilizer in monomer droplets is 1low under copolymerisation

conditions, high yields of bound systems are possible,

A system where graft copolymerisation of vinyl stabilizers
are attempted, prior to initietion contains

(a) aqueous phase

(v) latex particles protected by emulsifier

(e) unreacted monomers (concentration very low)

(a) emulsifier dispersed in squecus phase,

The monomers are added dropwise (  slowly) during graft co-

polymerisation reaction. It is possible to assume that in an ideal

system initiation takes plece in the aqueous phase. The probability



Figure 36. Representation of the stages of graft co-polymerisation

of ABS in the presence of vinyl derivatives of

stabilizers. .
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of radicsel migretion to latex particles from the aqueous phese for

the initiation of graft copolymerisation is high due to

(a) the polarity of latex particles
(v) the amount of latex particles in the system compered

to monomer droplets.

Therefore, the efficiency of graft reaction depends on
the rate of diffusion of monomer to latex particles containing the

initiating radicals through the aqueous phase,

The stabilizer monomers used, wers all solids at the polymer-
isation temperature, Tharoforé, migration of these molecules through
the aqueous phase to the latex particles is probably negligible
compared to the more labile monomers styrene and acrylonitrils.
acrylonitrile., 4s a result the stabilizer monomer dissolved in the
more labile monomers probably precipitates with the depletion of the
latter due to diffusion towards the reaction centre., This reletive
lack of diffusion of the vinyl stabilizer derivatives through the
aqueocus is probably the reason for the observed low yield of bound
stabilizer during the attempted graft copolymerisation on ABS in

latex Table 17.

The inhibition of the graft copolymerisation of ABS in the

presence of antioxident monomer DBBA is probsbly due to the formation
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of dibenzoquinone derivate, on hydrolysis followed by oxidation of

the monomer,

o O OH
u@tBu 5% tBu s B0 e el rooH
Chg -
. PH9-6/58¢C
CHPCOCH=CH, CH,OH

These reection conditions are probably adequate for such a
hydrolysis of the C - 0 bonds, weaksned by the combined effect of
electronegativity of oxygen and the electron affinity of the benzene
ring. The benzyl alcohol derivative so formed is probably oxidised
to the benzaldehyde first followed by the formation of dibenzo-

quinons. It was obéerved.(chapter 2, section 14), that the benzalde-

OH OH
tBu 1Bu 0] tBu tBu
ik G

CH20H CHO

hyde derivative can easily be oxidised to its dibenzoguinone in the

presence of hydrogenperoxide in alkali,

iB ok tB 0
ugteu Sy U BBy
— > S
+ H-0
CHO gl 0
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The conditions for oxidation are probebly present in the
reaction mixture, as the latex used has a pH of 9,6 and hydroperox-

ides are used as initiators,

Thin layer chromatography shows the presence of benzaldehyde, di-
benzoquinons as well as stilbene guinone derivatives in the unreacted
“inble 18

monomer7? These quinones probably act as the inhibitor in the graft

copolymerisation rsaction.
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CHAPTER 6 - THE FREE RADICAL ADDITION QOF THIOL DERIVATIVES OF
STABILIZERS TO ABS

6.1, FREE RADICAL ADDITION OF THIOQILSTO UNSATURATED COMPOUNDS

Since the discovery of the anti-Ms cownckoff addition of

12
thiols to unsaturated compounds in 1905 by Posner, 4 and its much

later formuletion as a free radical chain reaction125, this process

has been the subject of many reviews126, These additions originally
had to be initiated either by exposure to UV irradiation or by
addition of chemical initiators. Fres radical edditions nowadays

f
are carried out safely on an industrial scale with OOCO radiaticn

127

sources ',

6.1.8.4., MECHANISM OF ADDITION OF THIOLS

The free radical addition of thiols is & typicel chain reaction,
the initiation product being alkylthiyl or erylthiyl radicals, which
subsequently add to unsaturated substratesto form 2 carbon radical,

the second stage being usually reversibls

RSE Initiator
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The carbon radical then reacts with a thiol molecule to give
the final product and a new thiyl radical, thus propegating the radical

chain,

Both ths addition of the thiyl redicals and the hydrogen transfer
are normally exothermic with the result that the oversll resction is
fast and has kinetic chain lengths between a few hundred to several

thouaand128 y

Hydrogen transfer is generally the rate determining step.
Since this involves theclevage of a S-H bond, its rate is strongly
influenced by the structure of the thiol to be added. Thus, aromatic
thiols are better chein treansfer agents than aliphatic thiols since
in the former cese the energy required to breask the S-H bond is

lowered by resonance stabilization of th thiyl radical formed.ﬁg

Grovr | @t O e O
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The rate of the hydrogen transfer influences all the variables that
depend on the lifetime of the intermediate carbon re .ical such as
a. the degree of reversibility of the primary reaction (cerbon

radical formation)

b. the stersochemical course of the overall reaction
G, possible rearrengements of the intermediate carbon radical
d. the extent of telomerization
e. the chain termination reactions.
129

The termination steps may yield various products.

2. B

&
RS-C-fl;' R85 —tlny RSCHZ-CH:ZSR
|
B ‘H

Vicinal bis (thiocether)
D e RSSR

H H
j= ¥
2+ BS —-T - f} —_— RS - GH2 - CH2 - CH2 - CHé-RS
Hio B
Crosslink

Simple thiol adducts with polymers, in general follow the same reaction
mechanism. Though various polymers containing olefinic double bonds,
undoubtedly react with thiols under appropriaste conditions, the

present discussion will be limited to diene homopolymers and copolymers
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including natural rubber (NR), emulsion polymerised polyisoprsne

PBD, copolymers of butadiene with styrene, and acrylonitrils.

6.1.,8,ii, ADDITION OF ALKANE THIQLS TO POLYMERS

The higher alkane thiols have been extensively used as chein
trensfer agents (modifiers) in emulsion polymerisation with monomers
such as butadiene, styrens, acrylonitrile, and chlororrens stc.

The transfer reaction represents a competition between the transfer
agent and telomerisetion of the carbon radical, Telomerisation
occurs when on an averege the intsrmediate carbon-radical reacts
more rapidly with the unsaturated substrate than by hydrogen
abstraction with the chain transfsrring thiol,

Therefore, it is natural to consider the rate of disappeerance
of modifier relative to that of free monomer., Some results, for
the effect of aliyl chein length upon this disappearance of alkyl
mercaptan in butadiens emulsion polymerisation are shown in Figures

37and 38.1 3, 132

For merceptanshaving chain lengths up to 01 o the
rate of disappearance is virtually independant of molecular weight

but those n.alkyl merceptans having more than 10 carbon atoms are
consumed progressively more slowly as the molecular weight increases.
Similar data have been cbtained for SBR emulsion polymerisations toot3I

Smith concludes that when the alkyl chain length exceeds 10 carbon

atoms, the transfer of mercapten from monomer droplets through the



Figure 37. Modifier consumption curves for n-alkyl mercaptans
of various alkyl chain lengths during persulfate

initiated emulsion polymerisation of butadiene at SOOCEEZ
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aqueous phase to the reaction loci, becomes the rate controlling
process., Additional support for this view comes from the observation
that the rate of consumption of n-alkyl mercaptans having alkyl

groups larger then 010 oah be increased by raising the pH of the
aquecus phase, It appears that in the case of merceptans of high
molscular weight, diffusion of mercaptan through the aqueous phase is
supplemented by diffusion of mercaptide ions, These ions by approp-
riate shift in equilibrium are presumably able to make the correspond-

ing mercaptan available for free radical addition reactions.
RS + B0 T BEN ., % 0B

Furthermore, Kolthrofi and Harris'°>® found that for C,, mercaptans
where diffusion through the aqueous phase is the rate controlling
process, the order of increasing rate of consumption is tertiary <
secondery { primary. According to Frenk st. al.,134 the amount of
brenching in the mercaptan molecule is an important factor in determin-
ing diffusion rate, and that the shorter is the longest linear
sequence of atoms in the mole uls (2s in I) the faster the rate of
diffusion.

CI-I.5 (032)3

//CH (CH2)3 SH GH3 (CH2)11 SH

CHB (CH2)3

II
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Adduct formation of alkare thiols with homopolymers and copolymers
of butadiene have been cerried out both in solution and aqueous emulsion
Studies of this kind have included thiols over the reangs of methyl to
ootedscyl. Serinuk Benes end Swaney °2’ found that the quantity of
ethanethiol rsacting at 50°C in the absence of oxygen with SBR appear
to reach s limiting velue of sbout 25( saturetion. Fryling 36
observed that the presence of oxygen during adduct formation of
alkane thiols with SBR caused cleavage of polymeric chains resulting
in low molecular weight 'syrupy ' products. The following mechanism
for the formation of these products in the presence of oxygen, hag
been suggestadeo « The hydroperaxides formed in oxygen dre dscomposed

by resctions similar to that during oxidative degradation of polymers

yielding low molecular weight products.

RS* + R' CH = CHR" —> R ?H - CHR"

SR

R'CHE-CHR" 4 BSH ———s R'CH - CHR"
SR 3 | |
SR 00-

R'_ICH_cfm" T (I e R'CH-CI:HB." o B8
[ |

SR 00, SR OQOH
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Subsequent reactionswhich gives rise to breakdown products

have been described in Chapter 4,

It appears that all primary alkane thiols up to dodecyl,
react sufficiently to yield highly saturatsd edducts., Little work has
been reported on the evaluation of the many possible adducts and their
properties, except for those prepared with methanethiol, the oxygen

absorbtion curves for PBD - CH35H adduct is given in Figure 3 .26

6.1.8.3., INTRCDUCTION OF FUNCTIONAL GROUPS AND ISOMERISATION OF
DOUBLE BONDS BY THIOLS

Adduct formation by thiols, have been used to introduce funct-
ional groups to unsaturated polymers. Thus, Marvel end co workarJBT,
used thiol adducts to introduce polar groups such as C=N, OH, thio-
esters and COOH to polybutsdiens. Both Serniuk >° and Brownl? , have
reported the introduction of COOH groups by the addition of thiogly-
collic acid end other mercaptoacids to copolymers of butadiene using
hydroperoxides as initiators., Similarly, ethyl thioglycollate was
found to add to natural rubber to saturate 13.6% of doubls bonds in

seven days at 0°C in the presence of p.menthane hydroperoxide as the

initiator, 40

Thiol derivatives especially those from relatively stable
thiyl radicals such as thiophenol, thio benzoic ecid, and napthyl

analogues have been found to cause isomerisation of double bonds of
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polymers with low level of adduct formation. Golub14I, converted
14 PBD having high cis content to an equilibrium mixture of cis-trans

forms by thionapthol.

For simple unsaturated compounds such as trans and cis
piperylene, the isomerisetion mechanism is believed to be through an
allyl radical by rescn:ua::u:.e."4'2 The mechanism of isomerisation of
double bonds in polymers is less understood. It could probably be due
to 2 loss of allylic hydrogen in cis 14 polybutadisne, enabling a
three centre distribution of electron by rescnance &s for piperylene.
The low yields of adducts could be adduced as further evidence of
trensfor of an allylic hydrogen, during the reaction, resulting in the

isomerisation of double bonds.

=
12

%S\ it

CehsS

CehsS v/




Figure 39. Mechanism of isomerisation of double bonds in PBD

by aryl thols,
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6.1.8.4., INTRODUCTION OF STABILIZERS BY THIOL GRCUPS

An entirely novel approach to obtain bound antioxidents was
143 :

processed successfully by Fernsndo. 3,5 ditert butyl 4 hydroxy-
benzylmercaptan (III) was added across the double bonds of natural
rubber, in solution and in latex using AZBN as initiator. The use
of tert.butylhydroperoxide-polyamine redox system has been shown to
increase the yields of adduct formation up to 70% and lower the
temperaturs of the reaction considerably;144 Furthermore, a mercapto

derivetive of 2 2 hydroxy benzophenone (iv) was added scross the

double bonds of polybutadiene in latex using K25208 as the initiator145

OH
1 Bu tBu

CH25H
il
Model compound studies show that the thiol stabilizers, liks
the simple thiols do not follow Markownicoff's rule during adduct
formetion. Thus, 2 methyl but-2;ene and 3,5 ditert butyl 4 hydroxy

benzylmercaptan (III) gave a satureted adduct in the presence of AZBN

as the initiator43,

o OH
Il

@- G @OCHZCH?OCOCHzSH
B\

i
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The physical and chemical properties of 'adduct nestural rubber!
containing 1 phr have besn found to be uneffected by the presence of
bound stabilizer derivative, 43» 144

)

o5

C-C=C-CH, + CH ]

Y 3 gt g CHyC— CH-CH
TR S

7

t Bu tBu CH2

OH

{.Bu Bu

OH

It was established (Chapter 4) that the sulfur containing
stabilizer derivatives TBMP and EBHPT offered 2 bettsr resistance to-
wards oxidative degradation of ABS, than their counterparts. Synergistic
effects too were observed when these two stabilizers were combined.
Furthermore, attempts to obtzin bound system of stabilizers in ABS
using vinyl types of derivates of conventional stabilizers failed to
introduce scceptable amounts for effective stabilization of the polymer

(Chapter 5).

Az & conaequanceqof these studies and from the evidence of the
above survey of simple thiol adducts of polymers, the use of mercapto
derivatives of stabilizers to obtain bound systems in ABS appear to be
& better proposition. The aim of the project was to attempt the adduct

formation of mercepto derivatives BHBM and EBHPT with the double bonds
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offered by the polybutadiene component of ABS. These double bonds
were found to remain unaffected by the graft copolymerisation reection,
since only the allylic positions 2re involved in the latter process.
Therefore, it is possible to assume that the following reactions, to
take place during the adduct formetion of thiols with polybutadiense

component of ABS,

- CH, =CH = CH - + BRSH L e - CH, - CH, - ?H - (1)
SR
-CH~CH- + RSH —_— - CH, - CH - (2)
| |
CH CH,
| |
CH, CH,SR

This addition reaction can be attempted during the following

stages :-
a) Graft copolymerisation of ABS
b) On ABS latex.

The stabilizer derivatives can be introduced during the graft
copolymerisation of ABS as a solution in the monomers, This is an
obvious adventage as the introduction of the stabilizers to ABS latex
for the reaction (b) necessitates the formation of a dispersion of the

stabilizers.
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The following side reactions mey interfere with the adduct

formation of thiols during the graft copolymerisetion of ABS.

RS® + -CH2 - CH = CH - —_— - CH ~CH = CH - + RSH (3)
RS* +~-CH - CH = CH - — = CH <= CH = CH - (4)
l
SR
R3* & CH2 = CH - C=N —_— RS—(‘.:H2 - GH‘—] (5)
‘ ~ Telomerisation
CN
RS' + CH. = CH sl RS-CH. - CH / (6)

2 @ 2 f -

The reactiohs 5 end 6 could well influence the physical properties
of the final products by reducing the number of graft points in the
system. The extent of such reactions will depend on a number of
factors including the rate of addition reaction, reactivity ratios of

the monomers, retes of diffusion of the monomers and the thiols through

the agueous phase, nature of the redox system etc.

On the other hand, the addition reactions of thiol stabilizers
with ABS in latex should proceed without much interference due to the

decrease in the probabilities of side reactions described above, as a

result of;



142

a) the reduction in number of allylic hydrogen sites due to
graft formation

b) steric hinderence at the tertiary allylic hydrogen sites for
the abstraction of hydrogen by RS' radicals

c) the presence of only residual amounts of unreacted monomers

in the system.

6.2,  ATTEMPTED ADDUCT FORMATION WITH 3,5 DI TERT BUTYL 4 HYDROXY
BENZYLMERCAPTAN (BHBM).

6.2.a., PROCEDURE

Both formulations, the commercial Borg Warmer, and laboratory
method of preparation as illustreted in Chapters 2 and 3, wers ussd
for the attempted graft copolymerisetion. The entioxidant (%o give
8 concentretion of 1 parts per hundred ABS) was dissolved in the mono-
mer solution styrene and acrylonitrile, for the reescticn., The chain
transfer agent commonly referred to as the modifier, tert dodecyl
mercaptan was excluded from both formulations., Experiments were

conducted in an atmosphere of Nz.

6.2.b. RESULTS
The attempted graft copolymerisations were unsuccessful. The
unreac ted monomer and the polybutadiene latex separated into two

layers after the reaction. The following compounds were identified
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es oxidation products of the antioxidant BHBM, by thin layer
chromatogrephic analysis of the monomer phase of the reaction mixture

by comparing with the RF values of authentic samples. Table 18,

TABLE 18 - RF_VALUES OF OXIDATION PRODUCTS ON A SILICA GEL LAYER

MOBILE PHASE :
COMPOUND Ml H2 Detection
Heptane/
Benzene Benzene
2,4 ditert butyl 4 methylphenol 0.56 - a
355,3'5"' tretra tert.butyl 0,32 0.43 a,b
Stilbene 4,L' quinone
2,6 di tert butyl 1,4 benzo- 0.17 - a,c
quinone
3,5 di tert butyl 4 hydroxy- - 0.28 E)
benzylalcohol
3,5 ditert butyl 4 hydroxy- - 0.18 a,c
benzaldehyds

Mobile phases

Y, , heptene / benzene (1:1)

H2, benzens only.
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a) Solution of 8gm of KMnOh in 500 ml of water + 1.5 ml of

cone stoh, excess of reasgent carefully removed with water.

b) Compound visible,

e) 0.4% solution of 2,4 dinitrophenyl hydrazine in 2N HI.'.l.T3

The compounds identified from the reaction mixture wers

a) 2,6 ditert butyl 1,4 benzoguinons,
b) 3,5 ditert butyl 4 hydroxy benzylalcohol.
c) 3,5 ditert butyl 4 hydroxybenzaldshyde.

d) 3,5 3'5"' tretra tert.butyl stilbene L 4'quinone.
Steam distillation of the reasction mixture yielded approximately

8% of the monomers used in the reaction, for both formulations.

6.3. ATTEMPTED ADDUCT FORMATION WITH y4- BENZOYL 3-HYDROXYPHENYL O-
ETHYL THIOGLYCOLLATE. (EBHPT)

6.3.a. PROCEDURE

Both formulations for the preparation of ABS were used for the
attempted adduct formation. The UV stabilizer was dissolved in the
monomers for the reaction at a concentretion to give one part per
hundred in the resulting ABS. The chain transfer agent, tert dodecyl-

mercaptan was excluded from both formulations.,
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6.3.b. RESULTS

Steam distillation for unreacted monomers in the resulting
latex showed a reduction in the yield of ABS from 95-98% to 827.
Thﬁ bound stabilizer content measured by the method described in
Chapter 2 showed 32 - 357 being retained in the polymer after
extraction with hexans.

6.4. ATTEMPTED ADDUCT FORMATION OF 3,5 DITERT BUTYL L HYDROXY
BENZYLMERCAPTAN WITH ABS IN LATEX

6+4.2, PROCEDURE

Borg-Werner  'ABS’ ~ . latex and ABS latex made in the laboratory
oy the method described in Chapter 3, were used in the two experiments
conducted. The antioxidant BHBM emulsion was made by the procedure
described in Chapter 2, The formulations are illustreted in the

following table, Table 19,

The following materials wers addsd in aliquots during the first
half of the reaction :=-
Antioxidant emulsion

Cumene hydroperoxide

The latex was acid coagulated and the dried crumb was soxlet

extracted with hexans for the estimetion of bound stabilizer content.
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TABLE 19 - FORMULATICNS FOR ATTEMPTED ADDUCT FORMATION OF BHBM
WITH ABS IN LATEX

ABS latex ( 33% dry ABS) (ml) 300.0 300.0
Antioxidant emulsion (1phr) (ml) 100.0 100,0
Cumene hydroperoxide (g) /25 ml of water 0.5 -
Glucose in 10 ml of water in gm 1 -
Fe*2/ TSPP Solution (al) . s
K S,04 / in 50 ml of weter - 0.2
Nazszo5 / in 50 ml of water - 0.2
Reaction temperaturs °C a) 50 b) 57

Reaction time in hours a) &4 b) 3

6+4eb. RESULTS

The amount of bound BHBM in ABS was found to be very small
(less than 10%)., The latices after the reaction, developed a yellow

surface film on standing., Anslysis of an ether extrsct of this film

by thin layer chromatography showed the presence of the following

compounds (Table 18),
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tBu Bu

2,6 ditert butylbenzoquinone

tBu 1By
0:{::>=CHHCPh:<::}=O
tBu tBu

/

3,5 3',5"' tetra tert butyl stibemequinone,

Oven ageing of unextracted ABS films offered very little
resistance towards thermel oxidative degredation (embrittlement time

65 hours in air at 10006).

6.5. ADDUCT FORMATION OF 4 BENZOYL 3 HYDROXYPHENYL OETEYL THIO-
GLYCOLLATE (EBHPT) WITH ABS IN LATEX

6.5.8. PROCEDURE

The procedure was similar to §.4.2. except for the following :-
Reaction tempsrature °C a) 45 b) 50
Reaction time in hours a) 6 b) 3%

UV stabilizer emulsion 1 gm in 100 ml.
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The material was extracted with hexane for the estimation of bound

UV stabilizer.

6+5.b. RESULTS
The percentage of bound UV stebilizer (EBHPT) obtained under

the different reaction conditions are shown in Table 20.

TABLE 20 - ESTIMATED BOUND EBHPT UNDER THE DIFFERENT EXPZRIMENTAL
CONDITIONS

t

PERCENTAGE OF BOUND REACTION TEMPERATURE REDOX SYSTEM

UV STABILIZER / TIME
48 a/a CHP/Fe i
5k a/a 3208/3205
53 v/b CHP/Fe*2
58 b/b S 2os/s2 05

6.5.e. MODIFICATION OF PROCEDURE 6.5.2. FOR ADDUCT FORMATION OF
EBHPT IN ABS LATEX

Chenging the reaction conditions end the concentrations of
initiator systems of the ebove procedurse did not result in a marked

increase in bound UV stabilizer in the system. Therefors,
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the following modification was tried for reasons that will be discussed

later in the Chapter,

6.5.¢41. PROCEDURE

The formulations were &s in 6.5.2,, but in plsce of the UV
stebilizer emulsion, sodium selt of EBHPT solution (I) was used. This
was added to ABS latex and pH of the resulting mixture was adjusted
to 9.5 = 9.6 by edding dilute ecetic acid, before initiation of the
reaction. The latex wes acid coagulated, dried in a vacuum oven at
55°C to a constant weight., The materisl was extrscted with hexane for

estimation of bound stabilizer content.
6.5.¢.2. RESULTS

TABLE 21 - AMOUNT OF BOUND EBHFT WHEN USED AS ITS SODIUM SALT

PERCENTAGE OF REACTION TEMPERATURE REDOX SYSTEM

BCUND EBHFPT / TIME AS IN 6.5.a, AS IN 6.4.8.
55 a/a CHP/F9+2
58 a/a so/so
A
63 b/b CHP/Fe*2

65 b/b 3208/3205
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The latices or the dry ABS obtained after the resction did not show

any discolouration on adduct formation with the sodium salt of EBHPT,

Photoxidatation of ABS films containing approximately 60% of the
bound UV stabilizer were followed by the dsvelopment of carbonyl
absorbtion using infra-red spectrometry. A typical curve obtained
is illustreted in Figure 40, The eccompenying Table 22, gives the
induction period and embrittlement times et four different concent-
rations of the UV stebilizer, before and after extraction of ABS,

TABLE 22 - INDUCTION PERIOD AND EMBRITTLEMENT TIMES ON PHOTCOXIDATION
OF ABS FILMS CONTAINING BOUND EBHPT

Initial Con- Concentration Induction Period Embrittlement

centration of bound EBHPT in hours time in hours

(Before ex- (After extract-

traction)in ion) in gms Before After Before After
gms extract- extract- extract- extract-

ion ion ion ion

Control

(unstabilized) i . 2 23 e3
1 0.6 20 T 52 48
1.25 0.8 23 22 53 by
1.50 0.9 25 23 57 53
2.0 1.20 27 25 62 60

Factory

stabilized - 6 2 30 2k

(Cycolac 211)
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6.6. EFFECT OF 2,6 DITERT,BUTYLPHENOL DERIVATIVES ON THE GRAFT
COPOLYMERISATION OF ABS

The possibility of addition of thiol derivatives across the
double bonds of PBD component of ABS was discussed at the beginning
of this Chapter, The implications of possible telomerisation in the
presence of thiols were also discussed. The 2bove experiments show
very little hinderance to graft copolymerisation of ABS in the
presence of mercapto derivative of 2-hydroxy benzophenons, ERHPT,
The phenolic antioxidant derivative (BHBM) on the otherhend, shows
complete inhibition of greft copolymerisation of ABS as well as failure
to resct with the evaileble double bonds of PBD component of ABS in
latex. Furthermore, similar behaviour was observed in the attempted
graft copolymerisation of 3,5 ditert butyl 4 hydroxy benzylacrylate

(DBBA), Chapter 5, section 3.

This is probably due to the combined effect of the phenolic
hydroxyl group and the electronegative atom linking the benzyl group
with the rest of the molscule. In order to investigate the possibility
of such an effect, graft copolymerisaticn of ABS was conducted in the

presence of 2,6 ditert butylphenol derivetives in the ususl manner.

6.6.a, PROCEDURE
Graft copolymerisetion of ABS wes conducted using the procedure
described under section 2,a of this Chapter, to determine the effect

fe fe
ochhsmical structurs o%khindered phenol derivatives on the grafting

reaction,
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6.6.b. EESULTS

The reaction mixtures were steam distilled to ascess the extent
of graft copolymerisation in the presence of these derivetives. The
graft copolymerisation was attempted in the presence of redox systems,

: +2
a) cumens hydroperoxide/Fe'“, and b) KQSQOS/NE25205.

brefercce
TABLE 23 — EFFECT OF GRAFT COPOLYMERISATICN OF ABS IN THEVVERIOUS
ADDITIVES ‘
Percentage of mono-
mer unreactsd (steam
Compound Structure distillation

+2
CHEP/Fe 3208/3 205

1 Control (no

- 3 3
additive
OH
TBU tBu
2 2,6 ditert butyl \@’
phenol b 5
OH
3 2,6 ditert butyl 1BU~@,’£BU
2 5
4 methylphenol CHB
4 Benzylmercaptan (;j 3 3
SH
5 Benzyl mercaptan
+
3 3

2,6 ditert butyl
4 methylphenol
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TABLE 23 - Continued....

Percentage of mcnomer
unreacted (steam

Compound Structure distilled
+2
CHP/Fe .'52,08/3205
6 BHBM t su iy 80 80
CHZSH
7 335 d-l":'-_&_l‘i_‘: butyl tB OH 18
u U
4 hydroxy benzyl- @ 8o 72
chloride HoCl
8 3,5 ditert butyl 8 OH @
u U
4-hydroxy benzyl- 80 80
alcohol CH,OH
9 3,5 ditert butyl OH
* — 1Bu @tBU
4 hydroxy benzyl- I 70 Vi
B 2
thioglycollate (BHAG )
10 5 OH
3,5 ditert butyl tgw@iBu
ol byaays- CHPCOCH=CH 60 25
scrylate (Dees) .
H
U iB
11 Irgenox 1076 tB o 5 5

C'ch H2COO Cf-q, H35
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mBI.IE‘ 2 i - CDntinuedo e 0w

Percentagse of monomer
unreacted (steam
Compound Structurs distillation

+2
CHP/Fe 3208/5205

OH
12 Irgsnox 1300 t Bu 1BU - 5
CHacHaCOOCHs
13 Thioglycollic
id i 3 3
ecid (sodium HSCH2COONQ
selt)
OH
14 Toponol 354 t‘BU\@/i-Bu 15 15
OC Hs

OH co
15 EBHPT @-co _@.OCHZCHZCiCHZSH 12 12

6.7. DISCUSSION

The striking feature of the graft copolymerisation in the presence
of the two stabilizer derivatives BHBM and EBHPT is the pronounced

inhibitory effect of the hindered phenol derivative in the presence
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of both redox systems. The loss of 127 of ABS in the
presence of EBFPT (Table 23 -~ 15) is probably due to & combined sffect
of the phenolic hydroxy and the thiol SH groups on the free radical
propagation reactions. When ABS latex was used as the substrate for
the adduct reactioﬁizzdium salt of EBHPT gave better yields than its
emulsion. These results can be correlated to the work carried out by
Smith!3I on the influence of pH upon the rate of disappearance of
high molecular weight alkyl mercaptan chain transfer agents in
emulsion polymerisation. The acid dissociation constant of thiols

are in the range of 10711,

RS -~ + H.0 — RSH + OH

The RS ~ enion in equilibrium below & pH of 11 offers very
wioye
littlgﬂresistanca to diffusion through the aqueous phase than the
thiol itself.. Having diffused through the aqueous phass, the change

on the anion could help the radical to penetrzte the elactrical double

layer surrounding the polymer latex particle,

As long as the pH remains below the acid dissociation constant
of the thiol the shift in the equilibrium can produce thiol SH

necessary for formation of free radicals RS® for the adduct resctions
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According to Westfahl 14 studies by esr have indicated 3,5
ditert butyl 4 hydroxy benzyl derivatives can be divided into two
general classes based on their behavicur towards one electron
oxidation, (ferricyanide ion as the oxidising agent). The first

stage of the oxidation is the abstrsction of hydrogen from the
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hindered phenol group (7). If the bond betwsen the benzyl group and
the rest of the molecule is strong (as R = - CH, CH, COOH) a phenoxy
redical of considerable stability will form (8). No other free

radicels have been observed.

_3 2
+ FeICN]6 + OH

CHER

0
tBu tBu =
e 4 Fa (CN)S + HZO

CH5 R

If the bond between R and the benzyl group is weak, a loss of R

occurs either by ionic or free redical process to give very unstable

2,6 ditert butylquinone methide. The sequence of reacticas which

subsequently follow leads to highly conjugated quinone-liks structures.

: 0 OH
1Bu¢o HBU tBu [ 1Bu tBu tBu
+
H C C
? : B H R

R‘? strong
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tBu 0 1By tBu X {Bu
i
sz CH, \
R‘jweck tB 1By
+BU [ tBu
|
Y
1BU tBU
s 1BU ' '}BU

Compounds whers R = H, C1, OH, N , S and phenyl are examplss of
this class, Though Westfahl'® ? observed 2,6 ditert butyl 4 hydrosy-
toluene (where R = H) to undergo oxidation in the presence of
ferricyanide, other worksrs have found otherwise. The atability end
the formation of the benzyl radicel from sbove was confirmed by the
graft reaction of the latter with naturel rubber80?I44'? in the.
presence of redox system of initiators.

OH
t Bu OHiBu tBu_ 4 tBu

Initiator
—»

s Gh,
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CH3 ¥ tBu
g + {-{2(_‘, —@-OH
y t2u
l CH
| 3
-C=CH-CH-

[ tBu
CI-L2—<: >—OH
1Bu
However, it is possible to conclude that the quincnemethids

is probably formed as the initial product during the oxidation of

BHBM in the presence of rsdox initiators.

0

TSN By 3. B o 1Bu L 1B
U — U =

CH,SH CH, 0

tBu tBu
- > 0
0 _-crzor,{ -
{Bu tBu

t By tBu
O=§:>:CH-—CH QO

tBu tBu



160

The formation of the quinone methide in this case is probably
faciliteted by the weakening of the bond between the be;zyl and the
thiol group due to electronegativity of the sulfur atoms and the
electren affinity of the aromatic ring, The formation of such a
quinonemethide is followed by a seriss of reactions in the presence
of redox systems, leading to quinones, which are quite well known
polymerisation inhibitors. Those compounds which inhibit the graft
copolymerisation reaction shown in Table 23, probably behave in a

similar manner to the mechanism followed by BHBM,

The effect on the above mechanism by different substituents at
the benzylic carbon etom other than electronsgative substituents is
shown in Tabls 23 - 11 and 12, As exzpected when the SH group was
repleced by an elsctron releasing group such as - CHZ COOR the graft

copolymerisation proceeded without inhibition.

The part played in the mechanism by the phenoxy group znd the
electronegative substituent at the benzyl carbon in the sames molecule
is shown by the uninhibited graft copolymerisation in the presence of
2,6 ditert butyl 4 methylphenol and benzylmercaptan, Table 23 - 3, 4,
5, 6. The promoting effect observed in the presence of benzyl-
mercaptan is probably due to its solubility in the aqueous phase in-
creasing the probability of the formetion and the diffusion of the

thiyl radicals to the reasction loci.
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6.7. PART PLAYED BY MONOMER, INITIATOR IN THE INHIBITION OF GRAFT
COPOLYMERISATION OF ABS, BY BHBX

It was difficult to isolate and study the part played by the
monomer end/or initiator on the inhibition reaction of BHBM under
emulsion polymerisation conditions, due to the presence of other
additives described in the formulations., TheSe can be eliminated if
the polymerisations are carried out under free radical conditions in
organic solution, using UV light or thermal energy for the decomposition

of initiators.

6.7.8. PROCEDURE

The poiymariaations Wwere carried out, in quartz tubes, in UV
light, under an atmosphere of N2. The tubes were suspended in the UV
cebinet described in Chapter 2, section 7. The samples were exposed
for varying lengths of time depending on the degree of polymerisation
in the presence of different additives. The monomer stabilizer molar
ratios were kept constant at 100:4.5. The initiator concentration
was restricted to 0.3% W/W of monomer. Qualitative estimation of the
extent of polymerisation was determined for selected systems by
relative viscosities of benzens solutions of the resulting polymer/
monomer solution in an Ubbelohde viscometer. The polymer was pre-

cipitated by adding methanol to benzene solutions of the exposed

samples,
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6.7.b., RESULTS

Evolution of st was detected using lead escetate paper, The
formation of sulfurdioxide was established by passing the gas to
BaC12 solution,

TABLE 24 - INFLUENCE OF VARIOUS ADDITIVES ON HOMOPOLYMERISATION OF
ACRYLONITRILE AND STYRENE

Compound Solvent/ Initiator Irradietion Observations
Monomer Time

(Deys)

1 BHBM Benzene - L High mol.wt,
quinone
seperate out
from yellow
solution con-
taining
stilbenequin-
ons (TLC) -
Evolution of

st

2 BHBM Benzene CHFP 4 Stilbens
quincne (by
TLC) 80, was
formed

3 - Styrene CHP 2 Polymerised
to a solid

4 - Sty?no AZBN 2 Polymerised
\ to a solid
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Continued,..

Compound

Solvent /
Monomer

Initistor

Irradiation
Time
(deys)

Cbservations

7 BHBM

9 DBHBM

10 BHT

(Toponol OC)

" BHBM

Acrylonitrile

Acrylonitrile

Styrene

Styrene

Styrene

Styrene

Acrylonitrile

AZBN

CHP

AZBN

CHP

CHP

CHP

%0

30

10

Polymerised
to a solid

Polymerised
to a solid

Polymerised
to a solid.
Polymer
contained
bound BHBM

Polymerised
to & solid.
Polymer con-
tan bound
BHBM

Inhibitory
No evolution
of gases,
Traces of
stilbene
quinone was
detected by
TIC (see
Figure 4I)

Polymerised
to & solid.
Bound BHT
was detected
in the
polymer,

Polymerised
to a sclid,
Polymer con-
tained bound
stabilizer
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MI‘E % - Continued.....

Compound Solvent / Initiator Irraediation Observations
Monomer Time
in days
12 BHBK Acrylonitrile AZBN 4 Polymerised
to a solid.
Polymsr con-
tained bound
stabilizer
13 BHBM Styrens tBH 30 Inhibitory
14  BHBM Acrylonitrile tBH 66 Polymerised
to a solid.
15 Benzyl- Styrens CHP 2 Polymerised
mercaptan to a2 solid,
(see Figure
41)
16  Benzyl-
mercaptan Styrene CHP 5 Polymerised
to a solid,
- :
(see Figure
Toponol oC 4I)
(5/2 w/w)
OH
By By
17 Styrene CHP 10 Polymerised
CHO to a solid
L
Bu TBU 5
18 4 CH—C.H:QO Styrene CHP 30 Polymerised
! to a viscous
tB Bu liquid (see
figure 41 )
CHP 15 Polymerised

0
19 tBU@jBU Styrene

o]

to a viscous
liquid solid
polymer in
25 deys (see
Figure 41)
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TABLE 24 - Continued,...

Compound Solvent/ Initiator Irradiation Observations
Monomer
‘l‘B d
20 18U Acrylonitrile CHP 6 Polymerised
- 0 to & solid
tBU By
21 - C= Styrene - 10 Polymerised
to a viscous
liquid
s0lid polymer
in 25 days
(see Figure
A1)
CHP = Cumenehydroperoxide
tBH = tert. butylhydroperoxide
BHT = 2,6 ditert.butyl L4 methylphenol (Toponol OC)
AZBN = Azobis isobutronitrile
6+7 .0 DISCUSSION

The two free radicel initiators used in the above experiment

dissociate on irradiation to give the following free redicals,



Figure 4I.

Change in relative viscosities of polymer/monomer

solutions on irradiation (solvent : benzene, numbers

refer to the sequence in the table 24),

18 22

1

12
Irradiation time in days
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™ ~ -
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It was observed that in the presence of AZBN, hindered phenol

cr, s
- hy 5
M Nl -l oA TRy +N
! ~ cH 3 4 2
C=N 3 CN
AZBN
cH, ?H3
|
5 ‘1: - OOH hy , - tl: O * g R
CI-Ij CH}

derivative BHBM showed no inhibitory effects towards homopolymerisation

of styrense,

the system,

Analysis of this polymer showed some bound stabilizer in

Therefore, it is possible to 2ssume that under these

conditions the 2lkyl radical preferentislly attack the thiol group.

OH CHj OH
t Bu tBu ' t Bu {Bu
T GH3 - (I':' i
CH,SH Ny Lhgse
OH CH=CH t Bu

= }:gU@ CITSCH.Z—S

Telomerijsation
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This preferred attack of the alkyl radical on the thiol group

even in the presence of chain bresking hindered phenol group is

probebly due to the following reasons :-

a)

The steric hinderence for hydrogen abstraction from the phenoxy
group dus to the interaction of bulky tert.butyl groups of

the antioxidant end methyl groups of the initistor redical.

The alkyl radicals differ from alkyl peroxy redicals in that
they tend to give up, rather then gain an elsctron. One
consequence of their character is their facile resction with
double bonds and this is particularly importent for secondary
end tertiary elkyl radicals which are unreectivein the
competing hydrogen abstraction reaetionTT. Thus, it has been
observed alkyl redicals are cagpable of polymerisation of vinyl
monomers quite effectively in the presence of phenolic antiox-

idants sc long as oxygen is excluded.

\0 Bl\i'

v oy ] CH + e

ROO* "% ¢ =—<=. 30"
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Homopolymerisation of styrene in the presence of BHBM wes observed
in the absence of any initietor additives, The reaction mixturs wes
found to contain traces of stilbenequinone derivatives, end the polymer
was found to contain some bound stabilizer., It was observed that when
BHBM was irradiated in benzene soluticn, st was evolved with the
formation of some stilbenequinone derivetives, It has been d emonstrated
by Morgan et. al.,I47 that thiols are capabl%?idduct formetion on
irrediation in the presence of photosensitizers, Initiation in this
case is said to occur by abstraction .of a8 hydrogen atom from the thiol
group by the excited nﬁ* triplet of a ketonic photosensitizer,

Aromatic carbonyls have been found to be the most effective sensitizers

for the resction.

1
BRC=0 ——e RCs=0O (nﬂ*)
R,C=0" (nA™) EIR R,C0 J(nK")
RG =0 (N7 ) ABRY R, COH  + Bs,

Thus formation of a2 smell amount of stilbenequinone on irrediation
could act as the photosensitizer for the homopolymerisation of Styrene

in the presence of BHBM,

1 Bu tBu

HO CH5SH Th CH2+ H,S

tBu tBu
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0
tBul A\ _1Bu
5. tBu tBy
CH-CH 0
CH2 tBu By

The difference between the reactivity of BHBM in the presence
of CHP and AZBN is probably due to the nature of radicals formed from
the two initietors. The radicals of cumene hydroperoxide offer very
little steric hinderance to hydrogen abstraction from the phenolic
group of BIBM. Once the phenoxy radicel is formed it can undergo
further reactions leading to the formation of quinones discussed under
section 3 of this Chapter. It has been established that quinones can
act as photosensitizers for the eddition resction of thiols on irred-
iation141 But alkoxy and peroxy radicals on the otherhand, can
reect with stilbene quinone derivatives to interrupt the congugation,

’

and hence, the photosensitizing sbility of the gquinonse.

tBu tBu ,
O:@:CH—CHQO + RO-
tBU BU tBU

O-@(OR tBu
CH—CH:@?O

tBu tBu
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It was observed that hydroperoxide delayeithe homopolymerisation
of styrene on irradistion in the presence of stilbenequinone derivatives
Téble 24 - 18 and 21 also FiguredI .

The question then is why and how such inhibition takes plece
in the presence of styrens and not acrylonitrile. The answer lies
probably in the polarity of the two monomers. Acrylonitrile being a
highly polar solveant, cen effectively solvate the hydroperoxides as
well as the radicals formed from them. Once the radicals are formed
the probebility of initiation of polymerisetion is greeter than the
abstraction of hydrogen from the phenoxy group due to effsctive

solvation.

Cn the other hand, when styrene is.used &s the monomer, the
thiol antioxidant, BHBM, being more poler can effectively solvete
hydroperoxides, This brings the phenoxy group within reach of any
radicals formed from the hydroperoxidss.

From these observations it is possible to conclude thet if
adduct formetion reaction of BHBM with an unsaturated substrate is
cerried out &) in the absence of a less polar monomer such as
styrene and/or b) with an initiator system which does not produce
radicals small enough to abstract hydrogen from the phenoxy group,
high yields of rgaction products can be achieved,

Examples of such initiator systems suitable for emulsion poly-
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merisation conditions are CHP/Fe' 2, 8,04 / 3205 redox systems, and

water soluble azo initiators such es 4,4' azo bis (4 cysnovalsric acid).
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CHAPTER 7 - PREPARATION OF THIOL STABILIZER ADDUCTS OF ABS AND

THIO ACTIVITY TOWARDS OXIDATIVE DEGRADATION

The two mercapto derivetives discussed so far viz, BHBM and
EBHPT differ profoundly in their activity towards adduct formation
reactions in the presence of monomers. The evidence gathered so
far points to the fact that the failure of BHBM to undergo adduct
reaction is probably due to & combined effect of the less polar
monomer and the less sterically hindered free radical/radicals of
the initiator. Therefore, it follows that if just one of the two un-
favourable factors is excluded during the reaction, the adduct

formetion of BHBM with ABS in latex should proceed unhindered.

The consequences of replacing the initiator system presently
being used to manufacture ABS, with a new system are not forsseeable.
The unexpected would not only arise from the byproducts of decomposit-
ion of the initistor system but slso from propertiss such 2s molecular
weight and its dispersion, cross-linking density etc., of the finished
product. Therefore, in order to use the present initiator system, it
is necessary to exclude the less polar moncmer, styrene, during the

adduct formetion reaction.

The amount of unrescted monomers (residual monomers) in ABS
latex can be as high as 4% W/V, A fully saturated aqueous solution
acrylonitrile contains about 7% monomer whereas styrene is only

sparingly soluble in water, and therefore, probably exist as monomer
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droplets in latex. It is possible to visualise ABS latex as &
dispersion of latex perticlss and styrene droplets in an aqueous
solu¥ion of acrylonitrile and the emulsifier. It styrene is dis-
persed in latex as monomer droplets, the cchesive forces between the
medium should be quite low. This would make it easier to effectively

remove residual styrens than scrylonitrile from latex.

7.1, PREPARATION OF STRIPFED LATEX - PROCEDURE

A 2-necked flask fitted with & stirrer was connected to a
vacuum pump, via & liquid nitrogen trap, through a tube with a small
bore (0.5 mm), The flask was immersed in & water bath and the temperature
was raised slowly within an hour to around 60°C., The latex was stirred

at around 30 rpm dufing this pericd.

It was found that 600 ml of ABS latex (containing approximately
200 gm dry ABS), could be stripped when the temperaturs was allowed
to rise to 60°C in 50 minutes. About 50 ml of distilled water was
added to the latex before stripping, to compensate for what is lost

during the operation.

7.2, G.L.C, ANALYSIS OF STRIPPED LATEX FOR RESIDUAL STYRENE

Anslysis was carried out in a Perkin Elmer model F30 gas chrom-
atogreph, using a porapak Q 80 - 100 mesh stainless steel " thick

column, six feet loang.
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Injection temperature 150°C

Detection temperature 250°C

Column temperature 230°C
Carrier gas N2 e
Detector Flame ionization type

Under these conditions styrene is eluted approximately after nine

minutes of injsction of the sample,

7.2.a, BORG WARNER CHEMICALS AND PLASTICS GROUP TEST METHOD

Essential features of this method ar9148’

(1) injection of a small quantity (mel ) of latex to obtain
the chromatogrem

(1) comperison of these peaks with the peaks of solutions

containing known amounts of monomer.

Though this method was applicable for determination of acrylonit-
rile owing to its solubility in the agueous phase, sparingly soluble
styrene gave erronsous results, possibly due to uneven dispersion of

the moncmer droplets in the aqueous phase, of the latex.

7.2.b, ANALYSIS OF LATEX EXTRACTS

Hexane was found to be the best solvent for the extraction of

the residual monomer styrens from ABS latex.
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7.2.b.1, PROCEDURE

50 ml of stripped latex, 50 ml of distilled water and 50 ml
of hexane were taksen in a 250 ml flask and shaken in 2 mechanical
shaker for varying lengths of time., It was found that consistent

results were obtained after an hour in the mechanical shaker.

The GLC peaks were compered with a known solution of styrene in

hexane (0.5% W/V). The peaks were cut and weighed for compsrison.

7.2.b.2, RESULTS

GLC peaks obtained for styrene/hexans solution and hexane
extracts were cut from the chaert and weighed for the estimetion of
meximum allowable residual styrene in latex for uninhibited reaction

with BHBM,

Average weight for 1/{1 of 0.%% solution of

styrens in hexane = 10,0525 g

Average weight for 1._}#{ of hexane extract

of stripped latex = 0.0148 g
1!111 ~of 0.5% solution = 2.18 ‘f’WL of hexans extract,

."« Concentration of styrene in

stripped latex = 0.2306 WA of ABS latex




176

7.3. ADDUCT FORMATION OF BHBM WITH STRIPPED ABS LATEX

Stripped latex was prepaered by the method described in this

Chapter unders section 1.

7.3.a, PROCEDURE

TABLE 25 - FORMULATION USED FOR THE BHBM ADDUCT FORMATION

ABS latex stripped in ml (30% dry ABS)
BHBM emulsion in ml (1 g BHBM)
Cumene hydroperoxide in gms (CHP)

Fo*? / TSPP solution in ml

Glucose (gm in 10 ml of water)

Time in hours

s}

Temperature in C

Atmosphere

330

100

0.2 _—-— 2.0

2 =10

1 - 2.5

The amount of initiator CHP/T9+2 and the reducing sugar concen-

trations were varied to study the effect on the adduct formetion

reaction. Cumene hydroperoxide and the antioxidant emulsion were added

in aliquots within the first half of the resction.

Tho'resulting latex was acid coagulated, washed nesutral with

distilled water, and dried in a vacuum oven at 55°C to a constant weight.
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For the purpose of estimetion e2nd evaluation of bound BHBM, part of

the dried ABS was extracted with hexans,

7.3.b. BRESULTS

(1)

Figure 42 ¢

% BHBM adduct

100

g0

80}

70
60
40

LQt
30}

20
10

0

Effect of the concentration of initiator :- The percent-
age of bound BHBM was found to increase with the
concentration of the redox system up to 0.6 perts of
cumene hydroperoxide per 100 parts of ABS, Further in-
crease in the concentration of redox initiator system

did not increase the extent of adduct formation.Figure 42

Dependance of the concentration of initiator on the
adduct reactiom (57°C).

01 02 03 04 05 06 07 03 08 10
(CHP) in gms / 100g ABS
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Effect of bound antioxidant BHBM after extrection on
photoxidative degradation of ABS (by the development
of carbonyl using IR spectroscopy) &t a concentration
of 3.1 87 x 10~ moles (= 0.8% by weight) are given in

figure
o Adaycong v @sz’am Suye

Figure 43. Dovelopment of carbonyl absorbtiony (by infra-red

Carbonyl index (A‘I 72C/A2220)

0

spectrometry) of ABS films containg (a) no stabilizer
(b) 3.636 X 10™3 ¥ Bur (¢) 3.I87 X T0™> M BHBM adduct

aftér extraction.

I 8 -% Bl Dl D % D e

Irradiation time (h)



Induction period for carbonyl
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(iii) Effect of bound antioxidant BHBM on thermal oxidstive
degradation of ABS (by the development of carbonyl
using infras red spectroscopy) 2t different concent-

trations of the adduct are given in Figure 44,
\

Figure 44. 1Induction periods on oven ageing of ABS films at 100C

on oven ageing (h)

containing (a) BHBM adduct after extraction
(b) 3,5 di-tert-butyl 4 hydroxytoluene (BHT)
and (c) Irganox I076. (Obtained By monitering -
the development of C=0 by IR spectroscopy).

F 8
400t
300¢
200+
0
i BHBM adduct X
100 (a.fte: eizraction)
BHT O
IRGANOX IOT76 ¢

Molar concentration of antioxidants
(x 1073)
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7-3.0 DISCUSSION

&3 expected the stripping of latex led to the adduct formation
reaction with BHBM under redox conditions, The critical concentration
of the maximum a2llowable residual styrene by the analysis of hexane

extracts of latex was found to be around 0.2307 W/V of latex forikBSlefiK'

A linear relationship between the concentration of the redox
system CHP/F9+2 and the yields of adducts for the resction of BHBM with
ABS in latex was observed up to 0.6 parts of cumenehydroperoxide per hundrsd
parts of the polymer, Figure 42. TFurther incresse in the redox system
concentration did not seem to have beneficial effects., In fact, above
0.8 parts of cumenehydroperoxide the amount of bound BHBM began to
decrease by sbout 5% for every increasse in 0.1 parts, up to a2 concent-
ration of 1.0 of CHP/4100 perts of ABS, This decrease is probably due

to one or mors of the following reasons,

(1) Oxidation of BHBM to monmo and polysulfides in the excess
of the oxident. One of the general methods of preparat-
ion of polysulfides is the oxidation of mercaptans in an
alkaline medium. Since ABS latex used in the reaction
has & pH of 9.6 - 9.8, the possibility of such an
oxidation cannot be completely eliminated in the presence )

of excess oxidant such as cumenehydroperoxides,
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(ii) Decomposition of excess hydroperoxide by the mercaptan,
monosulfide snd the polysulfides, in the final stages of
the reaction. It was found (Chapter 4, section4 .2,) that
BHBM and its derivatives decompose hydroperoxides effect-
ively at 70°C with an induction period of about 25
minutes. The adduct formation reaction is usually carried
out at 57°C. At this tempereture, it was observed that
BHBM and its derivatives take approximately 135 minutes
to initiate the decomposition of cumenehydroperoxids,

This period is well coversd by the conditions of sdduct
formation, where reaction is allowed to continue for 180
minutes at 5708.

(iii) The redox reaction betwsen cumenehydroperoxide and Fo*?

ion in agueous solution can be illustrated as follows :-

BOOH" AW . mP ok B (1)
RO A R0 = ROH + OH® - (2)
OH® + Fe+2 E—— Fs+3 + OH (3)

If excess of RO' radicals are generated in the system, thers is

& possibility of accumulation of 'OH as explained in reaction (2).
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This radical hes the highest ability to abstract hydrogen from the
hindered phenol group of the sntioxidant due to its size., Since the
quantitative estimation of phenolic antioxidant depends on the resction
of Fe+2 ion with the phenolic hydroxyl group loss of hydrogen in this
manner will be registered in the final analysis even if the molecule

is bound to the polymer.

at wor
Cvenageing of extracted 4BS films containing bound BHBM, show a

{

remerkable improvement in stability over the conventionel phenolic ant-

1344
iaxidants.K'Parallal experiments at the same molar concentrations of the
extracted BHBM adduct, and BHT as additive show an increasse of 2pprox—
imately 225 hours for the induction period of the development of carbonyl
absorbtion (by infra red) on oven ageing of ABS films, at & concentration
of 317 x 10" noles /100 gms of ABS, At this concentration enother
conventional phenolic antioxident, Irgenox 1076 as an additive showdlan
increase of sbout 75 hours in the induction period over BHT, Figure g4 . This
difference is probably due to the rscorded low volatzlity 96and the

~ higher compatibility of 1076, due to the presence of the stearete

substituent, with the polymer.

The formetion of an adduct saturates & double bond. Such a
system cen undergo reactions involving ﬁ- hydrogen atoms, during the

decomposition of hydroperoxides by sulfur compounds, as shown by Scott150’8%
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It is possible to arrive at the following mechanism for the decomposit-
ion of hydroperoxides by BHBM adducts using the above reference for

similar derivetives.

|
-Cl—LZC CH— OOH —CHZ——(I;;—CH_
% C_ tBu |CH‘2 tBu
CH Se
§a Ve oL o
tBu 0 tBu
; :
—~C o ~ Ch=C —<CL} —
H2|C CHs _ H2C|I CH2
CH
a5y !
(n .~ & ¥,
0=95 | e
-4 1Bu
CH_Z@OH ™
1Bu
tBu
HOS CH, QOH
tBu

#

The following mechanism cen be suggested for the oxidation of
the sulfemic acid derivative of the phenolic antioxidant formed, based
on the evidence obtained by the study of the decomposition of cumene-

hydroperoxide by 3,5 ditert.butyl 4-hydroxybenzyl decylsulfide.
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By 9H 1R OH OH
E ”_F@_}_L tBu A, 1By WL A 1B
+ H
T

%
502H
ROOH \\\
OH
OH
iRy {8y tBu 1By \er
+ RO- + HZO + 2
CH CH
T -
SO
B Stilbene quinone

derivative etc

It was possible to identify, 3,5 ditert butyl 4-hydroxytoluene
and 1-decene by TLC analysis of the reaction mixture of cumenehydro-
peroxide and 3,5 ditert.butyl L-hydroxy benzyl decyl sulfide soon
after the induction period, which at 70°C for this system is 35
minutes., The very faint spot on the TLC plate due to BHT obtained
at the beginning of the reaction soon disappearsd. The formetion

of these two products can be explained as follows.
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OH
B B
u U By OH By
&2 ik
e CHJCH

O=S-CH CHZI C H2)7CH:a

OH

tBu iBu
‘@ t  CHy=CHICH,),CHy

S‘HQ i-Decene

SOH

1BU tBU 1 BU tBU
@ e

CH, CHy
SOH SOZH
-So,
fom @
OH 0
t BLLI:::ItBLJ tBLhI:::TtBU
CHO 2

Later stages

The releese of entioxidant as the sulfenic acid derivative on

oxidetion of bound BHBM system re-introduces the lost double bond to
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the system. This process probably takes plece during the induction

period, observed in the ovenageing process.

The BHBM adduct shows only & marginal improvement over BHT
(as additive), on the photoxidative degradetion of ABS, Figurs 43. Hydro-
peroxide decomposition studies of BHBM and its monosulfide TBMP show
an inducticn period of 27 end 35 minutes respsctively, at 70°C. Affer
the induction period the process follows first order kinetics with
respect to the concentration of hydroperoxide, Figures 29 & 30. It is possible
to conclude that both BHBM and TBMP are converted to active peroxide
decomposers during the initial stages (induction period) of the decom-
position reaction. The discrepancy of the bshaviour of the BHBM

adduct towards thermal and photoxidation, can probably be explained as

follows :-

(1) The decomposition of polymsrichydroperoxides on photolysis is
almost instantanecus. But it was found that sulfur containing
antioxidants reacts with hydroperoxides after a short induction
period . As 8 result, under these conditions sulfur conteining
phenolic antioxidents are probably incapable of showing the
synergistic effects, observed during thermal oxidative degrad-

ation of the polymer.
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(i) Sulfenic acid derivatives have been found to be the most effect-
ive peroxide decomposers of sulfur compounds 149, This is formed
after an induction period, from sulfides or thiols in the
presence of hydroperoxide#5Q It is known that the initial
breakdown products of sulfoxides which contain a Fs- ~hydrogen
atom are sulfenic acidalsfj Shelton and Devis 91, found that when
sulfoxides were subjected to both direct and sensitized photolysis,
products derived from initially formed alkyl and sulfenyl radicals

confirmed the expected homolytic cleavagse of the C-S bonds,

0
T
BS - CH, cH2 R! +# R"O0H ——+ RS = R'Hzcazn' + R"C'H
Sulfoxide
0
B8 CH2-GE12-R' ———» RSOH + R'CH = CH,

Sulphenic acid

It is possible to assume that such reactions could occur from
sulfoxides derived from BHBM adducts during photo oxidation,
These photolytic reasctions cen lead to chain propageting alkoxy
end 2lkylperoxy radicals under oxidetive environments, This is
probably manifested in the activities of sulfur containing anti-

oxidents under photoxidative conditions,
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0
1 A:a ¥
RSR TRl R v BBDN e RS DR
Ar RSO,
RS+ + R'0O°
R' Ar
+ l
R' - R'
ste. RSSR R'OH

ete

Figure 45. Types of products formed in the photolysis of dialkyl,

dialkenyl, alkyl and aryl sulfoxides, O.1M in benzene L ,

It is clear from the above discussion that
a) if the photolysis of polymer hydropercoxides can be delayed to 8
considerable extent upto or beyond the induction period for the decom-

position of hydroperoxides by sulfur containing antioxidants , and

b) the photolysis of sulfoxides of sulfur containing antioxidants
are contained to a minimum, considereble improvement in the stability
of the polymer against photoxidative degradation could be achieved.
Only & screening agent such as a8 UV absorber has the ability to satisfy

both these requirements,



189

7.4.  ATTEMPTED ADDUCT FORMATION WITH THIOL ACID ESTERS OF 3,5 DITERT
BUTYL 4 HYDROXY BENZYLALCOHOL (BHBT AND BHBP)

7.4a,1 FROCEDURE

The following formulation was used in the attempted adduct

formation :-

ABS latex stripped in ml (30% dry ABS) 330
Antioxidant emulsion in ml (1 gm) 100
Cumene hydroperoxide in gms 0.6
Po*? / TSPP solution in m 5
Glucose (gm /10 ml of water) 1
Time in hours (a) 3 (b) &
Temperature in °C (a) 57 (b) 50
Atmosphers N,

The antioxidant emulsion and CHP were added in aliquots during
the first helf of the reaction. The latices obtained were acid coag-
ulated and the crumb was dried in a vacuum oven at 55°C to 2 constant

weight., For bound antioxidant evaluation, ABS was extracted with hexane.

7.4.22 RESULTS

The bright white wet cosgulum turned pale yellow on drying, in
the presence of both antioxidants., The amount of bound antioxidants
estimated by the method described in Chapter 2, are given in the

following Table 26,
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TABLE 26 - CONCENTRATION OF BOUND STABILIZER ON ADDUCT FORMATION OF
ANTIOXIDANTS BHBG AND BHBP AND CORRESPONDING INDUCTION
PERIODS ON OVEN AGEING

ANTIOXIDANT TEMPERATURE/TIME % BOUND INDUCTION
ANTIOXIDANT PERIOD IN
OVEN AGEING IN
HOURS

BHBT a/a 22 60
BHBP a/a 20 60
BEB7 b/b 37 80
BHBP b/b 33 78

Thin layer chromatography of hexane extract showed three bright
spots among others. Ry values (Table 18) of these correspond to the

following oxidation products I, II and III,
2,6 di tert butyl 4 hydroxy benzaldehyde I

2,6 di tert butyl benzo I,4 quinone IT

3,5 3'5' tretra tert butyl stibene I,4 quinone I1T
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7.4.a3 DISCUSSION

The formation of oxidation products described above necessitates
the hydrolysis of ester carbon bond of the molecule. Such hydrolysis
is probably fascilitated by the weakening of the ester carbon bond due
to electronegativity of the ester oxygen atom and the electron affinity
of the benzene ring. The loss of antioxidant in this menner is msni-

fested in the performance of the polymer towards oxidative degradation,

Table 26,

(0]
By iBuy HZO 1o, OH By

: @ * CHSICH, ) COOH
CHZO CO(CHZ)nSH CH20H
OH OH 0

tBu 1Bu t Bu@?Bu tBu‘@fBu
CH.OH CHO Q;

7.5. EFFICIENCY OF ADDUCT STABILIZERS BHBM AND EBEPT IN COMBINATION

It was observed (Chapter 4) that the individusl performance of
TBMP and EBHPT es additives in ABS towerds thermal oxidative degradation

and photoxidation respectively was marginally higher then other stabilizers



192

tested, at approximately the same molar concentrations. The combined
effect of these two on the photoxidation of ABS was found to be much
higher than that expected on an additive basis, Since the adduct form-
ation reaction with BHBM and ZEBHPT with ABS in latex was of consier-
able success; the possibility of latex blending was exploited to obtain

a synergistic combination of the two,

7.5.81 PROCEDURE

Two samples of '4BS’ latex (a) stripred (b) un-
stripped, were reacted with BHBM and EBHPT respectively. The initial
concentration of the stabilizers used for this reaction was 2,5 gms
for every 100 gms of dry ABS, The resulting latices were combined with
the corresponding amounts of unstabilized RS latex to give the

following concentrationsin the final product. (Table 27).

The latices were stirred at 220 rpm for 0, 5, 10, %5 and 60
minutes before coagulation. The crumb was dried in & vacuum oven at
55°C, to a constant weight. ABS was extrected with hexsne for evasluation

of bound stabilizers.
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TABLE 27 — FINAL CONCENTRATIONS OF STABILIZERS ON LATEX BLENDING

BHBM EBHPT Unstabilized ABS
gms per 100 gms of ABS gns per 100 gms added (in gms of dry
of ABS ABS)
0.5 1.0 40
0.8 . 1.0 28
1.0 10 20
1.2 1.0 12
T2 0.8 20
15 0.8 8
1.5 1.0 ¥,
1.5 0.6 16

7.3.b. RESULTS

(1) Quantitative estimation of bound stabilizer in the stock

latex -
BHBM 78 - 80%

EBHPT 62 - 65%

(11)  Induction periods and embrittlement times for various

combinations on photoxidative degradation of ABS films, by carbonyl

absorbance using infra red spectrometry are given in the accompanying
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Table 28. A typicel curve for the development of carbonyl abaorbance

in both extracted and unextracted stabilized ABS is given in Figure 46,

TABLE 28 - INDUCTION PERIOD AND EMBRITTLEMENT TIME FOR VARIOUS COMBIN-
ATIONS OF BHBM AND EBHPT BEFORE AND AFTER EXTRACTICN, ON
LATEX BLENDING

Sample BHBM/EBHPT BHBM/EBHPT Induction Inducticn
No Before extraction After extraction period/Bmb  period/Emb
gus /100 gms of gns /100 gms of time in time in
ABS ABS hours hours

Unextracted Extracted

1 0.5/ .0 0.4/0.62 33 100 32 90
2 0.8/.0 0.64/0,62 50 120 43 92
3 1.0A.0 0.8/0.62 70 135 60 130
L 1.2/4.0 0.96/0.62 70 140 65 130
5 1.2/0.8 0.96,/0.50 65 135 62 130
6 1.5/0.8 1.2/0.50 80 160 75 140
7 1.5/ .0 1.2/0.62m 80 160 73 140
8 1.5/0.6 1.2/0.37 65 130 55 130
9 Control (Factory stabilized) 6 30 2 24

(i1i) Induction periods for the development of carbonyl (by
infra red spectrometry) on oven 2geing in air et 100°C are given in
Table 29. The numbers refer to the sample numbers in the previous

Table 28,
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TABLE 29 - INDUCTION PERIODS ON OVEN AGEING IN A.R FOR SAMPLES MADE
BY LATEX BLENDING, SAMPLE 1 - 8 REFER TABLE 28

SAMPLE INDUCTION INDUCTION PERIOD
No PxRIOD IN HOURS IN HOURS
BEFORE EXTRACT- AFTER EXTRACTION
ION
1 300 225
2 375 300
3 450 400
b 540 L350
2 525 475
6 700 600
7 700 600
8 700 600

(iv) No improvement on either thermal oxidative degradation
or photoxidative degradation was recorded when EBHPT latex adduct
was replaced by the adduct of thio propionic acid derivative of 2-

hydroxy L - hydroxy ethoxybenzophenone (EBHPP),

7+5.c. DISCUSSION

The above results were cobtained from ABS of latex blends stirred



)
/

Induction period for carbonyl (h)

(by IR spectroscopy)
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at 220 rpm for a minimum of 10 minutes.. The films of ABS powder by
directly coagulation of latex blend without any mechanical stirring
showed very little stability towards photoxidative degradation. This
sample regeined its 'expected' stability only on processing in a

torque rheometer for 3 minutes at 190°C. Figure 47.

Figure 47. Dependance of photoxidative stability on time of

mechanical stirring of latex blend.
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This discrepancy is probably due to the difference in the

densities of the adduct ABS. On coagulstion, the cosgulum usuelly

floate to the surface, If the densities of coasgulum in the presence
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of stabilizers are different, the orumb may take up different
positions giving ambiguous results for the final product. Such an
ambiguity can be relieved by homogenization of,

(a) the latex blend on mechanical stirring

(b) the dry ABS by processing in the melt state

A plot of increase in the concentration of BHBM (bound or
unextracted) at constant UV stabilizer concentration, (EBHPT) versus
induction period on photoxidation showed 2lmost & linear reletionship,
Figure 489,

Figure 43. Induction period for the development of carbonyl vs
concentration: of BHBM (at constant uv stabilser

concentration). Refer table 28
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OH
(o ‘@'OCHZCHZOCOCHZS—

= RS
CH= ( !
~~Ny C-CHy - CH C—CHy
?Hz H-Cﬁ
CH. SR
2 /CHZ
0=5
&
}
~CH;-C—CH-
|
CH + RSOH

Il

=

RSOH + ﬁOOH _— RO + +5O + Réo

l |

Initigtion Inhibition

According to the above mechanism for every two moleculss of

R'OCH decomposed, an alkoxy radical capable of chain initiation is
87

formed. The chences of neutralization of an slkoxy radical formed,

increases in the presence of increased concentra‘ion of antioxidant,
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7.6,  MASTERBATCHING TECHNIQUES

Conventional stabilizers are added either in the latey stage
or during the processing of 2 polymer, An obvious implication of the
adduct formation reaction of BHBM and EBHPT with the commercial
material is the escalation of the cost of manufacture of the polymer.
Therefore, for any future commercial application of this process, such

an increase in the cost should be justified by its performence,

The cost of the process can be kept to 2 minimum if higher
than normal amounts of stabilizers can be reacted with a given amount
of polymer to form a 'masterbatch', to be diluted in a later stage,
Masterbatching of & product is only successful if the performence of
the diluted materizl remains more or less unchanged so 2s to increase

the cost/performance of the overall process, in favour.

7.6.a., PROCEDURE

The following formulation was used for antioxident masterbstch

formation
ABS latex in ml (stripped 30% dry ABS) 330
Antioxidant BHBM in gms (100 ml solution) 340
Distilled water in ml 50
Cumene hydroperoxide in gms 0.8

Pe*? / TSPP solution in ml 8
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Similer plots (though only 3 values could be cbtained), showed

a critical level of EBHPT beyond which no further improvement in the
stability of ABS against photoxidative degradation was observed Figure 49,

The increase in the efficiency of the system in the presence of
antioxidant BHBM, is probably dues to the effect of increase in the

extent of radical trapping offered by sulfenic acid decomposition

products,

Figure 49, Induction period on photo-oxidation of ABS films

containigg EBHPT as uw stabiliser in the presence
of Bﬁﬁq{ég adducts (refer table 28).
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Glucose (gm /10 ml of water) 2
Time in hours 3
Temperature in °C 57
Atmosphere Né

The seme formulation was used for the UV stabilizer masterbatch
formation sxcept that the reaction was conducted at 50°C for 4 hours
using unstripped ABS latex. The reaction was carried ocut at a lower
temperature to minimise the possibility of hydrolysis of ester linkage

in EBHPT,

The ABS latex and the antioxidant emulsions were purged with
nitrogen prior to the reection. The initiator (oxidant) cumenehydro-
peroxide and the BHBM emulsion were added in aliquots within the first

half of the rsaction.

In the case of UV stabilizer EBHPT, the pH of the mixture
containing the sodium salt of EBHPT and the latex was adjusted to 9.6
by edding a dilute solution of acetic acid., This mixture was purged
with nitrogen before initiation. Cumenshydropsroxide wes added in

aliquots within the first half of the reaction.
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The latices thus obtained were blended with unstzbilized latex
to give one part of stabilizer per hunded of ABS for the purpcse of
evaluation of stabilizer performance, The diluted latices were
stirred at 220 rpm for 15 minutes before coagulation., The coagulum
was dried in a vacuum oven at 55°C to & constant weight. Extraction

of ABS whersver necessary was carried out using hexens,

7.6.b. RESULTS

The amounts of bound stabilizer was determined by the methods
deecribed in Chapter 2, Before evaluation, the latices were diluted
as indicated in the ebove procedurs.

Plots of percentage bound stabilizer versus the initial con-
centration were made to determine the efficiency of ths process

(masterbatching) Figure 50 & 5I.

Typical curves for

a) the development of carbonyl
b) the loss of trans 14 unsaturation
c) fall in the impact strength, on UV exposure of ABS films

obtained by latex blending and dilution of a masterbatch of 8prh sach
to 1 pph each are shown in the Figures52, On extraction, this sample
was found to contain 0.7 pph (377 x 1077 moles) and 0,60 (1.9 x 10~

moles) of bound BHBM and ESHPT respectively.
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Figure 52. Changes in the i\{étional group indicies (C 0 & 0 H
by IR spectroscopy) and falling dart impact strength
of ABS films obtained by diluting a masterbatch of
8 pph of adduct stabilizers.
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Three mesterbatches conteining 6, 8 and 10 pph of BHEM and
EBHPT were diluted with unstebilized latex to give 1 pph of stabilizers
respectively. The induction periods and embrittlement times of these
samples (unextracted and extracted) are given in Table 30, along with
the corresponding valuss for same concentrations &s shown in section 5
of this Chapter.

TABLE 30 - INDUCTION PERICDS AND EMBRITTLEMENT TIMES ON uv
EXPOSURE OF ABS PRESSED FILM

SAMPIE ' IND PERIOD/ IND PERIOD/
No BEFORE EXTRACTION AFTER EXTRACTION EMB TIME IN EM3 TIME IN
HOURS UN- HOURS
EXTRACTED EXTRACTED

1 1.8 7 440 0.8/0,62 70/1 35 60/1 30
(Teble sample 3)

2 1.8 /1.0 0.8/0.62 75/1 42 62/130
(Masterbatch 6pph)

3 1D S 1.0 0.7/0.60 72/4 40 58/1 25
(Masterbatch 8PPh)

4 1.0 /1.0 0.6/0.43 68/4 30 53/420
(Mastsrbatch 10FFPh)




204

The following samples were sent to Borg-Warner Corporation

Laboratories for further evaluation.

Sample & - Masterbatch of 8pph of BHBM adduct diluted to give

1 PPh - (07 pph extracted)

Semple B - Masterbatch of 10 pph of BHBM adduct diluted to

give 1 PPh (0.6 pph extracted)

Sample C =~ Masterbatch of 8 pph eech of BHBM and EBHPT adducts
diluted to give 1 pph each (0.7 and 0.6 pph of

BHBM and EBHPT respectively on extraction),

The following are the results of experiments conducted et the

Borg-Warner Laboratories of these samples ;-

1a Differential scanning calorimetry.
DSC. Sample Start Peak
exotherm & &
A 233°C 252°C
B 235°C 253°C
c 230°%  256%
Factory stab- 232°% 2,8°¢

ilized (Control)

DSC in air at 180°C
isother

Sample & : 80 minutes
B : 60 minutes
C : 79 minutes

Factory stabilized : 20 minutes
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24 Cven ageing studies,

Figure 53 shows the development of hydroxyl carbonyl and the
loss of 14 unsaturetion for cast films of samples 4, B and C on
thermal ageing in air at 181°% by infra red spectrometry. Figure54
illustrates the changes in the functional groups for factory stabilized
cycolac resin 211 sample used ss thg control. The values illustrated

in the accompanying Table 31 were obtained with the help of Figures
53 and 54e
TABLE 31 - INDUCTION PERIODS FOR THE DEVELOPMENT OF CARBONYL AND THE

LOSS OF 14 UNSATURATION ON THERMAL AGEING OF CAST FILMS OF
ABS IN AIR AT 181°C

INDUCTION FERIOD IN INDUCTION PERICD IN
SAMPLE MINUTES (For the loss MINUTES (Development
of 14 unsaturation of carbonyl absorb-
960 cm~1) tion 1720 cm~1)
& 190 138
2 130 115
c 180 155

Factory stabilized 19 20




Figure 83 Changes in functional group concentration for fglms of
samples A, B, C, on oven ageing in air at 180 C (by
IR spectroscopy)
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e UV ageing in Xanotagt 1200,

(1)

(i1)

The development of visible spectrum on UV ageing of
ABS films for samples A, B, and C are given in Figures
55 , 56 and 57. These spectra are compered with the
reference, factory stabilized cycolac 211 QBS filma,
The relatively higher dsgree of absorbtion in the near
UV region for sample C is due to the presence of 2-
hydroxybenzophenone derivative adduct as the light

atabilizer.

The development of carbonyl, hydroxyl and the loss

of 14 trens unsaturstion have been studied for samplss
A, B eand C, on UV ageing in Xenotest 1200, The
results are given in Figures 58 and 59, The embrit-
tlement times for semple A and B are 150 hours whereas
sample C shows much higher stability with an embrit-
tlement time of 330 hours due to the presence of
bound UV absorber EBHPT with the sntioxidant adduct

BHBM.

7.6.c. DISCUSSION

It was observed that the masterbatches of thiol adducts contain-

ing up to 8 pph of BHBM and BBHPT, (corresponding to & molar concent-

ration of 3.2 x10°

® ol 2.4 x10°2 respectively unextracted) can be



A/t (ABS/mm)

Figure 55¢ Development of visible spectrum on uv ageing of ABS
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films using Xenotest I200,
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Figure 56.

Development of visible spectrum on uv ageing of ABS

films using Xenotest I200.,
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Figure 57. Develooment of wvisible spectrum on uv ageing of ABS
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reacted with a minimum loss in the yield of bound stabilizer, without
either changing the conditions of the reactions or the concentration
of other reactants described in Chapter 6, section 5, and section 3
of this Chepter. TFurthermore, the performance of these adducts when
diluted with unstabilized ABS latex, to obtain stabilizer concent-
rations for normal applicetions of the polymer were comparable to

those reacted individually at similer concentrations, Table 28 and 30,

The efficiency of the adduct reaction, as well as the stability
of the diluted ABS began to fall, for masterbatches containing greater
than 8 pph for both stabilizers, The following reasons are suggested

for this behaviour by the masterbatch technique.

1. Meyeor ot al.,26 in their study of the 2dduct formation reactions
of simple thiols with polybutadiene noted that the oxygen absorbtion
of the 'adduct rubber' fell sharply after about 15% seturetion of the
polymer, Figure 8. This was attributed to the vinyl double bonds of
polybutadisne being preferentially saturated at the expense of Cis and
trens double bonds of the system probsbly due to steric reasons. The
polybutadiene substrate in ABS contains not less than 10% vinyl doubls
bonds out of the total olefinic unsaturation. This correspends to a
-molar concentration of epproximetely 2.7 x 10™° moles of ~CH,,~CH~

CH

Il

CH2
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\ k£

units per 100 gms of ABS., During the masterbatch form-
ation it was observed that 5.5 gms of BHBM corresponding to a moler
concentration of 2.2 x 10™° reacted with ABS, This amounts to almost
total saturation of vinyl double bonds in the system, during the
adduct formation reaction, Verification of the loss of vinyl double
bonds in the system by infra red ;as not possible due to an overlep

of a phenyl group frequency in the spectrum of ABS,

(ii) The yield of adduct formetion reaction is also effected dus to
loss of thiol compounds by side reactions such as peroxide decomposition

and oxidation to polysulfides.

The hydroperoxides not only react with free thiols and poly-
sulfides, but elso with the bound sulfur derivetives. It was observed
(Chapfer 4, section 1.2,) that the induction period for the decompos-
ition of hydropsroxides (at the adduct formation reaction temperature)
at 5?°C was approximately 135 minutes., As the durstion of the reaction
exceeds the induction period for the decomposition, the loss of free
thiol as well a3 the bound stabilizer in this mannsr could be

considerabls,

In addition to the reduction in the yield of adduct formation,
the oxidative stabilities of ABS made by diluting masterbatches
containing higher than 8 pph of stabilizers, were found to be reduced

to a considerable extent. Thus, sample & (from 8 pph masterbetch)
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showed higher stability towards thermal oxidetive ageing then sample
B (from 10 pph) es indicated by their DSC and thermsl ageing data,
Furthermore, sample B after 20 hours exposure to UV showed higher
absorbtion in the visible region of the spectrum then sample A,
Figures 56 and 57 . Similer results were obtained for ABS obtained
from mesterbatches containing 6, 8 and 10 pph of BHBY and EBEFT,

Table 30.

The thermal agsing of samples A, B and C have been carried out
et 180°C, At this temperature the loss of stabilizer due to volatil-
ization is considersble., According to Durmis et. al.fs, the time in
hours for 50% loss in the concentration of stabilizer UV 53 (z-hydroxy
4 actyloxy benzophenons) from polypropylene sheet, decreased from 4180
hours at 60°C to 14.5 hours at 120°C. The difference in the stability
of the two samples A and B is probably due to the decrease in the
emount of bound stabilizer concentration from 75 for sample A to 60%
for sample B, Thus, sample B contains 0,15 gms more of unbound ant-
ioxident which could easily evaporate at 180°C, showing a decresase of
60 minutes in the induction period for the loss of 1,4 unsaturation

over sample 3, Table 3,

The development of absorbtion in the visible region of the spectrum
of a polymer is due to either the formation of conjugated carbonyls
or conjugated olefinic unsaturation or both., The formation of conjugated

carbonyls on oxidative degradation of ABS are explained in Chapter 3.
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The lack of the development of visible absorption on UV degration
of samples A, B and C compered to the reference, show 2 considersble
improvement in the stability of the polymer towards photoxidative

degredation in the presence of sulfur containing stabilizers,

7+7. ADDUCT FORMATION OF BHBM IN THE PRESENCE OF 4 L' AZ0 BIS (4~
CYCANOVALERIC ACID) (Azcv).

The following 3,5 ditert.butyl 4 hydroxybenzyl derivatives
were found fo inhibit the graft copolymerisation of ABS in the presence

of redox initiators.

OH

tBu 18y
X = 0OH,CI ,SH.,OC.DCHzSH,

CH.X
- OCOCH= CH, , SR

Derivatives where x = SH, OCOCstH failed to add across doubls
bonds of polybutadiene component of ABS under redox conditions, till
the level of residual styrene was reduced to 0,23 W/V of latex.

(Section 2, this Chapter),

The adduct formation of BHBM with ABS in latex also depends on
the efficiency of the abstraction H from the thiol group, by peroxy

or alkoxy radicals. The formastion of thiyl radical should precede

the abstraction of hydrogen from the phenol group by peroxy radicals
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as further reactions of the phenoxy radicals probably inhibit the

adduct formation reaction. These reactions of the phenoxy radicals
depend on the bond strength of C-X bond and have been discussed in
Chapter 6, section 7. It follows from the above discussion that
reduction in the level of residual styrene is an effective way of
preventing side reactions of phenoxy redicals in the presence of

redox initiators.

It was also observed that polymerisetion of styrene monomer

can be conducted in the presence of 3,5 ditert butyl 4 hydroxybenzyl

derivatives where X = SH, OCCCH,SH, Cl or OH using AZBN as the

2
initiator. (Chapter 6, section 7). This was attributed to ﬁha steric
hinderence of the redicals formed from the azo initiator to the
abstraction of hydrogen from the phenolic group. Furthermore, when
styrene was polymerised with BHBM in the presence of AZBN, the polymer
was found to contain the bound stabilizer, This should involve the

formation of thiyl redicals from BHBM in the presence of initiator

radicals from AZBN,

The use of redox system in the adduct formation reaction with
BHBM necessitate & reduction in the residual level of styrene in ABS

latex, by mechanical meens, If the adduct formation reaction in the

presence of BHBM can be carried out using water soluble derivatives

of azo0 bis types of initiators such as 4 4' azo bis (4 cyanovaleric
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ecid) the above step can be bypassed thus, seving considerable time

and energy.

T.7.2. PROCEDURE

AZCV was obtained as & 65% active aqueous dispersion from Aldrich
Chemicels Limitsd., The ABS latex Cycolac 211 was used as delivered
from Borg Warner Co. without removing the residual moncmers ( 27 WAV

of ABS latex).

The following formulation was used for adduct formation reaction.

ABS latex Cycolac 211 (337 dry ABS)

in ml. 300
AZCV (65%) in gma, 1
Antioxidant emulsioa in ml (1g BHBX) " 100
Time in hours L :
Temperature in °C 63
Atmosphers Né

The latex snd the antioxidant emulsion was purged with nitrogen
before the initiation of the reaction., The initiator was 2dded in
aliquots during the first half of the reaction (135 mins) as its
sodium salt, made by reacting with a 2% solution of Na H 003. The

latex obtained was acid coagulated and dried in a vecuum oven at 55°C
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to & constant weight, For evaluation and estimetion of bound BHBM,

the reslting polymer was extracted with hexans,

7.7.b. RESULTS

Adducts of up to 70% in yield were obtained by this procedure at
an initiel concentration of 1 pph of BHBM. The beheaviour towards ox-
idative degradation of the adduct - ABS was quite similar to those
obtained with GHP/FQ"’2 redox initiator system at equal concentrations
of the antioxidant, (Section 3, this Chapter). No chenge in the
stability of the synergistic mixtures were observed when this latex
was substituted in place of BEBM adduct latex by CHP/Fe*? redox
systems for experiments discussed under section 5 of this Chapter, with
EBHPT containing latex at similar concentretions,

7.7.c. ANTIOXIDANT MASTERBATCH FORMATION IN THE PRESENCE OF 4 4'
AZQ BIS (CYANO VALERIC ACID) (AzCV)

7.7.4. PROCEDURE

The formulation described below was used to study the possib-

ility of making mesterbatches in the presence of AZCY,

ABS latex (33% dry ABS) in ml 300

Antioxident (as emulsion in water

100 ml) in gms 2'=10
AZCV (as sodium salt) in gms 1.2
Time in hours 4-

Temp °C 63
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For bound stabilizer estimation and evaluation latex master-
batch was diluted with unstebilized latex to give 1 pph concentration
of BHBM in ABS, The coagulum was dried end extracted with hexane for

estimation purposes.

7.7.e. RESULTS

The amount of bound stabilizer was determined by the method
described in Chapter 2, Before svaluation, the masterbatch latex was
diluted to give 1 pph concentration of BHBM with unstabilized latex

and stirred at 220 rpm for 15 minutes prior to cosgulation.,

Plot of percentage bound stabilizer versus the initial con-

centration was made to determine the efficiency of the process. Figure

60,

Stability against oxidative degradation was similar to adducts
obteined by CHP/Fa+2 system at equal concentrations, Synergistic
|

effects similer to those discussed under section 6 were observed

when these latices were combined with EBEBT latices.
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Figure 0. ZIZfficiency of adduct formation in the presence of
AZCV.
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7+7.f. DISCUSSION

\

The initiator AZCV dscomposes to give the two radicals which

are very soluble in water.

NGHCO3

[=68C (CH3J CNCH.ZCH-ZCO2H] (= NC(CHEJCN CHZCH2C02NQ]

a

(IZN
«C—CH
NZ + C CHZCOZNG

ke
Bis
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The radicals are probebly incapable of hydrogen abstraction from the
hindered phenol group due to reasons discussed in Chapter 6, section
9. 4s a result, the probability of the formation of thiyl radicel is

much greater, even in the presence of residual monomers.

OH OH
1 tB
t Bu @’LBu AZCY Bu u
_
CHZS H CH25.

An anaslogaus reaction was observed during the search for an
alternative procedure for the preparation of BHBM, The corresponding
benzylbromide was obtained in high yiselds during the free rsdical
bromination of 2,8 ditert butyl L methylphenol using N-Bromosuccinimide

When azobisiscbutronitrile was the initiator, Chapter 2, section 18a.

OH 0 OH
t Bu 1Bu CHi—-C\\ iBu iBu
o) ONer oAz,
CHy ity — S Ll CH_Br
Sl
=
GHrd®
2 S
l NH
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When AZBN was replaced by 2 peroxide the yield of benzylbromide was
quite low (~ 20%). The corresponding benzaldehyde was isolated in
50% yield., The oxidation of 2,6 ditertbutyl 4 methylpheno in the
presence of benzoylperoxide has been used a2s a genersl method for the
preparation of the corresponding stilbene quinone derivative, Chapter
2, section 17. The following mechanism for the formation of stilbene
quinone could help to distinguish the difflerence in the activities of

the two types of initiators.

Mat
OH 0 By
RO'
ROZ. [}
CH, CH,
0 @)
ROO.
: OCR
CHy Gy
0 0
OOR 0,
CH, CH3
0 0
0, OH :
CHj &
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OH HO
2 — 0 CHZ—-CH2 0

CH,, OH

In the presence of Bre radicel from N-bromosuccinimide, it is
possible to a2ssume the formation of & methylens bromide derivative

where bromine being 2 better leaving group eliminates to form the

benzaldshyda.
0 0
e 1
N
OH 0
5 :i 12
HC=0 CH=OH
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In the presence of AZBN,even if an intermediate of the type,

is formed, further free radical type reactions similar to those

described in the above mechanism are highly unlikely.
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CONCIUS TOMS

The meterisl cheracteristics of ABS resin (ie. the tensile strength,
elongation impact strength) are closely related to the butedisne content.
The deterioration of these properties due to oxidative degradation is
caused by the degradation of the polybutadiene moiety of the mecromole-
cules. It is possible to conclude that hydroperoxides are associated with
the oxidative degradation of the polybutadiens component of ABS. This
component of ABS differs from its copolymers due to
(a) The presence of large numbers of tertiasry allylic hydrogen sites

introduced during graft copolymerisation,

(v) The presence of C-C linkeges (cross-links) between sdjacent chains
introduced during graft copolymerisation.
(c) The existence of polybutadiene as a continuous chein azcting as ths

basic sksleton.

The introduction of tertisry allylic sites on graft copolymerisastion
and cross-linking, gives rise to potential allylic tertiary hydroperoxides,
decomposition of which to form the carbonyl functional groups, involve
the breekage of the basic skeleton viz polybutadiene., This changes the
molecular weight and its distribution of the polymer adversely eifecting
its physical properties,

Therefore, effective stabilization of ABS can only be achisved by
protecting the polybutadiene component of the polymer against oxidative

degradation. The probable photosensitizers such as trensition metal ions
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end deccmposition products of the initiator cumene hydroperoxids,
(acetophsnons, benzaldehyde etc.) were found to contribute very little
towards photoxidation of ABS,

Purthermore, increase in the hydroperoxide levels of unstabilized
ABS, determined by iodometry, did not accelerate the degradation of the
polymer. It is possible to conclude thet the decomposition of these
hydroperoxides play a major role in determining the induction period to
degradation of ths unstaebilized polymer.

Additives which act by the decomposition of hydroperoxides such
8s nickel dibutyl dithiocarbemate (NIDBTC) and phosphites lengthen the
induction period to the development of carbonyl functional groups., But
these additives failed to slow down the auto-accelerating process of
oxidaetive degradation after the induction periocd probably dus to the
destruction of the stebilizers during the initial stages of photo-
oxidation., 8Similer effects were observed for radical traps such as
hindered amines and ultra violet absorbers.

Introduction of aulfﬁr containing derivetives of hindered phenols
such as bis (3,5 di tert-butyl-4-hydroxybenzyl) mono sulfide (TBMP)
capable of hydroperoxide decomposition, in addition to acting as a chain
breaking antioxidant, not only lengthen the induction period, but alse
slowed down the autoaccelerating process of the oxidative degradation,
Similar effects were observed from mercapto derivatives of 2-hydroxy
benzophenones., Furthermore, synergistic effects were observed on photo-

oxidation of stebilized ABS in the presence of TBMP and mercapto
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derivatives of 2-hydroxy benzophenonse,

The attempts to obtain bound stabilizer systems using olefinically
unsaturated derivatives of hindered phenol entioxidants and 2-hydroxy
benzophenone were unsuccessful., This was attributed to the failure of
these derivatives to migrete through the aqueous phase to the reaction
loci during the graft co-polymerisation reaction,

The mercaptc derivatives, 3,5 di fert-butyl-4-hydroxy-benzyl-
mercaptan (BEBM) and thio acid esters of 2-hydroxy- 4()5- hydroxy-ethoxy)
benzophenons have been bound to ABS through the thiol group by free
radicel additicn to the doubls bond, The entioxidant BHBM was found to
inhibit adduct formation in the presence of residual monomer (styrene)
remaining from.tha polymer manufacture., This has been overcome by
(a) reducing the residusl monomer level (styrene) to 0.23% W/V of

ABS latex by mechanical means

(b) by using a water soluble azo-type initiator.

It was observed that mo-bis 4 4' cyanovaleric acid was suitabls for this
process. Homopolymerisations of styrene and ascrylonitrile were studied
in the presence of 3,5 ditert butyl-lL-hydroxy benzyl derivatives in order
to investigate the mechanism of inhibition of adduct formation by BHBM.
It was attributed to the reactions of initiator radicals with the oxid-
ation products derived from the antioxideant.,

The thio acid ester derivatives of UV absorbers did not inhibit

the adduct formation., It was observed that their sodium salts promoted
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the reactionatapH below 9.7. This was attributed to the faster rate of
diffusion of the reactant under alkaline conditions of the rsaction.

These antioxidant and UV stabilizer adducts were effective thermal
and photo-oxidative stabilizers for ABS and their effectivensss was not
modified by solvent extraction of the polymer. Furthermore, ABS
obtained by mixing these latices containing the adducts showed synergistic
behaviour towards photo-oxidation,

It was found that latex bound antioxidants and UV stabilizers
could be produced in concentrated forms and that these, when diluted into
normal concentration with unstabilized ABS were as sffactive as thoss
obtained by reacting with the total latices at lower concentrations.

The diluted ABS was not modified by solvent extraction of the polymer,

These also showed synergistic behaviour towards photo-oxidation,

The antioxident mesterbatches were prepared by using &) CI'EP/F9+2
redox system in the presence of stripped ABS latex and b) AZCV initiator
in unmodified ABS latex. Bothlsystems were found to be equally effective
to adduct formation, and yiselds of up to 70% were observed for thess
reactions, The UV stabilizer masterbatches én the other hand, wers
made by CHP/F9+2 redox system using unmodified Cycolac 241 type of ABS

latex,
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SUGGESTIONS FOR FURTHER WORK

The evidence pressunted in this thesis for the behaviour of thiol
adducts in ABS on oxidation hes been bassd on ths measurement of the
development and the decay of functional groups (cerbonyl, hydroxy end
trans 1,4 polybutadiens uasaturation) by infra-red spectrometry,
Confirmation of these observaticns, using other physicsl measursments
such a2s impact, 2nd tensils strength meesurements ere necessary for any
possible future applications. Furthermore, the performance of ths
thiol edducts in the presence of various compounding ingredients such
as T1O2 has to be investizated,

It was observed that the gntioxidant mercapten 3,5-ditert-butyl-
4-hydroxybenzyl-mercaptan tsni/fo inhibit the edduct formation reection
in the presence of residual amounts of styrene under redox conditions.
The weakening of the C-S bond in the moleculs due to the elsctron
affinity pf the benzene ring and the slectro-negativity of the sulfur
atom was found to promote the side rezctions observed during the inhib-
ition. Therefors, it is suggested that attempts should be made to
synthesise an entioxidant derivative with the following structure (1)

for possible adduct formation without inhibition.

OH

tBu tBu
ol
CH2CH25H

I
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The maximum yield obtained on adduct formation of mercapto
derivatives of UV stabilizer with ABS in latex wes approximately 657
Loss of about 14% in the yield of bound stabilizers hes been a ttributed
to the possibility of hydrolysis of the ester linkage of the moleculs,
under the alkaline conditions of the reaction. Therefors, the sxﬁ%heais
of the following mercapto derivatives of 2-hydroxy benzophsnones are
suggested, to improve the yield of bound stabilizer by preventing the

loss due to hydrolysis,

It may be possible to prepars compounds II and III by the following

reactions :-

OH oH
@CO® e \/ Co@
CHZCI
OH
«/)~CO

CH,ZSH
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CH CJ-I

@w@ e S @@

Chemicel enalysis for palymer hydroperoxides in unstabilized ABS
show a 5 fold increase in concentrstion, on fluid bed drying of the
polymer compered to drying in 2 vecuum oven., The possibility of the
use of these hydroperoxides as initiators for adduct formetion of thiol
stabilizers in the melt, under processing conditions should be explored.
The rete of dscomposition of such hydroperoxide would be possible to
control to suit the processing conditions by the use of suitable

reductants such as polyamines,
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