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Summary: The intripnsic BnRo =evo shear viscesity of Mylon-1@ is  inves-
tigated in a mixture of carbon tetrachloride and phencl 1zl by
weight) and in metacrespl at 298-348K tempevature vange. The variation
in wviscosity with temperature is explained in terms of entanglement
among  the polymey molecules and tne tnermodynamic quality of the
~olvents. The rvesults so obtained are scaled wsing a readucing
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 weignt ano polymer concentvation dependence
in zero shear viscasity of linear polymers are based on quite
different models over dilute and concentrated region ti-&). It is

almost established that the zero shear viscosity is equal to 3.4 pouwer
of molecular weight of the polymers, if tne molecules coil with each
other. However, the problem of dependence of zero shear viscosity over
copcentration is more complicated, except for very dilute
solutions. There are +two approaches to the analysis of polymer
concentration dependence of zero shear viscosity, one from diiute
sclution and the other polymer melt side. In dilute region, mostly
Huggins equation is considered for the purpose and n:P/C ind is given

as a function of C [ni. Here n:p= (no—nslfns, n° % n, being the =zero

shear viscosity and viscosity of the solvent respectively. Whersas O
and [yl are tne concentration and intrinsic viscosity of the
polymer respectively. Though CLynl is used as a reducing parameter in
concentrated sclutions but it is not as perfect (7,8). Further the
existing gap between various theories for dilute and concentrated
region  (1,3-11) can be narrvowed if the existence of the so-called
semidilute concentration ie vecognized as proposed by de Gennes (120,
whereas the coils of the polymers overlap each other while the segment
density remains low and the excluded wolume works between the
segments. Keeping thnis concept of semidilute vegion, in view a nsw

reducing pavameter (characteristic concentration, (_ ) was proposed

ch’
through which a reduction in viscosity data for a variety of polymer
solutions over a wide vange of concentration and temperature became
possible. The dependence of different parameters with temperature is
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even move complicated. Trhougn the diiute Fegion is  edtensively
studied but is less conclusive (14-180. Mylon-12 with unique
industrial, mechanical appiications and thermodynamical properties 1is
very iittle investigated and 1s either che ceterminmation of molecular
weight by light scattering ©19-212 or developing a velationship
petween molecular weight and intrinsic viscosity of the polymer
CAd-240, This reguires furthey examination.

Keeping these facts in view , the Mewbonlan viscosity of Hylon-12 in a
pure and in =® mixed solvent 1s studied, over a wide rvange of
concentration and temperature, fhe resuitts so obtained are scaled and
discussed accovding to the model proposed by Baloch (&),

Experimental

The polymer Mylon-i2 investigated iz an alliphatic poiyamide, kKindly
provided by BASF, Germany. 1t has wmolecular weight equal to  4.8x10

({as obtained in our laboratoryl. A mixture of phenol ano carbon tetra-
chlovide €1l:1 by weight) and metacresol were used as solvents.These
chemicals were of E.fevck,German grade.

fosufficient amount of the polymsr was placed in a reguived amount

af selvent for at least & week. After complete dissclution of the
polymer, solutions at reguired concentration (0.002-0.99 g e
were prepaved by dilution method.

The viscesity measurements were made at different temperatures (298,16
- 348, 16% 0.01K) for mil  the concentrations of the polymer. The
vizcomebers used for the purpose werve lstwarid type tonly for diiute
systems) and concentric cylinder Haake Kotovisco, HV-12 for the whols
vange of concentration. The reguived temperature was abtitained using
Haake thermostat.

Results and discussion

The intrinsic viscosity of Mylon-12 in carbon tetrachloride ano phenol
L 1:1 by weight) as solvent was determined by extrapolation method. (he
gquation used for the purpose was:

nspr = Rl + Riﬂn] Gt wnuns i

Here xp i=nr“1}, 1 and K: being the specific wviscosity, relative
sp r

Figurve 1.

fenperature dependence of
B ) intrinsic Viscosity
and « @ ) Huggins constant®
af Hylon-1d in mined
solvents.
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10K Viscosity as it varies with
T the veciprocal of temperature.

viscosity and Huggine constant respectively. The data for specific
viscosity using both types of viscometers were found to ke the same,
within the experimental evvor. The plots of nsp!C versus i weve lineayr

in dilute €0.002 - 0.01 g cn veglon for every temperature. The
results obtained for intrinsic wiscosihy are plotted againsh
temperature in figure 1. The figure shows +the intrinsic viscosity
increases linearly with temperatwre except for the lowest one, This
increase may be due to an improvement in  quality of the solvent with
temperature and the polymer mol#culns evpand, resulting in an increase
in intrinsic viscosity 16,18,25%,28). Such trend was also observed by
other investigators for different polymers C(16-18,327,28). Houwsver
these observations are contrary to the ones reported by us, in case of
metacresol as 3 solvent for the same polymer (243, This shows that the
solvent quality of metacrescl for Mylon-12 deteviorvates with temperat-
ure. The Huggins constants obtained in  this case are in decreasing
order with tempervature (Fig.1), whereas in metacrescl the other way
vound (243, This cbservation support the explanation given for variat~
ion  ip intrinsic viscesity with temperature. The Huggins constants
measured in mixed 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, 35, 28 for such polmer solvent systems. As the polymer
associates wvery much at low temperature the viscosity increases
sharply with the rise in concentration. However on the improvement of
the solvent guality the extent of expected increase in viscosity with
concentration diminishes reqularly, and hence Kidecreaaes.

The logarithm of the intrinsic wvigcosity is plotted versus 1/T in
figure Z. All the data lie on the straight line except for at the

lowest temperature (298.2K)3, which is near to T  and hence the system
g

does not follow the Avrhenius eguation <53, Zsve shear viscosity is
alsp plotted versus 177 for different concentrations in figure 3.1t is
ohserved that the viscosity decreases with increase in temperaturs for
all the concentrations and give a positive slope as obsevved by others
€17,30,31 Further, the slope increases linsarly with concentration
(Fig.43. This can be explained in terms of increase in  entanglement
with concentration and nence  veguires more energy  to flow. This
statement iz also supported by the equation given by budtov (32, which
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states that the activation enerqy decreases when the guality of the
solvent or expansion cosfficient increases. It further says that the
activation enerqy also depends upon  the thermodynamic properties of
solvent and soclute. However the plots of log n versus 147 chow negative
slopes as ohserved in case of intrinsic viscesfty. The diviation from
linzaarity becomes pronounced at lower tesperature and for higher
concentration (Fig.3).The magnitude of the slopes increases with conc-

2
5
3
14 v o4 ~
N
> © 3 c2|
’3 /2 ; '/‘/'/‘/‘
[ 1 2
: ./-/'é-'/"/ﬂ 3]
~ o
° 04— : —~ .
-1 Jr — T 9 4 =3
2.8 s 3.2 100C/gem
10
5D K
Figure 3. Zero shear viscosity of Figure 4. Siopes of logarithm
Nylon-12 in mixed solvents as a of zero shear viscosity versus
function of teaperature. The reciprocal of Temperature  as
polymer concentration is (1) R function of polymer
0.01 €2 0,02 (3 0504 €47 concentration .
0.06 (5 0.08 g ca
3

Figure ©&. Helative 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 pointe,
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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, and measured at 308.2K is plotted
in figure 7. The result show that the viscosity is less in  metacresol
throughout the concentration vange investigated as compared to the one
in mixed solvents. This is what one expects, as metacresol is less
viscous and is better solvent than the mixed ones (33,34).

Baloch ¢8) proposed a new veducing parvameter called characteristic
concentration {Ech), which can scale the viscosity data over a wide
range of concentration, moelecular weight and temperature. To get Cch’
nspfcz was plotted wversus concentration and the concentration
corresponding to minimum value of nsprZ was taken as Cch. The same
procedure has been adopted for HNylon-12 «Fig 8. Datas gives well

defined minimum and hence easy to determine C n The values of C n
< <

increase with temperature (see inset of fig.8) as observed in case of
polystyrene in l-chlorodecane (8),Using these values of C hthe reduced
[~

i

cnncentration,ﬁ(=titcg is calculated. Log 7n ris plotted versus reduced

concentration, for w1l the temperatures (Fig.%). Though =apparently
these curves are not very important, ss 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 tempevature and intrinsic
viscosity (Fig.103.The B factor increases with the rise in temperature
with intrinsic viscosity as in case of polystyrene (8. Log n, is

w

plotted versus RBC ip figure 1i. The date show cnmpiete overlapping,

gueept for the lowest temperature and having more than 0.06 g cn™?

concentration . This is due to the fact that it has lese degree of
coiling and hence behave as stiff chains. By wmeans of this technigue
all such data collected at various polymer concentrations over a wide
range of temperature tan be represented by a single curve.

12 4
Figure 7.
7 Zero shear wviscosity of
" Mylon—-12 in (@ » mixed
e ] solvents and in (W
%6 | metacresol as a fupction of
\\\\ concentration and measured
gf ] at 308.2K.
0 . . | ;
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Figure 8. nspx‘c:z of Mylon-12 in

mixed solvents as a function of
concentration and obtained at (1)
293,72 2y 308.2 <3y 318.2 (4D
A28.2 (5 33B.2 and at X
348, 2K, The inset shows variation
of characteristic concentration
with temperature.
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Figure 10. Variation in tThe
initial slopes, B of the curves,
shown in Fig.® as a function of
(@ » temperature and (WO
inbrinsic wiscosity.
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