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Summary: ]he in~rznsic ano zero shear viscosz~y of Nylon-12 is inves- 
tigated in a mixture of caroon tetrachloride and phenol (i:I by 
weight) anO in metacresol at 298-3qSK ~empera~ure range. The variation 
in viscosity with temperature is explained in terms of entanglement 
among the polymer molecules and tne thermodynamic quality of the 
~o!vents. The results so obtalned are scaled using a reducing 
parameter proposed by Baloch. It is found that this parameter works 
very well over the entire range of concentration and temperature 
investigated, even in mixed solvents. 

Introduction 
Theories of the molecular weight ano polymer concentration oependence 
in zero shear viscosity of linear polymers are based on quite 
different models over dilute and concentrated region (i-6). It is 
almost established tha~ the zero srJear viscosity is equal to 3.4 power 
of molecular weight of the polymers, if the molecules coil with each 
other. However, the problem of dependence of zero shear viscosity over 
concentration is more complicated, except for very ~ilute 
solutions, there are two approaches to the analysis of polymer 
concentration aependence of zero shear viscosity, one Trom dilute 
solution and the other polymer melt side. In dilute region, mostly 
Wuggins equation is considered for she purpose and ~p/C_ [~] is given 

as a ~unction of C [~]. Here o = �9 o o sp (~ -~ ./~, & ~ being the zero 

shear viscosity and viscosity of '~he solvent respectively. Whereas C 
and [~] are the concentration and intrinsic viscosity oY ~he 
polymer respectively. Though C[~] is used as a reducing parameter in 
concentrated solutions but it is not as perfect (7,8). Further the 
existing gap between various theories ?or dilute and concentrated 
region (1,9-11) can be narrowed if ~r~e existence of the so-called 
semidilute concentration is recognized as proposed by de Gennes (12), 
whereas ~he coils of the polymers overlap each o~her whlle ~he segment 
density remains low and the excluded volume works between the 
segments. Keeping tr, is concept of semidilute region, in view a new 
reducing parameter (characteristic concentration, Cch) was proposed 

through which a reduction in viscosity data for a variety of polymer 
solutions over a wide range of concentration and temperature became 
possible. ~he dependence of different parameters wirY, temperature is 



470 

even more complicated. ~nough the dilute region is extensively 
studied bu~ is less conclusive (i3-I~). Nylon.-IZ with unique 
industrial, mechanical applications and tnermooynamical properties is 
very ilt~le inves'tiga~ed and is either ~he oetermina~ion of molecular 
weight by light scattering (19-21) or ~eveloping a relationship 
between molecular weight an(~ intrinsic viscosity of ~he polymer 
(22-2~). This requires further examination. 

Keeping these facts in view , the Newtonian viscosity of Nylon-i2 in a 
pure and in a mixed solvent is studieo, over a wide range of 
concentration and temperature. ~he results so ootained are scaled and 
oiscusse~ according to ~he moOei proposed by Baloch (81). 

ExperimenCal 
The polymer Nyion-12 investigated is an alliphatic poiyamide, kinal~ 
provided by ~ASF, Germany. it has molecular weight equal to ,4.8xi~ 
(as obtained in our laboratory.). A mixture of phenol ano carbon tetra- 
chloride (1:1 by weight) and metacresol were used as solvents. These 
chemicals were of E.Merck,berman grade. 

A sufficient amoun~ of the polymer was placed in a required amount 
of soiverrt for at least a weeX. After complete dissolution of the -3 
polymer, solutions at required concentration (0.002-0.09 g cm ) 
were prepared by dilution method. 

The viscesity measurements were made a~ different temperatures (298.16 
- 348.16• O. OIK) for all the concentrations of the polymer. ]he 
viscometers used for the ptlrpose were Ostwarid type (only for ~iiute 
systems) and concentric cylinder Maake Rotovisco, RV-12 for the whole 
range of concentration. The required temperature was attained using 
Haake thermostat. 

Results and  dlscusslon 
The intrinsic viscosity of Nylon-12 in carbon tetrachloride ano phenol 
( i:i by weight) as solvent was determined by extrapolation method, ihe 
equation used for t~e purpose was: 

"~sp/C = I T / ]  + K t [ T I ]  C + . . . . .  ( 1 )  

Here T~sp(=T~r -i)' ~r and Ki being the specific viscosity, relative 

6- 

[~ ]cm' 
lOOg 3 

298 3 348 
T /K 

~I ~igure i. 

iempera~ure dependence of 
~." ) intrinsic Viscosity 

" 2 K~b] and ( �9 Huggins constant 
of Nylon-12 in mixed 

0 solvents. 



~E 

~2  

e 

2"9 3:1 3 3"3 
10 K 
T 

Figure 2. 

Logarithm of Intrinsic 
Viscosity as it varies with 
the reciprocal of temperature. 
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viscosity and Huggins constant respectively. The data for specific 
viscosity using both types of viscometers were found to be the same, 
within the experimental error. The plots of 8 /C versus [. were linear sp 
in dilute (0.002 - 0.01 gcm -a) region for e,~ery temperature. The 
results obtained for intrinsic viscosity are plotted against 
temperature in figure 1. The figure shows the intrinsic viscosity 
increases linearly with temperature e::'cept for the lowest one. This 
increase may be due to an improvement in quality of the solvent with 
temperature and the polymer molecules e;'pand, resulting in an increase 
in intrinsic viscosity (16,1~�9 _,.~,o~i 28). Such trend was also observed by 
other investigators for different polymers (16-18,~ .~,- ~, ; ,~. However 
these observations are contrary to the ones reported by us, in case of 
metacresol as a solvent for the same polymer (24). This shows that the 
solvent quality of metacresol for Nyion-12 deteriorates with temperat- 
ure. The Huggins constants obtained in this case are in decreasing 
order with temperature (Fig.l), whereas in metacresol the other way 
round (24). This observation support the explanation given for variat- 
ion in intrinsic viscosity with temperature. "fhe Huggins constants 
measured in mived solvents are in the range of 24-0.001. These are 
according to the reported values, which vary from negative to as high 
as 24 (15, ~_, 28) for such polmer solvent systems. As the polymer 
associates very much at low temperature the viscosity increases 
sharply with the rise in concentration. However on the improvement of 
the solvent quality the extent of expected increase in viscosity with 
concentration diminishes regularly, and hence K aecreases. 

I 

The logarithm of the intrinsic viscosity is plotted versus I/T in 
figure 2. All the data lie on the s~raight line except for at the 
lol~est temperature (298.2K), which is near to T and hence the system 

g 
does not follow the Arrhenius equation (5). Zero shear viscosity is 
also plotted versus I/T for different concentrations in figure 3.1t is 
observed that the viscosity decreases with increase in temperature for 
all the concentrations ana give a positive slope as observed by others 
(17,30,311). Further, the slope increases linearly with concentration 
(Fig.4). This can be explained in terms of increase in entanglement 
with concentration and hence re0uires more energy to flow. This 
statement is also supporte~ by tr~e equation given by Bu(~tov (32),which 
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states that the activation energy decreases when the quality of the 
solvent or expansion coefficient increases. It further says that the 
~tivation energy also depends upon the thermodynamic properties of 
solvent and solute. However the plots of log ~ versus 1/T show negative 
slopes as observed zn case of :ntr:ns:c wscos:ty. The d:vlat:on from 
lineaarity becomes pronounced at lower temperature and for higher 
concentration (Fig.5).The magnitude of the slopes increases with conc- 
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Figure 3. Zero shear viscosity of 
Nylon-12 in mixed solvents as a 
function of temperature. The 
polymer concentration is (I) 
0.01 (2) 0.02 (3) 0.04 (4) 
0.06 (5) 0.08 gcm 

Figure 5. Relative viscosity 
versus temperature. The symbols 
and the numbers on the plots 
have the same meanings as in 
case of Fig.3. The dotted lines 
are the forced straight lines 
drawn through the data points. 
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Figure 4. Slopes of logarithm 
of zero shear viscosity versus 
reciprocal of Temperature as 
a function of polymer 
concentration 
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Figure 6. The slopes of log 
~rversus I/T as a function of 

concentration of Nylon-12 in 
mixed solvents. 
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entration as in case of zero shear viscosity. These slopes are plotted 
versus concentration in figure 6. The zero shear viscosity obtained 
in metacresol and in mixed solvents, ano measured at 308.2K is plotted 
in figure 7. The result show that the viscosity is less in metacresol 
throughout the concentration range investigated as compared to the one 
in mixed solvents. This is what one expects, as metacresol is less 
viscous an~ is better solvent than the mixed ones (33,34). 

Baloch (8) proposed a new reducing parameter called characteristic 
concentration (Cch), which can scale the viscosity Oata over a wide 

range of concentration, molecular weight and temperature. To get C ch' 

/C z was plotted versus concentration and the concentration 
sp 

corresponding to minimum value of ~ /C 2 was taken as C . The same 
~p ch 

procedure has been adopted for Nylon-12 (Fig 8). Data gives well 
defined minimum and hence easy to determine Cch. The values of Cch 

increase with temperature (see inset of fig.8) as observed in case of 
polystyrene in 1-chlorodecane (8). Using these values of Cchthe reduced 

concentration~C(=C/Cc~ is calculated. Log ~ is plotted versus reduced 

concentration, for all the temperatures (Fig.9). Though apparently 
these curves are not very important, as the data are only for one 
sample, however the initial slopes of such curves can be used for 
scaling the data obtained at different temperatures. Therefore the 
initial slopes of these curves are determined and called as shift 
factor. B. The shift factor is plotted versus temperature and intrinsic 
viscosity (Fig.10).The B factor increases with the rise in temperature 
with intrinsic viscosity as in case of polystyrene (8). Log ~ is 

plotted versus BC in figure 11. The data show complete overlapping, 

~xcept for the lowest temperature and having more than 0.06 g cm 
concentration . This is due to the fact that it has less degree of 
coiling and hence behave as stiff chains. By means of this technique 
all such data collected at various polymer concentrations over a wide 
range of temperature can be represented by a single curve. 
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Figure 7. 
Zero shear viscosity of 
Nylon-12 in ( �9 ) mixed 
solvents and in ( �9 ) 
metacresol as a function of 
concentration and measured 
at 308.2K. 
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mixed solvents as a function of 
concentration and obtained at (i) 
298.2 (2) 308.2 (3) 318.2 (4) 
328.2 (5) 338.2 and at (6) 
348.2K. The inset shows variation 
of characteristic concentration 
with temperature. 
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Figure 10. Variation in the 
initial slopes. B of the curves~ 
shown in Fig.9 as a function of 
(Q) temperature and (m) 
intrinsic viscosity. 
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Figure 9. Relative viscosity as 
a function of reduced concentra- 
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tion C(=C/Cch) as obtained at 

different temperatures. The 
numbers on the plots have the 
same meanings as in fig. 8. 

Log 

I 

0 

BC/cc h 

Figure Ii. Relative viscosity 
Nylon-12 in mixed solvents as 

a function of BC as obtained 
at different temperatures. The 
symbols have the same meanings 
as in Fig.8. 
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