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Abstract: l l i e  flow b eh a v io u r o f  L N R  w as stu d ied  w ith spcciai reference to  th e  effccl o f  m o lecu lar w eighl. sh e a r rale an d  icm p cralu rc. 

T h e  study ind icated  th a t th e  psued o p lastic  b eh av io u r o f  decrease  w ith decreasin g  m o lccu lar weight an d  reduction in viscosity with
te m p e ra tu re  is m o re  p ro n o u n c e d  at low er tem p eratu re .

1. Introduction

I .iq ti id  e la s to m e r s  a r e  u s e d  in a  w id e  r a n g e  o f  a p p lic a tio n s  

s u c h  a s  ca s t r u b b e r  p r o d u c ts ,  m o is t u r c  r e s is ta n t  s e a la n ts  f o r  Tilling 

v o id s , s e lf  S lick in g  ta p e s ,  h in d e r  fo r  g r in d in g  w h e e ls  a n d  ro c k e t  

p r o p e l la n ts  (H a r d m a n  a n d  l ^ n g  1 9 5 0 ) .  l l i e y  h a v e  a ls o  b e e n  tr ie d  

a s p l a s t i c i s e r f o r  n a t u r a l  r u b b e r  (B r is to w  1 9 8 5 )  a n d  n itr ile  r u b b e r  

(R a d h a k r i s h n a n  N a i r  e t  a l, 1 9 8 9 ) .  L iq u id  n a t u r a l  r u b b e r  is u n iq u e  

w ith  rc .sp e c t t o  i ts  p r e p a r a t i o n .  I t  is p r o d u c e d  by d c p o ly m c ri.s a tio n  

o f  th e  h ig h  m o lc c u la r  w e ig h i n a tu r a l ly  o c c u r r in g  p o ly m e r. P r o d u c ­

tio n  o f  I .N R  b y  t h e r m a l  d e p o ly m e r is a t io n  h a s  b e e n  s ta n d a r d is e d  

by C ia r a m m a  e t  a l ( 1 9 9 1 ) .  I ts  a p p lic a tio n s  a r c  m a in ly  a i t r ib u te d  

t o  th e  p o u r a b ili ty  a n d  f lo w a b ility  o f  t h e  m a te r ia l ,  l l i e  flo w  c h a r a c ­

te r is tic s  o f  L N R  a r e  i m p o r t a n t  in  ils  a p p lic a tio n . In  th e  p r e s e n t 

w o rk  w e  r e p o r t  t h e  n o w  b e h a v io u r  o f  liq u id  n a t u r a l  r u b b e r  w ith  

sp e c ia l r e f e r e n c e  t o  th e  e ffe c t  o f  m o lc c u la r  w e ig h t, s h e a r  r a t e  a n d  

t e m p e r a t u r e .

2. M aterials and M ethods

L i q u i d  n a t u r a l  r u b b e r  s a m p l e s  w e r e  p r e p a r e d  by 

d e p o l y m e r i s a t i o n  o f  I S N R  5  e f f e c t e d  b y  a  c o m b i n a t i o n  o f  

m e c h a n ic a l ,  c h e m ic a l  a n d  t h e r m a l  e n e r g ie s  (C i a r a m m a  e l  a l, 

1 9 9 1 ) .  T h e  p r o p e r t i e s  o f  L N R  a r e  g iv e n  in  T a b le  1. T h e  .sam p les 

a r e  c h a r a c t e r i s e d  b a s e d  o n  B r o o k f i e l d  v is c o s ity  w h ic h  w a s  

m e e a s u r e d  u s in g  a  B r o o k f ie ld  V is c o m e te r  m tx Je l R V 1 ',  S p in d le  

6 ,  5  R P M  a t  3 5 ° C .  L o w , m e d iu m , h ig h  a n d  v e ry  h ig h  m o le c u la r  

w e ig h l s a m p le s  w e r e  s e le c te d  a s  a  f u n c tio n  o f  th e ir  B ro o k fie ld  

v isco sity . V is c o s ity  s tu d ie s  w e r e  c a r r ie d  o u t  u s in g  R h e o m a t - 3 0  

(C o n tr a v e s ,  S w itz e r la n d ) A s  th e  s tu d y  w a s  to  in v c.stig ate  th e  e ffe c t 

o f  s h e a r  r a t e  a s  w e ll a s  t e m p e r a t u r e  o n  d if f e r e n t  s a m p le s  th e  

c o n c c n tr ic  c y lin d e rs  w ith  B  a n d  C  c u p s  w e r e  u s e d  f o r  m a k in g  th e  

m e a s u r e m e n ts .  C o n t i n u o u s  s h e a r  r h e o m e lr y  m e a s u r e m e n t s  w e re  

c a r r ie e d  o u t  a t  1 - 1 5  o r  1 6 - 3 0  R P M  d e p e n d in g  o n  th e  v isc o sity  o f  

t h e  s a m p le s  a i  te s t  t e m p e r a t u r e s .  T h e  s tu d ie s  w e r e  c a r r ie d  o u t  in 

t h e  t e m p e r a t u r e  r a n g e  o f  2 0  to  1 4 0 o C . T h e  r h e o g r a m s  w e r e  

p l o t te d  u s in g  th e  x-y  r e c o r d e r  a t ta c h e d  t o  t h e  in s tr u m e n t .

T a b l e  1. P r o p e r t i e s  o f  L N R

A s h  c o n te n t  ( % )  

V o la ti le  m a t t e r  ( % )  

S p e c ific  g ra v ity  a t  25® C  

C o lo u r

0.6
0.1
0 .9 2

L ig h t b r o w n  in th in  film s.

3 . R esults and discu ssion

'1710 e ffe c t o f  s h e a r  r a l e  o n  th e  v jsc o sity  o f  L N R  is g iv en  in 

F ig u r e  1. T h e  r e d u c t io n  in  visco.«iity fo r  k jw , m e d iu m  a n d  high 

m o le c u la r  w e ig h t s a m p le s  h a s  b e e n  p lo t te d  a g a in s t  th e  s te a d ily  

i n c r e a s i n g s h e a r r a t e a t a  t e m p e r a t u r e 4 )f 2 0 o C .  A s  is e v id e n t fro m  

th e  f ig u re , th e  s a m p le s  s h o w  a  p s e u d o p la s t ic  te n d e n c y  w h ich  

in c r e a s e s  w ith  in c re a s in g  m o lc c u la r  w e ig h t. 'F his is a s  a  r e s u lt o f

R g  1. E ffect of s h e a r  ra te  o n  v isco sity

th e  h ig h e r  a m o u n t  o f  p o ly m e r  e n ta n g le m e n ts  w h ic h  b e c o m e  sig ­

n ific a n t e n o u g h  to  c o n tr ib u te  to  h ig h  vi.scosity v a lu e s  a t low  s h e a r  

r a te s .  L o w  m o lc c u la r  w e ig h t s iim p lc s  h a v e  re la tiv e ly  s h o r t  c h a in  

le n g th s  a n d  th e ir  re la tiv e  m o tio n  e v e n  a t  low  s h e a r  r a te s  is easy . 

S h e a r s t r e s s m c a s u r c m e n t s w e r e  m a d e  o v e r  a  ra n g e  o f  s h e a r  r a tio s  

fro m  0 .2 1 5  S e c - 1 to  1 5 7 .9  S ec-1  u s in g  H a n d C c u p s o f R h e m a t  3 0  

s o  a s  to  a c c o m m tx J a tc  th e  e ffc c l o f  te m p e r a t u r e .  A l h ig h  s h e a r  

r a te s  th e  e ffe c t o f  s h e a r  r a t e  o n  v isco sity  w a s  le ss  s ig n ific a n t. 

R e s u lts  o f  v isco sity  m e a s u r e m e n ts  a t  d if fe re n t  l e m p c r a t u r e s  a re  

g iv e n  in F ig u r e  2 .  V isco.sity o n  a  lo g a r ith a m ic  s c a le  is p lo tte d



F '3  2 . E ffect o f  te m p e r a tu r e  o n  v isc o sity

a.K iinsl l e m p c r a l u r c .  1-ro m  t h e  s lo p e  o f  Itic  c u r v c s  il is e v id e n t th a t  

tliL' c ffc c i o f  l e m p c r a l u r c  o n  l lic  vLscasily o f  I .N R  is v e ry  s ig - 

n illc a m . In  th e  lo w e r  t e m p e r a t u r e  r a n g e  o f J O ^ C  to  8 0 ° C  s lo p e  is 

m o r e , in d jc a iiv c  o f  a  la r g e r  r e d u e l io n  in v isc o sity . T h e  s a m p le  w ilh  

(tic  h ig h e s t in ilia i v is c o s ity  d e v e lo p e d  c o m p a r a t iv e ly  le ss  l lu id ity  a t

I 4 0 o c  l h a n  th e  lo w  m o lc e u la r  w c ig h l s a m p le s . F o r  lo w  m o lc c u la r  

w e ig h t I .N R , a  .M  fo ld  r e d u c t io n  in  v isc o sity  w a s  n o tic c d  w h e n  

tc m p e r a l u r e  in c r e a s e d  f ro m  2 0 o C  to  8 0 o C  W h e rc a .s  il w a s  o n ly  a 

SIX fo ld  r e d u c t io n  w h e n  th e  te m p e r a t u r e  r o s e  f ro m  6 0  t o  1 4 0 o C . 

In  th e  c a s e  o f  th e  s a m p le  w ith  t h e  h ig h e s t v isc o sity  c o r r e s p o n d in e  

v a lu e s  w e r e  2 2  a n d  1 ( f  re s p c c t  ively.

4 .  C o n c l u s i o n

'I h c  p re .s e n t in v e s tig a tio n s  in d ic a te d  th a t  liq u id  r u b b e r  

M m p le s  o f  l i r o o k f ic ld  v isc o sity  le ss  th a n  1 ,0 0 ,0 0 0  c p s  s h o w e d  

N e w to n ia n  te n d e n c y  w h ile  h ig h e r  v isc o sity  s a m p le s  s h o w e d  p s e u -  

d o p la s tic  b e h a v io u r . R e d u c t io n  in  v isc o sity  d i^e  to  in c r e a s e  in 

t e m p e r a t u r e  is f a s te r  a t  lo w  te m p e r a tu r e s  a n d  s lo w e r a t  h ie h  

te m p e r a t u r e s .  ”
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R esu lts  o f  th e  M o nthly  sy n ap tic  field o b sciv atio n s o f  vertical p rofiles o f  su sp en d ed  se d im e n t c o n cen tratio n , c u rtc n t velocity 

a n d  salin ity  e a rn e d  o ul in th e  A zh .co d e e stu a iy  a re  p re se n te d  with a  view to  u n d e rsta n d  the sh o alin g  a n d  silta tio n  p h en o m en a in the 

h a rb o u r  region. B ased o n  v ario u s physical an d  g eom orphological d a ta  available on th e  h a rb o u r an d  n e a r sh o re  region, rem edial m easures 

are  sug g ested  to  p rev en t th e  silta tio n  an d  sh o alin g  a t Ihe e n tra n c e  channel an d  th e  sa n d b a r fo rm atio n  a t th e  h a rb o u rm o u th . T h is p a p e r 

also  highlights v a n o u s a s p c c ts  o f  hydrodynam ics in the low er reaches o f  th e  estuaiy.

I .  I n t r o d u c t i o n

I h c  A z h ic o d e  c s i u a r y  is f o r m e d  b y  Ih c  m a j o r  a r m  o f  th e  

P e n y a r  riv e r  w h ic h  jo in s  th e  A r a b ia n  S e a  a t M u n a m b a m . T h e  

c h iila k k u d y  r iv e r  jo in s  th e  e s t u a r y  a b o u t  10 k m  u p s t r e a m  f r o m  ih e  

m o u th . C o m p a r e d  t o  C o c h in  e s tu a r y , A / h ic o d e  e s tu a r y  is s h a l­

lo w e r, th e  m < ixim um  d e p t h  a t  t h e  e n t r a n c e  c h a n n e l  b e in g  a b o u t  8  

m . ' r h e  w id th  o f  t h e  e s t u a r y  n e a r  th e  b a r m o u t h  is 7 5 0  m  a n d  at 

th e  in le t e n t r a n c e ,  a b o u t  2 5 0  m . '["he a v e r a g e  d e p t h  o f  th e  s tu d y  

a r e a  is a b o u t  3 .5  m  (A b r a h a m  P y le e  1 9 8 7 ) .  S e d im e n ta t io n  in  th e

h a r b o u r  r e g io n  a s  w e ll a s  th e  s jin d - b a r  f o r m a tio n  a c r o s s  th e  

e n t r a n c e  c h a n n e l is a  m a jo r  m e n a c e  t o  th e  .safe e n tr y  a n d  b e r th in g  

o f  th e  fish in g  b o a ts .

2 .  M a t e r i a l s  a n d  M e t h o d s

S tu d y  a r e  a n d  s ia t io n  lo c a tio n  a r e a  s h o w n  in  M g  1. M o n th ly  

s y n o p tic  fie ld  o b s e r v a tio n  o f  v e r tic a l  p ro f ile s  o f  v e lo c ity , t e m p e r a ­

tu r e ,  s a lin ity  a n d  s u s p e n d e d  s e d im e n t  c o n c e n tr a t io n  f o r  o n e  tid al 

cy cic  w e r e  a i r r i c d  o u l  a t  all s ta t io n s  f o r  a  p e r io d  o f  o n e  y e a r .


