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PRBPACB 

Although a few studlea have been reported on the 

various aapects of ' dipping *, the effect of various visco* 

sityHaodiflers (thickeners) on the pick-up and technical 

properties of dipped goods still remain largely unexplored. 

In this thesis five viscosity-modifiers are chosen and 

they are compared for their pick-up efficiency. The effect 

6f these thickeners on tensile properties are also studied. 

< The subject matter of the thesis has been presented 
! 

in three chapters. 

The introductory chapter consists of a brief review 

of earlier works in this field and the scope of the 

present work. 



The escperimental techniques are described in 

Chapter IZ« 

Chapter IIZ consists of viscosity and pick-up 

measurement studies of five thickeners and the effect of 

the five thickeners on the physical properties of the 

vulcanizates. 
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Natural rubbor latex is a nilky liquid which consists 

of axtremaly small particlas of rubber dispersed in an I 
"i 

aqueous medium. It is obtained from the bark of Hevea i 

braisiliensis tree. It is collected from the tree by tapping. 

Shortly after latex is obtained from the rubber tree, 

bacterial action begins« az^ in order to preserve latex in 

fluid condition for more than a few hours after tapping 

Xt is necessary that some preservative be added. Ammonia is 

the best preservative. The concentration of ammonia used 

for this purpose is 0.7% on concentrated latex. The use of 

ai&monia as a preservative is attended by the advantage of 

ready elimination when desired, either by aeration of the 
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latex or neutralization vhich carbon dioxide or formal­

dehyde. . 

Hevea latex is a hydrosol in ̂ ich the dispersed ] 
i 

particles are protected by a complex film* The coating -
t 

imparts colloidal properties to latex psurticles* Besides 

rxibber particles latex contains l*utoids and Frey Hys8li;iEi9 

particles. Lutoids are associated with the process of 

latex vessel plugging lAiich stops the flow of latex a fev 

hours after tapping. 

Each individual latex particle may vary in also 

between 0.25 to 5 microns. It contains varying proportions 

of "gel" and "sol" rubber, referring to the insoluble ̂ and 

soluble portions, respectively. Latex particles are either 

spherical or pear shaped, eadiibiting Brownian movement^ 

This Brownian motion overcomes gravitatiozuH forces a M 
\ 

Iceeps the colloidal properties to the latex. Important! 
properties of freshly tapped latex is given in the Tabl^ 

below: 

Table 

Properties of freshly tapped latex 

Characteristic 

Total solids content (TSC), % by weight 

Dry rather content (DRC), % by weight 

Particle size, microns 

Specific gravity 

pa 

Surface tension, at concentration of 
38 to 4Xi%, dynes/cm 38-40 
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Characteriatic Value 

Conductivity, ahos/lO^ 40-50 ^ 

Non-rubber content, % by weight 2-3.5 ] 

Viscosity, cP 15-25 I 

The serum in vhich the rubber particles are 

suspended has a specific gravity slightly greater than vatea 

Viscosity of latex will vasry with sources. The presence of 

aniaonia causes some decrease in viscosity as compared with 

fresh latex. Concentration of rubber greatly increases the 

viscosity of latex. Time and method of tapping, humidity 

prior to tapping, age of the tree and of the latex, and the 

non-rubber content of the latex also influence the viscosity 

Surface tension value of preserved latex is lower than that 

of the fresh latex due to the presence of ammonia and that 

of 60% centrifuged latex is having a surface tension of 

40 to 42 dynes per centimeter. The acidity of fresh latex 

increases somewhat during the first flaw hours after tapping 

and eventually it coagulates unless amaonia is added. 

Methods used for the manufacture of latex rubber 

goods are impregnation, sx>reading, dipping, molding (cast­

ing), electrodeposltion, extrusion, foaming, and other 

miscellaneous methods. Preserved field latex is concen­

trated to a dry rubber content (DRC) of approximately 60% 

by weight, bcK:ause of the following reasons: 



1. Natural latex is unsuitable for product manufacture. 

2. Economy In transportation. 

3. To get a pure rubber of more uniform quality. 

Important methods for the concentration of field latex 

are given below: 

1. Evaporation. 

2. Creaming. 

3. Centrifuging. 

4. Electrodecantatlon. 

The first method involves the reonval of water only. 

Hence, the ratio of non-r\ibber constituents to rubber 

content and the particle size distribution resoains un* 

affected. On the other hand, the three latter methods, all 

involve partial recioval of non-inil̂ ber constituents in 

relation to the rubber content, jsarticle size distritxition 

of concentrate also differ from that of the initial latex, 

because a proportion of the smaller particles is eliminated, 

at the same time. Only centrifuging ax^ creaming are 

commercially used now-a-daya for the production of latex 

concentrate. 



!• PIFPIHG PROCESS 

th^ dipping process consists essentially in the 

innersion of a former into suitably cooqpoxinded latex or 

rubber solution, followed by slow withdrawal in such a 

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

The thickness of the deposit nay be reinforced with 

subsequent coatings. The process is completed by drying, 

leaching and, if necessary, vulcanising the deposit. It 

is usually desirable to form a rolled bead at the neck of 

the article, in order to reinforce the thin rubber deposit 

against tearing • 

until cosqparatively recent times, dipping was 

carried out using rubber solutions, prepared by mastlcat"-

Ing dry raw rubber and dissolving it in a suitable organic 
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solvent such aa naphtha. Vulcanisation vae carried out 

In a 2?C solution of sulphur chloride in carbon disulphide. 

1.1 Advantages of latex dipping# Advantages of latex 

dipping over solution dipping are given below; 

1. Deposit has very good ageing characteristics. 

2. Hatural nerve and quality of the rubber is 

retained* 

3. Ellniination of milling cost. 

4. Elimination of the cost of solvent for rubber 

and sulphxir chloride. 

5. Ik> chance of fire hazards. 

6. Elimination of objectionable worlcing conditions 

of solution dipping. 

7. Kumber of dips required is less when compared to 

solution dipping. 

1.2 Latex dipping methods. Principal latex dipping 

methods are: 

1* Straight dipping: 

<i) Single dip 

(ii) Multi-dip 

2. Coacervant dipping: 

(i) Ket-coacervant dijjping 

(a) Initial immersion in coacervant 

(b) Initial issaersion in latex 

(ii) Dry-coacervant dipping 

3. Heat-sensitised dipping 



1.2.1 Straight dipping. Straight dipping ±a dipping 

without the assistance o£ any ancillary aids such as 

coacervants. Deposit fonos by virtu: e of viscosity of 

the latex and o£ its tendency to wet out the foxner. 

In straight dipping, usually iBulti--dipping is xuractisod 

widely. Deposit thicVness vary froa 0*005 to 0.010 inch 

per dip depending upon viscosity. 

In dipping, the chief disadvantages are that, the 

latex flows, after the mold is removed from the compound, 

causing imevenness in thickness and that the thickness 
2 

obtained by a single dip is very slight. Robertson 

showed that the first disadvantage could bo avoided by 

regxilating the speed of withdrawal of the former from the 

compound so that the latex film sets by the time the 

former is completely withdrawn. Hie second disadvantage 

can be avoided by the use of thickening agents « Effi­

ciency of dipping can be increased by using a heated 

former and dipping in a concentrated vulcanized latex 

coc^xmnd with altomate dij^ing and drying of the 

deposit * also, instead, alternate dipping in latex and 
4 

in a coagulant can be \ised • 

1.2.2 Wet-coacervant dipping. In this method a fluid 

coacervant such as acetic acid, or formic acid can be used 

to assist the build-up of the deposit • It can be done 

in two ways, according as the former is dipped first into 

the coacervant or first into the latex cootpoiind. The 

file:///ised
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thickness of the deposit Is determined by the dwell time 

and the stability of the latex towards the coacervant 
5 

used • The initial rate of deposition is fast, but slow 

down until a limiting thickness is attained. The i&echa-

nism involves the diffusion of the coacervant out from 

the former together with the simultaneous consumption of 

coacervant as deposition proceeds ' • 

Disadvantages of initial insnorsion in coacervant 

method are non-uniformity of deposit and tendency for the 

deposit to slip off the former during withdrawal. Xnitlea 

immersion in latex method overcomes the disadvantages of 

the first; the initial deposit tends to act as a '*ti6coat'*« 

avoiding alippoQe of the deposit. The initial deposit 

also absorbs the coacervant, so that tliiCker final deposits 

may be formed • The disadvantage is that it involves two 

latex dips* 

Gorton shoxired that in wet-coacervant dipping (first 

immersion in latex) the cross-section of the deposit 

consists of five regions. 

Region I - dry deposit from straight dip. 

Region XX - dry deposit of coagulant. 

Region XXX - vet coagulum formed by 'straight dip*, 

called *first deposit'. 

Region XV - vet coagulum formed by coagulant, ^ 

called 'second deposit*. 

Region V - latex ccnapound. 
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As the coagtiluffl deposit is formed, two effects vill 

hinder its growth : 

(i) Kelease of serum and sub0eq[uent dilution of the 

coagulant, 

(ii) Zncreaao in the thickness throu^ which the 

coagulant vill have to permeate to reach the 

latex coBQxmnd. 

A further controlling effect is the passage of sejrxua 

towards the former to assist the initial dissolution of 

coagulant, so that it is not 'stairved'. 

1.2.3 Dry-coacervant dipping. This is the noat popular 

and widely used method, in which dry coacervants such as 

calciuffl chloride, calcium nitrate, cyclohexyl aBBaoniua 
8 1 

acetate and other acidic salts are used ' « Hie forraer is 

first imnersed in a solution of the dry coacesnrant in a 

volatile solvent, e.g., alcohol* After withdrawal from 

the solution, the solvent is allowed to evaporate leaving 

either a dry film of coacervant or very viscous and con­

centrated solution. The former is then ixDoersed in the 

coiapounded latex and allowed to dwell for a pre-^etermined 

time. The nature of deposit build-up is very similar to 

that for the vet-coacervant dipping. 

1.2.4 Heat-senaitised dipping, 'î is method does not find 

a great deal of application except in rather specialised 

processes. The principle here is to employ a heated former 
t 

and to cosipound the latex in such a way that it is heat« 
sensitive. Heat-sensitivity may be Induced by several 
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standard methods; the most useful method is by cotnpoundijag 

with i)olyvinyl methyl ether. The thickness of deposit 

depends on the degree of heat-sensltlvlty of the latex, 

the te!î >erature of the fozner, and the heat capacity of 

the former. 

One l2î >ortantr problem In latex dipping la veb 

formation. I.e., « continuous film formation of latex bet­

ween adjacent sections of the formers. Web Is not perma­

nent azid breaks at some stage during the removal of the 

former froa the latex. Web formation and breaking causes 

difficulty In achieving a uniform deposit. Gorton and 

Kuzmany shoved that by the Incorporation of veb breaking 

agents like milk, casein and trlmethyl hexanol this problem 

could be solved. 
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II. FACTORS IHFLUEHCING QUALITY MSP PICK-UP DEPOSIT 

II. 1 Phyaico-cheraical properties. Of the various physlco-

chonical properties viscosity is the laost important vhlch 

influences quality and pick-up of deposit. Control of 

viscosity is more important than of concentration. A very 

isuch larger variation in deposit velght being obtained if 

the total solids are kept constant and viscosity varied 

than if the viscosity is kept constant and the total solids 

9 
altered • 

Particles in latex are prevented from coalescing by 

two factors: 

1) their charge, 

2) the {urotective coating. 

Both these factors govern the mutual approach of the 

particles %fhich in turn governs the viscosity of the 
9 

mixing • 

The methods by vhlch the viscosity of a mix may be 

altered by agents, therefore, fall into three groups: 

(i) by Influencing the charge on the particle, 

(ii) by altering the magnitude of the protective 

envelop e, 

(ill) by altering the viscosity of the aqueous serum 

itself. 

To control the viscosity, the coî iound has to be 

first brought Into a desired rheologlc state and it has to 

be kept in that state until desired. The desired rheologlc 
r*" 

state B ^ ^ brought ̂ ŝ>q̂.t by the addition of thickeners 
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axKi to control the viscosity the addition of antagonistic 
9 

salts and change of tectporature are tiseful • 

IZ.2 ViscQsity-nodif ication« In latex technology, it 

laeans aiodification of buDc flov behavioiir. ^ e ««hole 

relationship between shear rate and iqpplied stress for the 

system may be radically modified by the inclusion of 

viscosity-^modifiers (thickeners). Ihixotropy and stnictu-

ral viscosity may be imparted by their inclusion. 

Viscosity modifiers (thickeners) are hydrocolloids, 

soluble in water to give viscotis solutions and shcv the 

properties of a typical lyophilic colloid systoia. They 

also function as protective colloids (as disperson and 

emulsion stabilisers). The flow behaviour of a latex-

thickener system is not a simple additive function of the 

flow behaviours of its separate components* Interaction 

effects are common. 

The mechanism of thickenii^ does not involve merely 

an increase in the viscosity of the continuous ]phase. One 

complicating effect is the reversible clustering or 

flocculatix^ of latex particles. Another is the fact that 

wesOc bonds may develop between particles and between 

raolocxileSf ̂ Aiich break down tUKler stress but which reform 

when the stress is removed. Such bonds give rise to 

thixotropic effects and to the phenomenon of structural 

viscosity. 
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Thlckenera can btt clasaifiad as plant bydrocolloids, 

proteins, I>olyvinyX alcohols« celluloso darlvatives, 

stflttî hes, polyacrylates and polyaethacrylatas, carboxylate 

copolymers, and colloidal clays. Alginates, qua arable, 

9UD karaya, locust bean gun and Iriaih DOSS extract (carra^ 

geenan) are the nenibera of the plant hydrocolloids. 

Casein, glue, gelatin, and haenoglobin are iiqportant aaong 

proteins. Siiq^e alkyl ethers, hydroxyaUcyl ethers and 

carboocyalkyl ethers of cellulose are cellulose derivatives. 

A short description of the five thickeners used for 

the study is given in the folloving paragraphs. 

ZI.2.1 Anponixin alginate. It is a plant hydrocolloid and 

used as a creaming agent, thickener, and stabiliser for 

latices and as a stabiliser for dispersions. The use of 

this vater^soluble alginate is confined to systens which 

are alkaline and free from heavy metal ions. The structure 

of alginic acid is shown below: "'"' 

A 

Alginic acid i s a high molecular v e i ^ t linear poly 

1^4*-^ -D-anhydrmaannuronic acid. The degree of polymeris­

ation may range from about 200 to 1000. 

IZ.2.2 Cyclohexanol. Thm stricture of cyclohcKxanol i s 

shown t>elows 

CHxCCH*^^ 
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It 1B a coloujrless, rather viscous liquid with a 

castphoraceous odor. It %ras first prepared fay Baeyer in 

1894. Its aelting point is 2S.15®C, boiling point 161.1^0 

and viscosity at 25^C is 4*6 cP« It shows laost of the 

typical reactions of secondary alcohols. It is used as a . 

latex thickener, stabilizer and homogenizer for soax>a and 

synthetic detergent eaulsions. 

II.2.3 Polyvinyl alcohol. It is the first of the covq;>letely 

synthetic water-soluble resins to attain coiaaercial 

iî >ortance« and was first prepared by Willie Hemann, a 

German Chenist. It is a water<-s61uble resi^v ^ ^ aqueous 

solutions are not viscous at concentrations below 5-10%. 

Polyvinyl alcohol is a surface active agent and its solu­

tions have a tendezkcy to foam, but it tends to be rather 

unstable. They are quite tenqperature stable and show no 

permanent viscosity loss even after boiling for several 

days. Although this polymer is non-ionic, it may be salted 

out of solution by small amoiints of some salts. Vater 

solutions of polyvinyl alcohol should be stabilized against 

bacterial attack. It imparts good solvent resistance, 

high dielectric constants, low gas permeability (except 

for water and aaaaonia), and low elongation. It is quite 

hygroscopic and can absorb 25-509C water at lOW relative 

humidity. 
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The structure of polyvinyl alcohol ia shown belows 

OH 

It is obtained from polyvinyl acetate by acidic or 

alfcaline hydrolysis* It has a comparatively regular 

1,3 ("bead-to-tail•*) structure. Degree of hydrolysis vary 

between 40 and X00% and several viscosity grades are 

available. 

IZ.2.4 Sodium carboxyaathvl cellulose. It is the most 

widely known of the water-soluble cellulose derivatives. 

Cellulose is a linear poly l,4'-^-D-anhydroglucopyranose 

of molecular wei(0it between 200,000 and 800,000, depending 

upon its source. Each cellulose molecule may therefore 

contain between about 1300 and 5000 glucose units. The 

general formula of sodium carboxymethol cellulose is 

givexx belows 

They are formed by reaction between the sodium salt of 

chloro-acetic acid and sodium celliilose. 

It is an anionic type resin soluble in both hot and 

cold water. Solution viscosities are dependent on the 

method of preparation, with high shear mixing resulting 

in viscosity reduction. The solutions are pseudoplastlc 

and sc»ietimes thixotropic; their viscosity is relatively 

uniform throughout the pH range of 3-10. It is capable 

of substantially Increasing the viscosity of water at 
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relatively low |x>lymer concentratloiui. A rax^e of chain 

lengtba and degrees of substitution Is available comoercl* 

ally. All the cellulose ethers are very stable and may be 

stored for long periods without change. They are sooeuhat 

hygroscopic In damp atmospheres • Their aqueous solutions 

are very much less prone to attabk by olcro-ozganlsas. 

However, It la wise to Include a preservative If nalnten-̂  

ance of viscosity Is desired over long periods • 

ZZ.2.5 Casein* Casein Is a phosphofiroteln which Is obtained 

fron caselnogen, the raw protein o£ mlUc. Proteins are 

essentially linear high molecular weight polyamldea derived 

from I>«<-6alno acids, which may also have various pros^ 

thetlc groups Incorporated In the molecule. They are 

represented by the general structure given below: 

H k H k"' 
The subatituenta R, R*, R", R"*, etc form a quite 

definite sequence which Is characteristic of the particular 

protein. 

Acid casein has a molecular weight of the order of 

40,000 and there la some evidence that It Is a single 

molecular species. Casein la very sparingly soluble In 

water, but Is readily soluble In acids and alkalies. To 

enhance the keeping quality of the solutions, preservatives 

such as sodium pentachlorophenate are added In amounts of 

0.1 to 0^$% on a solution basis. 
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Many of the various uses of casein require adjust* 

ment and control of the viscosity of its solutions* It 

is having the highest viscosity at pH of abmit 9.2. The 

isoelectric point of acid casein is in the region of pB 

4.6« Caaein is used as a thickener, protective colloid 

and dispersion stabilizer, 

II .3 Concentration for incorporation in latex. Most 

thickeners must te diluted l»elow a characteristic concen­

tration tsefore nixing with latex. More concentrated 

solutions nay cause local precipitation due to dehydration 

or salt effects, or nay be difficult to nix to give a 

honogeneous combination• Other things being equal, the 

thickener which nay be incorporated at the highest concen-

12 
tration is preferable • 
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IZI.l Comparative thlcfcenlnq egglciency. Sine© viscooity 

doea not have a linaar dependence upon the concentration 

of the thickener, a comparison of vlacoaitles at equal 

concentratlona give a different and misleading Index of 

12 

efficiency , Under the conditions of use, the relative 

thickening efficiencies of different viscosity modifiers . 

should be judged by the amounts of the thickeners needed 

to achieve the desired viscosity or pick-up. 
12 

Schroeder and Brô n̂ made studies on the comparative 

thickening efficiency of sodium polyacrylat© ("acrysoX GS"), 

methyl cellulose and sodiixm carboxymethyl cellulose* 
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It waa found that vlth "acrysoX GS" viscosity Increases 

much Xeaa sharply with concentration than for the two 

cellulose derivatives. And, vith *'acrysol G5**, at 

relatively low temperatures, viscosity depends sharply 

on tmperatures, but a nuch less pronounced dependence at 

nonoal use temperatures. In the alkaline region, the 

viscosity of a 5% solution of "acrysol GS** was affected 

only slightly by changes in pH. In the acid region, 

viscosity drops fairly sharply vith decreasing pH« 

IZI«2 Relation betwey dwell tiny, latex compound 

viacoflitv and deposit tbickness, Despite the 

long established practica of latex dipping, surprisingly 

littlo has boon publlfihod on this subject till 1967, 

apart from patents and general deacrlptions of the jurocess. 

In 1967 Gorton had made studies in the field of latex 

dipping, and established relationship between dwell time, 

latex compound viscosity and deposit thickness for 

straight and coagulant dipping by variation in dwell time 

and coî >ound viscosity* 

In the case of straight dipping, Gorton established 

the relationship: 

t o ^1 "*• ^1 ^ ^ ^\^^^t where 

t » straight dip deposit thlc3cness, 

a, and K^ are constants, 

^60 « apparent viscosity (Broolcfield} at 60 rev/^ain. 

Such relationship holds at other rates of shear (and there­

fore viscosity). 



2U 

And, In the case of coagulant dip, total dip deposit 

is dependent on two factors: dwell tiae and latex confound 

viscosity. Gorton established the relationship: 

tc » Kg J5 log^0*^, for the true coagulant deposit 

thickness (tc), 

where, D « dwell time 

n •• apparent viscosity (Broolcfield) 

Kg m constant 

And, for the total thic3cness of deposit (Tn) £O11O«F-

ing a straight dip with 'n* further coagulant dips he has 

established the relationship: 

Tn « 2a^ + logĵ oT, ZTn+DK^^^c^Js/^, 

where, «i,, K. and K^ are constants* 

Zt is thus posdiZ^Ie to predict deposit thickness froa a 

knotiledge of dwell tisM and latex coapound viscosity. 
7 -

Gorton and Iyer mfawined the above relationship, 

established for coagulant dipping, between the thickness 

of number deposited under the influence of coagulants with 

variation in dwell tiae and coiqpound viscosity, over a 

wider range of latere compounds. The effect of the concen­

tration and type of coagulant on the thickness of deposit 

had been studied. A zaethod of predicting deposit thickness, 

which may bo useful for industrial processes, is proposed 

froa prior knowledge of coagulant, latex coâ TOund viscosity 

and dwell tiae. The amount of ivbber deposited by 

coagulant dipping depends on the ionic difftision of the 

coagulant and the pore else of the coagulua. 
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IV, SCOPB OP THE PRESKHT WORK 

A large varittty of dlppod goods are nanufactured 

from natural rubber latex, TfbBam include thin surgical 

goods (for eg,, gloves), ho\isehold gloves, nipples, 

bathing caps, bathing shoes, bathing rubbers, fitted over­

shoes, ruî t}er toys, balloons, rubber bands, rubber 

threads, etc. Natural nxbber consussption in India during 

1081-*82 was 186,920 metric tonnes, out of vhich about 

3.1% of latex rubber has been consuzaed for dipped goods 

production only. Dipped goods manxifacturing has a good 

future, and in the coming years consuxsption of latex would 

be more than the present figure. 
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But, this sector faces a nimber of £>roblems« A 

xaajor pxobXea is that compounds of lov viscosity give too 

thin a film per dip so that a nuzober of dips are required 

to attain sufficient thiclcness. This reduces the overall 

production tremendously and the labour cost per kilograxa 

of product increases* Also it is difficult to xaaintain 

compounds of low viscosity in unif oxia condition and the 

compounding ingredicmts tend to separata, thereby affect-

ing the quality of the product. 

Atteiq;>t8 to increase viscosity of latex con^pounds 

are justified in this context. In order to iioprove the 

quality, to reduce the labour cost and to increase produ­

ction, some atteaq;>ts have been made by the incorporation 

of five thickeners into a latex compound and c<»î >arative 

efficiencies have been detetmined. From these studies, 

the best thickener having maximum efficiency could be 

chosen. 

Incorporation of thickeners may be accompanied by 

changes in technical prox>erties. Hence it has become 

is^Mrtant to investigate whether the thickeners have got 

some adverse effect on technical j>roperties of the 

coiBpound. 

Hie reviev outlined above indicates that studies 

on the effect of thickener addition on pick-up are not 

12 
mamy. Schroeder and Brown observed that sodium poly-

acrylate ("acrysol GS"*) is a better thickexier when 
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coiiQ>ared to xaethyl cellulose and sodium carboxymethyl 

cellulose* Ho other study on conparative enraluation of 

thickeners have been reported yet. Also, no work has 

been reported yet on the effect of viscosity-modifiers on 

the technical properties of the vulcanizates* Hence it 

vould be interesting to study coo^>arative thickening 

efficiency of various thickeners and their effect on 

physical properties. In the psresent thesis, which 

atteopts to give a clear picture on these facts, the 

followiz^ studies have been taade* 

(a) Five thickeners, vis. casein, annaoniun alginate, 

polyvinyl alcohol, cyclohexanol and sodium carboxymethyl 

cellulose vere incorx>orated into a latex conipound; each 

thickener has added in varying concentration of 0 to 1.5 

and the effects on viscosity have been studied. 

(b) Each thickener, in vaitying concentrations, has been 

subjected to pick-up measursoent by stiraight discing and 

coacervant dipping with dwell tines of h minute and 

1 minute. 

(c) Comparative pick-up efficiency of the thickeners 

for straight and coacervant dipping have been determined. 

(d) Tensile and tear properties of the vulcanizate 

after addition of the thickeners have been studied. Ageing 

study also has been coziducted. !lhese resiats are compared 

with the control (\dlthout thickener) and the effect of the 

thickeners on technical properties have been noted. 

file:///dlthout
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EXPERIMENTAL TECHNIQUES 
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The oaterials used and tho esqpttrimental procedures 

adopted In the present investigations are given in 

this chapter. Aa far as possible, materials confonaing 

to Indian Standard Specifications have been used. 

Eaqperiraental procedures for latex c«iqx>unding, dipping, 

etc., which are very veil known are only briefly 

described. However, the procedures for viscosity 

measurement, the preparation of tensile test slab from 

latex compound, etc. have been described in detail. 
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I. MATERIALS USED 

1*1 Matural rubber latex« The natural rubber latex used 

was high azaaonla centrlfuged lateoc of 603& dry srubber 

content. The Indian Standards Specifications (IS:5430-

1981) for this grade of concentrated latex are given 

belovx 

Characteristic Requireromt 

Dry rubber content, % by mass, cdninum 60.0 

Son-*ru2:̂ )er so l ids , % iay aass, ziaxiiaum 2.0 

CoagulUQ content, % by nass of latex, waxiinuin 0.05 

Sludge content, % by mass, mavlwntni 0*10 

AUcalinity as annoonia, % by maiss of latex, 

minimum 0.6 

KOH number, siaxiaua 1«0 

Mechanical stability, seconds, mininua 475 

Volatile fatty acid number, maximnm 0.15 

Copper content, ppm of total solids, mmclBwm 8.0 

Manganese content, ppm of total solids, 

maximum 8*0 

Five batches of centrifuged latex were used for the 8tu4y« 

1,2 Rubber chemicals, 

1.2.1 Vulcaniainq agent. Sulphur used as the cross link­

ing agent vas conforming to the Indian Standards Specific­

ations (IS:8851-1978>« / 

1.2.2 Accelerators. Zinc diethyl dithio carbamate (ZDC), 

and xinc salt of mercaptobenzothiazole (ZMBT) used vere 

obtained from M/s. Alkali & Chemicals Corporation of India 

(ACCI Ltd), Rishra, and conforaing to the manufacturers 

specifications* 
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l*2.3 Activator^ Zinc oxide {(^m 5.5) vas used as the 

activator and conforming to the IS Specifications 

(IS:3399-1973). 

1.2.4 Antioxidant. Ztonox SP (a phenolic anti-oxidant) 

obtained fr<»a . ACCI Ittd.̂  Rishra waa used as the anti­

oxidant ax^ confoxToing to the IS Specifications 

(ISJ7351-.1974). 

1.2.5 Stabiliaera. An ethylene oxide condensate pre­

paration (vulcaatab VL) fron ACCI Ltd., Riahra, neeting 

the manufacturers specifications, and a chemically pure 

grade of potassium hydroxide were used as stabilisers. 

1.2.6 Dispersing agent. Sodiitm salt of na^thalene 

sulphonic acid (Dispersol F) of ACCI Ltd., Rishra, 

meeting the manufacturers specifications, vas used as 

dispersing agent. 

1.2.7 Bnulsifying agent. Chemically puire grades of 

oleic acid, triethaaoXamine, and ammonia were used for 

emulsif ication of the antioxidant and cyclohexanol 

(thickener). 

1.2.8 Coaqulftnt. Commercial grade of formic acid was 

tised as coagulant. 

1.2.9 Thickeners. The thickeners casein, polyvinyl 

alcohol, and sodium carboxymethyl cellxilose (low visco­

sity grade) used were obtained from H/s. BDH (chemically 

pure grade). Cyclohexanol vas obtained from R/s. S. 

Merck (chemically pure grade), and ammoniim alginate was 

obtained as free sample from H/Bm Cellxilose Products 

of India Ltd., Ahmedabad. 
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II. PREPARATIOH OF DI3PBR3IOH/EMUL3IOH 

ZI.l Proparatlon of diapaggiona. The gdooral notbod 

for proparlcg dispersions for Xatox iiork ia first to 

siako a coarse slurry of the pouder with water which 

contaixM small anoimts of dispersing agent and stabi* 

liser, and then to grind the slxirry in a soitable mill 

to prodiiCQ a disperson of sxaall particle size. In the 

present study, a ball oill had been used for preparing 

dispersions. The quantity of the dispersing agent to 

be used for prei>aring the dlspersons depends on the 

nature of the saterial to be dispersed. 
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XI*1.1 Fomulationa for diaperaons* The proportion by 

weight of active ingredient in a disperson ahould always 

be a sinple integral sub-iaultiple^ eg., 2/3, 1/2, 1/3, 1/4, 

so that the coifversion of active ingredient weight to 

requisite disperson weight can be effected as sixoply as 

possible* 

Sulphur is difficult to disperse and it floccu­

lates and sediments easily after disperson. Rather higher 

proportions of dispersing agents are needed (2 to 4 parts 

per 100 parts of sulphur); it is preferable to add a stabi* 

lizer, as well* Disperson fonnilationa used for the 

present work is given below: 

CI) Sulphur disperson. SOjC 

Sulphur t 100 parts by weight 

Dispersol F coiic« i 4 " 

DistUled water : 96 •• 

(Ball Billed for 48 hours) 

(ii) ZDC disperson, 50% 

100 parts by weight 

2 

98 

ZDC 

Dispersol F cone* 

Distilled water 

(Ball edUed for 24 hours) 

(iii) 2SMBT disperson. 4G% 

ZHBT : 100 parts by weight 

Dispersol F cone. : 3 * 

Distilled water : 147 * 

(Ball BiUed for 24 hours) 
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(iv) Zinc oxide disperson^ 40% 

Zinc oxida t 100 parts by weight 

DlBperaol F cone* : 3 ** 

Distilled %mter s 147 " 

(Ball milled for 24 hours) 

ZI.1.2 Ball Hilling^ Ball mills consist essentially o£ 

cylindrical cont«dners in vhich the slxurry is placed to­

gether with a charge of balls. The presence of an air 

8i>ace is essential for satisfactory grinding, ^ e oill 

is operated by causing the cylindrical container to 

revolve slowly about its longitudinal axis, which is 

horizontal* Hhen the still is working properly, the balls 

are carried round with the container a short «iay and then 

cascado. It is this process of cascading which causes the 

particles of the sliunry to bo comminuted. Hie container 

must not bo rotated too qulc^cly, otherwise the balls tend 

to centrifuge to tho sides of the container and fail to 

cascado. 

Frothing of the disperson can be troublesome; 

the air-sp3C0 tĥ sn becc»aes filled with foam, and this 

prevents propcar grinding. 

Of the various parameters which affect tlie efficie­

ncy of a ball mill, the more iĵ portant ones are mill 

speed, size of balls, distrDxition of ball sizes, ball 

material, charge volumes of balls and slurry, mill dia­

meter, and viscosity of slurry. 
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The slurry of the solid for dispersion, water, 

vetting and dispersing agent as per the dlsx>erson formul­

ation %rere charged to the ball mill. Grinding Charge 

should be half or 2/3 of the container; charge should 

just cover the balls, that is, the vol\ime of paste is 

equal to the interstlcial space of grinding balls, which 

is equal to 50% of the volime occupied. Ball milling was 

continued for the required time. Vhen the contents were 

discharged with the help of a metal gauge. Total solid 

content of the dispersion was determined ax^ then the 

dispersion was diluted, if heeded, appropriately to the 

required concentration. 

The dispersions xurepared were evaluated by allow­

ing a drop of the dispersion to fall on the surface of 

water In a tall glass cylinder. The drop must not fall 

to the bottom, but should disperse well In the water 

phase, leaving a cloudy trail. 

IX.2 Preparation of emulsion. Bonox SP and cyclohexanol 

were Incorporated in the latex as emulsions. 

Two techniques are available for the preparation 

of coarse emulsiozis. The first one is by dissolving 

the dispersing aids, stabiliser, etc., in water and then 

adding the liquid under higfti speed stirring. The second 

technique, and the more effective one, is the soap-lnsitu 

method. This method was adopted for the present work. 
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In this method, a soap is used as the principal dispersion 

aid. The fatty acid component o£ the soap is dissolved 

in the liquid, and the alkali coŝ ônent in water together 

with the stabiliser. The liquid is then poured into the 

aqueous phase with rapid stirring, vhen enmlsification 

takes place spontaneously. The oethod derives its 

effectiveness from the fact that soap fornis spontaneously 

wherever a new oil-water interface is created. 

II.2.1 Emulsion fonaulation. 

Honox SP ecmleion. 509& 

Sonox SP : 50 parts hy weight I 
I Part A 

Oleic acid : 2 *• I 

Tri-ethanol aoine : 1.5 * i 
i Part B 

Distilled water : 46.5 » i 

Part A was heated to alaout 60^0 and added under 

high speed stirring to Part B also at the same temperature. 

Stirring continued till emulsion attains room temperature. 

Cyclohexanol emulsion. XQ% 

Cyclohexanol : 50 parts by weight I 
I Part A 

Oleic acid : 2 r i 

Anaoonia (2556) : 6 - i 
I Part B 

Distilled water : 42 ** I 

Part A and Part B vere heated to 60^C; Part A was 

added to Part B under high speed stirring and stirring 

continued till the emulsion attained room temperature. 
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III* COHPOimPIHG 

Koat of the solid ingredlenta of the latex 

coBipounds are Insoluble in vater and hence the particle 

size of the ingredients has to be reduced to that of the 

rubber particle in the latex for getting uniform distri­

bution of the ingredients • This vas achieved by 

preparing dispersions of the solid ingredients and 

emulsion of the liquid ingredients* As far as x>osaiblo, 

the stability of dispersions and eoulaions should be 

con^parable with that of the latex, and the pH of dis­

persions, solutions, and esmilsions should be adjusted to 

13 
that of the latox to which they are to be added . 
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IIX.l Deaggaonlatlon of latex> Ammonia is the 

preservative used for natural rubber latex, at a concen­

tration of 0.7 to 1.09&, But a high concentration of 

atomonia in latex causes problems in product manufacturing. 

T̂ iclcening caused by zinc oxide in ammonia-preserved 

latex axid the stibê quent loss in stability of latex are 

14 
%rell known • A number of dipping problems «aanate from 

the amount of zinc oxide that becomes soluble in the 

arwwonla used as preservative* Skinning, instability, 

crinkling, ax)d the Icicle surface result from an excess 

use of zinc oxide are the most important ones; ammonia 

content should be kept to the minimum and the smallest 

quantity of zinc oxide should be tised to produce the 

desired results • Also, high ammonia content in dipping 

coô >ounds leads to the formation of webs between adjacent 

6 
protruding parts * 

Due to these reasons, high ammonia centrifuged 

latex was deammoniated as follows: A current of moist 

air was blown over the surface of the latex while it was 

stirred at about 50 rpm. A small quantity of vulcastab VL 

was added before deammoniation to minimise the risk of 

destabilization* 

III,2 Mixing, Total solid contents of the solutions, 

dispersions and emulsions prepared were determined, and 
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diluted to the required concentratiox^, vith distilled 

%rater, before mixing with deammoniated centrifuged 

latex. A few drops of asaaonia were added to the sulphur 

dispersion, as it was slightly acidic. The total solids 

of the dispersions and emulsions were adjusted in such 

a way that the total solid content of the latex con̂ iound 

should not fall below 55%. Too dilute a latex compoiind 

may result in more number of dips* Order of mixing was 

in the following sequence: VUlcaatab VL solution, 

potassium hydroxide solution, Konox SP emulsion, ZDC 

dispersion, ZHBT dispersion, sulphur dispersion, sine 

oxide dispersion. 

mxe latex compound thus prepared was allowed to 

mature for 24 hours before adding thickener, and after 

addition of thickener it was again allowed to stand for 

24 hours at 2X,0*PmS9c (the temperature of viscosity 

measurosent and dij^ing)* After maturation care was 

taken to see that no air was drawn Into the conpoxind* 

Total solid content of the coâ >ound before thickener 

addition was determined. 

III.3 Repreaentation of formulation. Latex formulations 

are normally expressed in parts by weight. Ttio sets of 

parts by weight designation are used here, viz. parts by 

weight dry, and parts by weight wet. The first one is 

the weight of active ingredient and the second one is the 

weight of dispersion/emulsion in which it Is contained. 
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IIX.4 Addition of thlckenera. After the determination 

of the total solids of the latex cocq^unds, 109̂  

thickener solutions were added to the compound in the 

concentrations of 0*25, 0*50, 0*75« 1.00, 1.25 and 1»S0 

parts per hundred rubber of the active ingredient, A 

control conpoimd was also run, without the addition of 

the thickener. Calculated quantity of distilled water 

containing 1.0% asnaonia was pipetted out into each 

latex compound in order to keep the total solids constant, 

that is, to avoid the dilution effect. As thickener 

concentration increases fron 0 to 1.50 phr there would 

be.'a slight increase in the total solid concentration; 

it was assumed throughout these studies that the total 

solids were constant for all the batches, for each 

thickener. 

These compounds were conditioned for 24 hours 

at 21«0jp.5^c before viscosity measurement and dipping. 

The total solids of each batch was determined to ensure 

that the total solids concentration %ras constant. 
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IV. DIPPIHG KOD PICK»UP MEA3URSHKHT 

In the present investigation, atraight dipping 

and vet-*coacervant dij^lng (Initial inaersion in latex 

coiopound) were uaed with dwell timea of h minute and 

1 ainute, Coacervant used was 10^ foraic acid. Formera 

used were boiling tubes of 32 om diaaeter and dipping 

height was 12 cm. 600 ml tall beakers having lids were 

used as dipping tanks. 

IV. 1 Straight dipping. 

IV.1.1 Pre-treatraent of fonaer. Fonaers were first 

cleaned by scrubbing with a nild alkaline detergent 

solution, followed by a water rinse. Detergent cleaning 

is better for glass formers. After washing, formers 

were dried in an air oven at lOS^C. 
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IV.X.2 pipping tanks. When not in use dipping tank was 

covered with lid. Temperature of the latex compouxKl 

was naintained constant at 21.0jp.5^C throughout the 

course of the study. Control of the temperature would 

help in getting greater uniformity of the product, rate 

of prevulcanisation mmld be retarded, axkd constant 

viscosity and stability would be maintained. 

XV. 1.3 Immersion of former. The immersion rate should 

be sufficiently slow to prevent air being drawn into the 

batch with the fonteTf but sufficiently fast to maintain 

the meniscus surrounding the former In a convex-to-air 

condition. If it was allowed to revert to the normal 

concave-to-air condition, then it could be found that 

the deposit which formed %ias defaced by transverse 

striations and undulations. The speed of immersion was 

also kept uniform. A dipping speed of 90 cm per minute 

(approx) was used. 

^•^•^ Dvall* It is believed that in straight dipping* 

the pick-up is independent of dwell time. In the present 

study, dwell times of h minute and 1 mî aute were given, 

in order to see whether. In the presence of thickener, 

dwell tine had any effect on pick-up. 

IV. 1.5 Withdrawal. Withdrawal should take place slowly, 

slower than the dif^ing speed. Withdrawal speed of 60 cm 

per minute was given. '̂ 
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ZV.1,6 Inveralon and drying. It is desirable to invert 

the withdrawn former through ieO**c In order to enstxre 

dispersal o£ the drops which inevitably form at the lower 

extremities of the deposit. Rotation was continued 

through a full revolution. It was then dried at 85^c to 

constant %reight« 

IV. 2 Coacervant dipping. Pro-treatment of the formers 

was as given in the section IV. 1. Dipping tahk was 

600 ml tall beaker with lids, 

IV.2.1 Immersion, dwell, withdrawal and drying. In the 

case of coacervant dipping, a straight dip was given first 

with a dipping spaed of 90 cm per minute, withdrawal 

speed of 60 cm per minute with dwell tines of h minute 

and 1 minute: • After the straight dip, the former with 

the latex deposit was coagulant dipped in the coagulant 

with a dipping speed of 130 cm per minute and withdrawal 

speed of 130 cm per minute. After withdrawal from the 

coagulant the former was inverted for 1 minute. Then it 

was again dipped in the latex compound with the immersion 

speed of 130 cm per minute and withdrawal speed of 60 cm 

per minute giving dwell times of H minute aru3 1 minute. 

After withdrawal, inversion and rotation were 

carried out as described above axkl then dried to coxustant 

weight in an air oven at 85^c. 

•^•^fT^ 
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IV. 3 Plc)c-ui3 measureaent. Pick-up was maasured as the 

dry weight of the deposit formed on the foroer. Knowing 

the dip-height, diameter of the former, and tlie dry 

deposit weight, weight of the dry deposit per square cm 

could be calculated. Thus, in the present study, pick­

up is expressed as grams of dry deposit per square cm. 

^ 
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V, TEST PROCBDURES 

V.l Total solida content. TSC« Th« total •ollda datar-

mlnad as per BS'-16722l972. About 2^0 ga of wall-mlxad 

aample waa velghad Into a dried and weighed petrl-diah 

(about 60 cm dlaneter). The aample vaa dried at 

100jf2̂ C in an air oven until the sazaple lost its white­

ness* After cooling in a desiccator, the petri-dish 

was weighed* Drying, cooling and weighing was repeated 

for periods of 15 oinutes until loss in mass between 

successive weighings was less than 1 agm* 

Total solids content, TSC <" n- x 100% 

Hhare, M̂ , >• mass of test portion (gm) 

H2 m mass of dried i^eet (gm) 

Duplicate determinations were conducted. 
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V.2 Viscosity measxiretaent« Many methods are available 

for dotormlnlng the viscosity of a fluid. Most of the 

methods have been used with polyner latices« and soxae 

have been found to be more suitable than others. Both 

absolute viscometers and technical viscometers are 

available. The function of technical viscometer la to 

X>rovlde a rapid check on viscosity for the purpose of 

quality control or compounding developoent. 

V.3 The Brookfleld viscometer. This instrument is a 

technical viscometer which is widely used for the 

measurement of latex viscosity. Xn the present study 

Brookf laid viscometer LVT model was used for viscosity 

measuracient at 6 and 60 rev/min at 21.0^.5^C using 

spindle numbers 2, 3 and 4. 

Zt consists of a rotating member, which is usually 

a cylinder driven by a synchronoiis motor through a 

beryllium-copper torque spring. The viscous drag on the 

cylinder causes an angular deflection of the torque 

spring which ia proportional to the viscosity of the 

fluid in which the disc is rotating. The torque, and 

therefore the viscosity, is Indicated by means of a 

pointer and scale. The pointer is attached to the 

cylinder spindle and the scale to the drive spindle 

above the spring, so that both pointer and scale rotate. 

To obtain a reading, they must be clamped together and 

the rotation 8tô ;>ed when the pointer is opposite a 

window which is out of the casing. For this reason ^. 
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it is not always posaiblo to follow continuously the 

course of viscosity changes due to temperature or asso* 

elated with non^^owtonian behaviour, 

A range of speeds and of discs and cylinders is 

available, so that a wide range of viscosity may be 

covered. Brookfield viscooetor readings are affected 

by turbulence and by the angle of immersion of the 

spindle. 

In the jaresent studies, all viscosity measure­

ments were done just prior to dipping. And, also, pre­

cautions %fere taken to eliminate any thixotropic 

tendency of the compounds by subjecting then to high 

shear stirring, 60 rev/min, for 4 minutes before 

measuring the viscosity. 

V,4 Physical properties, in the present study, it is 

to be tested that incorporation of viscosity-modifiers 

into the latex conpound to enhance pick-up, has got any 

adverse effect on the technical properties of the 

products maniifactured fxosa them. For this, tensile and 

tear properties are to be determined for each batch of 

the various thickener compounds. Ageing characteristics 

were also assessed. For these tests, it needed to jure-

pare thin sheets having uniform thickness ; not less 

than 1.0 mci thickness. The following method had been 

adopted for the tensile sheets preparation. 
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V.4.1 Preparation of aheota^ Latex cratpound sheets had 

been prepared accordizig to the method described by Flint 

15 
and Haws ton • The method Is as follows: 

Koctangular pieces of stout window glass, 9 x 5^" 

were cleaned* Gummed strips of cellophane sheets were 

folded al<mg their length and then stuOc on to the 

edges of the glass plates to convert them into shallow 

trays. Requirf>d quantity (6a>-80 ml) of the mixes under 

test were poured on to such plates which were tilted 

slowly to diatrilxito the latex uniformly. Tho plates 

were then placed on a level table consisting of a good 

piece of plate glass supported on three screws of adj\ist* 

able height. The trays were Vept in a duat«»free atmo« 

s£diere. After 24 hours of drying, sheets were vulcanized 

in a thermostatically controlled air oven at 1004p.5^C 

upto the cure time. Cure time was determined as follows; 

V.4.2 Cure time dotenaination. As for the dry rubber 

coapouiid the cure time cannot be determined Instrumentally. 

Cure time had been determined by 500?* modulus and tensile 

strength determiAation. A series of sheets prepared by 

the a33ove method from the same batch of compotmd were 

vulcanized at lOOjp.Ŝ 'c for 20, 25, 30, 35, 40, 45, 50, 

55, 60, etc. minutes and the tensile properties of each 

sat^e were determined by the A3XM method I>-412:75. 
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The aasaplB which was having the maxlnun nodulus and 

tensile strength was noted and the correspozuling ciure 

time was selected as the ciire tine for the study of the 

coiapounds* 

V.4,3 Riysical teat methods. At least three specimens 

per sample were tested for each property and the mean 

values are reported* 

V.4*3.1 Modulus, tensile strength and elongation at brea)e. 

In the present work, these tests were carried out accord­

ing to ASTU Designation D:412->75 using dumb-bell specimens. 

All the above tests were carried out at 21«QHHp«5 c« 

Samples ware punched txosi vulcanised sheets usitig the 

sm^l dumb-bell dia (D-type). '^e thidmess of the narrow 

portion was moasured by bcoich thickness gauge. Two marlcs 

vote made, 1.25 cm rtx>art, in the middle of the narrow 

pozl:ioQ. The siample was held tight by the two grips in 

a 'Scott* tensile testing nachine (sensitivity 0.5 kg), 

the vcppor grip of ̂ ich being fised. The rate of separa­

tion of the power actuated grip was 50 cm per minute. 

ThQ load at 500% olongatlon and at break were read from 

the dial (and also from the graph, recorded automatically); 

elongation at break was noted from the graph (and was 

also measured using a scale). From the recorded loads, 

the stress was calculated on the basis of the original 

cross-sectional area. 

The tensile strength and s^dulus are reported in 

MPa (Conversion factor : 1 kgf/cm « 0.098 HFa). 
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V*4.3,2 l-ttar rcgiatance. The test was carried out as 

per hSTH i&ethod D: 624-73; unnlcked, $0^ angle test 

pieces were used* The caosples were cut froa the vulca­

nised sheets. The test wafi carried out on a "Scott* 

texisile testing machine. The speed o£ extension was 

50 cm per minute and the t^nperature Zl.O^p.S^C. 

Tear resistance has been reported in ksr/m. 

(Con?ercion factor : I l:g/cm m o, 98 1cll/m)« 

V.4»3«3 Agoing, Ageing was carried out as par ASTH 

Designation D: 1670*68 using a tubular ageix«g oven at 

a tosq^eraturo of 70.0Hhp»5̂ C for 96 houra* On couplet ion 

of the ageing period the tensile properties of the aged 

saaplea were detersdned as described In the ̂ K:tion 

V.4.3.1. 

Effoct of ageing ia expressed as percentage of 

the original property retained after ageing. 

Change, % - Z"<0-A)/0^ x 100 

Vhere, O m original value 

A » value after ageing. 

n 
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ViocoBlty of a fluid is the ratio of the shear 

mtrmam to the ahear rate during ita flow« Hatural 

rubber latex ia a non-Bewtonian fluid, the viacoaity 

of which changea with shear rate; as shear rate 

increases viscosity falls. Viscoaity-polyner concen­

tration relationships depend on the viscosity of the 

dispersion medium, the particle shape, size, and size 

distribution* Viscosity of a latex is virtually 

independent of the molecular weight of the polymcur 

idiich it contains* A narrow distribution of size 

favours a higher viacoaity at any given polymer 

concttitration • 
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Viscosity measur&aents havo been made at two 

speeds, viz., 6 rpa and 60 rpm, taking into account 

the thixotropic nature of high viscosity latex 

compounds. The results, as given in Tables III.2 to 

HI.6, show that among the five thickeners studied, 

the maximuRi thickening is caused by eamoonitta alginate 

and the mininmsi by cyclohexanol. The order in which 

the thickeners increase viscosity of latex is as: 

Cyclohexanol ^ Casein <^ Polyvinyl alcohol ̂ ^ 

Sodium carboxymethyl cellulose ̂  Ammonium 

alginate. 

Vhia gradation is valid at all the concentration 

of the thickeners studied and at both speeds of the 

spindle. 

The Qtechaniam of thickening of latex compound 
q 

by viscosity-modifiers was described by Madge • 

According to him, thickeners reduce the mutual repul­

sion between the latex particles thereby increasing 

the viscosity. >lutual repulsion of latex particles 

can be reduced by reducing the electric charge on the 

particle, altering the magnitude of the protectivo 

envelope, increasing the extent of hydration, and by 

altering the viscosity of the aqueous serum itself. 

The thickeners studied in the present work are 

expected to act in more than one way. However, it 

is very difficult to identify the exact mechanism by 

which thickening of latex is brought about. 



III.2 EFFECT OP VISCOSITY*-M0DXFIERS OH PICK-UP OP 

DIPPED GOODS 
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Gorton estabXlshad that for atraight dipping, 

pick-up ia dapendant on aiqparant viscosity at 60 

revolutions par minuta, and for coacarvant dipping 

it is dependant on dwell time and apparent viscosity 

at 60 revolutions per nimita. In the present study 

viscosity of latex vas increased by addition of 

thickeners and their effect vas examined for straight 

and coacervant dippings at dwell times of h minute 

and 1 minute. Pick-up efficiency of each thickener 

tinder varying conditions of dwell time and method 

of dipping tras OBaeBsed from the observations. 
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IIZ.2.1 Cyclohexanol# From Table III.2 axid Figure III.l 

it can be seen that for straight dlx>plng pick-up is 

independent of dwell tine. For coacervant dipping^ 

pick-up depends on dwell time. In both methods of 

dipping, pick-up increases linearly with increase in 

concentration of cyclohexanol. Tlxe rate of increase in 

pick-up with concentration of thickener is more in the 

case of straight dipping. Comparing both dipping 

techniques with respect to pick-up at any concentration 

of thickener and at a particular dwell time, coacervamt 

dipping has got a higher piCk-up, The increased pick-up 

is more due to the action of the coacervant. 

IZI.2.2 Casein. It is evident from Table IIZ.3 and 

Figure III.2 that pick-up is practically independent of 

dwell time in straight dipping; in coacervant dipping 

it is more dependent on dwell time. In both techniques 

of dii^ing, pick-up is linearly increasing with increase 

in concentration of casein. Unlike in the case of cyclo­

hexanol, the rate of increase is more in coacervant 

dipping, at both dwell times. As in the case of cyclo­

hexanol, coacervant dipping has got more effect on 

pick-up than straight dipping. 

III.2.3 Polyvinyl alcohol. From Table III.4 and Figure 

III.3 it is evident that pidky up is only slightly 

enhanced by dwell tine in straight dipping; dwell time 
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has got only loss effect on plclc-up in coacervant 

dipping, t^en conpared with cyclohexanol and casein. 

In both dipping techniques, pick-iip is increasing 

with concentration of polyvinyl alcohol; a linear 

increase is seen with straight dii^ing and for 

coacervant dipping. As in the case of cyclohexanol, 

the rate of increase of pick-up with concentration 

of the thickener is more in straight dipping than 

in coacervant dipping. In the latter technique, 

the rate of increase is negligible up to a concen­

tration of 0.5 phr of the thickener and afterwards 

pick-up increases slowly. Coacervant dipping has got 

more effect at lower concentrations of the thickener, 

wh&i pick-up at both techniques is conpared* 

III.2.4 Sodium carbo:cyaathyl celluloaa. Table III.5 

and Figure III.4 depict that in straight dipping, 

pick-up is independent of dwell tixae, and dwell time 

has got more effect on pick-up in coacervant dipping. 

In both techniques of dipping, pick-up increases 

with concentration of the thickener; but the relation­

ship is non-linear. As in the case of polyvinyl 

alcohol and cyclonexanol, the rate of increase of 

pick-up is more in straight dipping, upto a concen­

tration of 1 phr, than in coacervant dipping. 
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Beyond this concentration, the picX-up is laore for 

co2K;ervant dipping ad in the case of caaeln* Khen 

the dwell time la h minute the coacervant dip glvea 

lower pitk^up compared to straight dipping. However, 

vhen the dwell time la raised to one minute^ the 

coacervant dipping glvea higher pick-up irrespective 

of the concentration of the thickener. It la to be 

assumed that sodium carboxymethyl cellulose retards 

the diffusion of the coacervant from the former 

surface to the latex confound. 

III.2*5 Ammonium alginate. In the case of ammonium 

alginate, pick-up is independent of dwell time in 

straight dipping but dependent of dwell tine in 

coacervant dipping, as evident from Table III.6 and 

Figure III.5. In both dipping methods, pick-up 

increases with increase in concentration of ammonium 

alginate; but the increase Is not linear, ^ e rate 

of litcrease is more in coacervant dipping, as in the 

case of casein. For straight dipping, rate of Increase 

of pick-up decreases at higher concentrations of 

azamonium alginate. Comparing both methods o^ dipping, 

it is seen that a higher pick-up is observed for 

coacervant dipping; pick-up increases with Increase 

in dwell tis&e. 
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7 

Gorton and Iyer found out the following relation­

ships with respect to deposit thickness (pick-up) and 

viscosity at 60 revolutions per minute for straight 

dipping and that between deposit thic3cness (pick<~up) 

and dwell time and latex coiopound viscosity at 

60 revolutions per minute. 

t - a ^ + K^Xog^O C^eo) (i) 

Where, t « straight dip deposit thiclcness 

a. and K. are constants, 

O60 * appa^ont viscosity (Brookfield) at 

60 rev/rain. 

tc - Kg >r5 logio^eo ^̂ ^̂  

Where, D •• dwell tlise, 

^>i apparent viscosity (Brookfield) 

V Kc "• constant 

' tc - true coagulant deposit thickness* 

Th » 2aĵ  + logiongo/rn+l)Kj^+Kg/Dj7 (iii) 

Vlhere, Tn - total thic!cnes3 of deposit following 

a straight dip with 'n' further 

coagulant dips, 

a,, K, and K^ are constants, 

D • dwell time. 
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The results obtained from the present study are 

generally in agreement with the above relationships. 

IIZ.2.6 Coraparatlve evaluation of the thickenera. 

ZII.2.6.X Straight dlppincr. Dwell time has got only 

a very little effect on the nature of the relation 

between pi6k-up and concentration of thibkener, as 

seen from Figures III.6 and III, 7. ^ e effect of the 

thickeners on pick-up at both dwell times is in the 

order given below: 

Cyclohexanol Z, Casein Z^ Polyvinyl alcohol 

<C Sodium carboxymethyl cellulose Z^ 

Ammonium alginate* 

In all the cases plck*up increases with Increase 

in the concentration of the thickener; a linear 

Increase in pick-up is observed for casein, cyclohexanol 

and polyvinyl alcohol. The rate of Increase of pick-up 

with concentration at both dwell times is in the 

following order: 

Ammonium alginate ^ Sodium carboxymethyl y^ 

cellulose "̂  Polyvinyl alcohol ^ Cyclohexanol 

^Casein. 

For amnonlum alginate and sodium carboxymethyl 

cellulose, the rate of increase of pick-up is more at 

lower concentrations than at higher ones. 

From Figures IZI.6 and XII.7 the pick-up effi­

ciency at any concentration can be predicted for each 

thickener* At h minute dwell, the concentration of 
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each thlclcener needed to attain a pick-up value of 

-3 -2 20 X 10 g.cm is given below: 

Casein s 3.68 phr 

Cyclohexanol : 2.73 phr 

Polyvinyl alcohol : 1.15 phr 

Sodium carboxymethyl : 0.35 phr 
cellulose 

Ammonium alginate t 0»10 phr 

The pick-up efficiency of each thickener at a 

concentration of 0.5 phr and dwell time of h minute is 

given below: 

-3 -2 
Cyclohexanol s 7*75 x 10 g.cm 

Casein i 9,25 x 10"^ -

Polyvinyl alcohol : 12.00 x 10"^ " 

Sodium carboxymethyl : 24.25 x 10** * 
cellulose 

Ammonium alginate s 39.00 x 10*" ** 

There is only a very slight increase for the 

corresponding values at 1 minute dt;ell. 

Ill.2.6.2 Coacervant dipping. Based on pick-up the 

thickeners fall under the following order: 

Polyvinyl alcohol ^^ Cyclohexanol4^ Casein ^^ 

Sodium carboxymethyl cellulose ^ SAismonium alginate. 

At lower concentrations« pick-up efficiexicy of 

sodium carboxymethyl cellulose decreases and below 

0.5 phr at h minute dwell, it is having the least 

pick-up efficiency among the five thickeners; but 

at 1 minute dwell this drawback gets reduced. A 

linear increase in pick-up with concentration of 
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thldcener Is seen for cyclohexanol, casein and poly* 

vinyl alcohol at h minute and 1 minute dwell times* 

Increase in pick-up with concentration of thickener 

is non-linear for sodium carboxymethyl cellulose and 

ammonium alginate, ^ e rate of increase in pick-up 

with concentration for both dwell times ia in the 

order as given below: 

Ammonium alginate ^ Sodiim carboxymethyl -

cellulose ^ Casein ^ Polyvinyl alcohol ^ 

Cyclohexanol. 

Pick-up efficiency at a particular concentration 

can be predicted from Figures III.8 and ZZI.9, for 

each of the thickeners. At a dwell time of h minute, 

the dosage of each thickener needed to get a pick-up 

-3 -2 
value of 35 x 10 g.cm is given below: 

Cyclohexanol .- : 4.50 phr 

Polyvinyl alcohcl : 3.20 phr 

Casein : 1.75 phr 

Sodium carboxymethyl : 1.15 phr 

cellulose 

Ammoniiua alginate : 0.05 phr 

The pick-up efficiency of each thickener at a 

concentration of 0.5 phr and 1 minute dwell is as 

follows: 
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Polyvinyl alcohol : 22,25 x 10"^ g.cm" 

Cyclohttxanol : 26.25 x 10~^ " 

Casoln 5 27.50 X lo"^ 

Sodium carboxynethyl : 28.50 x 10* » 
cellulose 

Anmonlum alginate j 71.75 x lO"^ 

In a flimi-^AT manner the pl^«*up efficiency at any 

other concentration and dwell time can be predicted. 



III.3 EFFECT OF VISCOSITY-MODIFIERS OH TECHHICAL 

PROPERTIES OF DIPPED GOODS 
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The present study will be Dore meaningful If the 

effect of these viscoslty-aodlflers on physical properties 

Is examined. A thickener vith good pick-up efficiency is 

useful for practical application, only if the physical 

properties are not adversely affected by its incorxx>ration 

in the latex compound. Tensile properties are the best 

criteria for this purpose. 

III.3.1 Cyclohoxanol. Addition of cyclohexanol in the 

latox compound has no effect on modulus, tensile strength 

and elongation at break as evident from Table III.7. Tear 

resistance has increased slightly. 
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Porcent retention o£ tensllo strength and elong­

ation at break, on ageing at 70°C for 96 hours. Is very 

high. Modulus slightly decreased vhlch may be due to 

cross-link break down and chain scission. It may be 

noted here that the latex compound used in this study 

contains only a mild antioxidant. 

ZZI.3.2 Casein. From Table ZZI.8, it is evident that, 

as in the case of cyclohexanol, tensile properties have 

not been affected by the incorporation of casein In the 

latex coQ^und. But tear resistance has increased 

slightly. Accelerated ageing causes a slight decrease 

in the modulus, vhich may be due to break down in cross­

links/main chain, A slight increase in tensile strength 

values is observed. This may be due to post curing 

reactions. 

111.3.3 Polyvinyl alcohol. As in the case of casein and 

cyclohexanol, it is seen from Table III.9 that, tensile 

properties are not affected by the addition of polyvinyl 

alcohol. Tear resistance has been slightly enhanced by 

its addition. Accelerated ageing study shows no change 

in zaodulus; a slight decrease in T.S. and £.B. values are 

observed. 

111.3.4 Sodixira carboxyraethyl cellulose. From Table III.IO 

it is seen that the tensile properties are not £idversely 

affected by the thickener* Here again, an Increase In 
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tear reslatance is observed. The presence o£ sodlizm 

carboxymethyl cellulose in the vulcanizatOf perhaps, 

causes to deflect/arrest the growing cracks and thereby 

ezihancing the overall tear resistance of the vulcanizates. 

Accelerated ageing study shows a slight decrease in 

modulus and T«S. values. E.B. values are not affected 

by ageing. 

III.3.5 Aiaiaoniuin alginate. Effect of azamoniua alginate 

on physical properties of the vulcanizates is suziamarised 

in Table III.11. Modulus, tensile strength and elongation 

at break values are unaffected by amzoonium alginate. 

Here also an increase in tear resistance is noted. Ageing 

studies show a slight increase in T.s. 

In general, the five thickeners do not show any 

adverse effect on the physical properties of the vulca* 

nizates. All the five thickeners increase tear resistance 

slightly. The ageing resistance of the vulcanizates is 

also not affected by the presence of the thickeners in 

them. 
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Ĉ  

Ot 
• 
CD 
c\ 

Ot 
• 

0 
t** 

0 
• 

0 
0 

fO 
• 
^ 
r* 

0 
• 
0 
0 

w 
• 

fO 

r-

0 
• 
0 
0 
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Fron the present atudy^ it Is concluded that the 

addition of thickeners increase the viscosity of the 

latex compounds and their effect is in the order given 

below: 

Anunonixim alginate y Sodlius carboxynathyl 

cellulose ̂  Polyvinyl alcohol ^ Casein ;> 

Cyclohexanol• 

Dv?ell time has coiaparatively no effect on pick-up 

in straight dipping; but in coacervant dipping, pick-Tip 

is dependent on dwell tine. As is expected, at a constant 

thickener concentration and dwell tine, coacervant 

dipping has got a much higher pick-up compared to straight 

dipping. 
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In the case of straight 

dipping, the thickeners modify the pick-up efficiency 

in the same order as they influence viscosity. Dv/ell 

time has no effect on this order. In coacervant 

dipping, efficiency of pick-up at a dwell time of 

1 minute is in the following order: 

Polyvinyl alcohol J_^ Cyclohexanol ^ Casein^ 

Sodium carboxymethyl cellulose ^ Ammonium 

alginate. 

The rate of increase of pick-up with concentration 

of thickener in the ease of straight dipping is in the 

order given below: 

Casein ̂  Cyclohexanol </_ Polyvinyl alcohol ^ 

Sodium carboxymethyl cellulose <^ Aramonium 

alginate. 

For coacervant dipping, it ia in the order of: 

Cyclohexanol ̂  Polyvinyl alcohol ^ Casein Z , 

Sodium carboxynethyl cellulose ̂  Aiamoniun 

alginate. 

Dwell time has no effect on the above orcler c£ 

rates for both straight and coacervant dippings. 

The rate of irci~ease of pick-up ia linear for 

ca<?ein, cyclohexacol, and polyvinyl] alcohol in both 

straight and coacervant dippings. 
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From the present study It Is possible to predict 

pick-up efficiency of a particular thickener at any 

concentrationy dwell time, or node of dipping. 

Also, the extent of the increase in viscosity by 

th0 addition of any of these thickeners into a latex 

compound at any ooncentration can be predicted. 

The five thickeners do not show any adverse 

effect on physical properties of the vulcanizates. An 

increase in tear resistance of the vulcanizates is 

observed by all of the five thickeners studied. The 

aigoina resistance of the vulcanizates is also not 

affected by the preaexycB of the thickeners in them. 
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