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INTRODUCTION

A  num ber o f  ru b b er p roducts  are  m anufactured  from  ru b b er latex using a  sim ple 
technique callcd d ipping, w hich in essence, is a  process o f  im m ersing a  form er in a  latex 
compound follow ed by w ithdraw al and  drying. V iscosity o f  latex is a  m ajo r fac to r deci­
ding the thickness o f  th e  latex deposit. C on tro l o f  viscosity is m ore im p o rtan t than  
that o f concen tration . A  larger varia tion  in deposit w eight being obta ined  if  the  to ta l 
solids are kep t co n stan t and  viscosity varied  than  if  the viscosity is kep t constan t and  the  
total solids altered  (M adge, 1933 —  34).

Viscosity o f  latex can be m odified by the add ition  o f  certain  chem icals w hich are 
usually called th ickeners. A lthough  several aspects o f  latex d ipping  have been studied 
(Madge, 1933 —  34 ; S u tton , 1957 ; Blackley and  G orton  1967 ; G o rto n  and  K uzm any, 
1980) no  system atic study  on  th e  com parative th ickening efficiency o f  the  chem icals has 
been reported. G o rto n  ( 1967) established rela tionship  between dwell tim e, latex com pound  
viscosity an d  deposit th ickness fo r  stra igh t and  coacervant d ipping by varia tion  in  dwell 
time and  com pound  viscosity and  have been exam ined over a  w ide range o f  latex com ­
pounds (G o rto n  an d  Iyer, 1973).

This p aper describes a  study on  the  com parative th ickening efficiency o f  five viscosity 
modifiers. A lso the  cHect o f  dwell tim e and  m ode o f  d ipping on pick-up and  the cfTect 
of the thickeners on the  physical properties o f  the  vulcanizates have been studied.

EXPERIMENTAL

T he base fo rm u la tion  adop ted  is given in  T ab le  l l l - l .  A ll insoluble solid ingre­
dients w ere in co rpo ra ted  in to  the  latex in the fo rm  o f  dispersion and  insoluble liquid 
ingredients w ere added in the form  o f  em ulsion. T o  avoid web fo rm ation  and  zinc oxide 
thickening centrifuged latex w as de-am m oniated  to  0*2 percent am m onia before com ­
pounding. T he latex com pound  was allow ed to  m atu re  fo r 24 hours before adding  
thickener an d  a n o th e r 24 hours afte r add ing  th ickener a t  a  tem peratu re  o f  21 *0 j^ 0 * 5 '’C. 
After m a tu ra tion  care was taken  to  sec th a t no a ir  is draw n in to  the com pound . Total 
solid con ten t o f  th e  com pound  was determ ined before th ickener add ition . Thickener 
was added, tak ing  steps to  avoid d ilu tion  effect by adding  su itable quan tity  o f  am m onia 
solution.



Ingredien t P arts  by w eight d ry  P a rts  by  w eight wet
(phr) (phr)

N R  Latex (as 60 % H A  concen trate) 100*00 167-00
V ulcastab  V L, 20%  solution** 0-25 1-25
P o tassium  hydroxide, 20%  so lu tion 0-30 1-50
Su lphur, 50%  dispersion 1-00 2-00
Z inc oxide, 4 0%  dispersion 0*25 0*63
Z D C , 50%  dispersion 0-75 1-50
Z M B T , 40 %  dispersion 0-20 0-50
N o n o x  SP, 5 0%  em ulsion*** 1*00 2-00

* C ure  tim e a t 100 +  0*5°C =  50 m inutes 
** A n ethylene o x id t condensate  p repara tion  ob ta ined  fro m  A lkali &  Chem icals 

C o rp o ra tio n  o f In d ia  (A C C l) L td ., R ishra.
*** A  phenolic  an tio x id an t ob ta ined  from  A C C I L td ., R ishra.

In  th is study , stra igh t an d  w et —  coacervan t d ipping  (in itia l im m ersion in latex com ­
p o u n d ) w ere used w ith  dwell tim es o f  i  an d  1 m inute, coacervan t being 10%  form ic acid. 
T est tubes (32 m m  diam eter) w ere used as form ers, the  d ipping  height being 12 cm. 
T em pera tu re  o f  the latex com pound  w as m ain tained  co n stan t a t  21*0 +  0*5°C th rough ­
o u t th e  course o f  study. P ick-up  is expressed as gram s of d ry  deposit form ed  per square 
centim eter o f  the  form er.

T o ta l solid co n ten t was determ ined  as per BS —  1672 :1972 . V iscosity m easure­
m en t w as done using a Brookfield V iscom eter (LVT M odel) a t  6 an d  60 rev/m in a t  21 *0 +  
0*5'^ C. All viscosity m easurem ents were done just p rio r to  d ipping , also, p recautions 
w ere taken  to  elim inate any th ixo trop ic  tendency o f  the com pounds, by subjecting them  
to  h igh  shear stirring  a t 60 rev /m in  fo r 4 m inutes before m easuring  the  viscosity. F o r 
physical p ro p erty  determ ination , la tex  com pound  sheets w ere p repared  accord ing  to  
the  m ethod  described by F lin t an d  N au n to n  (1935-36). C ure  tim e was determ ined by 
500%  m odulus an d  tensile s treng th  determ ination . A  series o f  sheets p repared  by the 
above m ethod  w ere vulcanized a t 100 0*5''C  fo r various tim es betw een 35 to  60 m inutes.
T he sam ple w ith  th e  m axim um  m odu lus and  tensile streng th  was no ted  an d  th e  corres­
pond ing  cu re  tim e was selected as the  cure tim e o f the  com pound . Tensile properties w ere 
determ ined  by a Scott tensile testing m achine as per A ST M  D esignation  D  : 412 —  75 
using  dum b-bell specim ens cu t w ith  D  - type die. T ea r resistance w as determ ined  as per 
A ST M  D esignation  D  : 624 —  73. A geing was carried  o u t as p e r A ST M  m ethod  D  : 1870
—  68 using a  tu b u la r ageing oven a t  70*0 ^ 0 * 5 ° C  for 96 hours.

RESULTS AND DISCUSSION
Effect on  viscosity

T he results, as given in T ables III.2  to  111.6, show  th a t am ong the  five th ickeners 
studied, the  m axim um  th ickening  is caused by am m onium  alginate an d  the  m inim um  by 
cyclohexanol. T he o rder in w hich th e  thickeners increase the  viscosity o f  latices is as 
shown.



 ̂ Cydohcxanol /  C asein /  Polyvinyl a lcoho l /  S odium  C arboxym ethyl Cellulose
I  Ammonium alginate.

This gradation  is valid  a t all the  concen tration  o f  the thickcners an d  a t  b o th  speeds 
of the spindle. I t  is believed th a t the m echanism  o f  viscosity increase is as described by 
Madge (1933 — 34).

Effect on pick-up 

Cyclohexanol

From  Table III.2  and  F igure I I I . l ,  it  is seen th a t fo r  stra igh t d ipping  pick-up is inde­
pendent o f dwell tim e. F o r  coacervant d ipping  pick-up is determ ined by the  dwell time. 
In both cases, p ick-up  increases linearly w ith  increase in  concen tration  o f  cyclohexanol. 
The rate o f  increase in p ick-up  w ith  concen tra tion  is m ore in s tra igh t d ipping. A t any 
concentration, coacervan t d ipping  has g o t a  h igher p ick-up  ; th is is m ore due to  the  action 
of the coacervant.

T ab le  III.2 . Effect o f  cyclohexanol on viscosity and pick-up

Concentration T o ta l Viscosity, Brookfield P ick-up x  10*(g. cm -*)
of thickener solids 6 R P M  60 R P M  Spindle S traigh t d ipping  C oacervant

(Phr)

con ten t

(% ) (cp) (cp) N o.
i M i n
D w ell

1 M in  
Dwell

d ipping 
\  M in  1 M ia  
D w ell D w ell

0-00 55*4 100 57-5 2 5-1 5-1 22-0 2 5-0

C-25 55*6 115 60-0 2 6*6 6*6 22*5 25-6

0-50 55-7 120 62-5 2 8 -0 8-3 23-0 26-3

0-75 55-8 130 70-0 2 8*8 9 -0 23*8 27-0

I-CO 55-9 150 75-0 2 9-8 IM 24 6 27-6

1-25 5 6 ‘ 1 175 9 0-0 2 11-8 11-9 2 5 -4 2 8 -2

1-ro 56-2 240 108*5 2 13-3 13-6 2 6-2 28-4

Casein

Table III.3  an d  F ig . III .2  show  th a t p ick-up  is practically  independent o f  dwell tim e 
in straight d ipp ing  ; in coacervan t d ipping  it  is m ore dependent on  dw ell tim e. In  bo th  
techniques, p ick-up  is linearly  increasing w ith  increase in casein concen tra tion  ; the  ra te  
of increase is m o re  in coacervan t d ipping  a t bo th  dw ell tim es. C oacervan t d ipping has 
got m ore effect on  p ick -up  th a n  stra igh t dipping.
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T ab le  1II.3. Effect o f  casein on viscosity and pick-up  

C oncen tra tio n  T o ta l V iscosity, Brookfield
P ick-up  X 10® (g. cm --^) 

S tra igh t d ipping  C oacervan t d ipping
lickener solids

con ten t 6 R P M  60 R P M  Spindle \  M in 1 M in J  M in 1 M in
(Phr) (7o) (cp) (cp) N o . D w ell D well D w ell D w ell

0*00 55*4 240 120*0 2 7-6 8*0 19*3 22*0

0-25 55*6 265 127*5 2 7-8 8*3 22-5 25*0

0-50 55-7 290 147*5 2 9-2 9-8 25*2 28*4

0*75 55-8 330 167-5 2 10*0 10-8 26-7 30*4

1*00 55-9 375 186*5 2 10*9 11*6 27*9 32*8

1-25 56*1 450 215-0 2 11-8 12*7 30*7 35*7
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Polyvinyl alcohol

F ro m  T ab le  IIL 4  an d  Fig. III.3 , it  is evident th a t p ick-up is only slightly enhanced 
by dwell tim e in  s tra igh t d ipping  an d  dwell tim e has g o t only less effect on  p ick-up  in  coa- 
cervant d ipping, w hen com pared  w ith  cyclohexanol an d  casein. In  b o th  techniques 
pick-up is increasing w ith  concen tra tion , a  linear increase is seen fo r b o th  techniques. 
The ra te  o f  increase o f p ick -up  is m ore  in stra igh t dipping. F o r  coacervant d ipping ra te  
o f p ick-up  increase is negligible u p to  0*5 p h r and  afterw ards increases slowly. C oacer­
vant d ipp ing  has g o t m ore effect a t  low er concentrations.

T able I1I.4. Effect o f  polyvinyl alcohol on viscosity and pick-up

T otal P ick-up X 10^ (g. c m -2)
C oncen tration solids Viscosity, Brookfield S traight dipping C oacervant dipping
o f th ickener content 6 R P M 6 0 R P M  Spindle i M i n 1 M in i M i n 1 M in

(Phr) (% ) (cp) (cp) N o. Dwell Dwell Dwell Dwell

0-00 55*4 250 115*0 2 6-4 7-4 20-6 22*3
0-25 55*6 600 202^5 2 8-7 10-1 20-9 21-8
0*50 55-7 1250 312-5 2 11-8 12-2 21-5 22-6
0-75 55*8 2050 445-0 2 14-7 15-5 22-5 23*7
I -00 55-9 3400 650-0 3 19-2 19-7 24-0 25-6
1-25 56-1 4900 880-0 3 21-6 21-6 25*3 26-7
1-50 56-2 6000 1050-0 3 23-4 23-6 26-8 28-5



AO

PioJt-up X 10^ 55

Cop.oer^Gnt Dipping (1 mln,dwell)

— A  Cof>,ttejTpn1; (^r E a lw ^ d w e ll)

0---- 0 Bferatglit I>ip?las (* calUtdwell)
E>« S  Sts-©lght DApj?iBg ain .dw all.)

^  A __

10 < 2 5 /»50  0 -2 5  O S 0 7 5
Concentration of Polyvinyl Alcohol (Phr)

Fig. III. 3 . Effect of polyvioyl alcohol oa pick-up.

Sodium carboxymethyl cellulose
T ab le  III . 5 an d  Fig. III. 4  depict th a t in s tra igh t d ipping , p ick-up  is independen t o f 

dw ell tim e ; dw ell tim e has go t m o re  efTect in coacervan t d ipping. In  b o th  techniques 
p ick -up  increases w ith  concen tra tion , b u t th e  rela tionsh ip  is non-linear. R a te  o f  p ick-up  
increase is m o re  in  s tra igh t d ipp ing  u p to  1 p h r ; beyond th is concen tra tion  i t  is m ore  fo r  
coacervan t d ipping. W hen th e  dw ell tim e is h a lf  m inu te  th e  coacervan t d ip  gives low er 
p ick -up  com pared  to  s tra ig h t d ipping . H ow ever, w hen the  dw ell tim e is raised to  on» 
m inu te , the  coacervan t d ipp ing  gives h igher p ick-up  irrespective o f  the  concen tra tion  o f  
th e  th ickener. I t  is to  be assum ed th a t sod ium  carboxym ethy l cellulose re tards the  diffu­
sion o f  th e  coacervan t from  th e  fo rm er surface to  th e  latex com pound .

Ammonium alginate

P ick-up  is independent o f  dw ell tim e in stra igh t d ipp ing  an d  dependen t in coacervan t 
d ipp ing  as evident fro m  T ab le  III . 6 an d  F ig , III. 5. In  b o th  techniques p ick-up  non- 
linearly  increases w ith  increase in concen tra tion  ; ra te  o f  increase is m ore  in  coacervant 
d ippm g. F o r  stra igh t d ipp ing  th e  ra te  o f  increase decreases a t  h igher concen trations. A  
h igher p ick-up  is seen fo r  coacervan t m ethod  ; p ick-up  increases w ith  increase in  dwell 
tim e.



T o ta l P ick-up X 10®(g. cm--*)
C oncentration solids Viscosity, Brookfield S traight D ipping C oacervant D ipping
o f thickener con ten t 6 R P M  60 R P M  Spindle i  M in 1 M in i  M in 1 M in

(Phr) (% ) (cp) (cp) N o. Dwell D w ell D w ell D w ell

0-00 55-4 )50 70 3 6-1 7-3 18-7 J9 -7
0-25 55-6 3400 640 3 17-0 18-1 20*3 23-9
0-50 55-7 5900 1030 3 24-0 24-6 23-4 30-1
0-75 55-8 9000 1490 3 29-9 29-9 25*9.... 31-8
1-00 55-9 18000 2950 4 3 M 31-3 30-5 41-9
1-25 56 '1 22500 3700 4 35*3 35-9 38-0 43-6
1-60 56-2 35000 5750 4 38-0 39-0 57-7 59-9
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C oncentration
T o ta l
sohds Viscosity, Brookfield

P ick-up X 10® (g. cm-*) 
S traight d ip ing  C oacervant dipping

of thickener con ten t 6 R P M  60 R P M Spindle i  M in 1 M in i  M in 1 M in
(Phr) (% ) (cp) (cp) N o. Dwell D w ell D w ell Dwell

0-00 55-5 350 152-5 2 9-6 10-5 32-9 38-2
0*25 55*6 5600 940-0 3 35-5 35-0 43-5 58-9
0-50 55-7 8500 1360-0 3 39-0 38-7 58-0 70-9
0-75 55-8 11900 1800-0 3 45-6 46-0 71-0 81-3
1-00 55-9 20000 3000-0 4 50*8 49-8 75-4 92-7
1*25 56-1 32000 4750*0 4 53-9 55-1 91-6 92-5
1*50 56-2 43500 6150-0 4 63-5 62-5 89-3 100-9

T he results ob ta ined  fro m  the  present study  are  generally in  agreem ent w ith the rela-
tionships established by G o rto n  and Iyer (1973).

C om parative evaluation  

Straight dipping

T he n a tu re  o f  th e  g raph  ob ta ined  by p lo tting  p ick-up o f  the  latex com pound  against 
concentration o f  different thickeners m ay be seen in  Figs. III. 6 an d  III. 7. I t  is clear from  
these th a t th e  dw ell tim e has n o  influence on  p ick-up irrespective o f  the  concen tra tion  o f 
thickeners d u ring  s tra ig h t dipping.

A  linear increase in  p ick-up  is observed fo r  casein, cyclohexanol a n d  polyvinyl alcohol 
with increase in  concen tration . T he ra te  o f  increase o f  p ick-up w ith  concen tration  a t  
both dw ell tim es is in  th e  o rder given below.

A m m onium  alg inate  Sodium  carboxym ethyl cellulose
Polyvinyl a lcoho l C yclohexanol Casein.

F o r am m onium  alg inate an d  sodium  carboxym ethyl cellulose, the  ra te  o f  increase 
o f p ick-up is m o re  a t low er concen trations th a n  a t  h igher ones. F ro m  th e  F igs. 111. 6 
and III. 7 th e  p ick-up  efficiency a t any  concen tration  and  dwell tim e can  be  predicted.

Coacervant dipping

Based on  p ick -up  th e  th ickeners fall under th e  follow ing o rd e r :

Polyvinyl a lcohol /  C yclohexanol i  C asein /  Sodium  carboxym ethyl 
cellulose £ A m m onium  alginate

A t low er concen tra tions p ick-up efficiency o f  sodium  carboxym ethyl cellulose de­
creases an d  below  0*5 p h r a t  \  m inute dwell it  is having th e  least p ick-up efficiency am ong 
the five th ickeners ; b u t a t  1 m inute dwell th is d raw back  gets reduced. A  linear increase 
in p ick-up w ith  concen tra tion  is seen fo r cyclohexanol, casein and  polyvinyl alcohol a t  
bo th  dw ell times. T he ra te  o f  increase in  p ick-up a t  b o th  dwell tim es is in  the  o rder :
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Fig. m . 6. CompmtiTC evaluation of thlckencrs by straight dipping (} nUn. dwell).


