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Synopsis
V '

The rheological behavior of centrifuged and creamed natural rubber latex concentrates and the 
dipct of surface-active agents such as casein, polyvinyl alcohol (PV A ), sodium alginate, and sodium 
jBBboiymethylcellulose (NaCM C) were studied a t different shear rates and tem peratures. The 

ihowed that creamed latex, prepared using tam arind seed powder, is more sensitive to shear 
#gt« And temperature than centrifuged latex. The pseudoplasticity and viscosity of the latices can 

by the addition of surface-active agents, and the effect varies w ith the type of surface- 
*cUve agents. The behavior of the latices toward tem perature is also affected by the addition of 

' jwfaw-ftctive agents, and maximum effect is observed for polyvinyl alcohol and least for sodium

:.-v

INTRO DUCTIO N
I.

Natural rubber latex is a p seudop lastic  fluid, and even  a t rest th e  rubber 
particles in it are in random  m ovem ent. B u t w hen  sheared, th e  rubber particles  
are progressively aligned and ofi'er less resistan ce to  flow.* S o  th e  apparent 
viscosity of the latex decreases on  increasing shear rate and  con tin u es u n til 

; . the flow curve becom es linear. T h e  v isco sity  o f  la tex  a lso  depends on  its  to ta l 
JioJids content and temperature.^’̂  D ue to  th e  n o n -N ew to n ia n  behavior, a single

V \i«ORity measurem ent o f la tex  a t a particular tem perature is  n o t enough  to  
uoderatand its flow behavior. For m any o f  th e  la tex  goods m anufacturing  pro- 
fws,the flow behavior o f  latex  is critical.^*^ A latex  com pound w ith  low  v isco sity  
«fid some thixotropic nature is good for d ipp ing operations. T h e  cou n t o f  a

■ tfftcx thread is largely influenced by its  viscosity®’̂  in  elastic  thread m anufacture. 
> The basic raw m aterial for a la tex  com pound m ay be e ith er centrifuged  or 

’ mame d latex. D ufing com pounding various surface-active agen ts are added to  
: . modify the flow behavior o f latex  to su it  th e  m anufacturing process adopted.®’®

- A few items under th is category are casein , p o lyv in y l a lcohol ( P V A ) , sodium  
:|i ilginate, and sodium carboxym ethylcellu lose ( N a C M C ) .  E ven  th ou gh  th ese  

fbemicals have a profound in fluence on v iscosity , no system atic  stu d y  has been  
t • i’eported on the rheological behavior o f centrifuged  and cream ed la tex  and the

effects of these surface-active agents on th eir  flow properties under d ifferent 
K: iiiear rates and tem perature. In th e  p resen t in vestiga tion  w e have stud ied  th e

effects of surface-active agents on  th e v isco sity  o f  cen trifuged  and  cream ed
fi_ natural rubber latex concentrates under d ifferent shear rates and  tem perature.

* Vlkram Sarabhai Space Centre, Trivandrum , India.
^  ’ Cochin University of Science & Technology, Cochin-22, India.
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TABLE I I

Form ulation of Gum Latex Compound y.

P arts  by weight |
Item s (pbw) ^

60% centrifuged/cream ed N R  latex 167.00
«
I

1 0 % potassium  hydroxide solution 0.50 \i
50% sulfur dispersion 3.00
50% ZDC dispersion 1 .0 0 y<
50% zinc oxide dispersion 0.50 \
50% antioxidant S P  emulsion LOO

M aturation: 24 h  a t  25®C.

E X P E R I M E N T A L

r-

kiJ-.>r

A  60% cen trifuged  natural rubber la tex  sam ple con form in g  to  B IS  : 543&g 
1981 ob ta in ed  from  M / s  Padinjarekara A gencies, K ottayam , and  60% creame|:; 
la tex  prepared a t th e  R ubber B oard u sin g  tam arind  seed  powder as creaming 
a gen t w ere u sed  for th is  study. T h e  o th er com pounding ingred ien ts used in tb̂ :: 
prep aration  o f  la tex  com pound w ere ob ta in ed  locally . T h e  in so lub le compound  
in g  in gred ien ts w ere prepared in to  a d ispersion  and th e  im m iscib le  liquid an 
t io x id a n t in to  an  em u lsion . T h e  su rface-active agen ts such  as casein , PV 
sod ium  a lg inate , and  N aC M C  were prepared as 5% so lu tion  in  w ater befoi  ̂
b ein g  added to  th e  la tex  com pound. A typ ica l la tex  com pound, as g iven  in Tabltv
I, w as used  to  in vestigate th e  effect o f  surface-active agents on  th e flow behavi 
T h e  dosage o f  su rface-active  agen t w as fixed  as 0.5 phr (p arts  per hund 
rubber) based  on  prelim inary experim ents.

T h e  flow  behavior o f  th e  raw la tices and  th a t o f  th e  la tex  com pounds co& 
ta in in g  su rface-active  agen ts were stud ied  u sin g  a v iscom eter, Rheomat-3Q 
su p p lied  by M  /  s C ontraves Sw itzerland . A s th e  study is  to  in vestiga te  th e effec 
o f  sh ear rate as w ell as tem perature, th e  con cen tric  cy linder w ith  a B  cup i 
used  for m ak in g  th e  v isco s ity  m easurem ents. T h e  study w as m ade at thr« 
d ifferent tem p eratu res, 25, 35, and  45®C, w hich  are th e  norm al range of tem­
perature for la tex  goods m anufacture.

R E S U L T S  A N D  D I S C U S S I O N

T h e  fo llow in g  prop erties o f  n o n -N ew to n ia n  fluids are governed by the basB 
equation ,

TA B LE II
Effect o f T em perature on Non-N ew tonian Behavior of Raw Latices

Pseudoplasticity Yield stress
index (n) Viscosity index (k) (Pa)

Sample 25‘̂ C 35“C 45°C 25®C 35“C 45*C 25*C 35'’C 45"C

Centrifuged latex (60%) 0.702 0.722 0.805 0.268 0.1819 0.1460 — _  -
Creamed IMox* (60%) 0.520 0.625 0.660 0.912 0.427 0.2820 1.22 0.81 0.81

• P rer using tam arind  seed oowder as cream ing aeent.



( 1 )

where
/> ® shear stress ( P a )
M = viscosity index 
y  »  shear rate ( s "M 

' n « pseudoplasticity index

By plotting log p vs. log  7  th e  values o f  k and  n  can  be determ ined . T h en  
the apparent v iscosity  (t?) w as ca lcu lated  u sin g

y'* '■

%  V =  ' ( 2 )
fn-

R heological B eh avior  o f  R aw  L atices

S f e  T he effects o f  shear rate and  tem perature on  v isco s ity  o f  cen trifuged  and  
gyCreamed latices are given  in  F igures 1 and 2. From  Figure 1 , i t  is  ev id en t th a t  
S? the viscosity o f cream ed la tex  is  h igher th a n  th a t o f  cen trifuged  la tex  both  at

Fig. 1. Effect of shear ra te on viscosity of concentrated natural rubber latices.



600

500

^00-

C/)
Q. 300 
O

g  200
U
CO

100

SH E A R  RATE 7.33 S E c’

O ------ O  Centfitoged latex
♦  0 Creomed kitex

25 35 65

TEMPERATURE C

600-

SQOi

600-

(/)
300

u
>-
t z
o  
o  
>

100^

SHEAR RATE 25 SEC^

O------ O  Centriluged latex
• --------- •  Cream ed latex

25 35 ^5

TEMPERATURE C

Fig. 2. Effect of tem perature on viscosity of concentrated natural rubber iatices.

low  and  h igh  sh ear rates. In  b o th  cases, v isco s ity  decreases w ith  shear rate, 
w hich  in d ica ted  th e  p seu dop lastic  behavior. -The h igher v isco s ity  o f  creamed 
la tex  m ay be due to  th e  adsorption  o f  th e  cream ing a gen t on  rubber particles, 
w hich  induces th e  form ation  o f  c lu sters o f  particles o f  d ifferent sizes.® However, 
th e  d ifference b etw een  th e  v isco sities  o f  th e cen trifuged  and  cream ed latex 
narrow s dow n as th e  shear rate is  increased. A s th e  shear rate is  increased, the 
adsorbed layer o f  cream ing agen t gets d isp laced  and  causes th e  v isco sity  to be 
reduced sharp ly  in  th e  shear rate region o f  1 0 -5 0  s . It can  be seen  from  Figure
2  th a t  as th e  tem perature is  increased  th ere  is  a m arked drop in  th e  viscosity 
o f  cream ed  la tex  com pared  to  th a t occurring in  th e  cen trifuged  la tex , and this 
effect is  m ore p red om in an t in  th e  25-35^C  th an  in  th e  35-45®C temperature’ 
range, both  a t low  and  high shear rates. T h is  property o f cream ed la tex  may 
be due to  th e  restr ictin g  effect o f  th e  cream ing agen t on  B row nian  movement 
o f  la tex  partic les and  its  effect on tem perature. C oncern ing pseudoplasticity, i 
cream ed la tex  is  m ore p seu dop lastic  th an  centrifuged  la tex  as ind icated  by the 
low er va lu es o f  n  g iven  in  T ab le  II. C ream ed la tex  a lso  exh ib ited  y ie ld  stress. 
T h e pseudop lastic ity  decreases w ith  rise in  tem perature, and the v iscosity  index 
show ed  a sharp  drop both  for cen trifuged  and  cream ed Iatices.
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I . Rheological B ehavior o f  L atex  Com pounds in the  
P resence o f S u rface-A ctive  A gents

The effect o f shear rate and  tem perature on  th e  v isco s ity  o f  cen trifuged  latex  
compound in the presence o f  various surface-active agen ts are show n  in  F igs.
3 and 4, respectively. A m ong th e surface-active agen ts, N aC M C  offers th e  h igh ­
est viscosity at low and high shear rates. P o lyv in y l a lcohol ( P V A ) offers a 
higher viscosity than casein  a t low  shear rates, b u t as th e  shear rate increases  
{60-100 s'M  PVA offers a low er v isco sity  th an  case in  (Fig.  3 ) .  T h is  m ay be 
due to the easier d isp lacem ent o f  th e  adsorbed layer o f  P V A  from  th e  surface
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Fig. 3. E ffec t o f  s h e a r  r a te  o n  v is c o s ity  o f  c e n tr ifu g e d  n a tu r a l  r u b b e r  la te x  c o m p o u n d  c o n ta in in g  
surface-active ag en ts .
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Fig. 4. Effect o f tem perature on viscosity o f centrifuged natu ral rubber latex compound i 
ta in ing surface-active agents.

o f  th e  rubber p artic les  a t higher shear rates th an  th a t o f  casein . Disturb? 
on  th e  adsorbed  layer cau ses th e  partic les to  slid e  p a st each  o th er resulting ij 
reduction  o f  v iscosity . Figure 4 depicts th e  effect o f  tem perature on  th e viscosi^

TA BLE III
Effect o f Tem perature on the  Non-N ewtonian Behavior of Centrifuged 

Latex Compound Containing Surface-Active Agents

Pseudoplasticity 
index (n) Viscosity index (k)

Yield stress 9  
(Pa) 1

Sample 25‘*C 35“C 45‘*C 25“C 35"C 45“C 25®C 35“C 45*^

Centrifuged latex compound 0.658 0.704 0.760 0.239 0.199 0.1410 _
#*

Centrifuged latex compound
4- 0.5 p h r casein 0.640 0.660 0.720 0.436 0.363 0.186 — —

Centrifuged latex compound
+  0.5 p h r PVA 0.460 0.500 0.540 0.9120 0.6607 0.5475 1 .2 0 1 .2 0

Centrifuged latex compound
+ 0.5 p h r sodium alginate 0.470 0.468 0.456 1.072 1.023 1 .0 0 1 .2 0 1 .2 0 1.20:

Centrifuged latex compound
+ 0.5 p h r NaCM C 0.460 0.420 0.422 1.430 1,413 1.318 1.60 1 .2 0 1.20 ,
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Fig. 6. Effect of shear rate on viscosity of creamed natural rubber latex compound containing 
Wrftce-active agents.

of centrifuged natural la tex  com pound co n ta in in g  th e  surface-active agen ts. It 
may be noted that even though  sod ium  a lg inate  increased  th e  v isco s ity  o f  c e n ­
trifuged latex, it has n o t affected  th e  general behavior o f  cen trifuged  la tex  
toward temperature (F ig. 4 ) .  B u t a ll o ther su rface-active agen ts have an effect 
on the behavior o f centrifuged la tex  tow ard tem perature. A m ong th ese , PV A  
imparts the highest sen sitiv ity  to  tem perature for th e  v isco s ity  o f  th e  la tex  
compound. B ut at low and high shear rates, th e  decrease in  v isco s ity  o f  th e  
compound containing PV A  is su b stan tia l w ith  increase in  tem perature. T h is  
may be attributed to  th e  h igh sen sitiv ity  o f  P V A  so lu tio n  to  tem perature. B u t  
CflBcin offers a peculiar behavior tow ard tem perature. In th e  low er tem perature



TABLE IV
Effect of Tem perature on Non-N ewtonian Behavior of Creamed 

Latex Compound Containing Surface-Active Agents

Pseudoplasticity 
index (n) Viscosity index (k)

Yield stress 
(Fa) >■'

Sample 25“C 35“C 45°C 25“C 35°C 45'’C 25‘*C 35“C

Creamed latex compound 0.550 0.716 0.795 0.589 0.214 0 .1 0 2 0.81 0.81
Creamed latex compound

+ 0.5 ph r casein 0.500 0.520 0.580 0.794 0.631 0.372 — —

Creamed latex compound
+ 0.5 phr PVA 0.530 0.540 0.630 0.631 0.389 0.257 1 .2 2 0.81

Creamed latex compound
+ 0.5 phr NaCM C 0.375 0.404 0.415 1.905 1.413 1.259 2.4 1.62

range ( 2 5 - 3 5 ° C )  th e  reduction  in  v isco s ity  o f  th e  cen trifuged  la tex  is ati 
sam e rate as th a t o f  th e  u n treated  one. B u t a t higher tem perature range 
4 5 ° C )  th ere is  m arked  reduction  in  v iscosity . T h is  m ay be attributed t o ^ v  
behavior o f  th e  a lk a lin e  so lu tion  o f  casein  tow ard tem perature. It m ay als 
n oted  th a t th e  p seu dop lastic  behavior o f  centrifuged  la tex  w as little  affec 
by th e  ad d ition  o f  case in , and  it  ex h ib it no y ie ld  stress, as seen  from  Table 1^;.-
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NaCMC offers the m axim um  pseudoplasticity  and  y ield  stress to  th e  centrifuged  
latex compound. It can also be n o ted  from  T ab le  III th a t th e  p seu dop lastic  
behaWor of latex com pounds contain ing  sodium  alg inate and N aC M C  increased  
with increase in tem perature.

The effect o f N aC M C  on th e v isco sity  and shear rate o f  cream ed latex  com ­
pound is similar to  th a t in  centrifuged  la tex , and  th e  la tex  com pound  b ecom es  
hiKhly pseudoplastic (F ig. 5 ) .  T h e  effect o f  P V A  and  case in  on  th e  v isco s ity  o f  

fe. creamed latex is less m arked even  though  th ese  surface-active agen ts en h an ce  
li: ihc pseudoplastic behavior (T a b le  I V) .  T h is  m ay be due to  th e  in teraction  o f

■■ (iiese chemicals w ith th e surface-active a gen t already p resen t on  th e  la tex  par- 
y  tklcR, It may be noted  th a t th e  addition  o f  case in  rem oves th e  y ie ld  stress  

already present in th e cream ed la tex  com pound. T h e  tem perature behavior o f  
. Rirface-active agents in  th e cream ed la tex  is a lm ost sim ilar to  th a t in  centrifuged  

W  Utex compound ( Fig. 6 ) .
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