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CHAPTER -  I

i n t r o  D U C T  I O N



Natural rubber  latex has been known to the c iv i l i z e d  world 

for the last few centuries.  But the technology of rubber latex did 

not develop much until the early nineteenth century.  P r io r  to that, 

the processing of rubber  latex was a p r im i t iv e  handicraft and the

products were only a subject of great. cu.riosity. The  two major defects 

with the products made at that time were stiffness in cold weather

and tackiness in hot weather. The latter was overcome by the d is ­

covery of vulcanization.  In 1839, Charles Goodyear and in 18A3, Thomas 

Hancock independently discovered the process of vulcanization which 

brought about drastic  changes in the propert ies of rubber products.  

The strength and elastic ity of the product was increased greatly

and it  d id  not soften in hot weather. Even after th is ,  the latex 

industry was not developed as the latex coagulated within a few

hours of leaving the tree.



T h i s  problem was solved with the discovery of ammonia as

a preservat ive  for natural rubber latex by Johnson and Norr is  in

1853^. Commercial  use of latex d id  not take place unti l  concentrated

2
' latex was marketed in 1920 . A number of patents relating to latex 

products were taken during this period^.  The two most notable 

products to emerge from this  new industry were extruded thread

and foam ru b b e r .  These products were markedly different from anything
*

obtainable from d r y  ru bber .  By 1940, a substantial proportion of

rubber thread used in clothing industry was made from natural rubber

latex.  A lso,  foam rubber seating found outlets in vehic les,  public

A 5bui ldings and hospitals ’ .

The past twentyfive years have witnessed considerable changes 

in the types of products made from natural rubber latex concentrates. 

Now natural rubber latex is predominantly employed in those appl ica ­

tions where its supreme film forming a b i l i ty  and high wet gel strength 

, are re quired .  Dipped goods, latex thread,  foam and adhesives are 

therefore l i k e l y  to remain as its major outlets in the foreseable 

future.  But the observed changes in latex consumption have not been 

accompanied by corresponding changes in production technique^. Most

manufacturing units are using the same processes with only minor

changes from what they were using twenty or twentyfive years ago. 

Improved formulations, test methods and process control are adopted 

reluctantly or not at a l l .  The compounding and production process are 

often based on dubious ideas about the nature of raw materials and 

physical  processes in vo lve d.



a n  o u t l i n e  o f  p r o c e s s i n g  o f  n a t u r a l  r u b b e r  l a t e x

1 , 1 .  n a t u r a l  r u b b e r  l a t e x

Natural rubber latex is mainly obtained from the bark of Hevea

brasi l iensis by the process of tapping.  The  freshly  tapped latex

is a whit ish  fluid of density between 0.975 and 0.980 g m l ' ' \  pH

- 2 ^from 6.5 to 7.0 and surface free energy from AO to A5 ergs cm 

The rubber content of latex varies between 25 and AO per cent by 

weight and this  variation is owing to factors such as ty pe  of tree, 

tapping intensity ,  soil  conditions and the season. In addition to the 

rubber hydrocarb on, a large number of nonrubber constituents are 

also present in latex.  The  rubber  hydrocarbon in latex is predominantly 

c is -1 ,A  polyisoprene and it  occurs as molecular aggregates in the 

form of discrete part ic les  which are usually spherical  with  diameter 

ranging from about 0.02 to 3 microns®.

1 .1 .1 .  Composition of latex

NR latex is a hydrosol  in which the dispersed ru bber  particles 

are protected by a complex fi lm containing proteins and phospho- 

l i p i d s  . Excluding rubber  and water,  the substances present are 

proteins,  l i p i d s ,  quebrachitol  and inorganic salts.  The  total protein
9

content is about 1-2 per cent of which 20 per cent is adsorbed 

on the surface of the rub be r  part ic les and the rest is dissolved



or dispersed in the serum. The l i p i d s  consist of fats,  waxes, sterol 

esters and phospholipids and its total content is about 0.9 per cent. 

The total concentration of inorganic materials is about 0.5 per cent, 

the main constituents being salts of potassium, magnesium, copper,  

iron,  sodium, calcium and phosphorus.

1.2. PRESERVATION AND CONCENTRATION OF LATEX

As the latex comes out of the tree,  it gets contaminated

with microorganisms l ik e  bacteria and yeast The microorganisms 

metabolise the nonrubber constituents of the latex and produce volati le 

fatty acids such as formic,  acetic and propionic  acids which lead

to coagulation of latex  ̂\  Therefore preservat ives  are added to latex 

immediately after c o l l e c t i o n A m o n g  the preservat ives ,  ammonia 

is s t i l l  used widely  and it in h ib i ts  bacterial  growth,  acts as an 

alkaline buffer and raise the pH and neutralise free acid formed

in latex.  But ammonia has the disadvantage that it  is pungent smelling 

and prolonged exposure to the gas can cause discomfort to workers .  

Some of the western countries have introduced legislation regarding

the maximum permissible l im i t  of ammonia in a factory atmosphere.  

Also high concentrations of ammonia leads to processing problems. 

Therefore attempts have been made to develop low-ammonia preservation 

systems^^’ a  commonly used low-ammonia system is L A - T Z  which

consists of 0.2 per cent ammonia, O.OI^  per cent T M T D ,  0.013 per

cent zinc oxide and 0.05 per cent laur ic  a c i d ^ ^ ’ ^^.



P reserved  f i e ld  latex is unsuitable fo r  most latex applications

as its rubber content is low. For most product manufacture, a latex

20of 60 per cent minimum rubber content is essential . The important 

methods for the concentration of preserved field latex are ( i )  eva­

poration, ( i i )  creaming, ( i i i )  centrifuging, and ( i v )  electro-decantation. 

The f i rst  method involves removal of water only and hence the particle 

size distribution remains unaffected. On the other hand the other 

three methods involve partial removal of nonrubber constituents and 

the particle  size distr ibut ion of the concentrate differs from that 

of the in it ia l  latex as a proportion of the smaller particles are e l i ­

minated in the serum. Only centrifuging and creaming are commercially

20used for the production of latex concentrate

1.3. PROPERTIES OF LATEX CONCENTRATE AND E F F E C T  OF

AMMONIATION

NR latex concentrate is a h ig h ly  specified material . The

21latex properties  of significance are ; d r y  rubber content ( d . r . c . ) ,  

nonrubber solids content (N RS) ,  mechanical s ta b i l i ty  time (M ST) ,  

volati le fatty acid number ( V F A ) , ,  potassium h y d ro x id e  number (KOH)

and a lk a l in i ty .  The significance of these propert ies  has been discussed

21 22 by Blackley and Cockbain . Latex concentrate is a non-Nawtonian

23fluid and its viscosity decreases with increasing shear rate . Natural 

rubber latex has a measurable electr ical  conductivi ty due to the 

salts dissolved in the aqueous phase and in most centrifuged latices 

it range from 3.0 to 5.0 mS at 25°C^^.



The nonrubber materials in the serum of the latex concentrate

comprises a variety  of chemical species. In consequence to the addition

of ammonia for preserv in g i t ,  the proteins and l i p i d  materials are

believed to be hy d ro ly se d  slowly releasing fatty acids which form

2A
soaps which are adsorbed on to the particle  surface . The adsorption

of these soaps is thought to account for the spontaneous rise in

25 26mechanical s ta bi l i ty  when ammoniated latex concentrate is stored ’ 

Eventhough a great deal is known about the composition of latex

concentrate and its serum content, the relation between composition

and properties  is s t i l l  vaguely understood. The  real  cause for batch 

to batch variation in processing behaviour is s t i l l  largely  unexplored.  

'Recently it was pointed out that the amount or the nature of serum

anions are not sufficient to explain the observed processabil i ty  va r i ­

ations and it seems that the answer may l ie  in v a r i a b i l i t y  at the

part icle  serum interface^.

I . A .  L A TE X  COMPOUND AND ITS PROCESSING

The convertion of NR latex into a product is accomplished

in many ways and a stable colloidal  system is maintained until it  is

27converted into a sol id  product . The  different ingredients used

in a latex compound are ( i )  surface active agents, ( i i )  vulcanizing

agents, ( i i i )  accelerators,  ( i v )  activators,  ( v )  antioxidants,  ( v i )

f i l l e r s ,  and ( v i i )  special  ad dit ives .  Th e  water soluble materials

are added as solutions,  insoluble solids as dispersions and immiscible



l iquids as emulsions . The part ic le  size of the ingredients should

be r e d u c e d  to that of the rubber part ic les  in latex for getting

28 29 30 31 32uniform distribution in the latex compound ’ ’ ’ ’ . Further,

the c o l l o i d a l  s ta b i l i ty  of the dispersions and emulsions should

be comparable to that of the latex for maintaining the colloidal  

stabi l ity of the final mix.

1 . 4 . 1 . Surface a c t i v e  agents

Surface active  agents are substances which can bring about

marked modifications in the surface propert ies  of aqueous media,

eventhough they are present in small amounts (of the ord er of

1 per cent or l e s s ) .  T h i s  has great importance in latex technology

and in th is  respect latex technology d iffers  significantly from

28that of dry  polymer  or polymer solutions . Stabil ising agents,

dispersing agents, emulsifiers,  wetting agents, -  viscosity modifiers

and protective c ol lo ids  come under this group.  They are classified

23as anionic, cationic,  amphoteric and non-ionic types . The d i s ­

persing agents prevent the dispersed part ic les  from reaggregating 

and a lk y l  sulfonates are generally used for t h i s .  Emulsifying agents

are soaps, usually oleates formed Jjn s i t u . Wetting agents are used

to reduce the interfacial  tension between two surfaces. Proteins,

alginates, p o l y v i n y l  alcohols and cellulose der ivat ives  are used 

as protective agents and v iscosity  modifiers  in the processing

of latex compound^®



1 . 4 . 2 . Vulcaniz ing  agents

Sulfur is the most important vulcanizing agent for NR latex.

T h i u r a m  polysulfides  along with thiourea is used as vulcanizing

33 36
agent  for heat resistant products . Dunn reported that butyl

xanthogen d isulphide in conjunction with a zinc dithiocarbamate

may be used to vulcanize latex fi lm in the absence of sulfur .  It

has also been reported that organic peroxides and hydroperoxides

28may be used to vulcanize latex fi lms .

I . A . 3. Accelerators

The important classes used in latex compounding are the

28metallic d i a l k y l  dithiocarbamates Th e thiozoles and to a lesser

extent thiurams are of importance as secondary accelerators in

conjunction with dithiocarbamates 28

(a) Dithiocarbamates

The salts of the d i a l k y l  d i thiocarbamic  acid have the 

generic structure as shown below:

R

N C
11
5

n+
M



Although a considerable range of accelerators are available 

under th is ,  zinc diethy Idithiocarbamate is the most widely  used 

(ZD C).  T h i s  is very  active in latex mixes even in the absence

of
37zinc oxide and activates thiozole accelerators

( b )  Thiozoles

5H

MBT

Thiozoles are insufficiently active  to be used on their  own

for latex w ork ,  but they function as secondary accelerators for the

39dithiocarbamate,  giv ing vulcanizate of high modulus . The most 

common thiozole in latex compounding is the zinc salt of 2 -m e r -  

captobenzthiozole ( Z M B T ) .  It  is activated by thiurams and d i t h i o -  

carbamates .

(c )  _ Thiuram sulphides

R

N -------C --------5n------ C ------- N

R

R’



As a class, thiurams are insufficiently active to accelerate

s a t i s f a c t o r i l y  vulcanization o f  la te x . '  In combination with  other

accelerators, the most commonly used thiuram in latex compounding

28
i s  t e t r a m e t h y l t h i u r a m  d i s u l p h i d e  ( T M T D )

l . h . h .  Activators

■ Zinc oxide is used as an activator to the vulcanization 

process and its effect include increase in the tensile strength and 

modulus of the vulcanizate.

I . A . 5. Antioxidants

Due to discolouration, amino d e r iva t ive s  which are powerful 

antioxidants in dry  rubber are not used in latex compounds. Phenolic 

der ivat ives ,  which are not much effective,  but whlcR have the 

advantage of being non-discolouring find use in latex systems. 

Styrenated phenol is a widely  used antioxidant in the latex in du stry .

I . A . 6 .  F i l le rs

F i l l e r s  are added to natural rubber latex in order  to modify

38Its propert ies and to reduce cost . I t  is seen that no effect

analogous to the reinforcement of d r y  ru bber  by f i l l e r s  are observed

28when the same f i l l e r s  are added ,to latex compounds . The  important



n

nonblack f i l l e r s  used in latex compounding are precipi tated sil ica,

precipitated calciumcarbonate and chinaclay.  The  use of chinaclay

39in latex compounding has been studied by Van Rossem.

I . A . 7. Special  addit ives

Depending on the nature of process or on end use, ingre­

dients l ik e  gell ing agents, foaming agents, flame proofing agents,

27tackifiers,  colours,  etc. are added

1.5. L A TE X  PRODUCT MANUFACTURE

The important processes for latex product manufacture 

are ( i )  d ipp ing ,  ( i i )  foaming, ( i i i )  extrusion,  and ( i v )  spreading 

aind casting. Dipping process consists in the immersion of a former 

into a suitably compounded latex,  followed by slow withdrawal 

in such a way as to leave a uniform deposit of latex on the former.  

The process is completed by dry ing ,  leaching and vulcanizing the 

deposit^^.  In the extrusion process, a sui tably compounded latex 

is continuously extruded through a. glass c a p i l la r y  into an acid 

bath,  followed by d r y i n g ,  and vulcanization^^.  Latex foam is 

made by foaming compounded latex followed by gell ing,  vulcanization 

and d r y i n g ^ ° ’ ‘̂ \



Degradation of latex pro du cts  cannot be p r e v e n t e d ,  but i t 

A5
^gp be retarded . Exposure of latex products to any of the

following environmental conditions causes degradation.

* Heat

* Humidity

* Ultra v io le t  l ight

* Gamma radiation

* Ozone

* Oxygen

* Chemicals,  detergents, etc.

* Stress

The a r t ic le  is often simultaneously subjected to several  

types of exposure w hich  in turn,  accelerate the rate of degradation.  

Degradation of latex vulcanizates by detergents. and ozone has been 

well  invest igated^^’ ^^ .  Poor process control  and improper compound­

ing w i l l  accelerate the degradation process^^.  Latex products 

. like elastic thread are more susceptible  to degradation due to 

its large surface area and the l imitations of nonstaining antioxidants'^^. 

Hence improvement in the qual ity of latex products depends on 

factors l ik e  improvement in processing, vulcanization,  protection and

reinforcement.



VULCANIZATION

Vulcanization is the process by which the mainly viscous

r u b b e r  is converted into elastic rubber through the crosslinking

of the macromolecules at the ir  reactive sites.  It  is an intermolecular

reaction which increases the retractive force and reduces the amount

of permanent deformation remaining after removal of the deforming

force.  According to the theory of rubber e last ic ity the retractive

force resulting from a deformation is proportional to the number

/,6
of network supporting polymer chains per unit volume of elastomer . 

Vulcanization usually produces network junctures by the insertion 

of chemical crosslinks between polymer chains.  The crosslinks 

may be formed through chains of sulfur atoms, single sulfur atom 

or carbon-carbon bonds. The  vulcanizate propert ies are not functions 

of crosslink density only ;  they are affected by the type of cross-  

l in k ,  nature of polymer ,  type and amount of f i l l e r s ,  etc. ’

The  most generally favoured and widely  used vulcanization procedure 

even today is merely elaborations of the original  method of heating 

rubber with sulfur discovered by Charles Goodyear ( 1839) and 

by Thomas Hancock in, 1843^®. The  introduction of organic acce­

lerators in the vulcanization of rubber  which began more than

75 years ago led to revolutionary changes in the manufacturing 

of rubber  products^^.  The  accelerators enabled vulcanization time 

to be reduced. Th e  proportion of sulfur required for optimum 

physical  propert ies could be reduced, thus improving  the resistance 

of rubber  goods *to ageing and preventing blooming of sulfur^®.



j j  a c c e l e r a t e d  s u l f u r  v u l c a n i z a t i o n

The overa l l  course of accelerated sulfur vulcanization can 

49
be represented as fo l lows

V ulc aniz in g in gred ients  

Su lfu r ,  a c c e le ra to r s ,  a c t iv a to rs  

or

Sulfur donor, activators 

Active sulfurating agent

Rubber hydrocarbon

R - r - H

Rubber-bound intermediate 

R-T-Sy —  X

In it ia l  pol,vsulfide crossl inks

R— Sx — R

1. Crossl in k  shortening with 

Network addit ional  crosslinking,

maturing 2. Crosslink destruction with

reactions main chain modification.

3. S-S  bond interchange.

Final vulcanizate network

Service  

Aged vulcanizate network



The structural modifications of the main chain which can

occur during the accelerated vulcanization process has already

A9
been studied in detail  . The function of accelerator combination 

is to increase the crosslinking efficiency and to minimise wastefully 

combined sulfur by decreasing ( i )  c y c l i c  monosulfide formation, 

( i i )  vicinal  crossl inks,  ( i i i )  the length of sulfur chain 'S x '  in 

crosslinks^*^. Although the pr im ary  requirement of vulcanization 

is covalent crosslinking of the rubber chains,  other modifications 

can occur concurrently at sites distant from the crossl inks.  The 

accelerators have a great effect on p h y s ic a l ,  mechanical and service 

properties of the finished art ic le .

I I .  2. VULCANIZATE PROPERTIES

(a)  Modulus: The force necessary to deform the material  is often

known as modulus, ie. tensile stress at a given elongation. It is 

proportional to the number of crossl inks formed and hence to the 

degree of vulcanization or crosslinking.

(b )  Tensile strength and elongation at b r e a k : Tensile  strength,

unlike modulus, does not r ise continuously w ith  the number of 

crosslinks.  Therefore tensile strength is less suitable than modulus 

in showing whether  or not the optimum degree of vulcanization 

has reached^ \  Tensile strength varies a p p re c ia b ly  with vulcanization



system. T h i s  variation may be due to differences in the c ry s t a l l i -  

nity " extension re lationship.  Elongation at break decreases with 

increasing degree of crosslinking.

(c)  S w el l ing : Crosslinked ru bber  does not dissolve but merely

swells and the swell ing decreases with increasing crossl inks.  Accord-

52
ing to the F l o ry -R e h n e r  equation the increase in volume becomes 

less and less as the degree of crosslinking rises .  A rapid method 

^for determining the degree of crossl inking has also been reported^^.

I I . 3. E F F E C T  OF CROSSLINK STRUC TURE ON PROPERTIES

The propert ie s  mentioned above depend mainly on degree 

of crosslinking but they also depend to some extent on the way 

in which the vulcanizate is c ro ssl in ked. T h i s  is owing to the fact 

that the free m o bi l i ty  of the chain segments depend on the structure 

of the crossl in ks ( C - C ,  C - S - C ,  C - S x - C ) .  A number of studies have 

been conducted in th is  l ine.  At a given degree of crosslinking 

the tensile strength is the highest in the vulcanizate with poly ­

sulfide bonds.  Th e  poorest tensile strength values are found in 

association w ith  pure C - C  c ro ssl ink s.  To w a rds  heat ageing, the 

vulcanizates with  C - C  or C - S - C  crosslinks have the best performance 

compared to those with  sulfide c ro ss l in k s .  Th e  vulcanization system 

and vulcanizing conditions determine the structure of crosslinks and 

the extent to w hich  the polymer chains are modified chemically 

during vulcanization.



ACCELERATORS IN L A TE X  COMPOUNDING

The use of organic accelerators in latex compound is basically 

different from th e ir  use in d r y  rubber compounds^^’ Natural 

latex contains a lot of nonrubber materials which function as acce­

lerators and activators .  In addition to th is ,  the vulcanization 

temperature for a latex compound is substantially lower than that 

for a dry  rubber compound. In the manufacture of high quality

products two or more accelerators are being used^^. A combination

28of ZDC and ZMBT is used for getting im proved modulus , and a

combination of T M T D ,  thiourea and ZDC is used as vulcanization

A3
system in heat resistant products . But no systematic study

involving the different accelerator combinations under conventional

and efficient ( low sulfur)  vulcanization has been reported.  According

62to Blokh , the protection of a vulcanizate against ageing depends 

mainly on the nature of accelera^tors employed and only less on 

antioxidants.

TI .5.  PREVULCANIZATIQN

Prevulcanization is defined as a system of vulcanization in 

which the rubber part ic les are chemically crossl inked at the latex 

stage so that on dry ing  a vulcanized latex product is obtained without 

further heating. It  is made b> heating the raw latex with accelerators 

sulfur at about 70°C until the re quired degree of crosslinking



is obtained^^’. "̂  ̂ The rate of prevulcanization varies with different

V
ulcanization systems and the extent of vulcanization has got profound

effect on the final vulcanizate prop ert ies .  Studies conducted in 

this line are based on general vulcanization systems only^^.  Pre­

vulcanization is more complicated than the vulcanization of latex 

fi lms because account has to be taken of the diffusion of reactants

in the rubber part ic les.  The use of prevulcanized latex in latex

63
dipping is also reported •

I I I .  RHEOLOGY OF LATEX

Latex Theology is very  important in practical  technology

but very  few studies have been conducted in th is  l ine.  Owing to

the non-Newtonian behaviour,  a single v iscosi ty  measurement of

latex at a part icular temperature is not enough to understand its

flow behaviour.  Maron and co-workers  have investigated the rheology

of styrene-butadiene rubber latex^^.  Effect of total solids content

67 68and temperature on viscosity of NR latex has been investigated ’

In all  these studies the effect of shear rate upon apparent viscosity 

was neglected.

In latex compounding either centrifuged or creamed latices 

sre used. At the raw latex stage i tself ,  the v iscosi ty  of creamed 

latex is high compared to that of centrifuged latex^^.  The creamed 

latex contains smaller rubber  part ic les also that are not usually



present in centrifuged latex.  But only very  l i t t le  study has been 

reported on the rheology of these latices.

Th e  relation between the shear stress  and shear rate for

70
latices may be given as per equation given in Chapter I I .

In the case of styrene-butadiene copolymer latex containing 

rosin acid soaps, the flow* is reported^^  as Newtonian at concent­

rations upto about 25 per cent total solids content, but at higher 

concentrations it is m arkedly  non-Newtonian.  Th e  nature of the 

departure from non-Newtonian behaviour at higher solids content 

is such that the curve of f l u i d i t y  against shear stress is concave 

upwards. At higher shear rates Newtonian behaviour is approached.

I I I . 1 .  E FFE CT  OF SURFACE A C T I V E  AGENTS

At a given solids content, larger  part ic le  latices are more

71
fluid than are corresponding latices w ith  smaller part ic les  . In

addition to part ic le  s ize,  the effect of surface active agents also

is important. During compounding, different types of surface active

materials are used. Some of them may be s ta b i l ize rs  and the others

may be added specifically to increase the v i s c o s i ty .  Such substances

are hydrocollo ids soluble in water to g iv e  viscous solutions which

7 1 72
display the propert ies of a t y p i c a l  h y d r o p h i l i c  colloid  system ’

The whole relationship between shear rate and appl ie d stress 

for the system may be ra d ica l ly  modified by the inclusion of these



m
aterials. part icular ,  important characteristics  such as thixo-

tropy and structural  viscosity may be imparted by their  inclusion.

These substances also function as stabi l izers  and in this respect

they are often referred as protective col lo ids.  Th e  effect of one

or more protective colloids may not be a simple addit ive  function,

but interactions are possible. In fact all of them are surface active

in themselves.  A general study on the effect of protective colloids

72on polymer latices has already been conducted . There is very 

l it t le  correlation between the viscosity of aqueous solutions of 

a hydrocol lo id  and its efficiency as a thickner for various latices. 

The mechanism of thickening does not invo lve  merely an increase 

in the v iscosi ty  of the continuous phase. One complicating effect 

is re vers ib le  clustering or floculating of latex particles of the 

type which is associated with the acceleration of creaming. Also 

weak bonds may develop between particles and between molecules 

which break down under stress and w h i c h ' reform when the stress 

is removed. Such bonds give r ise to th ix o tro p ic  effect and to 

the phenominon known as structural  v iscosity .

E F F E C T  OF TEMPERATURE .

Temperature has got a tremendous effect on the viscosity 

of latex.  Latex becomes less viscous as the temperature is increased. 

T h i s  is due p r im a r i l y  to the reduction of v iscosity  -of the dispersion 

fnedium. The studies conducted in this line is only general^^’  ̂ and



^here is î° specific re port  on the effect of temperature on creamed

and centrifuged la t ic e s .

Among the various physicochemical properties ,  viscosity 

is the most important one which influences the processing character i ­

stics.  Control of v iscosity  is more important than that of concen­

tration.  As the v iscosi ty  varies with  shear rate and temperature,

the knowledge of v isco sity  of a latex compound at a particular

73shear rate is not enough in products manufacture .

I V . REINFORCEMENT

Inorganic f i l l e r s  and pigments are commonly added into latex 

in order to cheapen and stiffen the product or to colour i t .  The 

f i l le rs  may also affect the flow behaviour of latex. It may be 

mentioned that no effect,  analogous to the reinforcement of dry  

rubber by certain inorganic f i l l e r s ,  are observed when the same 

f i l le rs  are incorporated in latex compounds. Some studies have 

been conducted in th is  l ine and the poor r u b b e r - f i l l e r  interaction 

in latex vulcanizates is attr ibuted to many factors such as insufficien 

distribution of f i l l e r s ,  non-simultaneous deposition of f i l l e r  and 

rubber part ic les and the presence of protective layer  of sta bi l izers  

around the rub be r  and f i l l e r  part ic les  in latex which prevent direct 

contact between them. A study was e a r l ie r  conducted in styrene 

butadiene rub be r  latex using carbon black as f i l l e r ^ ^ .  It  was reportei 

that casein, w h ic h  is a surface active  agent could improve ru b b e r -



f i l le r  interaction in SBR latex. It was suggested that casein replaced

the already existing protective layer  around the rubber  particles

in latex and the f i l l e r  particles and in th is  process, caused better

r u b b e r - f i i l e r  interaction.  The increase in viscosity o f  the latex

compound owing to the addition of casein also caused simultaneous

deposition of rubber and f i l l e r  part ic les .  It has also been reported

through microscopic investigations that aggregation of ru bber  and

carbon black are formed while  adding casein to a mixture of SBR

7A
latex and carbon black

In general, the total effect of f i l l e r s  is to weaken the rubber  

film rather than improving it and the modulus and set are increased. 

As an approximation 25 per cent of a f i l l e r  such as clay or whiting 

w il l  reduce the tensile strength of natural rubber latex compounds 

to 50 to 70 per cent of normal. In synthetic latices small amounts 

of f i l le rs  may increase tear strength.  It is also pointed out that 

small additions of bentonite clay enhance the tensile strength of 

the vulcanized deposit.  It has also been reported that ageing re s i ­

stance of natural rubber  sulfur vulcanizates may be im proved by 

the incorporation of small amounts (3 per cent) of fine particle 

sil icas.  Further ,  the addition of such si l icas was found to improve 

the already outstanding ageing resistance of thiuram po lysulp hid e 

sulfurless' vulcanizates which contain zinc mercaptobenzimidazole 

an antioxidant.  The mechanism of these effects however has 

not been investigated”̂ ^.



f f f e c t  o f  g a m m a  i r r a d i a t i o n

When a polymer is exposed to ionising radiation the following

reactions are possible,  A general representation is as follows in

76 77
hich RH represents the polymer molecule ’vv

R‘ + H ‘ V ( i )

H* + RH ------------------------ ^ R' + H2 V ( i i )

2R‘ ----------------------------------- ► R ------- R V ( i i i )

As a result of these reactions crossl in ks,  rearrangement and

degradation occurs. It was suggested by M i l le r  that cnosslinking

w i l l  occur when the building blocks of a polymer  contains at least

77
an K -h y d r o g e n  . Charlesby and others have developed theoretical 

78 79
expressions ’ for  the changes in molecular weight of polymers 

on ir radia t io n .  When chain scission and crosslinking occur simulta­

neously during ir ra dia tion  of a polymer  it may be assumed that 

these two processes are independent of each other.  Crosslinking 

can be effected by means of pr im ary  transient species or by free 

radicals.  When no crosslinking occurs w ith  the free radicals,  it is 

assumed that these radicals are s ta b i l i z e d .



w 1 v u l c a n i z a t i o n  o f  n r  l a t e x  b y  g a m m a  i r r a d i a t i o n
V • I • —--------------  --------------------------------------------------------------------------------------------------------

Gamma irradiation has also been used for the vulcanization 

of latex^*^’ ^^. An ir radiation dose of 30-40 KG> is enough to vulca­

nize natural rubber  latex, with sensitisers such as carbon tetra­

chloride and chloroform. As the network structure of rubber is 

dependent to a certain extent on vulcanization temperature, there 

can be differences in the d istr ib u t io n  of chemical crosslinks in 

radiation vulcanization which is taking place at a lower temperature 

compared to conventional vulcanization.  Its remarkable advantages

are ( i )  due to the absence, of accelerators,  sulfur and zinc

82oxide in the vulcanizate it is free from nitrosamines , and ( i i )  it

8Ais good for the production of medical  ru b b e r  goods

V .2 .  DEGRADATION OF POLYMERS

A significant finding is that radiation induced deterioration 

can be markedly reduced by a d d i t i v e s  known as 'a n t i - r a d s '  whose 

efficiency does not correlate w i th  t h e i r  behaviour as antioxidants 

or antiozonants®^. The  effect of different ingredients of a latex 

compound on the rate of vulcanization has also been studied.  Carbon 

black and sil ica  were found to enhance crosslinking®^. Thiuram 

disulphide ( T M T D ) ,  d iphenyl  guanidine and mercaptobenzothiozole 

in hibit  radiation crosslinking®^. In polymer systems one problem 

to separate and estimate the effect of crosslinking and molecular



aggradation which commonly proceed concurrently .  The most general 

method of estimating chain scission during network formation or 

degradation is sol gel analysis®”̂ .

r u b b e r - f i l l e r  i n t e r a c t i o n s

When rubber particles are exposed to high energy radiation, 

free radicals are formed. Th e  contribution of free radicals in the
pQ

reinforcement of d r y  rubber by f i l l e r s  has been well established . 

During mastication with or without chemical ' reagents macroradicals 

are formed in rubber which might combine w ith  f i l l e r  effecting 

reinforcement. The free radicals are able to interact with reactive 

sites on the surface of the f i l l e r  p a rt ic les  and so unite f i l l e r  

and rubber matrix into a bonded structure.  T h i s  w i l l  c learly  not 

occur if the mastication step is absent. It  is perhaps significant 

that if  latex products which contain reinforcing f i l l e r s  are subjected 

to mastication after dry ing  down and before curing,  then the v u -  

Icanizates subsequently obtained from the products are found to 

display the properties  normally associated w ith  the presence of 

reinforcing f i l l e r .  It  has been reported that some reinforcement 

of latex fi lms by carbon black can be achieved i f  the compounded 

latex is subjected to i r radia tion by rays®^. Vulcanization

ingredients may be included in the late x,  but the effect of vulcaniza­

tion owing to ir radia tion were found to be marginal.  The  development 

reinforcement is attributed to free ra dica ls  which are produced 

either in rubber' or  in carbon black or in both by the ionising

''adiation.



VI. SCOPE OF T H E  PRESENT WORK

A thorough understanding of the effect of accelerator combina­

tions on network structure and physical  propert ies w il l  help in 

evolving latex formulations for improved qual ity and for cost redu­

ction. An understanding of the Theological  behaviour of different 

tyoe? of concentrated latices and of the effect of various surface 

active materials on than w i l l  lead to better process control in the 

manufacture of latex products. Improved r u b b e r - f i l l e r  interaction 

in latex compound is essential for the production of latex goods 

with better strength properties.

The review outlined earl ier in th is  chapter indicates that 

an indepth study on the above aspects of latex technology is lacking, 

Eventhough a few accelerator combinations are being used at present 

in product manufacture, reports are not avai lable  on such aspects 

as effect on nature of crosslinks,  p h y s ic a l  propert ie s ,  heat ageing, 

degradation, effect of ionising ra diat ions,  etc.  An ideal example 

is the latex thread, in which manufacturers are bound to use acce­

lerator combinations to improve p h y s ic a l  propert ies  without knowing 

their  effects on heat ageing.

S i m i la r l y ,  in the preparation of prevulcanized latices, the 

•'ate of prevulcanization is dependent on the types of accelerators 

used, ^xcpet for a few reports based on general vulcanization



systems, the rate of vulcanization has not been studied with special 

reference to more specific accelerator combinations.

Another aspect of latex technology where very  l i t t le  study

is reported is its rheology.  Creamed and centrifuged latices are

used in the manufacture of various products.  Also,  surface active

materials l ik e  casein, p o l y v in y l  alcohol, sodium alginate and sodium

carboxymethylcellulose,  are also used ei ther as a protective

72
agent or as a v iscosi ty  modifier . Except for a few reports 

on its effect on v is c o s i ty ,  no systematic study is reported on

the effect of shear rate and temperature on the v iscosi ty  of centri­

fuged and creamed latices with or without these a d d i t ive s .

Poor r u b b e r - f i l l e r  interaction is a problem in latex compound­

ing. Eventhough some work is reported on synthetic latices  and 

carbon black v i s - a - v i s  l a t e x - f i l l e r  interactions,  not much study is 

reported, on r u b b e r - f i l l e r  interactions on natural  rubber latex with 

nonblack f i l l e r s .

The  use of latex products in radiation therapy is also 

increasing ( e g . ,  cathetors ) .  A survey of l i tera ture  indicates that 

not much work is reported on the effect of radiation on ageing 

latex products.  Hence a study on the effect of gamma irradiation

on the degradation of latex films was also included.



In the present w o rk ,  some of the above aspects of latex 

technology have been investigated which we hope w i l l  enable the 

manufacturers exercise better process control  and bring about products 

with better physical  propert ies.  The  thesis is d iv id e d  into the 

following chapters.

Chapter I deals with a general introduction and survey of 

l iterature in the field of vulcanization, rheology,  reinforcement 

and degradation of latex vulcanizates. The  experimental  techniques 

are given in chapter I I .  The t h i r d  chapter describes the effect 

of different accelerator combinations under conventional and efficient 

vulcanization systems on cure rate in de x,  network structure and 

physical propert ies of natural rubber latex vulcanizates. The  effect 

of accelerator combinations on the rate of prevulcanization and 

its effects are also included in th is  c hapter .  The  fourth chapter 

describes the effect of surface active  agents on r u b b e r - f i l l e r  inter­

action and on rheology of NR latex.  T h e  effect of gamma irradiation 

on rubber f i l l e r  interactions and degradation of natural rubber 

latex vulcanizates are descr ibed in chapter V .  Th e  s ixth  chapter 

gives overal l  conclusions from the studies.  The  importance of the 

relevant results in the manufacture of latex products is also given 

wherever re quired .

The l ist  of publications from this  work is given at the

end.'
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CHAPTER -  I I

EXPERIMENTAL TECHNIQUES



I .  MATERIALS USED

The materials used and the experimental  procedures adopted 

in the present investigations are descr ibed in this chapter,

1.1. CENTRIFUGED L A TE X

High ammonia type 60 per cent centrifuged latex conforming

to the specifications of the Bureau of Indian Standards: BIS 5A30-1981,

obtained from M/s Padinjarekara Agencies, Kottayam was used in

this study. The p r o p e rt ie s  the latex estimated b> us is

as follows:

Parameters ,Value

1- Dry rubber content, % by mass 60 00
2. Non-rubber so l id s ,  % by mass ""/sO

s h T  content, % by mass o ’ o3

5 A u f  % by mass
• Alkalinity as ammonia, % by mass 

number
8.’ s ta b i l i ty  t ime, seconds
9 _ p ^  fatty acid number

10.' ppm on total solids
nese content, ppm on total solids

0.03
0.007
0.75
0.65

1075
O.OA
3
0.5



j 2. r.REAMED L A T E X

The creamed latex used in the study was prepared from' 

p r e s e r v e d  field latex (1 per cent ammonia content) ,  collected from 

the fields of the Rubber Research Institute of In d ia .  The creaming 

was done as per the method given in Blackley  ̂ using tamarind

seed powder as creaming agent. The  latex was treated with 0 . 0 4  per

cent potassium oleate ( 1 0  per cent solution)  and 0 . 3  per cent tamarind 

seed powder ( 3  per cent solution)  and was mixed well and left

aside for creaming.  After 5 da ys ,  the cream was col lected,  homo­

genised and tested.  T h e  various qual ity parameters of the • latex 

used are given under:

Parameters Value

1. Dry rubber content, % by mass 60.20
2. Non-rubber s o lid s , % by mass 1.72
3. Coagulum content, % by mass O.OA
4. Sludge content, % b y  mass 0.02
5. A lk a lin ity  as ammonia, % by mass 0.75
6. KOH number 0.50
7. Mechanical s ta b i l i ty  time, seconds 877.00
8. Volatile fatty acid  number 0.03
9. Copper content, ppm on total solids 3.83

10« Manganese content, ppm on total solids 0.97

Since the mole cu la r  w e ig h t ,  molecular  w e ig h t  d is t r ib u t io n

2nd n o n -r u b b e r  consti tuents of natural  r u b b e r  la tex  are affected

clonal  v a r i a t i o n ,  season, age of the t re e  e t c . ^ ’ ^ ,  centrifuged

creamed la t ic es  from the same lot  has been used in each e x p e r i ­

ment.



piiRRFj^ CHEMICALS
1.3. il!

Ac c e le ra to r^

7he accelerators used in this study were obtained from 

Indian Explosives Limited ( l E L ) ,  Calcutta. A short description 

of the important accelerators used are given below:

(a) Zinc diethyldithiocarbamate (ZDC)

T h i s  ultra accelerator is a cream-white  powder of density 

1.A7-1.5 g/cm^; m .p .  173-180°C; soluble in carbon disulfide,  benzene 

and chloroform and is non-toxic. It  .ensures rapid  low temperature 

vulcanization in the presence of a small amount of sulfur and is 

active in latex mixes even in the absence of zinc oxide.

(b)  Zinc salt of 2-mercaptobenzthiazole (ZM B T)

A l ight  yellow powder, density 1.63-1.65 g/cm^, non-toxic,  

soluble in benzene, • ethanol and chloroform. It is a slow accelerator 

and it cannot be used alone in latex w ork.

( c )  T e t r a m e t h y l  th iu ra m d is u l f id e  ( T M T D )

A white powder,  density 1.29-1.33 g/cm^. Soluble in chloro ­

form, benzene and hot alcohol and is an u ltra  accelerator.

Plphenylguanidine (PPG)

White p o w d e r ,  density 1.13-1.19 g / c m ^ ,  m . p .  1AA-1A6, soluble



_n chloroform. It is activated by thiozoles and thiurams. Compounds 

containing DPG are not very  resistant to heat ageing.

j 3 2 .  Other chem icals

(a) Antioxidant S P :

Th is  is styrenated phenol and was obtained from M/s Indian 

E x p l o s i v e s  Limited,  Calcutta.

(b)  Thiourea,  oleic acid ,  zinc oxide ( P  = 5 . 5 ) ,  stearic acid

(P= 0.92) and elemental sulfur (P= 1.9) were of commercial grade. 

Anatase form of titanium dioxide ( T i o ^ )  was obtained from M/s 

Travancore Titanium Products,  T r iva n d ru m .

1.3.3.  Special chemicals

P ropane-2 -thio l  and piper idene were of analytical  grade 

and were obtained from Fluke A . G . ,  West Germany.

1*3.4. Solvents

Benzene, n -h e p t a n e ,  petroleum e th e r  and ca rb o ntetra ch lo r id e  

'vere of an aly t ica l  g r a d e .



, c; i i r f a c e  a c t i v e  a g e n t s^ ------ ---------

I.Zi.1. Dispersol F

It is sodium salt of a sulphonic acid manufactured by K/s  

I n d i a n  Explosives L im ite d ,  Calcutta.  It  was used as a dispersing 

a g e n t  in the preparation of dispersions of solid ingredients.

1.4.2. Potassium laurate

It is an anionic soap, soluble in water and is used as

a stabilising agent in latex.  T h i s  was prepared from chemically 

pure lauric acid and potassium h y d r o x id e .

1.4.3. Casein

It is a phosphoprotein ,  which is obtained from caseinogen, 

the raw protein of m i lk .  Acid  casein has a molecular weight of

the order of 40,000 and is a v e ry  pale buff-coloured powder which 

contains about io per cent moisture.  It  is ve ry  sparin gly  soluble 

in .water, but is re a d i ly  soluble in acids and a lk a l is .  Th e  isoelectric 

Point of casein is in the region of pH 4 .6 .  In o rd e r  to prevent 

It from bacterial  attack,  preservat ives  such as sodium pentachloro-

Phenate are added. The  solution is m i ld l y  surface a c t ive .  Casein

in the present work was obtained from M/s Loba-C hem ie ,  Bombay



j ^ P olyvinyl  alcohol (PVA)

Polyv inyl  alcohol is obtained from p o l y v in y l  acetate by 

acidic or alkaline h y d r o l y s i s .  T h i s  tends to become insoluble in 

water after prolonged storage and heating. T h i s  surface active 

material was obtained from M/s Loba-Chemie,  Bombay.

I ,/ , .5. Sodium alginate

Alginic acid which is a high molecular weight l inear p o l y -  

l - A - ^ - D  anhydromanuronic acid occurs mainly as the insoluble calcium 

salt in various common marine algae, from which it can be extracted 

as the soluble sodium salt by digestion with aqueous sodium carbon­

ate. Sodium alginate, used in this study,  was obtained from M/s 

Cellulose Products of India L imited,  Ahmedabad.

Sodium carboxymethylcellulose (NaCMC)

It is the most widely  known soluble cellulose d e r iva t ive .  

The introduction of small a l k y l  substituents 'open up'  the cellulose 

structure allowing penetration and dissolution by strongly polar 

solvents. T h i s  weakly surface active material  was obtained from 

M/s Loba Chemie, Bombay.



I .o . f i l l e r s

Precipitated s i l ica ,  china clay and precipitated calcium

carbonate used in this study were of commercial grade.

I I .  COMPOUNDING OF LATEX

n . 1 . PREPARATION OF DISPERSIONS

The solid ingredients were added into latex as dispersions.  

The materials are made to disperse  in water by grinding action 

and the dispersing agent prevent the dispersed part icles from

reaggregating. The  quantity of d ispers ing  agent to be used for 

preparing dispersions depends on the nature of materials to be 

dispersed. For very fine part ic le  size ingredients l ike zinc oxide 

the quantity of dispersing agent re quired is about 1 per cent 

by weight whereas for materials l ik e  sulfur 2 to 2.5 per cent is 

required.  There are different types of grinding equipments -  ball 

ultrasonic mi ll  and attr i t ion m i l l .  In the present study a ball 

mill  was used for making the dispersions of the ingredients.

A ball mill  consists of a c y l i n d r i c a l  container in which

slurry is placed together w ith  a charge of bal ls .  When the 

1̂1 Is working the balls are c a rr ie d  round with the container



a short way and then cascade. It is this process c* cascac:".g which 

causes the part ic les of s lu r ry  to be commi-^iec. The efficiency 

of ball mill  depends on speed of rotation c' ja r ,  size s-'d

material of the b a l l ,  viscosity of the s l u r r y ,  pe'-icc of ball milling,

etc.

• The formulations of the dispersions usee in this stucv 

are given below:

{1) Sulfur dispersion (50%)

Sulfur •• iCO

Dispersol F : 3

De-ionised water •* 97

Ball milled for 72 hours '

dispersion (50%)

ZDC • ICO

D isp e rso l  F • 2

De - io nis ed  wa'-.er • ?S

Ball miil.ed for A8 hours



ivn ) 1 • ---------------:--------

ZMBT 100

D ispersol  F 2

KOH T  race

De -i o n ise d  water 98

Ball mil led for 2A hours

TMTD dispersion (50%)

TMTD 100

Dispersol F 2

10% Ammonium caseinate 5

De-ionised water 93

Ball  mil led for A8 hours

Titanium d io x id e  dispersion (33%)

• 100

Dispersol F •• 2

De-ionised water : 198

Ball mi l led for 48 hours



P recip ita ted s i l i c a  (25%)

precipitated s il ica  : 100

Dispersol F : 2

De-ionised water : 298

Ball mi l led for 24 hours

precipitated calcium carbonate (50%)

Precipitated calcium carbonate 100

Dispersol F ; 2 ■

De-ionised water : 98

Ball mil led for 2A hours

China cla> {50%i

China clay : 100

Dispersol F ; 2

De-ionised water : 98

Ball  m i l l e d  for 2A hours

I I . 2. PREPARATION OF EMULSIONS

The l iq u id  antioxidant SP is im miscib le  with  water and 

Is added into latex compounds as an emulsion. Th e  following recipe 

used for preparing emulsions:



Antioxi o x i d a n t S P _ ( 5 0 | 2

Antioxidant SP : 100 ]
] A

Oleic acid : 3 ]

L iq u o r  ammonia : 3 ]
] B

De-ionised water : 9A ]

Part A was warmed and added to B in small quantities 

under high speed s t i r r in g .

I I . 3. DE-AMMONIATION OF LATEX

As HA type concentrated latex was used, it was 

de-ammoniated to 0.3 per cent by s t i r r in g  in a laboratory type 

de-ammoniation tank for 3 hours. The  high ammonia content in latex 

w ill create problems in its  conversion to so lid  products o r in the 

stability of the latex compound in the presence of zinc o xide . 

The concentration of ammonia in latex was estimated as per BIS: 

3708-Part I 1966.

COMPOUNDING

T h e  mixing  of the ingr edie nts  was done as p e r  the o r d e r  

in the compound formulations g i v e n  in the  re s p e c t i v e  c h a p t e r s .



The stabil isers were f i r s t  added as solutions,  followed by the 

other ingredients. Mixing was done in a glass vessel and st i r r ing  

for homogenisation was done using a laboratory s t i r r e r  at 10-20 rpm. 

jt was occasionally s t i r re d  during storage in order  to prevent settling 

of the ingredients.

I I . 5. m a t u r a t i o n

The latex compound was matured at ambient temperature 

for 24 hours.  T h i s  was done with the following objectives.

1. To equi l ibrate  the added surface active agents and those

naturally present between the aqueous and interfacial  phases.

2. To remove the a i r  bubbles introduced in the compound

while  compounding.

3* To dissolve the vulcanizing agents in the aqueous phase

and make them migrate into the rubber particles which 

can offer better technological propert ie s .

To obtain a certain degree of pre-vulcanizat ion to the latex.

To allow time for  the reaction of ammoniated latex with 

zinc oxide for getting uniform physico-chemical  propert ies.



p r e - v u l c a n i z a t i o n

The latex compound was put in a jacketed vessel with 

a s t i r r e r  and heated ,by passing hot water through the jacket.  

The temperature was adjusted at 70°C and the latex kept at this 

temperature with s t i r r in g  t i l l  the required degree of crosslinking 

was obtained. The  latex compound was then immediately cooled 

to room temperature and kept for further processing.

I I I .  PREPARATION OF T E S T  SAMPLES

I I I .1 .  LATEX FILM

Latex fi lms were cast on glass cells using the latex compound 

as described by F l int  and Naunton^. Cellophane adhesive tapes 

were stuck to the edges of the glass plates to form the cel ls .  

The size of the glass cells was 6" x 6" and about 30-35 ml of 

the latex compound was poured and dis tr ibuted so that a fi lm of 

thickness 1-1.25 mm was obtained upon d r y in g .  The  glass cells 

'^ith the latex compound were placed on levelled table and dr ied 

overnight at ambient temperature.



2 LATEX THREAD

L a t e x  t h r e a d  is prepared by e x t r u d i n g  t h e  l a t e x  c o m p o u n d

through a glass ca p i l la ry  tube into an acid bath (25 p e r  cent acetic 

acid)  As the latex filament passed t h r o u g h  the bath,  acid diffused 

Into the c e n t r e  of the thread and total gelation occured.  The t h r e a d  

was then w a s h e d ,  dr ie d and vulcanized.  Th e  d i a m e t e r  of the l a t e x  

thread was controlled by a d j u s t i n g  the following factors:

1 . Hydrostatic pressure on the latex compound in the capi l laries.

2. The internal diameter of the c a p i l la r ie s .

3. The rubber content and viscosity of the latex compound.

The rate at which the transfer r o l le rs  remove the thread 

from the acid bath.

A schematic diagram of the latex thread plant used in

this experiment is given in Figure I I - 1. Th e  plant consists of 

header tank, constant pressure head device,  coagulant bath,  washing

bath, drying  chamber and the talc dusting system. Constancy of the

extrusion pressure is ensured by feeding the nozzles through a 

•Manifold which is supplied from the constant pressure head. The 

^^''el of this constant head may be altered w ith in  l im its  if  de sired.



The compounded latex after maturation pre -vulcanizat ion was 

stored in the header tank. From the header tank the latex passed 

to a manifold extruding head which d istr ibuted the compound to the 

cgpiilaries through f le x ib le  tubes. Glass nozzles of 0 .8  mm diameter 

yvere used and immersed in a bath of 25 per cent acetic ac id .  The 

l e n g t h  of the acid bath was 10 feet. T h e  coagulated thread was 

t r a n s f e r r e d  to the washing bath of 6 feet length containing water 

at 70°C. After washing the thread entered the a i r  d r y in g  oven 

of 12 feet length set at 100°C, where it  was d r i e d .  T a lc  powder 

was then applied over the thread to remove tackiness and the thread 

was wound on wooden frames. Th e  d r y in g  was completed at ambient 

temperature.

IV. VULCANIZATION OF TES T SAMPLES

IV. 1. LATEX FILMS

The drie d  latex film  was used for determining the cure 

rate index and for the preparation of vulcanized dumbell samples.

^ ^  • Cure rate index

The drie d  latex films were p lie d  up to g ive  a total thickness 

approximately 2.5 mm and test specimens were cut from the plied



h et The cure characteristics  were determined using a Monsanto 

Rneometer (R-100) at 120°C according to ASTM D-203A(83). The 

cure rate index was determined from the rheographs of the respective

mixes.

Cure rate index = — r— —  II .  1
90 2

v.here and t^ are the times corresponding to the optimum cure

and two units above minimum torque respectiv ely ,

IV.2 . DETERMINATION OF OPTIMUM VULCANIZATION TIf/,£ IN AIR OVEN

The vulcanization of latex films was carried out in a 

laboratory a ir  oven at 120°C/100°C. The time for developing maximum 

crosslink density was determined by vulcanizing the film at different 

durations (15 min, 30 min, 60 min, 90 min, etc)  and determining 

the crosslink density of the sample in each case. For the crosslink 

density, the volume fraction of rubber (V ^ )  in the swollen vulca- 

nizate in benzene was determined. The  method of determination 

described elsewhere [ V n ( l ) ] -  The time for  opiimum crosslink 

density vvas then determined by plotting 'V ^ '  values against vulca-  

f’lzation time ( t )  as given in ( F i g .  I I . 2 ) .



j y j  VULCANIZATION OF L A TE X  THREAD

The thread was vulcanized in an a i r  oven as per the time 

and temperature standardised as above.

V. DETERMINATION OF PHYSICO-CHEMICAL PROPERTIES

V . l  VISCOSITY OF L A TE X  COMPOUND

Many methods are used for t h i s .  Brookfield ( L V T  model) 

is a technical  viscometer and is used for determining the viscosity 

of latex compounds. It'  consists of a rotating member which is usually 

a cyl in der d r ive n  by a synchronous motor through a b e ry I l iu m -c o p p e r  

torque spr ing .  The  viscous drag on the c y l i n d e r  causes an angular 

deflection of the torque spring  w h ic h ^ is  proport ional  to the viscosity 

of the flu id  in which the disc  is rotating. Th e  torque and therefore 

the v iscosi ty  is indicated by means of the pointer and scale.  A 

range of speed of the discs and c y l in d e r s  are available  so that 

a wide range of v iscosity  may be c overed.  Th e  shear rate is not 

definable in a viscometer of th is  ty pe in which a single element 

■'otates in a mass of f lu ids  of rather indefinite extent.  Brookfield 

'Viscometer readings are affected by turbulance and to a certain 

Extent by the angle of immersion of the sp in d le .  Natural rubber



latex ® non-Newtonian fluid and its v iscosity  decreases with

i n c r e a s i n g  shear rate.  In the present study the viscosity of the 

latices was measured at ambient temperature at 6 and 60 rpm.

y 2 E F F E C T  OF SHEAR RATE AND TEMPERATURE ON VISCOSITY

Y j  l Rheological measurements

The  selection of the most suitable measuring system depends 

on the propert ies of the substance to be measured.

Factors determining the choice of measuring system includes

-  nature of the substance

-  temperature of substance during measurement

-  pressure or vacuum

-  approximate viscosity range

-  volume of substance avai lable

-  purpose of measurement

-  chemical and physical  propert ies  of substance, 

eg. corrosiv e,  abrasive,  etc.

Two different geometries are mainly used in rheological

fTieasurements:

-  concentric c y l in de r  system

-  cone/plate system



The advantages of concentric c y l in d e r  systems are ( i  ) higher 

a c c u r a c y ,  ( i i )  larger temperature range, ( i i i )  easier handling, and 

( jv)  self-centering measuring bobs for most substances. It  consists 

pf a rotor and a stator,  with the test substance ly ing between 

them. The torque required to d r iv e  the rotor is proportional to 

the shear stress,  whereas the shear rate is proportional to the 

rotational speed. The ratio of the shear stress to shear rate is 

the v iscosity ,  which is often not a constant value and may depend 

on shearing time. The unit of measurement of v iscosity  is the Pascal 

second ( P a . s . ) .  Viscosity is closely related to temperature.

Rheomat-30

For measurement of the rheological  behaviour of the latices 

under study,  Rheomal-30 was used. T h i s  rheometer has been designed 

to meet the most sophisticated requirements of continuous shear 

rheometry with 3 rotational speed steps in geometric progression 

from 0.0A7 to 350 min~^ ( r p m ) .  The rotational speed accuracy is 

maintained over the entire range by a closed loop control  system. 

One revolution at the slowest speed takes about 20 minutes. For 

control of the Rheomat-30, a special programming unit for  use with 

x -y  re cord er,  enabling different shearing programmes to be 

i>Tiposecl on the substance has been developed.



For use in the present studies, the 'B '  cup was selected, 

equipment operates over a temperature range from ambient to

shear rate from 0.0088 sec  ̂ to 662 sec  ̂ and viscosities
g

ranging from 0.3 cps to 1.3 x 10 poise.  An accurate stress-strain 

pj ôt was obtained as the latex was sheared continuously at different 

temperatures (25°C, 35°C and A5°C).  The calculation of the viscosity 

was done as fol lows:

a = KY^ (where no y ie ld  stress)  I I . 2

a -O g  = (when Oo = y ie ld  stress)  I I . 3
*

o = shear stress in pascals

Oo = y ie ld  stress in pascals

Y = shear rate (sec ^)

n = pseudoplasticity index

By plotting log a Vs log y  values of ' k ' and ' n ' are

obtained as slope and intercept .  Then the apparent v iscosity  'n ' 

'''as calculated using the equation:



Irradiation was done by Co^*^ rays using a gamma chamber

Model 900 supplied by M/s Bhabha Atomic Research Centre,  Bombay.

It offers an ir radiation volume of approximately 100 cc.  The unit 

essentially consists of the following components: (a )  source cage,

(b)  biological shield for the source, ( c )  central  draw er  incorporating 

the sample chamber,  (d )  d r iv e  system, (e)  control  panel, ( f )  external 

cabinet. The  main features of the chamber are shown in F ig .  I I . 3. 

The source cage holds the radiation source pencils v e r t ic a l ly  and 

symmetrically distr ibuted along its p e r i p h e r y .  The  cage can hold 

a tfiaximum of 2A pencils containing in the form of pellets

or aluminium clad slugs. The biological  sh ie ld  is a le a d -f i l le d

steel container and surrounds the source cage. It  consist of two 

parts: main outer shield and inner removal plug.  The  radiation

source is housed in the main outer s h i e l d .  The  central  drawer 

is one long cy l in d e r  consisting of two c y l i n d r i c a l  stainless steel 

clad lead shields with the sample chamber fitted in between them. 

The sample, chamber is 10 cm in diameter,  14 cm in height and 

fnade of stainless steel. The  central  draw er  is raised or lowered 

a wire  rope passing over a system of pu l leys  and wound on 

® drum by a geared motor.  T h i s  enable the sample chamber to be 

^°ved up or down as is re quired .  For i r rad ia t io n  the drawer 

lowered until  the sample chamber reaches the centre of the



o u r c e  cage. Control panel allows the smooth functioning of the

equipment. A schematic diagram of the equipment is shown in 

pig I I -3 -  radiation is emitted at a rate of 3 KG>/h.

vi .i .  I a t e x - f i l l e r  i n t e r a c t i o n

Latex compound was mixed with the f i l l e r  dispersion and

irradiated to different dosages. After i r radiat ion  the latex f i l l e r  

system was cast into fi lm of 1-1.25 mm thickness.  The  films was

then vulcanized to optimum cure as described e a r l ie r .

VI.2. DEGRADATION OF L A TE X  FILMS

The latex fi lm prepared using different accelerator combina­

tions and various f i l l e r s  were cut into dumbells conforming to ASTM

D-A12 after proper  vulcanization.  The dumbell samples were ir radia te d 

to the required dosage. These were then used for  chemical and

physical testing.

VII. CHEMICAL TE S T METHODS

\7m -
DETERMINATION OF VOLUME FRACTION OF RUBBER

Samples of approximately 7 cm diameter, 0.25 cm thickness



and 0 . 3  9  weight were punched from the central  portion of the 

v u l c a n i z e d  latex fi lm and allowed to swell  in thiophane-free benzene 

c o n t a i n i n g  0.5 per cent p h e n y l - 3 - n a p h t h y l a m i n e  at 35°C in a  thermo­

statically controlled water bath.  Swollen samples taken after 1, 3,

5  ̂ 9 , 15, 25, 36 and 49 hours inte rval  were blotted with fi lter

paper and weighed ' quickly  in a stoppered weighing bottle. For 

NR vulcanizates, the 36 hour period was found to be sufficient 

for attaining equi l ib r iu m. Samples were dr ie d  in an oven for 2A

hours at 70°C and then in vacuum and final ly  weighed after allowing 

them to cool in a desiccator.  Duplicate readings were taken for 

each sample. The volume fraction of rubber 'V ^ '  was calculated 

by the method reported by E l l i s  and Welding^,  which takes into 

account the correction of swelling increment with duration of

immersion after the equil ibr ium is attained.

( D - F T )

I I . 5

where T  is the weight of the test specimen, D, its deswollen weight, 

the weight fraction of insoluble components, and is the weight

the absorbed solvent, corrected for  the swell ing increment, Py 

gpe the densities of rubber and solvent re sp e c t iv e ly .

p^(NR)  = 0.92

benzene) = 0.875



From the collected data, the value of was calculated, 

-pi-ie value of can be taken as a measure of crossl ink density.

yi i .2 . d e t e r m i n a t i o n  o f  c o n c e n t r a t i o n  o f  d i f f e r e n t  t y p e s  o f

CROSSLINKS

The concentration of polysulf id ic  crossl inks ( - S x - )  was 

estimated from the determination of chemical crosslink densities

of the vulcanizate before and after treatment with thiolamine. Treat­

ment of the vulcanizate with  prop ane -2 -th io l  (O.A M) and piperidine 

(O.A M) in n-heptane at room temperature for 2 hours cleavs the

polysulphidic c rossl in ks  in the network.  The experimental  method

fi 7
used is as descr ibed in detail  by Campbell ’ . Action of propane

2 - th io l  is based on nucleophil ic  displacement reactions by alkane 

thiols on sulfur atoms of polysulphid es to cleave the sulfur bonds 

as shown below. They  depend on the relative  rates of the two

displacement reactions and high resistance of the carbon-sulfur  

linkage in monosulphides to such nucleophi l l ic displacement.

R -S : + S - S x - S - R '_____  ̂ R _ S_ S_ R ' + H -S x - S - R '
* I
H R'

R -S : + S - S - R '  -------- j. r _s - S - R '  + R '- S H

H p,

+ R ' - s - R '  ------------- » R -S -R '  + R ' -S H
H



t r e a t m e n t  w i t h  P R O P A N E - 2 - T H I O L

The samples ( 1 mm thick and 0.3 g weight.) were placed 

in a c y l in d r ic a l  tube 30 cm long and 3 cm in diameter,  clamped 

horizontally and purged with nitrogen. The specimens were v.ell 

covered with 100  ml of the thio l-amine reagent (prepared by d isso lv -
D

ing in n-heptane and making upto one l i t re  with further pure heptane ), 

The gas tap was closed to maintain the nitrogen blanket in the 

tube. The solution was agitated occasionally during the two' hour 

period.

After renewing the stream of nitrogen through the apparatus 

the reagent was run off and replaced by 100  ml of petroleum ether 

( b . p .  A0°C-50°C) and the apparatus was agitated occasionally during 

one hour. T h i s  cold extraction was repeated with fresh petroleum 

ether every  hour until four such extractions were made under nitrogen. 

The specimens were then removed and dr ie d  overnight in vacuum 

to constant weight .  Then the chemical crosslink density was measured 

by equil ibrium swelling method as descr ibed ear l ie r  ( V I .  1). When 

the sample thickness was more than 1 mm, the specimens were 

swollen in n-heptane overnight at room temperature under nitrogen 

9nd sufficient p r op ane - 2 - t h i o l  and p ip er id in e  were added to give 

concentrations of 0 . 4  M for each reagent in the final solution. The



l e a v a g e  reaction in the presence of prop ane - 2 - t h i o l ,  p ip er id in e  

n-heptane is exemplified for t r is u l f i d e  in the followinq equation:

5H........... /  + RSSSR------------> P^SSP^
r \ ____ J  r  r

i -
+ RSSP^ + RSH +  HS H^N

where = Is o p ro p yl .

The thiol-amine combination gives an associate, possibly 

piperidinium propane-2 - th io late  in ion p a i r ,  in which the sulfur
g

atom has enhanced nucleophil ic prop ert ies  which is capable of
/

cleaving organic t r isu lp h id e s  and higher poly sulphides within  30 

minutes at 20°C, while  reacting with  corresponding disulphides 

at about one thousandth of th is  rate.  Th e  favoured polysu lp hid e  

cleavage is due to delocalization of the displaced 6 -e lectron pair  

of RSS as shown in equation I I . 7.

p‘ s 3

RS -  s -  SR

3 P electron delocalizat ion withLri. 

a piT — dTT b o n d . II . 6



ig 5' --------- > PJ.SSR + SR (slow

(no 3 p electron delocalization)  1 1 . 7

Pr^S” is used to represent the nucleophil ic  thiol-amine

associate.

The difference in the values of the sample before and

after thiol-amine chemical probe gives the p o ly s u lf id ic  crosslink 

::ontent in the vulcanizate.

l/i i .4.  d e t e r m i n a t i o n  o f  s o l  c o n t e n t

The extent of chain scission in a vulcanizate was estimated 

ay determining its sole ontent. The  estimation was done by the 

nethod described by Bristow in which the samples were extracted 

''ith cold acetone in the dark for 8  to 1 0  d a ys ,  the acetone being 

r'eplenished four times during this  pe r io d .  T h e  samples were then 

^ried to constant weight in vacuuo at room temperature.  Weighed 

samples of the extracted vulcanizates (about 2  g )  were further 

-xtracted with cold benzene in the dark  for 8  to 10 days,  the 

benzene being replenished four times during th is  per io d .  After 

benzene extraction,  the samples were d r ie d  to constant weight in 

vacuuo. The  sol content is the weight loss during benzene extraction.



yii_5. d e t e r m i n a t i o n  o f  r u b b e r - f i l l e r  i n t e r a c t i o n

Cast latex fi lms containing the f i l l e r s  were prepared and 

vulcanized to optimum crosslink densi ty .  Then the 'V ^ '  values of 

the fi l led (^ p f )  'the gum vulcanizates were determined.

The extent of r u b b e r - f i l l e r  interaction was then studied using the 

equation given by Cunneen and Russel

^  = ae ^ + b I I . 8
rf

where v^^ and are the volume fractions of rubber in the gum

and fi l led vulcanizates respectiv ely ,  swollen in benzene, z is the 

weight fraction of the f i l l e r  in the vulcanizate and 'a '  and ' b '  

are constants. By plotting against e values of 'a '  (slope)

and ' b '  ( in tercept)  were determined. The  higher the value of 'a '  

(slope),  the h igher  the swelling restr iction and better the r u b b e r -  

f i l ler  interaction.

Ammonia-modified swelling

The  samples of the vulcanized latex fi lms containing different 

'filler contents were swollen for 48 hours in flat dishes containing 

benzene in ammonia atmosphere^^. For th is  the samples were put in 

® desiccator the bottom of which contained l iquor ammonia. After



swelling iri ammonia atmosphere the samples were thoroughly washed 

benzene and dr ie d  in a vacuum desiccator at room temperature 

(30°C) and tested for by swelling in benzene. The difference

jn chemical crosslink density as obtained by swelling in benzene 

of the original  vulcanizate and the same after ammonia treatment 

gives a measure of r u b b e r - f i l l e r  attachment or coupling bond. In 

this, the ammonia permeates the benzene solvent and preferentially 

cleaves the r u b b e r - f i l l e r  attachment.

VIII. PHYSICAL TE S T METHODS

VIII. 1. l a t e x  f i l m s

At least three specimens per sample were tested for each

property and the mean values reported.

Modulus, Tensile  Strength and Elongation at Break

In the present work these tests were carr ied out using

3 Zwick Universal  Testing Machine (U TM )  Model 147A. The  machine

consists of a load frame and an electronic control  unit.  Load measur-  

^^9 device is a load cell  f ixed at the top of the load frame. Below 

load cell  is a moving platform d r ive n  by a continuously variable  

^Peed motor. The  speed of movement of the platform can be varied



t o  value between 0  and 1 0 0 .  G r i p s  suitable ' for dumb bell

s p e c i m e n s  are fixed on to the load cell  and the moving platform.

During testing, the specimen is subjected to stretching at constant 

s p e e d .  Force and elongation are continuously monitored by the 

electronic unit.  A s  soon as the test specimen breaks test results 

are displayed in the electronic unit.

A l l  the tests were carr ied  out at ambient temperature (30°C) .  

Specimens were cut out from the cast fi lms ( F i g .  3 ) .  The  thickness 

was measured by bench thickness gauge. The moving crosshead

is adjusted by operating the s w itc h .  The  ve locity  of the moving 

crosshead is adjusted to be 500 mm/min.

The specimen is elongated and the values corresponding

to ultimate tensile strength,  elongation and modulus are obtained.

V111.2. LATEX THREAD

Modulus, Tensile  Strength and Elongation at Break

F iv e  test pieces were tested for  each sample and testing 

'''as done as per ISO 2321-1975(E)  using a Zwick Universal  Testing

Machine



V I I I . 3 . r e s i s t a n c e  t o  d r y  h e a t

T h i s  method covers the extent of deterioration of rubber 

thread by measuring the reduction in physical  properties when 

it is maintained at a constant elongation under conditions more 

severe than those encountered in se r v ic e .  The in it ia l  physical  

properties of the thread were determined in accordance with ASTM 

D-2433. Test samples from the same latex thread maintained at 

100 per cent elongation were subjected to ageing in an a ir  c irculat­

ing hot a ir  oven as given below. Th e  residual physical  properties 

were then measured and the percentage change reported.

Class of test Temperature°C Time

1. Normal

2. Heat resistant

70°C

150°C

1A days 

2 hours

The performance of the thread as percentage retention of 

the selected physical  property  is expressed as follows:

5RM 100 I I .S

''vhere SRM = Property retained by the test specimen after dry

heat treatment.

P = In it ia l  value of the selected p ro p e rt y ,
o

P = Value of the property after ageing period.
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I I . 3 . Schematic diagram of gamma chamber,
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STUDIES ON VULCANIZATION CHARACTERISTICS

BASED ON ACCELERATOR COMBINATIONS

PART -  I  E F F E C T  OF A C C ELE R A TO R  COMBINATIONS ON CURE RATE 

IN D E X , NETWORK FORMATION AND PHYSICAL PROPERTIES 

OF A  TY P IC A L  L A T E X  PRODUCT, V I Z . ,  L A TE X  THR EAD .

PART -  I I  ( A )  E F F E C T  OF A C C ELE R A TO R  COMBINATIONS ON PRE­

V U LC A N IZ A TIO N .

( B )  E F F E C T  OF P R E-V U LC A N IZ A TIO N  ON PHYSICAL 

PROPERTIES OF L A T E X  TH R EA D .



‘ PART -  I E F F E C T  OF A C C ELER ATO R  COMBINATIONS ON CURE RATE 

IND EX, NETWORK FORMATION AND PHYSICAL PROPERTIES 

OF A  L A TE X  PROD UCT, V I Z . ,  L A T E X  TH R EA D .



Small amounts of substances known as vulcanization accelerators 

are added to rubber during compounding and these have a great 

effect on cure characteristics and on the p h y s ic a l ,  mechanical and 

• service properties  of rubber products. Th e  most important accelerators 

are organic compounds and they act in many w ays; not only is  the 

vulcanization process accelerated, but many p rop erties  of the finished 

rubber product are altered. T h is  is because, the presence of accele­

rators affect the spatial structure of the ru b be r molecules; w hich 

in turn determines the p h y s ic a l,  mechanical, chemical and service  

properties of the product \  In modern ru b b e r compounding advantage 

is frequently taken of the combined action of two or more accelerators.

Vulcanizates obtained by using binary accelerator systems are found

2 3to have superior ph ys ica l and chemical p ro p e rt ie s  ’ . But a ll  the



accelerator combinations do not give satisfactory results. The combi­

nations are more' effective when^ (a )  the accelerators activate one 

another, (b )  a compound u h ic h  is readily  dissociated into fret 

r a d i c a l s  is formed by redox reactions, (c )  one or more of the accele­

rators bring about a more rapid  activation of sulfur and a more

A  5
rapid reaction w ith  the polym er ’ . The accelerators accelerate 

the vulcanization by forming active sulfur fragments and free radicals; 

including polym eric  free radicals  as well as reactive intermediate 

compounds which are unstable and re a d ily  decomposable. As a result 

of the reaction between these free radicals  and sulfur fragmentsI
with molecules of ru b be r o r  with polym eric  free ra dica ls , t n d i -  

mentional crosslinking occurs at various sites of the chain. The

. vulcanizate w il l  contain more than one type of cro sslin k s: covalentf

C -C ,  C -S -C ,  C -S -S -C ,  C -S x -C  etc. Th e  nature of the bond, its

energy and proportion of bonds of a given type determine to a large
r

extent the p h y s ic a l and mechanical properties of the vulcanizate. 

The heat resistance of the vulcanizate is  also the result of the

result of the different spatia l structures w hich are in turn determined 

by the accelerators used and the vulcanization system as a whole^. 

Th is  is true for both d r y  rub be r and latex vulcanizates.

Th e  use of accelerators in latex compounds Is some what

ciifferent from th e ir  use in d r y  ru b b e r .  As there is  no danger of



s c o r c h i n g ,  ultra accelerators are used in latex compounding and the 

a c c e l e r a t o r s  should be dispersed u n i f o r m l y  in  the l a t e x  m i x t u r e  

^^ithout causing it to coagulate or to th icken. In ord er to achieve 

uniform dispersion in  the latex,  the accelerators must be readily 

dispersible in water.  A s  the vulcanization temperature for a latex 

compound is substantially lower than that for a dry rubber compound, 

the choice of accelerators and th e ir  proportion is different from 

that of a dry  ru bber  compound and has to be made c areful ly .  I t  

has been shown that accelerators in which sulfur is combined as 

S-S, C -S -C  or S -N  are v i r t u a l l y  inactive at temperatures below 100°C 

because of the h i g h  thermal s ta b i l i ty  of th e ir  S -b o n d . I t  has also 

been proved that sulfur containing nucleophiles enable such accelerators 

to become active  even at lower vulcanization temperature.  The  cleavage 

of the S-S bond by the nucleophile may be represented as

R - S - S - R ' + Y “ RSY+R'S~

The use of cure systems involv ing  accelerators such as T M TD ,  

ZDC, ZMBT etc in latex has to be viewed in th is  context.  The 

use of thiourea in these systems has the function of a nucleophile 

3s mentioned above which enables the vulcanization to be carr ied 

out at or around 100°C. Thiourea also helps in preparing heat resist­

ant vulcanizates.



A typical  latex product of which the technological properties 

can be significantly altered by the use of accelerator combinations 

is latex thread. The natural rubber latex compound used for making 

the thread is normally free of reinforcing f i l l e r s  and its properties 

mainly depend upon the vulcanization system and the protective 

agents used. The important propert ies  of the thread ,  set out in 

standard specifications include its  diameter, tensile strength,

7
modulus, elongation at break and ageing resistance . Th e  thread 

is more vulnerable to ageing than other  natural ru bber  products due 

to its lower bulk volume and larger  surface area.  In addition to 

normal ageing tests for o rd in a ry  ty pe threads conducted at 70°C, 

heat resistant threads have to withstand high temperature ageing 

a 150°C. The modulus of the thread is also ve ry  important for its
O

textile applications . These propert ies  are to a great extent con-  

troUed by the vulcanization system used for manufacture of the 

thread. The vulcanization system may be conventional type using 

elemental sulfur or a special  system involv ing  sulfur donor such

9
as tetramethyl thiuram d isu lp h id e  . Even though some studies have 

been reported in these lines^*^’ ^ \  not much systematic work has 

been conducted on the effect of vulcanization systems on the chemical 

characteristics and p h y s ic a l  propert ies  of latex products.  In the 

present work the effect of secondary accelerators on the above 

properties of a latex product v i z . ,  latex thread has been in ve st i ­

gated. Special emphasis has been given to its ageing resistance 

under conventional and sulfur donor vulcanization systems.



Fo rm ulations of the latex  compounds a re  g ive n  in Ta b le s  I I I - l  

a n d  i n - 2 .  T h e re  are  s ix  d iffe re n t compound fo rm u latio n s under 

each ta b le . Latex compounds in the conventional vu lca n iza tio n  system s

I I I - 1 )  were prepared with varying dosages of the accelerators 

ZDC, ZMBT and TM TD  and the latex compounds in the sulfur-donor

systems (Tab le  II1 -2)  were prepared with vary ing amounts of ZDC 

and ZMBT while  the TM T D  dosage is kept constant. The  centrifuged 

;atex was f i rs t  de-ammoniated to 0.4 per cent ammonia content and 

was stabi l ized by adding potassium h y d ro x id e  and potassium laurate 

solutions. The  vulcanizing agents, accelerators,  zinc oxide and

titanium dio xide  were added as dispersions and antioxidant SP as 

an emulsion in water.  Th e  latex compounds were then matured for

96 h and sieved through 100 mesh sieve.

For determining the cure behaviour of latex compounds, cast

latex fi lms ( 1 - 1 . 5  mm thickness)  were prepared and the cure rate 

index was determined using the Rheometer (R-100)  at 120°C. The

results are given in T ab le  I I I - 3 .  As the latex products are generally 

vulcanized in hot a i r ,  the cure characteristics  of the cast latex

films were also determined by heating the fi lms in a i r  oven at 120°C 

for different durations and estimating the crosslink concentration 

formed at 'each instant. The  concentration of chemical 'crosslinks

Was measured by estimating the values as described in Chapter 2.

The results are depicted in Figures I I I - 1  and I I I - 2 .



j h e  network structure of the vulcanizates from each latex

compound was characterized on latex fi lms which were vulcanized

to its optimum crossl ink density at 120°C, as obtained from the

Figures I I I - 1  arid I I I - 2 .  The  total concentration of chemical crosslinks 

and the percentage p o lysu lf id ic  content of the hot a i r  vulcanized

samples were then determined ( T a b l e  I I I - A ) .

Another part  of each latex compound was run on the pilot plant 

for thread manufacture using a glass nozzle of diameter 0 . 6  mm. 

The threads were then vulcanized to its optimum crosslink density.

The in it ia l  p h y s ic a l  propert ies and d r y  heat resistance of the thread 

were then evaluated (Tab le s  I I I - 5 ,  I I I - 6  and I I I - 7 ) .

The cure rate indices of the different compounds are given

in Table I I I - 3 .  In the case of conventional vulcanization systems 

(Compounds A to F )  the cure rate index was much higher for the 

ZDC + TM T D  combination than ZDC alone and ZDC + ZMBT combinations. 

This may be attr ibuted to the posit ive synergestic effect of these

two ultra accelerators .  In the case of sulfur donor vulcanization 

systems also ( I  to N) the ZDC + TM TD  combinations were found to

9^ve the highest cure rate index.

Th e  cure behaviour of latex fi lms prepared using the different 

iatex compounds in the a i r  oven at 120°C is shown in Figures I I I -1



and i n - 2 .  Among the conventional vulcanization systems (F igure I I I - l )  

compound E showed a higher rate of crosslink formation and 

reversion rate is also h ig h .  But in the case of compound B 

and C, the rate of crosslink formation was slow and the same trend 

yyas retained in the degradation of crossl inks.  ‘ Even though the 

c r o s s l i n k  formation was slow in the case of compound F ,  on prolonged 

heating the degradation was more.  T h i s  may be attributed to the 

higher proportion of ZMBT which can absorb more oxygen which 

may enhance the degradation process.  In the case of sulfur donor 

vulcanization systems ( F i g .  I I I - 2 )  the compound I shows a ve ry  low 

rate of crosslink formation.  Th e  compound J which contains ZDC 

only and compound L w hich  contains a high proportion of ZDC showed 

higher rate of crosslink formation than the compound containing higher 

proportion of ZMBT compared to ZDC (compound M and N ) .  The compounds 

M and N were also found to be more prone to degradation as seen 

from Figure I I I - 2 .

The chemical c haracter ist ics  of the vulcanized latex fi lms 

are given in Table  I I I - A .  T h e  total crossl ink concentration (V ^ )  

is found to be higher in the case of ZDC + TM TD  combinations both 

in the conventional and su lfur -do n or  vulcanization systems (compound E 

and j ) .  7he p o l y s u lf id ic  content of the crosslinks varied with 

the vulcanization systems and i t  is the lowest in the sulfur-donor  

Vulcanization systems. In the conventional vulcanization systems,



n l v s u l f i d i c  content is higher in the ZDC + TM T D  combination
jh^ ^

in sulfur-donor systems the highest percentage of polysulf id ic  

gf t̂ent is recorded in the TMTD + ZMBT combinations.

The physical  properties of the threads prepared using con­

ventional vulcanization systems are given in Table  I I I - 5 .  The threads 

prepared using compounds A,  B and C gave good ageing resistance. 

But as the proportion of ZMBT increased, greater reduction in ageing 

resistance (compound D) was o bse rve d .  Similarly when ZDC and
I

TMTD were used, the ageing resistance of the thread was found to

be reduced. But its original p h y s ic a l  properties  were improved 

considerably. Both high tensile strength and ageing resistance are 

required for products l ike  latex t h r e a d .  In the case of threads 

using ternary accelerator systems such as ZDC, ZMBT and TM TD , 

original physical  properties  were good. But ageing resistance was 

low compared to ZDC as a single accelerator.  T h e  better ageing

resistance of the thread when ZDC alone is used (compound A)  may

be attributed to the fact that ZDC, ap art  from accelerating the vulca-

* ■ 1 0
nization reaction functions as an antioxidant also .

The  cure rate index of the compounds from A to C was lower 

than that of compounds D to F . These compounds which showed 

a lower rate of cure had better retention of properties  after ageing, 

may be due to the fact that slow curing compounds undergo



f - e v e r s i o n  at a slow rate as is evident from the cure behaviour of

latex compounds in the ai r  oven as given in Figure Another

important factor which controls the ageing resistance o f  rubber 

compound is the amount of total crossl inks and the percentage of 

polysulfidic crosslinks in i t .  From T ab le  I I I - 7 ,  it  is seen that 

compound E which gave the lowest ageing resistance has got the

highest amoung of po lysulf id ic  crosslinks.  T h i s  indicated that both 

cure rate index and polysulf id ic  linkage formation influence the ageing 

r e s i s t a n c e  of latex products.  Results i n d i c a t e d  that ZDC-ZMBT combi­

nation is better than ZDC-TM TD  systems in retaining t h e  physical  

properties on ageing at 70°C in t h e  case of conventional vulcanization 

systems examined in this study.

The physical  properties  of the thread made from latex compound

containing sulfur-donor vulcanization systems (heat resistant threads)

are set out in Tables I I I - 6  and I I I - 7 .  Test results showed thatt

the physical  properties of the threads using the basic vulcanization

system alone are poor. I t  was also seen that the maximum or iginal  

physical  propert ies were attained by incorporating ZDC and ZMBT 

along with the basic system (compound L ,  M and N ) .  . The  tensile 

strength of the thread was found to be increasing with the addition 

oi" ZDC and ZMBT. In this  case also as the proportion of ZMBT 

increased the ageing resistance of the thread is lowered (compound M 

isi). j h e  same trend was observed in the high temperature ageing



jgQ (T a b le  I I I - 7 ) .  I n  the case of compound K w h ic h  contained only

ZMBT, original  tensile strength was o bserved.  The cure rate

jndex of this compound was also low and its retension in tensile 

s t r e n g t h  in the lower temperature ageing ( 7 0 ° C )  was high.  But in

the high temperature ageing its retension of tensile strength was 

found to be low ( Ta b le  I I I - 7 ) .  The amount of total crosslinks and

the percentage of po lysu lf id ic  crossl inks in compounds I to N are 

given in Table  I I I - A .  It  can be seen that the compound I is having 

only very low value even though it contained the lowest percentage 

of polysulf id ic  c rossl in ks.  It  may also be pointed out that as the 

ZMBT content increased in compounds L to N, the po lysu lf id ic  linkage 

formation is also s l ig h t ly  increased. Its  low ageing resistance may

be attributed to this fact and also the tendency of ZMBT to absorb 

oxygen^. From the above discussions, it  can be concluded that

TMTD-ZDC system is better than T M T D -Z M B T  system in retaining the 

tensile propert ies  in high temperature ageing.



Table  I I I - 1 .  Formulations for latex thread compounds (conventional vulcanization systems)

Formulations A B C D E F

60% Centrifuged latex 167 167 167 167 167 167

10% Potassium h y d r o x i d e  solution A A A A A A

20% Potassium laurate solution 2 2 2 2 2 2

50% Sulfur dispersion 3.5 3.5 3.5 3.5 3.5 3.5

50% Zinc d i e t h y l d i t h i o  carbanate dispers io n (ZDC) A 3 2 1 3 2

50% Zinc mercapto benzothiazole dispersion (ZMBT) - 1 2 3 - 1

50% Tetram e thyl  thiuram disu lf ide  d ispersion ( T M T D ) - - - - 1 1

50% Titanium d io x id e  dispersion 10 10 10 10 10 10

50% Antioxidant SP emulsion 2 2 2 2 2 2

50% Zinc oxide dispersion 2 2 2 2 2 2
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PREVULCANIZATION.

(B )  E F F E C T  OF PREVULCANIZATION ON PHYSICAL 

PROPERTIES OF L A TE X  THR EAD .



Prevulcanization involve s heating the raw latex with various

compounding ingredients such as accelerator and sulfur at or around
_ ^ 10 i /

70°C until the required degree of crosslinking is obtained ’

The prevulcanized latex is very  s im i la r  in appearance to unvulca­

nized latex.  The  original  f l u i d i t y  is retained. The  vulcanization 

reaction takes place in each of the in d iv id u a l  latex particles 

without altering t h e i r  state of d ispers io n .  The  part ic les have 

the same shape, size and size d istr ibu t io n  as do those of the 

initial  latex.  The  rate of prevulcanizat ion varies with different 

vulcanization systems and the extent of prevulcanization has a 

profound effect on the final  vulcanizate properties  It  has been

' 'sported that prevulcanized latex fi lms are in fe r io r  in properties



and are less resistant to heat and solvent.  • But studies conducted 

this l ine are based on general vulcanization systems only 

effect of accelerator combinations on the prevulcanization and 

jls effect on f l o w  properties of the latex and final vulcanizate 

st r u c t u r e  was not studied in de tai l .  T h i s  part  of the investigations 

r epo rt  the results of the studies on prevulcanization of a series 

of latex compounds containing conventional and efficient vulcaniz­

ation systems with different accelerator combinations. The

effect of different vulcanization systems on the extent of crosslinks 

formed has been investigated.  V iscosity  of latex compounds after 

different periods of prevulcanization and the network structure 

of these vulcanizates have also been studied.

Formulations of latex compounds used in this study are 

given in Tables I I I - 8  and I I I - 9 .  There  are three compound formu­

lations under each Table.  Th e  latex compounds were prepared 

as per these formulations and prevulcanized by heating under slow 

speed s t i r r in g  in a glass beaker immersed in a constant temperature 

bath set at 70°C. Samples of prevulcanized latex compounds were 

taken at definite intervals for studying t h e ir  processing behaviour,  

and extent of crosslink formation.

The  crosslink concentration at each interval  of heating 

'''as measured as values after preparing latex fi lms at room



temperature on glass cells as described in Chapter  2, The  results 

gpe given graphic al ly  in Figures I I I - 3  and I I I - A .

As the latex compound is a non-Newtonian f l u i d ,  its visco­

sity changes with shear rate. So the flow behaviour of these 

latex compounds after definite inte rvals  of prevulcanizat ion was 

determined using a Brookfield Viscometer (Spindle  No. 2 ) .  The 

viscosity of the latex compounds was measured at two different 

shear rates ( 6  and 60 rpm)  and the results are given in Table  

I I I - 10.

The  optimum vulcanization time for the d r ie d  latex film

was determined by vulcanizing them in an a i r  oven at 100°C for

different periods and then plotting values against vulcanization 

time as given in Figures I I I - 5  and I I I - 6 . T h e  d r ie d  latex fi lms 

obtained from the unvulcanized latex compounds and prevulcanized 

latex compounds were vulcanized/completed the vulcanization in 

the a ir  at 100°C to its  optimum crossl in k  de n sity .  Th e  total

concentration of chemical crossl inks and the percentage po lysu lf id ic  

crosslinks of the vulcanized samples were also determined (Tab le

n i - n ) .

The  extent of crossl ink formation at different periods 

Prevulcanization at 70°C are given in Figures  I I I - 3  and I I I - A .



jp the compounds containing conventional vulcanization systems, 

R and C,  it may be noted that the reaction rate of the accele-
A>

rator ZDC is activated by the incorporation of ZMBT and TMTD.  

jhe Z DC -TM TD  system ( C )  has a higher reaction rate than the 

Z D C - Z M B T  system ( B )  and in the former case, majority of cross­

links were formed within  one and a half hour at 70°C. Th is  

may be attributed to the positive  synerg istic  effect due to the 

combination of two ultra accelerators ZDC and TM TD  in the vulcaniz­

ation of natural rubber latex.

In the efficient vulcanization systems, D, E and F ,  the 

ZDC-TMTD system (D)  is fast compared to Z M B T -T M T D  system ( E )  

in the formation of chemical crosslinks.  The  reaction rate of the 

ZDC-TMTD system decreased when a portion of ZDC was replaced- 

with ZMBT in compound F .

As the extent of prevulcanization increased the viscosity 

of the latex compound increased and in a l l  the compounds under 

study, the v isco sity  variation is almost the same ( T a b le  I I I - 10). 

The determination of v iscosity  at different periods of prevulc aniz -  

9tion under different shear rates showed that the flow behaviour 

the latex compounds is l i t t le  affected by prevulcanization.

The  po ly s u lf id ic  content in the vulcanizates from latex



^orTipounds pre\ulcanized to different periods are given in Table 

The value which is a measure of total crossl inks,

for the dr ie d and vulcanized fi lms are also given in Table 111-11.

It can be seen that for  samples A ,  B, C, D, E. and F,  

where there was no prevulcanizat ion and vulcanization was done 

at 1 00°C, contained onl> lower percentage of polysulf id ic  l inkages.  

But in the case of samples from the same compound which were

prevulcanized for  different periods at 70°C and later postvulcanized 

at 100°C, showed a h ig her  percentage of p o lysu lf id ic  l inkages. 

The percentage of p o l y s u lf id ic  linkages increased as the extent 

of prevulcanization increased even though the total crosslink con­

centration of the final  vulcanizate is almost same ir respect iv e  

of the extent of prevulcanizat ion.  It has been reported that in

the vulcanization of d r y  rub be r  products,  as the vulcanization

temperature becomes lo w e r ,  the chance of formation of po lysu lf id ic

17
type linkages is high . The  content of more polysulf id ic  linkages 

in the prevulcanized latex fi lms may be attributed to the low 

prevulcanization temperature (70°C) .



g ^ f e c t  o f  p r e v u l c a n i z a t i o n  o n  p h y s i c a l  p r o p e r t i e s  o f  

i a t e x  t h r e a d

For obtaining good processing and technological  properties

for some latex products a certain extent of prevulcanization is

necessary  for the rubber part ic les in the latex compound. An

ideal example for this is latex thread Even though different

a c c e le r a t o r  combinations are being used for the thread production

20very few specific report on the above aspects are available .

. Completely prevulcanized latices are being used in the manufacture 

of certain dipped goods.

To study the effect of prevulcanizat ion on technical  pro ­

perties, latex threads were prepared from prevulcanized latex 

compounds collected at different durations of heating.  Compound B 

(Table I I I - 8 ) having a conventional vulcanization system and com­

pound F having the efficient vulcanization system were selected 

■for the preparation of threads.  Four threads were taken from 

each latex compound prevulcanized for four different timings ( 0 , 

0.5,  1 . 5  and 3 h ) .  Latex thread obtained from each latex compound 

vulcanized in an a i r  oven at 100°C t i l l  optimum vulcanizate 

properties were obtained.

Testing of physical  propert ies of the thread was carried  out



according to ISO 2321-1975 ( 0 .  In the case of heat resistant threads 

produced using efficient vulcanization systems, ageing was conducted 

at 1 5 0°C for 2 .h in an a i r  oven and determined the tensile pro ­

perties.

The properties of the thread produced from latex compounds 

•B' and ' F '  are given in Tables I I I -1 2  and I I I - 1 3 .  The prevulcanized 

latex compounds are found to be better in extrusion and subsequent 

processing with respect to uniformity in count and is free from

tackiness. Tensile strength and modulus of the thread are improved 

only upto a certain extent of prevulcanization of the latex compound 

(Table I I I - 12) and above that level  these properties decreased. 

In the case of compound B and F the ideal range of prevulcanization 

time l ies between half an hour and one and a half hour.  The low 

tensile properties for the threads from latex compounds having

higher extent of prevulcanization ( 3  h duration)  may be attributed

to low in te r -p a r t ic le  fusion. T h e  tensile propert ies are not much 

improved after leaching and dry ing  which can offer better in te r -  

particle cohesion. One pe cul iar i ty  with  latex thread production

is that a l imited level  of stretching at the wet gel stage occurs 

during the processing and t hi s ,  in combination with low in t e r -  

Particle cohesion of the wet gel may be one of the reasons for 

this low tensile properties .



The ageing resistance of the threads from prevulcanized 

jatex compounds having 3 h. heating time is found to be inferior 

that of threads obtained from unvulcanized latex compounds 

grid that from latex compounds which were prevulcanized for shorter 

p er i o d s  ( Ta b le  I I I - 13).  Th is  can be at tributed to higher p o l y -  

sulfidic content in the threads which were obtained from prevulca­

nized latex compounds of 3 h. heating duration.  The  higher p o l y -  

sulfidic content is reported in Table  I I I - 1 1 , Part A,  of these 

Investigations.
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CHAPTER -  IV

E F F E C T  OF SURFACE A C TIV E  AGENTS ON R U B B E R -F IL LE R  

INTERACTIO N AND RHEOLOGY OF L A TE X

PART -  I E F F E C T  OF SURFACE A C T IV E  AGENTS ON RUBBER-

F IL L E R  IN TE R A C TIO N :

(a ) in latex vulcanizates containing a reinforcing

f il le r  v iz .  s ilic a .

(b )  in latex vulcanizates containing precipitated

calcium carbonate and china c la y .

^ R T  -  I I  RHEOLOGICAL BEHAVIOUR OF NATURAL RUBBER L A T E X

IN TH E  PRESENCE OF SURFACE A C T IV E  AGENTS AND

FILL E R S .



PART -  I E F F E C T  OF SURFACE A C T IV E  AGENTS ON RUBBER- 

F IL L E R  IN TE R A C TIO N :

(a ) in latex vulcanizates tx>ntaining a reinforcing 

f i l le r  v iz .  s ilica .

(b )  in latex vulcanizates containing precipitated 

calcium carbonate and china c la y .



F i l le r s  are added into natural rub be r latex in o rd e r  to 

modify its processing and vulcanizate prop erties  and to reduce cost. 

There are different types of f i l le r s  -  reinforcing and non-reinforcing 

types. They are again c la ssified  into black and non-black ty p e s . 

In dry rubber compounding also f i l le r s  are added to reinforce the

vulcanizates, to reduce its  cost and im prove p r o c e s s ib i l i t y . Re­

inforcement of ru b b e r is  a complex phenomenon but may be defined 

as the enhancement of tensile strength, tear strength, hardness,

modulus \  etc. Th e re  are several lim itations for the selection
\

a f i l l e r  in latex compounding. T h e  p a rt ic le  size must be suf­

ficiently small so as to d ire c t ly  mix w ith  the latex or it  must

*̂6 capable of being finely pu lve rise d  o r b a ll  m illed to form a

fine d ispers io n . Substances w hich  have an acid reaction in water



pP which ionise to produce heavy metal ions are not suitable for 

ĵse in latex compound. In latex compounding generally non-black 

fillers are used and the important among them are china clay , pre ­

c i p i t a t e d  calcium carbonate, w hiting, titatnium d io x id e , precipitated 

silica, mica powder etc. Of these precipitated s ilica  is a reinforcing 

f i l le r .  Titanium dioxide  is considered the whitest of the commercial 

fillers  and possesses a high degree of fastness to l ig h t  and vulcaniz­

ation. It  has no effect on accelerators nor does it affect the ageing 

of ru b b e r.  Black type f i l le rs  are used only as a pigment in latex

compounding. They have a strong tendency to thicken latex and

2
can be used only in lim ited quantities .

In d ry  rubber compounding, f i l le r s  generally act as re in ­

forcing agents but in latex they_ weaken the rub be r film rather

2
than im prove its strength . When added to latex compound f i l le rs  

appear to act merely as diluent of the composition, surrounding 

and seperating the latex particles from each o the r^ . In synthetic 

iatices small amounts of f i l le r s  may increase tear strength. Some 

studies have already been conducted in th is  line and the poor ru b b e r -  

f i l le r  interaction in latex vulcanizates is  attributed to many factors 

such as insufficient d is trib u tio n  of f i l l e r s ,  non-simultaneous deposition 

of f i l l e r  and rubber partic les  and the presence of protective layer 

of s ta b ilize rs  around the rubber and f i l l e r  pa rtic les  in latex which 

prevents d ire ct contact between them. A study was e a rlie r  conducted



in styrene-butadiene rubber ( S B R )  latex using carbon black as f i l le r^ ,  

jt was reported that casein, which is a surface active agent could 

i m p r o v e  r u b b e r -f i l le r  interaction in 5 B R  latex. It was suggested 

that casein replaced the already existing protective layer around 

the ru b b e r particles in latex and the f i l l e r  particles and in the 

process, caused better r u b b e r - f i l l e r  interaction. The increase in 

viscosity of the latex compound by the addition of casein also 

caused simultaneous deposition of ru b b e r and ■ f i l le r  particles.

In the present work we have studied the effect of four 

surface active agents on vulcanization, network structure and technical 

properties of natural rubber latex vulcanizates which contained 

precipitated s ilica  as f i l l e r .  The  surface active agents used are 

casein, p o ly v in y l  alcohol, ammonium alginate and sodium carboxymethy 1 

cellulose.

A base latex compound was prepared as per the formulation 

given in Tab le  IV -1  and used in the experim ents.

A part of the base latex compound was treated with the 

surface active agents at different dosages of 0, 0 .5 ,  1.0, 1.5 and 2.0 

parts per hundred rubber. Latex film s of 1-1.25 mm thickness

were prepared by spreading on glass c e lls ,  dr ie d  at 30°C and vulca­

nized at 120°C. To another portion of the base latex compound



30 phr of precipitated s ilica  was added as a 25 per cent dispersion, 

jtne l a t e x - f i l l e r  system was then treated with the surface active 

agents at different dosages and vulcanised film s were prepared 

as above. The tensile properties of the vulcanized films were

determined and the results were plotted against the dosages of 

the surface active agents (F igures I V - 1 and I V - 2 ) .  From the Figures, 

the optimum dosages of the surface active  agents required were

calculated.

Another part of the base latex compound was mixed with 

30 p h r  of precipitated s il ica  as dispersion and the la te x -f i l le r  

system was treated with the optimum dosage of the surface active

agents (1 .0  p h r )  as obtained from the Figures I V - 1 and IV -2 .  The

Brookfield visco sity  of the control and treated compounds were

determined (T a b le  I V - 2 ) .  Latex f i lm s , 1-1.25 mm thickness were

prepared and drie d  at 30°C. A portion of the d rie d  sheets were

plied up and determined its  cure behaviour (T a b le  I V - 2 ) .  The 

remaining portions of the drie d  sheets were then vulcanized at 

120°C in an a i r  oven for its  optimum c ro sslink  de nsity . The  percent­

age p o ly s u lf id ic  content (Ta b le  IV -2 )  and the stre ss -stra in  beaviour 

(F igu re  I V -3 )  of the vulcanized films were then determined.

For determining the r u b b e r - f i l l e r  interaction, a portion

of the base latex compound was mixed w ith  5, 10, 20 and 30 phr



each of precipitated s il ic a  and was treated w ith  the optimum dosage 

surface active agents. Cast latex film s of the treated and un­

treated compounds w e r e  prepared and vulcanized in a ir  oven at 

120°C, and used in the determination of r u b b e r - f i l l e r  interaction. 

Por determining the r u b b e r - f i l l e r  interaction, values of the

filled (Vpf) the gum samples were determined. The  extent

of r u b b e r -f i l le r  interaction was then studied using the equation

given by Cunneen and Russell as described in Chapter I I .  Th e  results 

are depicted in Figure I V -A .  Again, for assessing the r u b b e r -f i l le r

attachment o r the coupling bonds, the r u b b e r - f i l l e r  bonds were 

cleaved chem ically  by swelling the vulcanizate samples in ammonia 

atmosphere and determining the concentration of chemical crosslinks 

of the sample before and after ammonia treatment. Th e  coupling

bonds or the r u b b e r - f i l l e r  attachments was then determined as given 

in Chapter I I .  Th e  results are given in Ta b le  IV -3  and Figure IV -5 .

From Figures I V - l  and IV -2 ,  i t  is  evident that the surface 

active agents have no effect on the technical pro p e rt ie s  (modulus

and tensile strength ) of the latex vulcanizates at the gum stage.
\

The effect of casein and p o ly v in y l  alcohol is  depicted only for 

gum samples. Other two surface active  agents have

3lso got s im ila r  effect. But in the latex compound con­

taining p re cip itated  s i l ic a ,  certain surface a ctive  agents have



parked effect on the modulus and tensile strength of the latex 

vulcanizates. It  can be seen that the latex compounds containing 

polyvinyl alcohol offers the highest modulus. Modulus of a vu lcan iz - 

ate is solely governed by the total number of crosslinks including 

intermolecular chemical crosslinks and coupling bonds ( r u b b e r -f i l le r  

attachment). In the present study the modulus enhancement is found 

to be more w ith  p o ly v in y l  alcohol than w ith  casein. Th e re  was

practically no improvement in modulus of the vulcanizates with 

ammonium alginate and sodium carboxym ethyl cellulose. In the case

of tensile strength, casein offers com paratively better tensile strength 

than p o ly v in y l  alcohol. It may be mentioned that for a strain c r y ­

stallising rubber l ik e  natural rubber, enhancement in tensile strength 

by reinforcing f i l le r s  is less predominant than that occurs in non-

crystellising ru b b e r.  Th e  optimum dosage of the surface active 

agents, is found to be around 1.0 ph'r as seen in the Figures IV -1

and IV - 2 .

Th e  effect of adding the optimum concentration of the 

surface a tt iv e  agents on v isco sity  and cure rate index of the compounds 

and the concentration of p o lys u lf id ic  linkages of the latex vulcanizate 

are given in Tab le  IV -2 .  It may be noted that the Brookfield viscosity 

is maximum when sodium carboxym ethyl cellulose was incorporated and 

least with casein. It can also be seen that cure rate of the compound 

not affected by the incorporation of the surface active agents.



may also be noted from the Ta b le  IV -2  that the poly su lfid ic  

c o n t e n t  in the treated and untreated latex vulcanizates remains almost 

the same. The s tre s s -s tra in  behaviour of the treated and untreated 

latex vulcanizates as given in Figure IV -3  shows that strain induced

crystallization of natural ru b b e r is p ra c t ic a lly  unaffected by the

presence of various surface active  agents.

The plot of ^ pq/ ^ p  ̂ against e"^ where ' z '  is  the weight

fraction of f i l l e r  in the vulcanizate is  given in Figure IV -A .  It 

may be seen that the latex compound containing p o ly v in y l  alcohol 

and casein p ro v id e s  a h ig h e r slope than the mix containing no surface 

active agents. T h is  g ives an indication that better r u b b e r -f i l le r  

interaction is obtained by the incorporation of p o ly v in y l  alcohol 

or casein. Th e  same conclusion is  also obtained from Figure IV -5- 

and Ta b le  IV -3  w hich shows the results of ammonia modified sw elling. 

The reduction in the M ^ values is found to be more in the latex

vulcanizates containing p o l y v in y l  alcohol o r casein. T h is  indicate 

a higher le ve l of r u b b e r - f i l l e r  attachment due to the addition of 

p o ly v in y l  alcohol o r casein.

Th e  enhancement in tensile prop erties  on addition of p o ly ­

v in y l alcohol or casein cannot be attributed to im proved homogeneity 

of dispersion of the f i l l e r  in the film  as the same effect was not 

obtained w ith  sodium alginate or sodium carboxym ethyl cellulose.



jp fact homogeneity of the f i l l e r  could be better w ith  the alginate

gnd sodium carboxymethy 1 cellulose as they cause more pronounced 

thickening of the compound evidenced by the higher Brookfield 

viscosity. Hence the improvement in tensile properties  is attributed 

to better ru b b e r -f i l le r  attachment.

The r u b b e r -f i l le r  attachment may be formed due to the

interaction of p o ly v in y l  alcohol or casein w ith  the protective la ye r 

in the rubber and f i l le r  p a rt ic le s .  During the interaction, partia l

desorption of protective la y e r  on the ru b b e r and f i l l e r  particles 

may take place leading to d ire c t  contact between s il ic a  and rubber 

particles. It can also be pointed out that the p o ly v in y l  alcohol

is more surface active than casein and the surface a c t iv ity  of 

the sodium alginate and sodium c a rb ox ym ethyl _cellulose is very 

mild. Dogadkin et a^^ have proved through microscopic investigations 

that aggregates of rubber and carbon black are formed w h ile  adding 

casein to a mixture of SBR latex and carbon b la c k . In the present 

study also a s im ilar aggregation of ru b b e r and s i l ic a  is expected 

leading to the formation of coupling bonds and to improvement in 

tensile p rop erties .



b) Effect of surface active agents on ru b b e r -f il le r  interaction in latex 

vulcanizates containing precipitated calcium carbonate and china

c la y.

Precipitated calcium carbonate o r  china clay is used in

natural rubber latex in o rd e r to cheapen o r to stiffen the vu lca n iz -

ate^. Th e y  are only sem i-re inforcing type  f i l l e r s .  China clay causes 

high modulus and permanent set in the vulcanized latex f i lm . Pre­

cipitated calcium carbonate is also being used in latex for increasing 

the modulus of the film  and also as an extender. Th e  objective

of the present investigation is to study the effects of precipitated

calcium carbonate and china clay on the technical properties  of

latex vulcanizates in the presence of surface active  agents such

as casein and p o ly v in y l  alcohol (P V A ) .

A base latex compound as per formulation given in Ta b le  IV -1  

was p repared. Precipitated calcium carbonate and china cla y  (30

p h r each) were mixed separatley as 50 p e r cent dispersions in

the base latex compound. Each mix was then treated w ith  casein/PVA 

at a dosage of 1.0 p h r  each. The  dosage was fixed  based on the'

prelim inary experiments reported e a r l ie r .  Latex film s were prepared 

from these mixes in the thickness range of 1-1.25 mm. Th e  control 

and treated samples were vulcanized at 120°C to th e ir  optimum



crosslink de n sity . Values of is given in Ta b le  I V -5 .  The tensile 

properties of the aged and unaged samples were then determined 

and are given in Table  IV -6  ( a ) ,  (b )  and ( c ) .  R u b b e r -f i l le r  in te r ­

action was determined by loading f i l le rs  at' different levels and 

treating with the surface active agents. Th e  results are given in 

Figures IV -6  (a )  and ( b ) .

V^ values of the different vulcanized samples are given 

in Table IV -A .  The  surface active agents have no effect on V^ values 

of the vulcanizate at the gum stage. But in the vulcanizates contain­

ing the f i l l e r s ,  V^ values are found to be increased with the 

addition of the surface active agents. The h igher V^ values obtained 

in the case of precipitated calcium carbonate than in the case of 

china c la y ,  may be attributed to the formation of more coupling 

bonds due to the interaction of the surface a ctive  agents on the 

rubber and f i l l e r  p a rtic le s . The  tensile p ro p erties  of the vulcaniz ­

ates were also determined and are given in Ta b le s  IV -6  ( a ) ,  ( b )

3nd ( c ) .  It  can be seen that the modulus and tensile strength of 

the samples containing the f i l le r s  are 'im proved by the addition 

of casein and PVA. T h is  can be attributed to better r u b b e r - f i l le r  

interaction^.

The effect of ageing the samples at 100°C is also given 

in Tables IV -6  ( a ) ,  (b )  and ( c ) .  I t  can be seen that the surface



active agents have no effect on the aged properties of the samples. 

But it observed that f i l le r s  have a minor role in controlling 

the a ge in g resistance. In a i r  ageing, china clay imparted a better 

ageing resistance than p re cip itated  calcium carbonate.

The plot against e” ^ is given in Figures IV -6  (a )

and ( b ) .  It may be seen that the f i l le d  latex vulcanizates containing 

polyvinyl alcohol and casein p ro v id e  s lig h t ly  higher slopes than 

those containing no surface active  materials. It  may also be noted 

that in the case of pre cip ita te d  calcium carbonate a better ru b b e r -  

filler interaction was noted as is  evident from its  higher slope 

[Figure IV -6  (a )  ] .
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Dosage of surface active agents (phr)
F ig .  I V - 1. Effect of surface active agents on modulus of 

latex vulcanizates.



Dosage of su rface  ac t ive  agents ( p h r )

F ig . IV -2 . Effect of surface active agents on tensile strength 

of latex vulcanizates.



S t r a i n ( 7 o

F ig . IV -3 .  Effect of surface a c tive  agents on stress-

stra in  b e h a vio u r.
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PART -  I I  RHEOLOGICAL BEHAVIOUR OF NATURAL RUBBER L A TE X  

IN THE PRESENCE OF SURFACE A C TIV E  AGENTS AND 

FILLE R S .



Natural ru b b e r latex is a pseudoplastic flu id  and when

sheared the rubber p a rtic le s  are p ro g ressive ly  aligned and offers

less resistance to f lo w ^. So the apparent v isco s ity  of the latex

decreases on increasing shear rate and continues until the flow

curve becomes l in e a r .  T h e  v isco sity  of latex also depends on its

7 8total solids content and temperature ’ . Due to the non-Newtonian

behaviour, a single v is c o s ity  measurement of latex at a p a rticu lar

temperature is not enough to understand its  flc.v behaviour. For

many of the latex goods manufacturing processes,the flow behaviour

9 10of latex compound is c r i t ic a l  ’ . A latex compound with low

viscosity and some th ix o tro p ic  nature is good for dipping ope­

rations^^. Th e  count of a latex thread is larg e ly  influenced by

11 12
the viscositv  of the latex compound ’



The basic raw material for a latex compound may be either 

centrifuged o r creamed latex. During compounding various surface 

active agents are added to modify the flow behaviour of latex to

s u it  to the manufacturing process adopted. Some important surface 

active agents in use are casein, p o ly v in y l  alcohol (P V A ) ,  sodium 

alginate and sodium carboxym ethyl cellulose (N a C M C ). Even though 

these chemicals have a profound influence on v isco s ity  of the latex, 

no systematic study has been reported on the Theological behaviour

of centrifuged or creamed latex and on the effect of these surface 

active agents on th e ir  flow properties  under different shear rates

and temperatures. In the present investigations, the effects of surface 

active agents on the viscosity  of centrifuged and creamed natural 

rubber latex concentrates under different shear rates and temperatures 

have been studied.

60 per cent centrifuged and . creamed latices were used as the

basic material for th is  s tu d y . T y p ic a l  latex compound as given in 

Table IV -6  was used to investigate the effect of surface active agents 

on the flow b e h a vio u r. The dosage of surface a c tive  agent was fixed 

9t 0.5 p h r  based on p re lim in a ry  experim ents.

The flow behaviour of the raw latices and that of the latex 

compounds containing surface active agents was studied using Rheo- 

fi^at-BO. As the study is to investigate the effect of shear rate



as well as temperature^ the concentric c y l in d e r  with 'B '  cup is

used for making the viscosity  measurements. The  study was made 

at three different temperatures, 25°C, 35°C and A5°C which are

the normal" range of temperatures for latex goods manufacture.

Th e  effects of shear rate and temperature on viscosity

of centrifuged and creamed latices are represented in Figures IV -?  

and IV -8 .  From Figure I V -7 ,  it  is evident that the v isco sity  of

creamed latex is higher than that of centrifuged latex both at

low and high shear rates. In both cases, v isco sity  decreases

with shear rate which indicated the pseudoplastic behavio ur.

The higher viscosity  of creamed latex may be due to the adsorption 

of creaming agent on rubber p a rtic les  w hich induces the formation 

of clusters of particles of different s izes. However, the difference 

between the viscosities of the centrifuged and creamed latex narrowed 

down as the shear rate is increased. As the shear rate is increased, 

the adsorbed la ye r of creaming agent gets displaced and causes

the v isco sity  to be reduced sh a rp ly  in the shear rate region of

10 to 50 sec \  It can be seen from Figure  IV -8  that as the tempe­

rature is increased there is marked drop in the v isco sity  of creamed 

latex compared to that of centrifuged latex and this effect is  more

predominant in the temperature range of 25-35°C than in the range

35-45°C, both at low and high shear rates. T h is  property  of

creamed latex may be due to the re strictin g  effect of creaming



agent on Brownian movement of latex pa rtic les  and its  effect on 

temperature^^. With regard to pse udo plastic ity , creamed latex 

is more pseudoplastic than centrifuged latex as indicated by the 

lower values of 'n '  given in Ta b le  IV-:7. Creamed latex exhibited 

yield  stress also (Ta b le  I V - 7 ) .  The  pseudoplasticity decreases 

with rise in temperature and the v isco sity  index showed a sharp 

drop both for centrifuged and creamed latices.

Th e  effect of shear rate and temperature on the v isco sity  

of centrifuged latex compound in the presence of various surface 

active agents is shown in Figures IV -9' and I V - 10 re s p e c tiv e ly .  

Among the surface active agents sodium carb oxym ethyl cellulose 

(NaCMC) offers the highest v isco sity  at low and higher shear 

rates. P o ly v in y l  alcohol (P V A ) offers a h igher v isco sity  than 

casein at low shear rates but as the shear rate increases (60-100 

sec~^) PVA offers a lower v is co s ity  than casein ( F i g .  I V - 9 ) .  T h is  

may be due to the easier displacement of the adsorbed la y e r  of 

PVA from the surface of the rubber pa rtic le s  at h igher shear 

rates than casein. Disturbances on the adsorbed la y e r  causes the 

partic les  to s lid e  past each other resulting in reduction of v is co s ity ,  

Figure I V - 10 depicts the effect of temperature on the v isco s ity  

of centrifuged natural latex compound containing the surface active  

agents. It  may be noted that even though sodium alginate increased 

the v isco sity  of centrifuged la te x , it  has not affected the general



behaviour of centrifuged latex towards temperature (F ig .  IV -1 0 ) .  

But a ll other surface a ctive  agents have got effect on the behaviour 

of centrifuged latex towards tem perature. Among these, PVA im parts 

the highest s e n s itiv ity  to temperature for the v isco s ity  of the 

latex compound. But at low and high shear rates, the decrease 

in v is c o s ity  of the latex compound containing PVA is  substantial

w ith increase in tem perature. T h is  may be attributed to the high
5

s e n s itiv ity  of PVA solution to temperature . But casein offers a 

peculiar behaviour tow ards tem perature. In the low er tem perature 

range (25 -3 5°C ) the reduction in v isco sity  of the centrifuged latex 

is of the same rate as that of the untreated one. But at h ig h e r

'temperature range (35-45°C) there is marked reduction in v is c o s ity . 

T h is  may be attributed  to the alteration in the water binding

of casein at h ig h er tem perature, w hich in turn affects the apparent 

v isco s ity  of the casein s o l u t i o n I t  may also be noted that the 

pseudoplastic behaviour of centrifuged latex was l it t le  affected 

by the a d ditio n  of casein (T a b le  I V - 8 /. The  NaCMC offers the 

maximum pseudo plastic ity  and y ie ld  stress to the centrifuged latex 

compound. It  can also be in fe rre d  from Tab le  I V - 8 ’ that the pseudo­

p la stic  'behaviour of latex compounds containing sodium alginate 

and NaCMC increased w ith  increase in tem perature.

The  effect of shear rate and temperature on the v is c o s ity  

of creamed latex compound in the presence of various surface



a c t i v e  agents is shown in Figures IV -11 and IV -1 2 . The effect 

of NaCMC on the viscosity of the creamed latex compound under 

different shear rate is s im ilar to that of centrifuged latex compound. 

But the creamed latex compound becomes h ig h ly  pseudoplastic

on the addition of NaCMC as indicated by the low pseudoplasticity 

index 'n '  in Table  I V -9'. The  effect of PVA and casein on the 

visco sity  of creamed latex is less marked even though these surface 

active agents enhance the pseudoplastic nature of the latex compound 

(F igu re  IV -11  and Table I V - 9 ) .  T h is  is attributed to the in te r ­

action of these chemicals with the creaming agents already adsorbed 

in the latex pa rtic les. It  may also be noted that the addition 

^ f  casein removes the y ie ld  stress present in the creamed latex

‘compounds. The  behaviour of surface active agents with respect 

to temperature in creamed latex compound is  represented in Figure

IV -1 2 .

Effect of f il le rs  on flow properties of latex comfXHjnds

Inorganic f i l le rs  and pigments are added to natural rub be r

latex compounds in order to cheapen and stiffen the product or

to colour i t .  An ancillary effect is the effect of such f i l le rs  upon

14the flow prop erties  of latex compounds . V ery  l i t t le  study has

been reported on the effect of f i l le r s  on the flow properties of 

natural rub be r latex compounds. In the present study the effect



of precipitated s il ic a  and china clay on the flow properties of 

centrifuged latex compound was evaluated.

The compound was prepared using centrifuged latex as 

per the formulation given in Ta b le  IV -6 .  Precip itated s il ic a  (25 per 

cent dispersion) and china clay (50 per cent d ispers io n ) were 

mixed with the centrifuged latex compound separately at a dosage 

of 15 p h r each. T h e  effect of shear rate on the viscosity  of the 

latex compounds was determined using Rheomat-30. Th e  results 

are depicted in F igure  I V - 13. Th e  TS content of a l l  the mixes 

were adjusted to i!+8 per cent before the measurement of v is co s ity .

j
The v is co s ity  of the latex compounds is  found to increase 

by the addition of s il ic a  and china clay as is seen from Figure

I V - 13. It  can be. seen that at -low shear rates the f i l le d  latex 

compounds shows a much higher visco sity  than the unfilled compound.

The difference, how ever, disappears at h ig h e r shear rates. The  

restriction  offered by the f i l le r s  to the Brownian movement of the 

latex partic les  seems to have been overcome at the higher shear 

ra te s .



g
r>
a

i:
cn
Q)
5
>.
X)

o
o
r̂

o O o o o
lO O o m o
(D n CNj" d r-

tn
i.
(0
CL

uo
lOĈJ
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Ĉ

O
o
mCSJ

O
o
m
<■

o
o
m
n

(J
o
in<N

G)•—4
a
E
CD

CO

o
<■

oi

cn

o

<r
o

00
inVD

■D
c
D
O
a
E
ou
X
0)-t-l
CD

■D
Q)
cn
D

C
QJ
tJ

ID
CO

n«JD
n

VD
n
<•

o
CM
r -

oVDVD

o
< r

■D
C
D
o
a
E
8
X  
Q) ' 
+-> 
CD

X )
QJ

CO

O

oCM

OCM

m

<!■
in

OCM
t—
cn
o

o
in

o
o
in

o

■D
c
3
O
D .
E
o
u

X
QJ-f-i
CD

<
>
D.

cn -C 
D  D -

C  O
QJ

( J

r  in
C O
QJ
O

oCM

O
CN

OCM

O
O

ro
CM
o

CM
O

in
< r

CO

<r

o
<■

o
CM

OCM

OID

CO

n

n

<■

o
n
<

CM
CM
<r

oCM
<

OVD
<

+ +

■D <D X)
c +-» c
D CD 3
O C o
O  .-H a
E CD E
o CD o
u u
X E X O
Q) D 0+-'
CD

•-H
•D
O
C/J

-M
CO

o
CD

Z

•O
Q)
CJl

t .
x;

■D
Ocn

t_
x:

D CL D a
M - M -
••H
i . m L m
•Mc

•
o 4-t

c
«

o
CD CD

C J U



oic

CO+->
cou
T3
c
DO
a
E
oo
X
0)
■Mro

•D<D
E
(D<1)U
o

I-
n
o• M
>
(0

JO
<u
n
c(D

•— i

c
04-»
5
q;
21
Coc
c
o
0)t_
D
■M
(0L<U
a
E
QJ

w-O

U<D
s-
LlJ

Oi
r

>  V—i
CD

X5
(U

w+->cQ)
CDto
Q)
>

CJro
(Do
(D<+-l-
DU)

m 10 _
F (/)
S s
■D ro 

>

X
0)
•D
c

ou(/)

X
QJ
•Dc

t/) • ro
a
o
■o
<UV)
D.

O
o
in
<r

o
oinn

O
oLD(N

U
o
in

Oo
mn

O
o
mCM

Oo
m<■

O
o
inn

U
o
in(N

o
a
Ero
CO

j— CM
CO 1 00 CM• • •
o o

CM
00 1 00 VD• 1 « *
o o

r- CM o00 1 CM <r• 1 • •
o

(M CN] c\O in inn CM• • • •
o o o

cr> n'— n CO T—
CN to n• • •
o o o

CTi _̂ in
CO cn m om VD cr>

• • • •
o o o r-

in o o inCTi CO n r-
in UD

• • • •
o o O o

k O o o
T— CM < » • oin m <

• • • •
o o o o

o o o in
in o n r -in m in n• • • •
o o o o

+ + +

■D X) ■D •Dc c C CD D D 3O o o o
a D. a a
E E E E
o o c o o ou u —1 u U S
X

UJ
V̂ rn(U+J Q) ^ Si CL ^  z

ro ro , ro ro— t ^  t. ^  u ^  u
x: s: s:

TD •D a -o a •o aQJ CD . 0) QJ
E E >o E m E m
ro (c • ro • ro •
QJ QJ O (U o (D O

e t_ . I.
o O o u



in
Q.
u

rsi

<

ino
u
ui

SHEAR RATE, SEC-1

F ig . IV -7 .  Effect of shear rate on v is c o s ity  of concentrated 

NR la tic e s .
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SHEAR RATE, SEC
-1

F ig . IV -9 ,  Effect of shear rate on v is c o s ity  of centrifuged 

NR latex compound containing surface a ctive  

agents.
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F ig . IV -1 3 .

SHEAR R A TE , S E C " ’

Effect of f i l le r s  on the flow p ro p e rtie s  of centrifuged 

latex comF>ound.
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E F F E C T OF GAMMA IRRADIATION ON RUBBER F IL L E R

INTERACTIO N AND DEGRADATION

PART -  I E F F E C T  OF GAMMA IRRADIATION ON R U B B E R -FILLE R  

IN TER A C TIO N  IN P R E C IP ITA TE D  SILIC A  AND CALCIUM  

CARBONATE F IL L E D  NATURAL RUBBER LA TE X  

VU LCAN IZATES.

PART -  I I  E F F E C T  OF GAMMA IRRADIATION ON DEGRADATION OF 

L A TE X  VULCANIZATES CONTAINING D IFFER EN T 

ACCELERATOR COM BINATIONS.



PART -  I E F F E C T OF GAMMA IRRAD IATIO N ON R U B B ER -FILLER  

IN TER AC TIO N  IN P R E C IP ITA TE D  S IL IC A  AND CALCIUM 

CARBONATE F IL L E D  NATURAL RUBBER L A TE X  

VULCANIZATES.



Weakening of the latex vulcanizates by the addition of re ­

inforcing f i l le r s  is attributed to poor r u b b e r -f i l le r  interaction

1 2
and different techniques have been suggested to im prove this ’ . 

Ammonium caseinate has been used to get reinforcement in a m ixture 

containing carbon black and styrene butadiene rubber la te x ^ . An 

attempt to produce radicals in natural rubber latex • by means of 

gamma rays and thus to achieve reinforcement by carbon black

is also reported^. The contribution of free radicals  in th e . r e -
5

inforcement of solid rubber by f i l le r s  has been w ell established . 

Macroradicals are formed in rubber during mastication, w ith  or 

without chemical reagents and are believed to combine w ith  the

f i l le r  effecting reinforcement^. S im ila r ly  macroradicals are c.f?nerated 

in latex through gamma irrad ia tio n  and th e ir  effect on reinfr^rcement



is found to depend upon irradiation dose and the nature of f i l l e r .

The formation of macroradicals in latex is influenced by sensitisers

such as carbon tetrachloride or chloroform and is used in the
n

vulcanization of latex through gamma irrad ia tio n  .

A perusal of the literature indicates that irrad ia tio n  studies 

on latex vulcanizates in presence of non-black f i l le rs  is lacking. 

This part reports our studies on the interaction of non-black f i l le rs  

with rubber through gamma irrad ia tio n . Precipitated s ilica  and 

calcium carbonate were used as the f i l le rs  and the following para­

meters have been included in this stud y: (a )  effect of gamma

irradiation dose and sensitiser on r u b b e r -f i l le r  interaction, and

(b ) effect of gamma irradiation on network structure and physical 

properties.

Centrifuged natural rubber latex was used for th is  study. 

The vulcanizing agents and the f i l le rs  were prepared as dispersions 

and antioxidant, styrenated phenol (SP) as an emulsion. A gum 

latex compound as per the. formulation given in Ta b le  V -1  was 

used in a ll the experiments.

F il le d  latex compounds as given in Ta b le  V -2  were prepared. 

A gamma chamber, Model 900, was used as the source for gamma 

irrad ia tio n  and the dose rate was 3.0 KG y/h. Each latex compound



vvas irra d ia te d  to different dosages of 1.5, 3 .0 , 6 .0 , 8.0 and 12

KGy and samples were collected. Latex films were prepared by 

casting on glass cells . The film thickness vvas controlled in the 

range of 1.0 to 1.25 mm and the films were vulcanized at 100°C for 

its optimum crosslink density as obtained from the plot of 

against vulcanization time as described in Chapter 2 (F ig .  I I - 2 ) .  

The crosslink density of the vulcanized samples was determined 

byestimating the values at th e ir  optimum vulcanization.

For measuring r u b b e r -f i l le r  attachment (coupling bond) ex p e ri­

mentally, r u b b e r - f i l l e r  bonds were cleaved chemically by swelling 

the vulcanizate samples for A8 h. in flat dishes containing benzene 

in ammonia atmosphere. After swelling in ammonia atmosphere the 

samples were washed with benzene and drie d  in a vaccum desicator 

at room temperature. The difference in total crosslink density 

as obtained by swelling studies in benzene of the original vulcani­

zate and the same after ammonia treatment gives a measure of

r u b b e r -f i l le r  attachment or coupling bond. The  results are given 
in Figures V - 1 ( a )  and V - l ( b ) ,  V -2 ( a )  and V ' -2 (b ) .

Rubber f i l le r  interaction was also studied b y ’ plotting

against :e ^ where z is the weight fraction of the f i l le r  in the 

vulcanizate. Precipitated s ilica  and calcium carbonate at different 

dosages (0 , 5, 10, 15 and 25 p h r )  were added to gum latex compound 

as 50 per cent dispersion and irrad ia ted  to 3 KGy for getting the 

optimum rub be r f i l le r  interaction. Vulcanized latex films ( 1 .0 -



1.25 mm thickness) were prepared and the values of for the 

gum samples and that of f i l le d  samples (V^^) were determined

as cited e a rlie r .  The extent of r u b b e r -f i l le r  interaction was then
Q

studied using the equation given by Cunneen and Russel . The 

results are given inFigures V -3 (a )  and V - 3 ( b ) .

In order to assess the effect of irrad ia tio n  on the technical 

properties of the f i l le d  samples, the tensile properties of the 

vulcanized films before and after ageing were determined as per 

ASTM D-A12 using a Zwick Universal Testing machine (Model 147A). 

The chemical and physical properties of the latex film s are given 

in Tables V -3 (a )  and V - 3 ( b ) .

R u b b e r -f ille r  interaction

The effect of gamma irra d ia tio n  on r u b b e r -f i l le r .  interaction 

of la t e x -f i l le r  systems are given in Figures V -1 (a )  and V - 1 ( b ) .  

As the radiation dose increases, the total crosslink d e n sity , which 

■ include chemical and coupling bonds ( r u b b e r -f i l le r  attachment) 

increases. Th e  total crosslink d e n s ity -o f  the samples, after ammonia 

modified swelling, is also given in those figures. Ammonia

modified swelling destroys the coupling bonds; and the total cross­

link density, after th is  treatment, represents mainly intermolecular 

chemical crosslinks only . I t  can be seen that there is substantial



difference in the total crosslink density before and after ammonia 

treatment which indicates that la te x -f i l le r  interaction has been 

considerably improved on gamma irradiation  under both precipitated 

silica and calcium carbonate systems. Th e  formation of coupling

bonds against irrad ia tio n  dose is given in Figures V -2 (a )  and

V - 2 ( b ) ,  which show, that iradiation dose around 3 KGy is enough 

to get optimum r u b b e r -f i l le r  interaction. The  effect of sensitiser 

in the formation of coupling bonds is p ra ctic a lly  negligible; 

the total crosslink density after prolonged irrad ia tio n  (upto 12 KGy) 

alsQ'showed no increase compared with the sample without sensitiser 

(F igures V -1 (a )  and V - 1 ( b ) .  But this increase in crosslink density 

was retained after ammonia modified swelling also, which indicates 

that the crosslinks formed are intermolecular chemical bonds.

The r u b b e r -f i l le r  interaction was also studied by plotting 

^ro '^^rf  where ' z '  is the weight fraction of the f i l le r

in the vulcanizate as given in Figures V -3 (a )  arid V - 3 ( b ) .  It  is 

found that the graph' drawn in the case of irrad ia ted  samples

give a higher slope than the control samples which indicates 

better . ru b b e r -f i l le r  interactions both in the case of precipitated 

s ilica  and calcium carbonate. The extent of interaction is also

found to be dependent on the nature of f i l le r  and between two 

f i l le r s  studied s ilica  offers a higher interaction with the rubber 

p a rtic le s .



Sato et_ . reported that the r u b b e r -f i l le r  interaction 

includes both physical attractions and chemical bonds. It has

been suggested that gamma irrad ia tio n  increases the number of

coupling bonds and hence the increase in adhesion between rubber

and f i l l e r S o  the increase in the r u b b e r -f i l le r  interaction reported 

in the present study may be attributed to some temporary bonds

formed between rubber and f i l le r  pa rtic les.

From Tables V -3 (a )  and V - 3 ( b ) ,  it  is evident that the net­

work structure of the samples was not much affected by gamma 

irradiation (3 K G y ).  The  po lysu lp h id ic  crosslink content in the 

control and irradiated samples is found to be not much different. 

The physical properties of the vulcanizates are also given in 

Tables V -3 (a )  and V -3 ( b )  and it  is indicated that the modulus

showed marked difference between the control and irra d ia te d  samples. 

The improvement in modulus is solely governed by the total number 

of chemical and coupling bonds. The  difference in the values of 

tensile strength between the control and ir ra d ia te d  sample is found 

to be less marked as is evident from Ta b le  V -3 ( a )  and V - 3 ( b ) .

It  may be pointed out that for a strain c ry s ta ll is in g  rubber l ik e

NR, the enhancement of tensile strength is not a criterion for 

ru b b e r -f i l le r  interaction or reinforcement. Th e  ageing resistance 

of the samples were assessed after heating the samples in a ir  

at 100°C for 22 h and determining the tensile p ro p e rtie s . It was



found that gamma irradiation  at a dosage of 3 KGy did  not affect 

the ageing resistance of the vulcanizates as evidenced from Tables

V -3 (a )  and V - 3 ( b ) .
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PART -  I I  E F F E C T  OF GAMMA IRRADIATION ON DEGRADATION

OF LA TEX  VULCANIZATES CONTAINING D IFFER EN T 

ACCELERATOR COMBINATIONS.



Applications of rubber components in radiation th e ra p y,

nuclear plants and medical equipments are increasing. Specially 

designed latex rubber catheters are also used in the treatment 

of tumours w ith  radio a ctive  m aterials. Although much work 

has been done on the effect of gamma radiation on d ry  rubber

11-14
vulcanizates , the effect of gamma radiation on degradation 

of latex vulcanizates has not been well studied. . Not much work 

has been done on the effect of accelerator combinations on de­

gradation resistance of latex vulcanizates by gamma irra d ia tio n .

Thiuram  disu lfid e , d iphe nyl guanidine and zinc mercaptobenzo- 

thiazole are reported to in h ib i t  radiation crosslinking^^’

Hence these accelerators may also influence the degradation of 

latex vulcanizates. In polym er systems an outstanding problem



is to estimate separately the effect of crosslinking and molecular

degradation which proceecfe c o n c u rre n tly . Th e  most general method

of estimating chain fracture during network formation or degradation

18is the analysis of sol content as reported in Chapter I I .

The present study is to examine the effect of different

accelerator combinations under the conventional and efficient vulca­

nization systems on the degradation of latex vulcanizates by gamma 

irra d ia tio n . The extent of degradation was analysed by estimating 

the tensile properties, crosslink concentration (V ^ )  and the sol 

content.

Formulations of the different latex compounds are given 

in Tables V -4  and V -5 .  Th e  latex compounds were matured for 

24 h at 30°C and cast latex film s ot thickness 1.00 to 1.25 mm 

were prepared and vulcanized to the optimum leve l as reported

e a r l ie r .  Th e  dumb ' bell shaped test pieces were cut from the

samples and these were ir ra d ia te d  to different dosages of AO,

80 and 120 KGy in the Radiation Chamber having CO^^ as radiation 

source. The  tensile properties, crosslink  concentration and sol 

content of the irradiated samples were then determined. The results 

are represented in Figures V -5  to V -8  and in Tables V -6  to V -8 .



Figures V -4  and V -5  give the changes in modulus and 

tensile strength of the latex vulcanizates containing different accele­

rator combinations under conventional vulcanization systems after 

gamma irra d ia tio n . It can be seen that the sample with ZDC as

a single accelerator (compound A ) is poor in retaining the tensile 

properties on gamma irrad ia tio n  compared to the other mixes. 

Among the other mixes, ZDC + DPG combination is found to be

giving more retention of tensile properties than the ZDC + TMTD

and ZDC + ZMBT combinations. T h is  same conclusion can be drawn 

from Tables V -6  and V -7  which g ive  the changes in the concentration 

of chemical crosslinks (V ^ )  and the sole content of th e ir  radiated 

samples. Th e  reduction in concentration of chemical crosslinks 

was more in the sample prepared from compound A .  The sol content 

is also found to be high in the latex sample which contained

ZDC as a single accelerator.. . .  _

The high amount of sol content indicated more cleavage

17in the molecular chain. It  has been reported that additives

such as aromatic amines and disulphides are efficient scavengers

of free ra d ica ls . Hence the above behaviour of the different accele­

rators under t h i s ’ study can be attributed to th e ir  efficiency in

arresting the propagation of 'free radicals  which contribute to 

the degrac^ation process of the molecular chain.



The effect of gamma irrad ia tio n  on the samples containing 

different accelerator combinations under efficient vulcanization 

systems are given in Figures V -6  and V -7  and in Tables V -6  and 

V -7 .  In this case also the mix containing DPG is found to give 

better resistance to radiation damage as indicated from the tensile 

properties  of the samples in Figures V - 6  and V -7 .  Comparatively, 

the mixes containing TM TD  + DPG and TM TD  + ZDC were found 

to show better radiation resistance than TM TD  alone and the TM TD + 

ZMBT combinations. The concentration of chemical crosslinks and 

the sol content data of irrad ia ted  samples also confirm this .

Between the two vulcanization systems studied, it is evident 

that, the samples prepared from the conventional vulcanization 

systems are better in retaining the-* tensile properties (modulus 

and tensile strength) than the samples prepared using the lo w - 

sulfur system (e ff ic ie n t) .  The  better retention in the tensile pro ­

perties indicates better resistance to gamma irra d ia tio n . It has 

been reported that the radiation resistance of sulfur vulcanizate 

appears to be associated with the re la tive  amount and character­

istics  of crosslinks and with the amount of combined sulfur. So 

the above observation may be attributed to the formation of p o ly ­

sulphide  radicals in the conventional system that can then recombine 

into the network. The low sol content value indicates only less 

main chain breakage in the samples prepared using the conventional



system. In the low sulfur (eff ic ie n t)  system the chances for the 

main chain breakage was high as indicated by the high sol content

values. In this case the lower amount of p o ly s u lf id ic  linkages may

be the reason for the higher chances of main chain breakage.

The effect of non-black f i l le r s  on the radiation resistance

of the latex vulcanizates was also investigated as a part of the

study. Formulations of the f i l le d  latex compounds are given in 

Table  V -8 .  The compounds were matured for 2A h at 30°C and

cast latex films of thickness 1 to 1.25 mm were prepared and

vulcanized to the optimum le v e l .  Th e  dumb bell shaped test

pieces were prepared and ir ra d ia te d  to different doses AO, 80

and 120 KGy. The tensile p ro p e rtie s , crosslink  concentration (V ^ )  

and sol content of the samples were determined as described e a r l ie r .  

The results are represented in Figures V -8  and V -9  and Tables 

V -9  and V -10 .

Figures V -8  and V -9  show that at low doses (40 KGy) 

the samples containing precipitated calcium carbonate and china 

clay offered better protection from radiation damage than the gum 

sample. The same observation can be v e rif ie d  from Tables V -9  

and V-10 which give the 'V ^ '  and sol content values of the i r r a d i -  

ated samples. At low dosages of ir ra d ia t io n ,  the V^ values of 

the f i l le d  samples were not affected and the sol content values



are found to be low which indicates less main' chain scission. 

The better protection from radiation of the f i l le d  samples may 

be due to the effect of r u b b e r -f i l le r  interaction. However at higher 

dosages of irrad ia tio n  significant degradation is  found to occur.
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GAMMA IRRADIATION DOSAGE, KGy

F ig .  V -5 .  Effect of irra d ia tio n  on tensile strength of latex vulcanizates 

(convefitional systems)
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F ig . V -6 .  Effect of irra d ia tio n  on modulus of latex vulcanizates 

(efficient system )



Fig .. V -7 .  Effect of ir ra d ia tio n  on tensile strength of 

latex vulcanizates (effic ient s>stems)
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SUMMARY AND CONCLUSIONS



In the present w o rk , studies on vulcanization, rheology

and reinforcement of natural rubber latex with special reference 

to accelerator combinations, surface active agents and gamma

irra d ia tio n  have been undertaken. In vulcanization, the choice 

of vulcanization system, the extent and mode of vulcanization 

and network structure of the vulcanizate are important factors 

contributing to the overa ll  quality of the product. Th e  vulcaniz­

ation system may be conventional type using elemental sulfur 

or a system in vo lv ing  sulfur donors. Th e  latter type is used 

mainly in the manufacture of heat resistant products. For im p ro v ­

ing the technical properties of the products such as modulus

and tensile strength, different accelerator combinations are used. 

It  is known that accelerators have a strong effect on the physical 

properties of rubber vulcanizates. But the effect of accelerator



combinations on physica l p ro p e rt ie s , network structure and ageing 

of latex vulcanizates have not been studied in a systematic way. 

Normally when f i l le rs  are added to latex they weaken the rubber 

film rather than strengthening i t .  But very l it t le  study has been

reported on the reinforcement of natural rubber latex by non-

black f i l le rs  which are commonly used in latex compounding. 

Therefore im proving the strength of latex vulcanizates by the 

incorporation of f i l le rs  is an area which requires careful study. 

The  latex compound is non-Newtonian in its flow behaviour and 

it  varies w ith  shear rate and temperature. Different surface active 

materials are used in latex compounding as s ta bilizers  and visco­

s ity  modifiers which can affect the flow behaviour of the latex 

compounds. The  rheological behaviour of latex compounds are

ve ry  important in controlling the thickness of latex film in d i p ­

ping, the count of latex thread in extrusion, etc. Gamma i r r a d i ­

ation has got effect both in crosslinking  and degradation of latex 

vulcanizates. As irra d ia tio n  of polym er molecule produces free 

ra d ica ls ,  it  has got effect in r u b b e r - f i l le r  interaction also. The

effect of gamma irra d ia tio n  has a bearing on the added ingredients 

such as f i l le r s ,  accelerators and sensitisers.

A perusal of the litera ture  indicates that fundamental studies 

on the above aspects of latex technology are very lim ite d . Th e re ­

fore a systematic study on vulcanization, rheology and reinforcement



of natural rubber latex with reference to the effect of accelerator 

combinations, surface active agents and gamma irradiation has been 

undertaken. The preparation and evaluation of some products like  

latex thread was also undertaken as a part of the study.

The thesis consists of six chapters. The firs t  chapter 

gives a general introduction and a b rie f  account of the earlier 

work in the field of vulcanization rheology and reinforcement of 

natural rubber latex.

Th e  second chapter gives an account of the experimental 

procedures adopted in the present w ork.

The th ird  chapter describes the effect of different accele­

rator combinations under conventional and efficient vulcanization 

systems op cure rate indeji, network structure and physical p ro ­

perties of natural rubber latex vulcanizates. The accelerator 

combinations are based on zinc diethyidithiocarbam ate (Z D C ),  zinc 

mercaptobenzothiazole (Z M B T ) ,  tetram ethyl thiuramdisulfide (T M T D )  

and thiourea. Tw elve  different combinations were investigated. 

The  cure rate of the compounds and network structure of the vulca­

nizates were studied using latex f i lm . The physical properties 

and ageing resistance of a ty p ic a l  latex product v i z .  latex thread 

w hich has a low bulk volume and large surface area was investigated 

using these compounds. It is observed that the cure rate index 

and the proportion of p o lys u lf id ic  linkage is influenced by the



accelerator combination in each system. In the conventional systems, 

ZDC-ZMBT combination gave better ageing resistance than ZDC-TMTD 

system. In the case of efficient vulcanization systems, ZDC-TMTD 

system was found to be better than Z M B T-TM TD  system in retaining 

the te n s ile  properties after ageing. The percentage of polysulfidic  

content and the cure rate index of the different systems are found 

to control the ageing resistance.

Effect of accelerator combinations on the rate of prevulca­

nization, network structure and flow properties  has been reported 

in the second part of this chapter. Th e  evaluation of processing 

and technical properties of latex thread prepared using prevulca­

nized latices is also included. Six different accelerator combinations 

were tried to evaluate their effect on rate of prevulcanization 

and on technical properties. The latex compounds were prevulcanized 

to different extent and the effect of prevulcanization on flow p ro ­

perties and network structure was studied. It  is observed that 

under conventional systems, the reaction • rate of the accelerator 

ZDC is activated by the incorporation of ZMBT and TM TD . The 

ZDC-TM TD  system is having a higher reaction rate than ZDC-ZMBT 

system. In the former system, the m ajority of crosslinks are formed 

in about one and half hour at 70°C and in the latter it took 3 h. 

Th is  may be attributed to the positive  synergistic  effect of the 

combination of two ultra accelerators ZDC and TM TD  in the vulcaniz­

ation. In the efficient systems, Z D C -TM TD  combination is faster



compared to Z M B T-TM TD  system in the formation of chemical cross­

lin k s . As the extent of prevulcanization increased, the viscosity 

of the latex compound increased in all the systems under study; 

the viscosity  variation was almost the same. Determination of the 

viscosity under different shear rates showed that the flow behaviour 

of the latex compound is  l i t t le  affected by prevulcanization. The 

percentage p o lys u lf id ic  linkages was also found to be higher in 

the prevulcanized samples. In the case of latex thread preparation, 

the prevulcanised latex compounds are found to be better in extrusion 

and subsequent processing with respect to uniformity in count and 

is free from tackiness. Tensile  strength and modulus of the threads 

are improved up to a certain extent of prevulcanization of the 

latex compound and above that level the properties decreased. 

The low tensile properties for the thread from latex compound 

having a higher extent of prevulcanization may be attributed to 

lower in te r -p a r t ic le  fusion. One pe culiarity  with latex thread p ro ­

duction is that a limited le ve l of stretching at the wet gel stage 

occurs during processing and th is  in combination with low in te r­

p a rtic le  cohesion of the wet gel may be one of the reasons for 

this low tensile strength.

The fourth chapter describes the effect of surface active 

agents on r u b b e r -f i l le r  interactions and on rheology of the rubber 

latex. The surface active agents studied are casein, p o ly v in y l  

alcohol (P V A ) ,  sodium alginate and sodium carboxym ethyl cellulose



(NaCM C). It  was observed that ru b b e r -f i l le r  interaction is improved 

by treatment w ith  surface active agents such as casein and p o ly ­

v in y l  alcohol. But with sodium alginate and NaCMC, not much

improvement has been noted. For the study of ru b b e r -f i l le r  in te r ­

action, f i l le r s  used are precipitated s il ica , precipitated calcium

carbonate and china c la y . Th e  ru b b e r -f i l le r  attachment may be 

formed due to the interaction of p o ly v in y l  alcohol or casein with 

the protective  layer in the rubber and f i l le r  pa rtic les. During

the interaction, p a rtia l desorption of protective layer on the rubber 

and f i l l e r  partic les  may takes place leading to d irect contact bet­

ween the f i l l e r  and rubber p a rt ic le s . It can also be pointed out 

that p o ly v in y l  alcohol is more surface active than casein and the 

surface a c tiv ity  of the sodium alginate and NaCMC are very m ild .  

Due to better r u b b e r -f i l le r  interactions the tensile properties of

the samples are im proved.

Th e  second part of th is  chapter deals with the Theological

behaviour of natural rubber latex in the presence of surface active 

agents and f i l l e r s .  Both centrifuged and creamed latices were used 

for the study . The  viscosity  of these latices were measured at

different shear rates and temperature. The study was made at

three different temperatures, ie . 25°C, 35°C and A5°C which are

the normal range of temperatures for latex goods manufacture.

It  is found that creamed latex is more sensitive to shear rate 

and temperature than centrifuged late x. The  pseudoplasticity and



viscosity of the latices increased by the addition of surface active 

agents and the effect varies w ith  the type of surface active agent 

used. Among the surface active agents, NaCMC offers the highest 

viscosity at low and high shear rates. P o ly v in y l  alcohol (PVA) 

offers a higher viscosity than casein at low shear rates but as 

the shear rate increases the PVA offers a lower viscosity than 

casein. T h is  may be due to the easier displacement of the adsorbed 

la ye r of PVA from the surface of the rubber particles at higher 

shear rates. It is also noted that eventhough sodium alginate in ­

creased the viscosity of centrifuged latex, it  has not affected 

the general behaviour of centrifuged latex towards heat. Among 

the surface active agents, PVA imparts the highest sensitiv ity  

to heat for the viscosity of the latex compound. But casein offers 

a peculiar behaviour towards heat. In the lower temperature range 

(25-35°C) the reduction in visco sity  of the centrifuged latex is 

of the same rate as that of the untreated one. But at higher tempe­

rature range there is marked reduction in v is c o s ity .  T h is  may 

be attributed to the alteration in water binding of casein at higher 

temperature, which in turn affects the apparent viscosity of the 

casein solution.

The viscosity of the latex compounds is found to increase 

by the addition of s ilica  and china clay and it  can be seen that 

at low shear rates the f i l le d  latex compounds show a much higher 

viscosity than the unfilled one. Th e  difference, however, d is ­

appears at high shear rates.



The fifth  chapter deals with the effect of gamma irradiation 

on r u b b e r -f i l le r  interaction and on degradation of natural rubber 

latex vulcanizates. The r u b b e r -f i l le r  interaction was studied using 

precipitated silica  and precipitated calcium carbonate as f i l le r s .  

Gamma irradiation  of the f i l le d  latex compounds improved the 

r u b b e r -f i l le r  interaction considerably and offered better technical 

properties. The optimum dosage of ir ra d ia tio n  is also de rived 

at and is found to be 3 KGy . Sensitisers have no effect in improving 

r u b b e r -f i l le r  interaction. It was also found that the content of 

po lysu lf id ic  linkages and heat ageing resistance of the vulcanizates 

remained unaffected at the optimum level of ir ra d ia tio n . The increase 

in r u b b e r -f i l le r  interaction on irra d ia tio n  is attributed to the 

formation of coupling bonds between rub be r and f i l le r  pa rtic les.

The second part of th is  chapter deals with the degradation 

of natural rubber latex vulcanizates by gamma irra d ia tio n . Even 

though in the previous part of th is  chapter a positive  effect of 

gamma irrad ia tio n  is reported,' i t  can also degrade a latex f i lm . 

But for degradation higher dosages (AO KGy-120 KGy) of radiation 

w il l  be re quired . But it is observed that by changing the vulca­

nization system using various accelerator combinations the resistance 

of latex vulcanizates to degradation can be v a rie d . The accelerator 

combinations selected for the present study are based on ZDC, 

ZMBT, TM TD , thiourea and DPG. In the conventional systems,

ZDC + DPG and ZDC + TM TD  gave better radiation resistance than



ZDC + ZMBT and ZDC system. In the efficient vulcanization systems, 

TM TD  + DPG and TM TD + ZDC are found to be better in retaining 

the tensile properties than the TM TD  + ZMBT system. It is also 

noted that in the degradation of latex vulcanizates by gamma i r r a ­

diation, efficient vulcanization system has no added advantage. 

In fact from the sol content data, the conventional vulcanization 

systems are found to be better than the efficient vulcanization 

systems for getting better resistance from radiation. It is also 

found that non-black f i l le rs  such as precip itated calcium carbonate 

and china clay provide protection for latex vulcanizates from de­

gradation by gamma irrad ia tio n  up to about AO KGy.
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IWTRODUCTION
Fillers arc added lo nalural rubber lutcx in 

lorder lo modify ils properties and lo reducc 
|cost (Noble, 1953). In dry rubber com- 
! pounding, fillers generally act as reinfor­
cing agents but in latex they weaken 
ihe rubber films rather than improve 
its strength (Blackley, 1960). Some studies 
have already been conducted in this line 
and the poor rubbcr-filler interaction in 
latex vulcanizates is attributed to many 
factors such as insufficient distribution of 
fillers, non'simultaneous deposition of filler 
and rubber particles and the presence of 
protective layer of stabilizers around the 
rubber and filler particles in latex which 
prevents direct contact between them. A study 
^as earlier conducted in styrene butadiene 
rubber (SBR) laie.x using carbon black as

filler (Dogadkin et a l, 1958). It was reported 
that casein, which is a surfacc active agent 
could improve rubbcr-filler interaction in SJBR 
latex. It was suggested that casein replaced 
the already existing protective layer around 
the rubber particles in latex and the filler 
particles and in the process, caused better 
rubber-filler interaction. The increase in 
viscosity of the latex compo\ind owing to 
the addition of casein also caused simultane­
ous deposition of rubber and filler particles.

In the present work we have studied the 
efl>ct of four surfacc active agents on vulca­
nization, network structure and technical 
properties of natural rubber latex vtilcantzates 
which contain precipitated silica as filler. 
The surface active agenis used were casein, 
polyvinyl alcohol, ammonium alginate and 
sodium carboxymethylcellulose.



EXPERIMENTAL

Centrifuged latex conforinmg lo Bureau 
of Indian Standards (BIS) 5430-1981 was 
used for this study. Other compound­
ing ingredients were of commercial grade. 
The vulcanizing agents and the filler (preci­
pitated silica) were used as dispersions in

water using an anionic type dispersing agent 
sodium salt of a sulfonic acid (Dispersol pi 
manufactured by M/s Indian Explosives Ltd 
The surface active agents were prepared 
as five per cent solution in water. A base 
latex compound was prepared as per the 
formulation given in Table I and used in 
the experiments.

Table 1. Formulafion o r the base latex compounds

Ingredients Parts by weight (wet)

6 0 %  ccnirifuged latex 167.0

1 0 %  potassium hydroxide solution 1 . 0 -

5 0 %  sulphur dispersion 3 .0

50%  zinc diethyl dithiocarbamalc dispersion 2 .0

5 0 %  anlioxidant SP emulsion 2 .0

5 0 %  zinc oxide dispersion 1.0

(a )  E F F tC T  O F  c o n c e n t r a t i o n  O F  S U R FA C E  

A C T IV E  A G E N TS

A part of the base latex compound was 
treated with the surface active agents at 
diOiereni dosage of 0, 0.5, 1.0, ! .5 and 2.0 
partsTcr hundred rubber (phr). Latex films 
were prepared by casting the compounds 
in shallow glass dishes. The film thick­
ness was controlled in the range of I lo 1.25 
mm and the films were dried at 30®C for 
24 h. The films were then vulcanized at 
120’C for 30 min in an air oven. The 
tensile properties of the vulcanized latex 
films were then determined as per ASTM  
D412 (83) using a Zwick Universal Testing 
Machine (Model 1474).

To another portion of the base latex 
compound 30 phr of precipitated silica was 
added as a 25 per cent dispersion in water. 
The latex-fillcr system was then treated 
with difTcrcnt dosages of surface active 
agents and vulcanized films were then 
prepared from the compounds as described

earlier. The tensile properties of the films 
were also determined.

(b) Et I C C T  O F  s u r f a c e  A C T IV E  AG EN TS 

O N  T H E  I’ ROCCSSING PROPERTIES, 

S TR E S S 'S TR A IN  B E H A V IO U R  A N D  

rO L Y S U L P H ID lC  L IN K A G E S  

Another part of the base latex compound 
was mixed with 30 phr of precipitated silica 
added as a 25 per cent dispersion and the 
resulting compound was treated with the 
optimum concentration of the surface active 
agents (I.O phr). The viscosity of the 
control and the treated compounds were 
determined using a Brookfield viscometer. 
For determining the cure behaviour of 
latex compounds, cast latex films (1- 1-5 mm 
thickness) were prepared and dried for 24 h 
at see. The dried films were plied up to give 
a total thickness of approximately 2.5 mm 
and test specimens were cut from the pl'̂  
sheet. The cure characteristics were 
mined using a Monsanto Rheometer ' 
at 120’C according to ASTM D 20S4 (8 )• 
The stress-strain behaviour of the vulcatu



atcs were determined using a Zwick (Nfode! 
|i474) UTM. The cflcct of surfacc active 
jgents on network structure was studied by 
êstimating the polysulphidic linkages in the 

!(reatcd and untreated samples. For this 
jpurpose, ihe concentration of chemical 
crosslinks inthevulcanizates were determined 
'from swelling measurements. Each sample 
n-eighing 0 .2-0 .3 g was allowed to swell 
in an excess of benzene containing 0.5 per 
ccnt N-phenyl-;3-naphihylamine at 30*C 
for 48 h. The swollen sample was weighed, 
ihe solvent removed in vacuo and the sample 
weighed again. Values of , the volume 
fraction of rubber in the swollen vulcanizaie, 
which is a measure of the lota! number of 
crosslinks, was determined using the method 
suggested by Ellis and Welding (1964). 
For determining the concentration of poly­
sulphidic crosslinks, the samples each weigh­
ing 0.2 to 0.3 g, were treated with a solution 
of propane -2-thiol (0.4 M) and piperidine 
(0.4 M) in n-heptane for 2 h at room temper­
ature under nitrogen. The samples were 
then washed with petroleum ether (b.p, 
40-60“C) and dried in vacuo. The pro­
portion of polysulphidic crosslinks was 
obtained by the differcncc from the value 
of Vy before and after the thiol treatment 
(Saville and Watson, 1967).

(c )  d e t e r m i n a t i o n  o f  R U m J E R -F lL L E R
iN T E R A C T lO N  

A  portion of the base latex compound 
(gum) was mixed with 5, 10, 20 and 30 phr 
each of precipitated silica and was treated 
wiih the optimum concentration of 1.0 phr 
of surface active agent. Cast latex films 
of the treated and untreated compounds 
Were prepared and vulcanized at )20“C for 
30 iiiin. The extent of rubber-filler inter­
action was then studied using the equation 
given by Cunneen and Russel (1970). 
According to this:

V
ac- z +  b

where and arc the volume fractions 
of rubber in the gum and filled vulcanizate, 
respectively, swollen in benzene, z is the 
weight fraction of the filler in the vulcanizate 
and a and b, being constants. By plotting 
Vjo / Vff against c“̂  value of a (slope) and 
b (intercept) were determined. The higher 
the value of a, the higher the swelling 
restriction and the better the rubber-filler 
interaction (Mukhopadhyay and De, 1979; 
Pranab e i a i, 1983).

(d) E F F E C T  O F  A M M O N IA -M O D IF IF D  S W E LLIN G

To assess the extent of rubber-filler 
attachment further, rubber-filler bonds were 
cleaved chemically by swelling the vulcani- 
zutc samples for 48 h in flat dishes containing 
benzene in ammonia atmosphere (Polmanteer 
and Lentz, 1975). After swelling in ammo­
nia atmosphere the samples were thoroughly 
washed with benzene and dried in a vacuum 
desiccator at room temperature (30*C) and 
tested for by swelling in benzene. The 
dincrence in chemical crosslink density 
(measured as values) as obtained by 
swelling studies in benzene of (he original 
vulcanizate and the same after ammonia 
Treatment gives a measure of rubber-filler 
attachment or coupling bond.

RESULTS AND DISCUSSION

The cfTect of different dosages of the 
surfacc active agents on the modulus and 
tensile strength of the vulcanizatcs are given 
in Figs. I and 2, respectively. From these 
figures, it is evident that the surfacc active 
agents have no effect on the technical pro­
perties of the latex vulcanizates in the gum 
stage (without filler). But in the latex com­
pounds containing precipitated silica, the 
surface active agents have marked effect 
on the technical properties of the vulcani­
zatcs. It can be seen that the latex com­
pounds containing polyvinyl alcohol offer 
the highest modulus. Modulus of a vulcani-



zate is solely governed by the total number 
of crosslinks including intermolecular 
chemical crosslinks and coupling bonds 
(rubber-filler attachment). In the present 
study the modulus enhancement is found to 
be more with polyvinyl alcohol compared 
with casein. There was practically no 
improvement in modulus with ammonium 
alginate and carboxymethylcellulose. In 
the case of tensile strength, casein offers

comparatively better tensile strength that 
with polyvinyl alcohol (Fig.2). It may ^  

mentioned that for a strain crystallisinj 
rubber like natural rubber, enhancement in 
tensile strength by reinforcing fillers is le« 
predominant than that occurs in non-crv 
stallising rubbers. The optimum dosag 
of the surface active agents is found to ‘ 
around 1.0 phr.

o a. 
2

I/)3
3
O

o
o

Dosage of surface active agents (phr)
Fig. I . Effect of surface active agents on modulus of latex vulcanizates.

The effect of adding l.O phr each of the when sodium carboxymcthylcellulose was
surface active agents on the concentration incorporated and the least with casein. It
of polysulphidic linkages of the latex vulca- can also be seen that cure rate of the com-
nizate are given in Table 2. It may be noted pound was not affected by the incorpora-
that the Brookfield viscosity is the maximum tion of the surface active agents. It }



Iso be noted from Table 2 that the polysul- 
ihidic content in the treated and untreated 
jtex vulcanizates remains almost the same, 
he stress-strain behaviour of the treated

and untreated latex vulcanizates, as given in 
Fig. 3, shows that strain induced crystallisa­
tion of natural rubber is unaffected by the 
presence of various surface active agents.

Dosage cl surface active agents (phr)
Fig . 2. Effect o f surface active agents on tensile strength o f latex vulcanizates.

Table Z. Effect of surface active agents on viscosity, cure rate index and network structure In the base latex
compound containing 30 phr of silica.

Treatm ent
Brookfield 

viscosity (C p s) Cure rate index
Folysulphidic 
crosslinks ( % )

N il 128 28.6 50

Casein, 1 p h r 200 28 .5 49

Polyvinyl alcohol. 1 phr 210 28.5 48

A m m o n iu m  alginate, I phr 500 28.5 50

Sodium  carboxymethylcellulose, 1 phr 900 28.5 48



The plot of / V̂ c against e is 
given in Fig. 4. It may be seen that the 
latex compound containing poljMnyl alcohol 
and casein provide a higer slope than the 
mix containing no surface active agents. This 
gives an indication that better rubber-filler 
interaction is obtained by the incorporation 
of polyvinyl alcohol or casein. The same

conclusion is also obtained from Fig. 5 
Table 3 which shows the results of a m m o m  ' S il» 

modified swelling. The reduction in 
Vj values is found to be more in the latt 
vulcanizate containing polj'vinyl alcohol o3 
casein. This indicates a higher level ol 
rubber-filler attachment due to the additioi 
of polyvinyl alcohol or casein.

S tra in (° / o )

Fig. 3. Effect of surface active agents on stress-strain behaviour.

The enhancement in tensile properties 
on addition of polyvinyl alcohol or casein 
could not be attributed to improved homo­
geneity of dispersion of the filler in the film 
as the same effect was not obtained with 
sodium alginate or carboxymethylccllulosc.

In fact homogeneity of the filler could be 
better with the alginate and carboxyniethyl- 
cellulose as they cause more pronounced 
thickening of the compound. Hence the 
improvement in tensile properties is attri­
buted to better rubber-filler attachment.



Tabic 3. V ,  values before and after ammonia modified swelling.

1 Silica loading, phr Treatmeni V r original V , after ammonia 
modified

0 N il 0.1703 —

S 0.1640 0.1550

1 0.1655 0.1533
20 0.1715 0.1582
30 0.1757 0. J592

5 Polyvinyl 
alcohol, 1 phr 0.1720 0.1500

10 0.1755 0.1500
20 0.1991 0.1588
30 0.2153 0.1653

5 Casein. 1 phr 0.1722 0 .I5 I0
10 0.1767 0.1497
20 0.1015 0,1550
30 ■■ 0.2050 0.1587

1.1

1-0

0.9-

_  0-8 
>
o

>  0-7

0-6

•e— e- Polyvinyl alcohol 

Casein 

■A— A- No treatment

0.70 0.75 0.80 0.85 0.90 0.95

V,o -z
F ig . 4. PJot of —  against e
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c
a>uc01
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|0 .Q 5

c01
6£uo

0.04

0-03

u.
IuO)a£i3oc

0-02

0-01

■©—0- Polyvinyl alcohol 
-•—•- Casein 
-A— A- No treatment

M

10 15 20 25 30

Filler loading (phr)
Fig. 5. EfTect of ammonia modified swelling of ihe silica filled lalex Milcanizatcs in the presence of

surface active agents.

rhe rubber-tiller atlachment may be formed 
lue to the interaction of polyvinyl alcohol 
>r Casein with the protective layer on the 
ubber and filler particles. During the 
ntcraction. partial desorption of protective 
ayer on the rubber and filler particles may 
ake place leading to direct contact between 
iilica and rubber particles. Dogadkin el a i  
J95g) have proved through microscopic 
nvestigations that aggregation of rubber 
ind carbon black are formed while adding 
:aseln to a mixture of SBR latex and carbon 
)lack. In the present study also a similar 
lature of aggregation of rubber and silica 
s cxpected to be formed leading to the

formation of coupling bonds and improve­
ment in tensile properties.
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Short Communication

effect of vulcanization systems 
on the chemical characteristics 
and physical properties of 
natural rubber latex thread

jibstract: T he effect o f vulcanization systems on the network 
siruciure and physical properties o f natural rubber latex thread 
was evaluated. T he vulcanization systems evaluated included 
conventional systems for making ordinary threads and sulfur- 
donor systems for heat-resistani threads and profound effccts 
on the physical properties o f aged and unaged latex thread were 
found. In conventional vulcanization systems zinc diethyldithio- 
carbamate (ZD C )-zinc m ercaptobenzihiazole(ZM B T) com-

I binations gave better ageing resistance than Z D C -tetram ethyl 
: thiuramdisulfide(TMTD) systems. In the case o f suifur-donor 
' systems, T M T D -Z D C  was found to be better than T M T D - 
ZMBT in retaining the tensile properties after ageing. T he cure- 

■ rate index and the percent polysulfidic cross-links of the dif- 
; ferent vulcanization systems were found to bo controlling the 
ageing resistance.

1 Introduction

Natural rubber latex compound used for making 
thread is normally free from reinforcing fillers and 
the thread properties mainly depend upon the 
vulcanization system and the protective agents used. 
The important properties, set out in standard test 
methods, include diameter, tensile strength, 
modulus, elongation at breaic and ageing resistance.' 
The thread is more vulnerable to ageing than other 
natural rubber products due to its low bulk volume 
and large surface area. In addition to normal ageing 
tests conducted at TO^C for ordinary-type threads, 
heat-resistant threads have to withstand high tem­
perature ageing at 150”C.‘ The modulus of the 
thread is also very important for its textile applica­
tions.̂  These properties are to a great extent con­
trolled by the vulcanization system used, which may 
be a conventional type using elemental sulfur or a 
special system involving a sulfur donor such as tetra- 
methyl thiuramdisulfide (TMTD).^

In order to improve the properties of the thread, 
different accelerators or combinations are used and 
vulcanizates using a binary accelerator system are 
found to have superior physical and chemical 
properties.**’̂  This is true for both dry rubber and 
latex vulcanizates. The chemical reactions involved 
when a binar)’ accelerator system is used for vulcan­

ization vary with the type of system used. The exact 
mechanisms of these reactions are not fully under­
stood. As the vulcanization temperature for a latex 
compound is substantially lower than that for a dry 
rubber compound, the choice of accelerators or 
combinations is different from that for a dry rubber 
compound and has to be made carefully. It has been 
shown that accelerators in which sulfur is combined 
as S— S, C— S— C, or S— N are virtually inactive at 
temperatures below lOO^C because of the high 
thermal stability of their S-bond.  ̂ It has also been 
proved that sulfur-containing nucleophiles enable 
such accelerators to become active even at lower 
vulcanization temperature. The cleavage of the S— S 
bond by the nucleophiles may be represented as

R - S - S - R '  + Y RSY+R'S-

The use of accelerator systems containing TMTD, 
zinc diethyldithiocarbamate (ZDC), or zinc mercap- 
tobenzthiazole (ZMBT) in rubber latex has to be 
viewed in this context. The use of thiourea in these 
systems has the function of a nucleophile as 
mentioned above which enables the vulcanization to 
be carried out at or around lOO^C. Thiourea also 
helps in preparing heat-resistant vulcanizatcs.

Even though some studies have been reported in 
this area,̂ -'̂  not much systematic work has been 
conducted on the effect of vulcanization systems on 
the ageing resistance of the threads. At low tempera­
tures, the cause of degradation is rhost likely to be 
oxidation and it is related to service life. As the age­
ing temperature approaches the vulcanization tem­
perature, the extra effect of cross-link rearrangement 
and modification becomes pronounced. In this study 
the effects of secondary accelerators on the chemical 
characteristics and physical properties of thread 
have been investigated with special emphasis on age­
ing resistance with conventional and suifur-donor 
vulcanization systems.

2 Experimental

Centrifuged natural rubber latex of 60% dry rubber 
content and conforming to BS 5430-1981 was used 
in this study. Various latex compounds v\ere 
prepared according to the formulations given in 
Tables 1 and 2. Latex compounds in the conNen- 
tional vulcanization systems were prepared with 
varying concentrations of ZDC, ZM BT and TMTD, 
and latex compounds in the suifur-donor systems
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Ta b le  1. F o rm u la tio n s  for latex th re a d c o m p o u n d s (c o n v e n tio n a l v u lc a n iz a tio n s y ste m s)

Form ulations A B C D E
F

6 0 %  C entrifuged latex 167 167 167 167 167
16710%  Potassium  hydroxide solution 4 4 4 4 4

2 0 %  Potassium  laurate solution 2 2 2 2 2
4
A

5 0 %  Su lfu r dispersion 
5 0 %  Z D C  dispersion

3-5
4

3'5
3

3-5
2

3-5
1

3-5
3

2
3-5

5 0 %  Z M B T  dispersion — 1 2 3 —
£
1

5 0 %  T M T D  dispersion — — — — 1
1)

5 0 %  T ita n iu m  dioxide dispersion 10 10 10 10 10 10
5 0 %  A n tio xid ant SP em ulsion 2 2 2 2 2 2
5 0 %  Z in c  oxide dispersion 2 2 2 2 2 2

Ta b le  2 . F o rm u la tio n s  for la te x  th re a d c o m p o u n d s (s u lfu r -d o n o r v u lc a n iz a tio n s yste m s)

Form ulations 1 J K L M N

6 0 %  C entrifuged latex 167 167 167 167 167 167
1 0 %  Potassium  hyd roxid e  solution 4 4 4 4 4 4
2 0 %  Potassium  laurate solution 2 2 2 2 2 2
5 0 %  S ulfur dispersion 0-5 0-5 0-5 0-5 0-5 0-5
5 0 %  T M T D  dispersion 6 6 6 6 6 6
2 0 %  Th io u re a  solution 5 5 5 5 5 5
5 0 %  Z D C  dispersion — 4 — 3 2 1
5 0 %  Z M B T  dispersion — — 4 1 2 3
5 0 %  A n tio x id ant SP em ulsion 2 2 2 2 2 2
5 0 %  T ita n iu m  dioxide dispersion 10 10 10 10 10 10
5 0 %  Z inc oxide dispersion 2 2 2 2 2 2

were prepared with varying concentrations of Z D C  
and ZMBT. The centrifuged latex was first de- 
ammonialcd to 0-4% ammonia content and was 
stabilized by adding potassium hydroxide and potas­
sium laurate solutions. The vulcanizing agents, 
accelerators, zinc oxide and titanium dioxide were 
added as dispersions and the antioxidant SP as an 
emulsion in water. The latex compounds were then 
matured for 96 h at 30®C and passed through a 100- 
mesh sieve.

For determining the cure behavior of latex com­
pounds, cast latex films (1-1-5-mm thickness) were 
prepared and dried for 24 h at 30'*C. The dried films

were combined to give a total thickness of 2*5 mm 
and rheometer test specimens were cut out from the 
plied sheet. The cure-rate index was determined 
using a Monsanto Rheomeier (R-lOO) at 120°C 
according to ASTM STD 2084(83) p. 542.

As the latex thread is vulcanized in hot air, the 
network structure of the vulcanizate from each latex 
compound was characterized after Milcanizing the 
cast latex films in an air oven at 120°C for differem 
durations. For estimating the concentration of 
chemical cross-links, each sample weighing G'2-0-3 
g was allowed to swell in an excess of benzene con­
taining 0-5% A -̂phenyl-/3-naphthylamine at 30“C for

0  2 5

0 20

0 1 5

0  10
3 0  6 0

V u lca n isa tio n  tim e  a t 120*0 (m in )
7 5

Fig. 1 IMol of I'r values against curc lime at 120*C. conven­
tional system.

Fig. 2 Plot of l^r values against curc time at 120°C, sulfur 
donor system.



g h. 1 he swollen sample was weigl*̂ ’d> solvent 
gniovcci in vacuo and {he sample weighed again, 
/allies of V/\ the volume fraction of rubber in Ihe 
jvvollen vulcanizaie, which is a measure of lotal 
,umber of cross-links, were determined using the 
jiethod suggested by Ellis and Welding.'̂  The results 
jre given in Figs 1 and 2.

For determining the concentration of polysulfidic 
cfoss-links, which is related to the ageing resistance 
jf the vulcanizates, the samples — each weighing 
D-2-0-3 g — were treated with a solution of propane- 
j-thiol (0-4 m) and piperidine (04 m) in /i-heptane 
(or 2 h at room temperature under nitrogen. The 
jampies were then washed with petroleum ether 
;b.p. 40-60®C) and dried in vacuo. The proportion 
of polysulfidic cross-links was then obtained by ihe 
difference from the values of total cross-link con­
centration (measured by the volume-swelling 
method) before and after the treatment.

Each late.\ compound was run on the pilot plant 
for thread manufacture. (A schematic diagram of the 
pilot plant is given in Fig. 3.) The latex compound 
was extruded through a glass capillary of 0-6 mm 
diameter into an acid bath containing 20% formic 
acid. The thread was washed in hot water at 70®C, 
dried in a hot chamber at 9()®C, wound on wooden 
frames after applying talc powder, and vulcanized in 
an air oven at 120®C. The threads produced by using 
(he conventional vulcanization systems were 
vulcanized for 30 min and those by sulfur-donor 
vulcanization systems for 45 min.

Testing of the unaged threads was carried out

Fig. 3 Schematic diagram of the pilot plant for elastic throad 
production.

according to ISO 2321. Five test pieces were taken 
from each sample and were tested for tensile 
properties according to ASTM STD 412 using n 
Zwick Universal Testing Machine. The results are 
given in Tables 3 and 4.

In order to assess the ageing resistance, all the 
threads were aged at 70*0 for 14 days in an air oven. 
In the case of heat-resistant threads prepared from 
sulfur-donor vulcanization systems, ageing was also 
conducted at 150®C for 2 h in an air oven adopting 
the ISO 2321 lest procedure. The ageing resistance 
of the thread produced under each formulation was 
assessed according to the retention in its tensile 
properties after ageing (Tables 3,4 and 5).

Table 3. Physical properties of latex threads* (conventional vulcanization systems)

Modulus (300%) (MPa) Tensile strength (MPa) Elongation at break (% ).
1
Formulations Unaged Aged Retention (% ) Unaged Aged Retention (% ) Unaged Aged Retention (% )

A 2-70 3-82 140 17-10 16-21 94-8 660 575 849
B 252 2-85 113 16-50 15-20 92-0 615 515 83-7
C 2'81 3'80 135 1700 1560 91-0 610 520 85-0
D 300 3'60 120 1900 1179 620 700 500 71-4
E 2-98 3-41 114 21-20 9-30 43-9 750 500 66-6
F 3-25 3'61 111 2300 14-00 60-8 710 518 729

'Th re a d s  were aged at 70°C for 14 days.

Table  4. Physical properties of latex threads* (sulfur-donor vulcanization systems)

Modulus (300%) (MPa) Tensile strength (MPa) Elongation at break (% )

Formulations Unaged Aged Retention (% ) Unaged Aged Retention (% ) Unaged Aged Retention (% )

1 1-80 1-65 91-7 8-50 7-50 93-0 615 615 100-0
J 2-20 4-00 181-8 16-00 16-00 100-0 715 650 90-0

K 1-80 2-52 140-0 14-10 14-00 99-0 640 560 87-5

L 2'50 345 138-0 18-20 17-10 94-1 700 600 85-7

M 2-50 3'60 144-0 18-50 16-10 87-4 700 600 85-7

N 300 380 126-0 19-00 15-00 79-0 710 580 81-6

'Th re a d s  were aged at 70*C for 14 days.
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Table 5. Physical properties of latex threads* (sulfur-do nor vulcanization system s)

Formulations

Modulus (300 % ) (MPa) Tensile strength (MPa) Elongation at break (% )

Unaged Aged Retention (% ) Unaged Aged Retention (% ) Unaged Aged Retention (% )

1 1-80 1-31 727 8-50 4-20 494 615 570 92
J 2-20 t-82 82-7 16-00 9-00 56-2 715 525 83
K 1-80 140 7 7 7 14-10 6-50 46-0 640 500 78
L 250 1-95 78-0 18-20 9-50 523 700 580 82
M 250 1-81 724 18-50 8-30 45-0 700 535 76
N 3-00 1-80 60-0 19-00 7-20 39-0 710 530 75

'Th re a d s  were aged at 150"C for 2 h.

3  R e s u lts  a n d  d is c u s s io n

Test results of the threads prepared using conven­
tional vulcanization systems are given in Table 3. 
The threads prepared using compounds from A to C 
cave good ageing resistance. As the proportion of 
ZMBT increased (compound D), the ageing resis­
tance was diminished especially with regard to 
tensile strength and elongation at break. When ZDC  
and TMTD were used (compound E), the ageing 
resistance of the thread was also reduced, although 
the unaged physical properties w'cre improved 
relative to compounds A to C. In the case of threads 
produced using a tcmafy accelerator system (confi- 
pound F), good unaged properties were obtained 
hut ageing resistance was low compared to com­
pound A using ZDC as a single accelerator. The 
good ageing rcsistuncc in the latter case may l>c attri­
buted to the fact that ZDC also functions as an 
aniioxidant."

The curc rate index (Table 6) of compounds A to 
C was lower than for compounds D to F. Those 
compounds which showed a lower rate of curc had 
better retention of properties after ageing. This may 
be due to the fact that slow-curing compounds can 
undergo furihcr cross-linking during agcing. 
Another important factor which controls the ageing 
resistance of rubber compound is the amount of 
total cross-links and the percentage of polysulfidic 
cross-links in it. From Table 7, it Is seen that com­
pound E, which gave lowest ageing resistance, had 
the highest amount of polysulfidic cross-links. This 
indicates that both cure-rate index and polysulfidic 
linkage formation influence the ageing resistance 
and that a ZDC-ZMBT combination is better than a 
ZDC-TMTD in retaining the physical properties 
after ageing at 70*C in the case of the conventional 
•̂ulcanization systems.
The physical properties of the thread made from 

latex compound containing sulfur-donor vulcaniza­
tion systems (heat-resistant threads) are set out in 
Tables 4 and 5. Those for the basic vulcanization 
system (1) are poor. The maximum unaged physical 
properties were attained by incorporating both ZDC 
and ZMBT (compounds L, M and N). Here, as the 
proportion of ZMBT increased, the ageing resis-

Ta b le  6. Cure*rate index of the latex films at
2

120“C —
3

Formulations Cure-rate index 4
A 238
B 23-5 (

C 2 30
0 26-0
E 30-0
F 270

1 222
J AOO 1
K 28-0 1
L 4 0 0 t
M 40-0
N 37-0

Ta b le  7. Chem ical characteristics of the vulcanized
lotox films

Polysulfidic
cross-links

Formulations Vr (% )

A 0-22030 1 8 ^
B 021860 12-5
C 0-21780 12-8
D 0-21940 157
E 0-22600. 2 2 ^
F 0-21540 19-8

1 0-12900 4-0
J 0-24700 4-5
K 0-21420 6-5
L 0-23070 4-9
M 0-22936 7 2 1

j
N 0-22752 8-5 1

lance was lowered (compounds M and N). The same 
trend is obser\'cd in the high temperature ageing 
(Table 5). Compound K, which contained only 
ZMBT. gave low unaged tensile strength, low cure- 
rate index but good retention in tensile strength in 
low-tempcrature ageing (70°C). In high temperature 
ageing its retention in tensile strength was found to 
be poor (Table 5). The amount of total cross-links 
and the percentage of polysulfidic cross-links in the 
compounds I to N arc given in Table 7. Compound I 
had only a very low V r value even though it con-
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(aincd the lowest percentage of polysulfidic cross­
links. A s the ZM B T content increased in the 
com pounds L  to N, the polysulfidic linkage form a­
tion was also slightly accelerated, leading to its low 
ageing resistance. T he  results also indicate that the 
T M T D -Z D C  system (J) is better than the 
T M T D -Z M B T  system (K) in retaining tensile 
properties in high-tem perature ageing.
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