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This  study deals  with the v i scos i ty  of a concent ra ted  ionomer  solution nea r  the phase  
t r a n s f o r m a t i o n  which is of the c lus te r ing  kind. The ana lys i s  is based  on the d iss ipa t ion  
function for  v iscous  flow. I t  is shown that,  under  ce r t a in  conditions,  there  m a y  occur  
a v i scos i ty  jump during t rans i t ion  through the c r i t i ca l  point. 

A m a t t e r  of cons iderab le  in t e re s t  in p rac t ica l  appl icat ions is the synthes is  of p o l y m e r s  with new 
the rmophys i ca l  and s t rength  c h a r a c t e r i s t i c s .  Many poss ib i l i t i es  in this a r e a  have been c r ea t ed  by the a p -  
pea rance  of i onomers  (ion copo lymers ) .  Despi te  the intensive r e s e g r c h  act ivi ty ,  it is difficult  to a s c e r -  
ta in the t rend  of var ious  kinetic c h a r a c t e r i s t i c s  of concent ra ted  ionomer  solut ions (as well  as  of o ther  
c h a r a c t e r i s t i c s  of nonequi l ibr ium t r a n s f e r  p r o c e s s e s  in non-Newtonian fluids [1]. The one p r o p e r t y  of 
i onomers  which of fe rs  in te res t ing  poss ib i l i t i e s  in p rac t i ca l  appl icat ions is the abi l i ty of ions to c lus te r  
under  ce r t a in  conditions [2]. The exact  conditions of ion c lus te r ing  a r e ,  however ,  difficult  to pinpoint 
expe r imen ta l ly .  The authors  analyze  he re  the v i scos i ty  c h a r a c t e r i s t i c s  of a concent ra ted  ionomer  solution 
nea r  the phase  t r a n s f o r m a t i o n  which is of the c lus te r ing  kind. 

P r o p e r t i e s  of the Diss ipa t ive  Flow Function. We cons ider  the v iscous  flow of a concent ra ted  ionomer  
solution.  As a r e s u l t  of d iss ipa t ion  p r o c e s s e s  during flow, the mechanica l  ene rgy  is conver ted  to heat.  
The d iss ipa t ion  of mechan ica l  energy  in a moving fluid will be c h a r a c t e r i z e d  by the d iss ipa t ion  function ~, 
p e r  unit vo lume ,  which depends on the components  of the ve loc i ty  gradient  and also on ce r ta in  coeff icients  
de t e rmined  by the m i c r o s t r u c t u r e  of the subs tance .  These  coeff ic ients ,  in turn,  depend also on the local  
t e m p e r a t u r e  T '  in the p a r t i c u l a r  moving volume e l emen t  singled out for  ana lys i s .  We will cons ider  the case  
where  the conditions in some  flow zone a r e  c lose  to c r i t i ca l  with r e s p e c t  to c lus ter ing.  An ion c lus t e r  will 
be  c h a r a c t e r i z e d  by the p a r a m e t e r  # which becomes  equal to ze ro  below the t rans i t ion  point and has  a value 
o ther  than ze ro  above that point. P a r a m e t e r  # may  be made to co r r e spond  to the mean  distance between 
ions forming  a c lus t e r .  This  p a r a m e t e r  is a monotonic function of the t e m p e r a t u r e  of the subs tance ,  also 
of the ve loc i ty  gradient  in the zone under  study. 

An expe r imen t  for  de te rmin ing  the v i scos i ty  c h a r a c t e r i s t i c  nea r  the t rans i t ion  point mus t  be p e r -  
fo rmed  under  conditions where  the ene rgy  brought  into the medium through diss ipat ion would not cause  the 
t e m p e r a t u r e  f ield and the ve loc i ty -g rad ien t  field to become v e r y  nonuniform. Such nonuniformit ies  would 
introduce complex i t i e s  and ambigui t ies  into a de te rmina t ion  of the v i scos i ty  of the subs tance  on the bas i s  
of t e s t  data.  Exis t ing  methods  of v i scos i ty  m e a s u r e m e n t s  allow the n e c e s s a r y  conditions to be es tab l i shed  
under  which the ve loc i ty  gradient  will r e m a i n  constant  with t ime  and constant  along a s t r e a m l i n e  while 
hea t  is r emoved  through the outer  su r f aces  a t  a constant  r a t e .  .Under such conditions the v i scos i ty  r e -  
ma ins  constant  along a s t r e a m l i n e ,  while analy t ica l ly  der ived  re la t ions  involving the v i scos i ty  and used 
for  evaluat ing the t e s t  data will m o r e  accura te ly  desc r ibe  the p r o c e s s e s  which have o c c u r r e d  during the 
tes t .  These  n e c e s s a r y  conditions can,  apparent ly ,  a lways be rea l i zed  at  suff iciently smal l  ve loc i ty  g r a -  

dients .  

In o r d e r  to s t r ingent ly  main ta in  the t e m p e r a t u r e  constant  along a s t r eaml ine ,  as r equ i red ,  the d i s -  
s ipa t ion  function m u s t  have one spec ia l  p roper ty .  Le t  us dwell on this.  We single out a smal l  moving 
volume of the subs tance .  A change in its t e m p e r a t u r e  T ' ,  with heat  leaving this volume at  a constant  r a t e ,  
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is  de te rmined  by the change in the energy  d iss ipa ted  he re .  For  s impl ic i ty ,  the subs tance  will be con-  
s ide red  i n c o m p r e s s i b l e .  A change in the d iss ipat ion function is then de te rmined  by the change in p a r a m -  
e t e r  # only. Consequent ly ,  we may  wr i te  for the t e m p e r a t u r e  T! of the s ingled  out vo lume e lemen t  

ST' OV ! 

Since 0T ' / 0  ~I, is  neve r  equal to ze ro ,  fo r  any arbitrary~5/z we have 

- -  = o .  ( 1 )  
a~ 

Condition (1) s ignif ies  the exis tence  of an e x t r e m u m  of ~ as  a function of #, with the rea l i zab le  value 
0 / #  to be de te rmined  f r o m  re la t ion  (1) at  given va lues  of the s y s t e m  p a r a m e t e r s .  We note that  this method 
based  on using the d iss ipa t ion  function is analogous to the e a r l i e r  methods  based  on using the inc rease  of 
ent ropy in nonequil ibr ium s y s t e m s .  Several  ex t r emum theo rems  have been thoroughly es tab l i shed  for  such 
s y s t e m s  [3-5], s i m i l a r  in meaning  to the said ex t r ema l i t y  p rope r ty  of the d iss ipa t ive  flow function. T h e r e -  
f o r e ,  we will use  this p rope r ty  for  de te rmin ing  the sought re la t ions .  I t  should be added h e r e  that ,  on the 
bas i s  of  physica l  cons idera t ions ,  the e x t r e m u m  of the d iss ipat ion function m u s t  be a m in imum (this c o r -  
r e sponds  to the l e a s t  d is turbance of t he rma l  equi l ibr ium by random va r i a t ions  of the flow p a r a m e t e r s ) .  

Viscos i ty  Jump.  Without deviat ing much f rom rea l i zab le  t e s t  condit ions,  we r e g a r d  the flow within 
the t rans i t ion  zone to be uni form along the x -ax i s  at  a ve loci ty  v which is a function of the z -coord ina te .  
At smal l  depar t t t res  f rom the c r i t i ca l  conditions cor responding  to this kind of phase  t r ans fo rma t ion ,  the 
c h a r a c t e r i s t i c  p a r a m e t e r  # r e m a i n s  st i l l  sufficiently smal l  for the d iss ipa t ion  function within the t r a n s i -  
tion range  to be expandable into powers  of/~ accura te ly  down to a few f i r s t  t e r m s :  

= ~o -~- A~ ~ + BI~O i- C~ 4. (2) 

The coeff icient  of the l inea r  t e r m  in (2) becomes  identically equal to ze ro ,  by  v i r tue  of condition (1) 
appl ied to the reg ion  where  c lu s t e r s  exis t  (# = 0) as  well  as based  on cons idera t ions  of s y m m e t r y  a t  the 
t r ans i t ion  point.  Funct ion r depends on the veloci ty  gradient .  At sufficiently smal l  ve loc i ty  gradients  
the re  occur  no other  s ignif icant  phase  t r ans fo rma t ions  in the fluid and function ~I, 0 for  the reg ion  where  
# = 0 can be e x p r e s s e d  as  for  a no rm a l  fluid [1]: 

~o = % l Oz , ' 

with r/0 denoting the v i scos i ty  below the t rans i t ion  point. With u = 0 v / ~ z ,  we have below the t rans i t ion  

point I O-'V o 

~l = % -- 
2 Ou" 

By vi r tue  of the sufficiently smal l  ve loci ty  gradient  and the absence  of any other  s ignif icant  phase  
t r ans fo rma t ion ,  as  com pa red  to the intensive one occu r r ing  at  the t rans i t ion  point, for the v i scos i ty  above 

that  point we m a y  use  the analogous re la t ion  
1 O ~  r 

q = 2 Ou ~ 

The subsequent  anolysis  follows c lose ly  the e a r l i e r  developed phenomenological  descr ip t ion  of phase  
t r ans fo rma t ions  of the second kind [6]. Coefficients  A, B,  C a re  functions of u and depend on the t e m p e r a -  
tu re  conditions a t  the  bounclsry. I t  follows f rom the min ima l i ty  of  function ~I, that  A > 0 below the t r a n s i -  
t ion point (because h e r e  # = 0) and A < 0 above the t rans i t ion  point (here # > 0). Th is  means  that at  the 

t rans i t ion  point 
A t r =  A(utr , rtr,) = O: (3) 

E x p r e s s i o n  (3) r e l a t e s  the veloci ty  gradient  a t  the t rans i t ion  point to the t e m p e r a t u r e  conditions at  
the boundary.  I t  follows f rom the condition that  ~ is min imum at  the t rans i t ion  point as  well  as  f rom s y m -  
m e t r y  cons idera t ions ,  that  Bt r  ~- 0 and Ctr  > 0. Obviously,  the condition that  Ctr  > 0 is sa t i s f ied  also 

within a ce r t a in  vic ini ty  of the t rnnsi t ion point. 

F inal ly ,  we obtain for  ~(#, u): 
= ~ou 2 + A~ z + C~t ~. 
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The condition that ~I, is minimum yields 

Below the t rans i t ion  point 

(A § 2C~ 2) = O. 

= 0 ,  ~ = ~ o  u2, ~]=qo- 

Above the t rans i t ion  point 

A A ~ 
~2_ , ~ = ~ o - - - - ,  2C 4C 

~ - % - T c - ~ o u  / T c - ~  ou-" / T  2c-~ ., T ~ -~-sc - - T \ o . , / - 4 c , ~ o u  / 

Near  the t rans i t ion  point 

,4 = ~ (u--  Utr), a -- i.=.tr C == Ctr. 

Fo r  the v i scos i ty  in the immedia te  vicini ty of the t rans i t ion point we have jus t  above that point 
~2 

q :=  % 
4Ctr (4) 

and just below that point 

~1 = ~1o. (5) 

Relat ions (4) and (5) indicate that ,  under  the conditions st ipulated he re ,  at  the t rans i t ion  point where  
c lus te r s  d isappear  there  must  occur  a v iscos i ty  jump. Exper iments  could possibly conf i rm the exis tence 
of  such a t rans i t ion and a v i scos i ty  jump, they would also provide additional useful information about 
c lus te r ing  p r o c e s s e s  in ionomers .  

%,  r  ~(u, u) 
T '  
# 
V 

X , Z  

A , B , C  

Atr ,  Bt r ,  Ct r  
Utr 
T t r  

N O T A T I O N  

is the dissipation function; 
is the local t empera tu re ;  
is the p a r a m e t e r  which cha rac t e r i ze s  the mean distance between ions in a c lus te r ;  
is the flow veloci ty;  
a re  the space coordinates ;  
is  the v iscos i ty  coefficient;  
a re  the coeff icients  in the s e r i e s  expansion; 
a re  the values  of coeff icients  A, B, C at  the t rans i t ion point; 
is the veloci ty  gradient  at the t ransi t ion point; 
is the t empera tu re  at  the t rans i t ion boundary. 
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