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Abstract: In this paper I undertook to determine the rheological characteristics of the copolymer 

hydrogenated poly(isoprene-co-styrene) solutions. I have studied the 3, 6, 10, and 12% concentrated 

solutions for a temperature interval from 40°C and 90°C in 10 degree steps, and for the shear rate from 3 

to 1312 s
-1

 in the second domain. The measurements were performed using a Haake VT 550 rotational 

rheometer with a HV1 sensor. The rheology of the solutions has been impacted by the shear rate, the 

temperature and the concentration of the copolymer hydrogenated poly(isoprene-co-styrene). I have found 

two models that successfully describe the rheological behaviour of the solutions compared to other 

models that do not consider the copolymer’s concentration. 
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1. Introduction 

 

Viscosity is the most important physical 

feature of the lubricants for it varies with the 

temperature and the shear rate and determines 

their performance. 

Multi-grade oils contain organic polymer 

additives to improve the viscosity index. The 

organic polymers are base oil soluble, have 

molar mass from 10
4
 to 10

6
 g/mol and are able to 

reduce the dynamic viscosity’s dependence on 

the temperature [1-3]. 

The viscosity index additives are those 

polymers whose chains may be blocked by 

twisting them either in between or with the oil’s, 

which alters the speed, the geometry and the 

molecular movement of the both components 

and varies along with the temperature [4-6]. The 

chains get blocked by twisting and therefore 

cannot move easily at high temperature as 

compared to no twisting and thus we have a loss 

in viscosity [7]. 

The performance of a polymer used as a 

viscosity index additive are being influenced by 

the structure, the concentration, the chemical 

stability, the oxidation thermal resistance, and 

the shearing stability or strength. For any given 

polymer, the shearing stability and the effect of 

viscosity increase or oil thickening varies 

inversely with the molar mass, while the 

shearing stability decreases with the increase in 

the latest, and the higher the mass the higher the 

viscosity [8]. When choosing a polymer to use 

as oil viscosity additive, one must keep a 

balance between its efficiency as a viscosity 

booster and its shearing stability [9]. 

The behaviour of an oil film between two 

surfaces that travel with respect to each other is 

quantified by the dynamic viscosity, a measure 

that correlates the shearing tension to the shear 

rate [10-12]. To determine the actual efficiency 

of a given polymer as a viscosity booster, one 

must know the rheological behaviour of its 

solutions over the widest range of shear rates. 

While the rheological behaviour of certain 

viscosity boosters has been studied for low and 

high shear rates (10
4 

- 10
6 

s
-1

), it has not been 

considered for intermediate shear rates. Usually, 

diluted solutions display a Newtonian behaviour 

while those semidiluted and concentrated behave 

like non-Newtonian fluids [13]. 

As the modification of the temperature-

induced viscosity variation has a significant 

impact on the bearings’ load capacity and the oil 

flowing rate, in many applications we need to 

know the viscosity-temperature relations [14]. 

Concerning the relation between the liquid 

lubricants’ viscosity and temperature, there is a 

set of equations, some empirical, some 

theoretical. A first equation for the oils’ 



MAGNT Research Report (ISSN. 1444-8939)                                                       Vol.3 (9). PP. 314-324 

  

     (DOI: dx.doi.org/14.9831/1444-8939.2015/3-9/MRR.25) 

 

viscosity-temperature of dependence was 

presented by Vogel for the viscosity temperature 

variation at zero shear rate, o (mPa.s) (1) [15]: 

 

                    0 = k exp 








 t2

1




       (1) 

                

where T is the temperature in 
o
C, and k (mPa.s), 

1 (
o
C) and 2 (

o
C) are constants for a given oil. 

The dynamic viscosity of the polymer solutions 

at high temperature of creases with the 

temperature according to the Andrade equation 

(2) [16]: 

 

                   = A·10
B/T

                                   (2) 

                                                                               

where A and B are polymer constant 

characteristics. 

 Another equation that advances a 

dynamic viscosity’s dependence on the 

temperature is (3) [17]: 

 

                      = A   Bt

c
cSt

/
/                       (3)                                                                  

 

where A, B and S are constants, and tc – 

temperature in 
o
C. 

The non-Newtonian fluids’ viscosity depends 

not only on the temperature but on the shear rate 

they are subjected to. The dependence of the 

dynamic viscosity on the shear rate is given by 

the Cross equation (4) [18]: 

                                                                 

mo
K )( 












                                            (4) 

                                                               

 where  is the lubricant’s dynamic viscosity in 

mPa.s,    – the minimum dynamic viscosity 

achieved under the shear rate in mPa.s, K – a 

constant with time units, and m – the shear 

index, non-dimensional [19]. The degree of 

viscosity reduction or oil thinning under the 

shearing is given by the value of m: when it 

comes closer to zero, the fluid is Newtonian [20-

23]. 

Most liquids that reduce their viscosity under the 

shearing action – behaving in a pseudo-plastic 

manner – display m values close to one. 

The viscosity temperature variation for a zero 

shear rate is given by the equation (4), while we 

assume that the formula is the same for the   

temperature of dependence. Thus the ratio r of 

the two viscosities [24]: 

 

                          /o = r                    (5) 

                                                                  

r is a temperature-independent constant whose 

value is lubricant specific. Because it is difficult 

to obtain a   value, it is considered identical to 

the base oil’s [25]. 

In this paper I undertook to determine the 

rheological characteristics of the copolymer 

hydrogenated poly(isoprene-co-styrene). I have 

studied the 3, 6, 10, and 12% concentrated 

solutions for a temperature interval from 40°C 

and 90°C in 10 degree steps, and for the shear 

rate from 3 to 1312 s
-1

 in the second domain. 

The measurements were performed using a 

Haake VT 550 rotational rheometer with a HV1 

sensor. The rheology of the solutions has been 

impacted by the shear rate, the temperature and 

the concentration of the copolymer 

hydrogenated poly(isoprene-co-styrene). I have 

found two models that successfully describe the 

rheological behaviour of the solutions compared 

to other models that do not consider the 

copolymer’s concentration. 

 

2. Materials  

The chemical and physical properties of 

copolymer hydrogenated poly(isoprene-co-

styrene) are: physical state – solid, form – white 

solid blocks, colour – compressed crumbs, 

odourless, flashpoint > 150
o
C, water insoluble, 

not a hygroscopic matter, stable, density (15
o
C) 

– 0.272 g.cm
-3

 and no hazardous decomposition. 

The SAE 10W oil’s physical and chemical 

properties are: form – homogeneous, yellowish 

brown liquid, specific odour, density (15
o
C) – 

0.875-0.910 kg·m
-3

, kinematic viscosity at 40
o
C 

- 90 cSt, kinematic viscosity at 100
o
C - 8 cSt, 

dynamic viscosity (20ºC) - 65 cP, viscosity 

index – 70-100, solubility in organic solvents, 

petroleum, fat, water-insoluble, flash point > 

200ºC, melting point - (-10)   (-15)ºC, amount 

of coke – 0.03 – 0.5%. The utilized SAE 10W 

oil is mostly paraffinal and contains 75% 

saturated hydrocarbons. 
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The of 3, 6, 10 and 12% copolymer 

hydrogenated poly(isoprene-co-styrene) 

solutions  concentrations have been prepared at 

the room temperature through continuous 

mixing for several weeks. 

A Haake VT 550 rotational drum viscosity 

meter has been used to determine the rheological 

features of the copolymer hydrogenated 

poly(isoprene-co-styrene) solutions 

concentrated. The rheological behaviour of the 

copolymer hydrogenated poly(isoprene-co-

styrene) solutions in the SAE 10W oil has been 

studies on a Haake VT 550 viscosity meter with 

a HV1 sensor that provides for shear rates from 3 

to 1312 s
-1

 for a temperature range from 40 to 

90°C. 
 

3. Results and discussion  
 

The of 3, 6, 10 and 12% copolymer 

hydrogenated poly(isoprene-co-styrene) 

solutions concentrations have been studied for 

temperatures from 40°C to 90°C, shear rates 

from 3 s
-1

 to 1312 s
-1

 and the second domain. 

The Figure 1 shows variation dynamic 

viscosity with temperature of 3% copolymer 

hydrogenated poly(isoprene-co-styrene) solution 

concentration for the 437.9 s
-1

, 729 s
-1

 and 1312 

s
-1

 shear rates. The solution was studied in the 

40-90
o
C temperature range for the 145.8 s

-1
, 243 

s
-1

, 437.9 s
-1

, 729 s
-1

 and 1312 s
-1

 shear rates.  As 

one can see from the curves, the solution’s 

dynamic viscosity decreases with the increase of 

the temperature and the shear rate. 
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Fig. 1. Dynamic viscosity temperature variation 

for a 3% copolymer hydrogenated poly 

(isoprene-co-styrene) solution concentration for 

certain shear rates 

For a 40°C temperature and a 145.8 s
-1

 shear 

rate, the 3% copolymer hydrogenated poly 

(isoprene-co-styrene) solution displays a 

dynamic viscosity of 0.4278 Pa s. If we increase 

the shear rate to 243 s
-1

 and keep the temperature 

constant, the solution’s viscosity goes down to 

0.4083 Pa.s. When keeping the shear rate 

constant at 243 s
-1

 and increasing the 

temperature of the copolymer hydrogenated 

poly(isoprene-co-styrene) solution, the dynamic 

viscosity reaches 0.2566 Pa s. 

For a shear rate of 437.9 s
-1

 and a 

temperature range of 40 - 90°C, the dynamic 

viscosity of the copolymer hydrogenated 

poly(isoprene-co-styrene) solution is 0.4044 Pa.s 

for a temperature of 40°C and goes down to 

0.0577 Pa. s at 90°C. 

For a shear rate of 729 s
-1

 and a temperature 

range of 40 - 90°C, the dynamic viscosity of the 

solution reaches 0.3912 Pa.s at 40°C and 

decreases to 0.0555 Pa.s at 90°C. 

For a shear rate of 1312 s
-1

 and a 

temperature range of 40 - 90°C, the dynamic 

viscosity of the copolymer hydrogenated 

poly(isoprene-co-styrene) solution is 0.3436 Pa.s 

at 40°C and goes by a polynomial curve down to 

0.05083 Pa.s at 90°C. As one can see, at the 

temperatures of 80°C and 90°C the solution’s 

dynamic viscosity displays a insignificant 

reduction even if we increase the shear rate. 

The Table 1 shoes the shear rates for which 

we determined the dynamic viscosities of the 3% 

copolymer hydrogenated poly(isoprene-co-

styrene) solution in relation with the 

temperature, the parameters A, B and C obtained 

by the polynomial fitting of the curve, the 

correlation coefficients obtained by the 

polynomial fitting, and the statistically obtained 

correlation coefficients. 

 The equation that describes the dynamic 

viscosity temperature of dependence for all of 

the solutions studied is (6): 

 

                    η = A + Bt + Ct
2
                          (6) 

                                                                                 

where η – the solution’s dynamic viscosity 

(Pa.s), t – temperature in 
o
C, A, B, C – 

parameters that depend on the polymer’s and 

solvent’s nature, and R
2
 – correlation coefficient. 
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Table 1. The shear rate and the parameters A, B and C of described by the equation (6), and the 

correlation coefficients obtained by the polynomial fitting and statistically 

Shear 

rate, s
-1

 

A B C Correlation 

coefficients, R
2
 

equation (6) 

Statistical 

correlation 

coefficients, R
2
 

 

437.9 1.2829 -0.0289 1.7149E-4 0.9955 0.8724 

729 1.2360 -0.0277 1.6359E-4 0.9949 0.8763 

1312 1.0441 -0.0228 1.3105E-4 0.9944 0.8949 

 

For the 3% copolymer hydrogenated 

poly(isoprene-co-styrene) solution, the value of 

parameter A decreases from 1.2829 to 1.0441 

for shear rates between 437.9 s
-1 

and 1312 s
-1

. 

The parameter B displays very narrow values 

over the shear rate range in which we studied the 

solution. The parameter C goes down with the 

increase in the shear rate and the working 

temperature. The correlation coefficients 

determined by the equation (6) are close to one, 

which shows that the equation accurately 

describes the rheological behaviour of the 

solution. 

The statistically determined correlation 

coefficients show every point’s deviation from 

the straight line. As expected, the statistical 

correlation coefficients are much lower as the 

solution’s dynamic viscosity exponentially 

decreases with the increase in the solution’s 

temperature. 

The Figure 2 shows the dynamic viscosity 

dependence on the shear rate for the 3% 

copolymer hydrogenated poly(isoprene-co-

styrene) solution over the temperature range 40 - 

90
o
C.  
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Fig. 2. Variation of the dynamic viscosity with 

the shear rate for a 3% copolymer hydrogenated 

poly(isoprene-co-styrene) solution for various 

temperatures 

 

 
 

The rheogram of the 3% copolymer 

hydrogenated poly(isoprene-co-styrene) solution 

has been studied for several shear rates: 145.8 s
-

1
, 243 s

-1
, 437.4 s

-1
, 729 s

-1
 and 1312 s

-1
, in the 

second domain. As one can see from the graph, 

for the temperatures of 60
o
C, 70

o
C, 80

o
C and 

90
o
C, we only found three values for the 

dynamic viscosity and the slopes of the straight 

lines are pretty close to each other. 

The equation that describes the rheological 

dependence of the dynamic viscosity on the 

shear rate for all of the copolymer hydrogenated 

poly(isoprene-co-styrene) solution is (7): 

 

                   η = A + B                                  (7) 

                                                                       

where η - dynamic viscosity (Pa.s), A, B – 

parameters that depend on the polymer’s and 

solvent’s type, and dγ/dt – shear rate (s
-1

). 

The Table 2 shows the temperatures of our 

3% copolymer hydrogenated poly(isoprene-co-

styrene) solution, the parameters A and B 

obtained by polynomial fitting, and the statistical 

correlation coefficients for the same straight 

lines. 

The parameter A decreases with the increase 

in the temperature and reaches 0.0612 at 90
o
C. 

The parameter B, which is the slope of the line, 

has close values at 60
o
C, 70

o
C, 80°C and 90°C. 

The correlation coefficients in the equation (7) 

display values close to one for all of the obtained 

lines. The statistical correlation coefficient has 

been determined for 40
o
C only. I could not 

determine this correlation coefficient for the 

other lines as I had at least four determinations.  The Figure 3 shows the dynamic viscosity variation with the temperature for a 6% copolymer hydrogenated poly(isoprene-co-styrene) solution for the shear rates of 145.8 s
-1

, 243 s
-1

, 437.4 s
-1

, 729 s
-1

 and 1312 s
-1

. The 6% solution has been studied over the temperature range of 40-

90
o
C, the shear rates of 48.6 s

-1
 and 1312 s

-1
 and 

the second domain. 
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Table 2. Temperature and parameters A and B of the equation (7), correlation coefficients obtained by 

polynomial fitting and the statistical correlation coefficients 

Temperature, 
0
C A B Correlation 

coefficients, R
2
 

equation (7) 

Statistical 

correlation 

coefficients, R
2
  

40 0.4330 -6.6178E-5 -0.9820 0.9643 

50 0.2653 -2.4576E-5 -0.9683 - 

60 0.1673 -1.0290E-5 -0.9743 - 

70 0.0970 -1.3353E-5 -0.9829 - 

80 0.0817 -5.8238E-6 -0.9728 - 

90 0.0612 -7.8772E-6 -0.9999 - 
 

The Figure 3 shows the dynamic viscosity 

variation with the temperature for a 6% 

copolymer hydrogenated poly(isoprene-co-

styrene) solution for the shear rates of 145.8 s
-1

, 

243 s
-1

, 437.4 s
-1

, 729 s
-1

 and 1312 s
-1

. The 6% 

solution has been studied over the temperature 

range of 40-90
o
C, the shear rates of 48.6 s

-1
 and 

1312 s
-1

 and the second domain. 
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Fig. 3. Dynamic viscosity variation with the 

temperature for a 6% copolymer hydrogenated 

poly(isoprene-co-styrene) solution for various 

shear rates 

 

For a temperature of 40°C and a shear rate 

of 48.6 s
-1

, the 6% copolymer hydrogenated 

poly(isoprene-co-styrene) solution displays a 

dynamic viscosity of 1.6566 Pa s. If we increase 

the shear rate to 81 s
-1

 but keep the temperature 

constant at 40
o
C, the dynamic viscosity reaches 

1.68 Pa.s. When keeping the shear rate constant 

at 81 s
-1

 and increasing the solution’s 

temperature by 10°C, the solution’s dynamic 

viscosity goes down to 1.05 Pa.s. 

The Table 3 shows the shear rates for which 

I have been able to depict the dynamic viscosity 

dependence on temperature, the parameters A, B 

and C obtained by polynomial fitting using the 

equation (6) and the statistical correlation 

coefficients. 

The Table 3 shows that the parameter A 

goes down with the increase in the shear rate and 

in the temperature. The parameter B goes down 

with the increase in the shear rate of the 6% 

copolymer hydrogenated poly(isoprene-co-

styrene) solution, while the parameter C is 

positive over the shear range of 145.8 s
-1

 and 

729 s
-1

. The parameter C displays a negative 

value for our solution at a shear rate of 1312 s
-1

. 

The correlation coefficients are close to one over 

the shear rate range of 145.8 s
-1

 and 729 s
-1

. 

Value 1 of the correlation coefficient is achieved 

for a shear rate of 1312 s
-1

. 

The Figure 4 shows the dynamic viscosity 

variation with the shear rate for a 6% copolymer 

hydrogenated poly(isoprene-co-styrene) solution 

over the temperature range of 40-90
o
C and shear 

rates from 48.6 s
-1

 to 1312 s
-1

. 
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Fig. 4. Dynamic viscosity variation with the 

shear rate for a 6% copolymer hydrogenated 

poly(isoprene-co-styrene) solution at various 

temperatures 
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Table 3. The shear rate, the parameters A, B and C in the equation (6), the correlation coefficients 

obtained by polynomial fitting, and the statistical correlation coefficients 

Shear rate, 

s
-1

 

A B C Correlation 

coefficients, 

R
2
 equation 

(6) 

Statistical correlation 

coefficients, R
2
 

145.8 7.3907 -0.1966 0.0014 0.9994 - 

243 5.8612 -0.1418 9.0171E-4 0.9978 0.9065 

437.4 3.6086 -0.0725 3.8229E-4 0.9979 0.9442 

729 2.1042 -0.0350 1.5150E-4 0.9985 - 

1312 0.6768 -0.0017 -4.3500E-5 1.0000 - 

  

Table 4. Temperature, parameters A and B described by the equation (7), correlation coefficients 

obtained by polynomial fitting, and the statistical correlation coefficients. 

Temperature, 
0
C A B Correlation 

coefficients, R
2
 

equation (7) 

Statistical 

correlation 

coefficients, R
2
  

40 1.7202 -7.2274E-4 -0.9998 - 

50 1.0722 -3.0576E-4 -0.9988 - 

60 0.6663       -1.6231E-4  -0.9997 - 

70 0.3884 -3.3113E-5 -0.9978 0.9956 

80 0.2819 -1.3914E-5 -0.9995 - 

90 0.1762 -2.5481E-6 -0.9978 - 

 

As shown in the Figure 4, the slope is 

steeper at 40°C. The slopes of the closest lines 

correspond to the temperatures of 70°C, 80°C 

and 90°C. The Table 4 shows the temperatures 

for which we studied the solution, the 

parameters A and B obtained by the polynomial 

fitting of the obtained lines, the correlation 

coefficients obtained through the equation (7) 

and the statistical correlation coefficients. 

Only for 70°C have we determined a 

statistical correlation coefficient which is close 

to one. We have not been able to determine that 

coefficient for other temperatures as we could 

not determine at least four values for the 

dynamic viscosity. 

As one can see in the Table 4, the parameter 

A decreases with the temperature for the 6% 

copolymer hydrogenated poly(isoprene-co-

styrene) solution, the parameter B which stands 

for the slope reaches a peak at 40°C while the 

slopes values are low for the temperatures 

between 70 and 90
o
C. The correlation 

coefficients determined by the equation (7) are 

close to one for all the temperatures of the 

solution. The statistical coefficients could not be 

determined for all the temperatures of the 

solution because we only had a few values for 

the dynamic viscosities for certain temperatures.    

The Figure 5 shows the dynamic viscosity 

variation with the temperature for the 10% 

copolymer hydrogenated poly(isoprene-co-

styrene) solution, for the shear rates of 16.2 s
-1

, 

27 s
-1

, 48.6 s
-1

, 81 s
-1

 and the second domain. 

The concentrated solution of copolymer 

hydrogenated poly(isoprene-co-styrene) has 

been studied over the temperature range of 40-

90
o
C and the whole range of the rheometer’s 

shear rates. 
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Fig. 5. Dynamic viscosity variation with the 

temperature of the 10% copolymer hydrogenated 

poly(isoprene-co-styrene) solution at various 

shear rates 
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At a shear rate of 3 s
-1

 and a temperature of 

40°C, the solution displays a dynamic viscosity 

of 22.8 Pa s. When increasing the shear rate to 

5.4 s
-1

 and keeping the temperature constant, the 

dynamic viscosity slightly increases to 23.1 Pa.s. 

Keeping the shear rate constant at 5.4 s
-1

 and 

increasing the temperature by 10°C, the dynamic 

viscosity goes down to 14.175 Pa.s. For a shear 

rate of 9 s
-1

 and a temperature of 40
o
C, the 

dynamic viscosity reaches 25.2 Pa.s. When 

increasing the temperature by 10 or 20
 o

C and 

keeping the shear rate constant, the dynamic 

viscosity decreases and reaches 13.419 Pa.s and 

5.67 Pa.s. At a shear rate of 145.8 s
-1

 and a 

temperature of 80°C, the dynamic viscosity 

reaches 3.2472 Pa s. For a temperature of 90°C 

and shear rates of 145.8 s
-1

 and 243 s
-1

, the 

dynamic viscosity reaches 2.1 Pa.s and 2.0766 

Pa.s. 

The Table 5 shows the shear rates for which 

we could represent the dynamic viscosity versus 

the temperature, the parameters A, B and C 

obtained by the polynomial fitting of the curves, 

the correlation coefficients from the equation (6) 

and the statistical correlation coefficients. 

The parameter A goes down with the 

increase in the shear rate from 108.7450 to 

25.6095. The parameter B increases with the 

increase in the shear rate for the 10% copolymer 

hydrogenated poly(isoprene-co-styrene) 

solution. The parameter C goes down with the 

increase in the shear rate. The parameters A, B 

and C depend on both the type of the polymer 

and the solvent, and the temperature range of the 

solution. The correlation coefficients obtained 

from the equation (6) are close to one, which 

shows that the dynamic viscosity dependence on 

the temperature displays a polynomial reduction. 

The correlation coefficient has only been 

determined for a shear rate of 27 s
-1

. As for the 

other values of the shear rate, we did not have 

enough values for the dynamic viscosity to 

determine the statistical correlation coefficients. 

The Figure 6 shows the dynamic viscosity 

variation with the shear rate for the copolymer 

hydrogenated poly(isoprene-co-styrene) solution 

over the entire temperature range. 
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Fig. 6. Dynamic viscosity variation with the 

shear rate for a 10% copolymer hydrogenated 

poly(isoprene-co-styrene) solution at various 

temperatures 

 

As one can see from the figure 6, the line 

displays the steepest slope at 40°C. The slopes 

for 80 and 90°C are very close. 

 The Table 6 shows the temperature range of 

the solution, the parameters A and B obtained by 

the polynomial fitting of the lines, the 

correlation coefficients obtained from the 

equation (7) and the statistical correlation 

coefficients. 

As one can see in the Table 6, the parameter 

A goes down with the increase in the 

temperature and the shear rates. The parameter 

B increases with the increase in the temperature 

for the 10% copolymer hydrogenated 

poly(isoprene-co-styrene) solution. The 

parameter B stands for the slope, and these 

slopes are very close to each other for the 

temperatures of 80 and 90°C. The correlation 

coefficients obtained from the equation (7) are 

close to one, which indicates that this equation 

accurately describes the behaviour of the 

solution under study. The statistical correlation 

coefficients have been determined for 60 to 

90°C only, and are close to one. For the other 

temperatures, we could not determine the 

correlation coefficients as we obtained few 

values for the dynamic viscosity of the solution. 

The Figure 7 shows the dynamic viscosity 

variation with the temperature for the 12% 

copolymer hydrogenated poly(isoprene-co-

styrene) solution, for the temperatures of 70, 80 

and 90°C only. 
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Table 5. Shear rate, parameters A, B and C from the equation (6), correlation coefficients obtained by 

polynomial fitting, and the statistical correlation coefficients 

Shear 

rate, s
-1

 

A B C Correlation 

coefficients, 

R
2
 equation 

(6)  

Statistical 

correlation 

coefficients, 

R
2
  

16.2 108.7450 -2.9540 0.0210 0.9999 - 

27 58.0926 -1.2642 0.0072 0.9850 0.8906 

48.6 26.8639 -0.4331 0.0018 0.9999 - 

81 25.6095 -0.4123 0.0017 0.9998 - 

 

Table 6. Temperature, parameters A and B from the equation (7), correlation coefficients obtained by 

polynomial fitting, and statistical correlation coefficients 

Temperature, 
0
C 

A B Correlation 

coefficients, R
2
 

equation (7) 

Statistical 

correlation 

coefficients, 

R
2
  

40 21.3920 -0.2002 -0.9999 - 

50 14.4302 -0.0470 -0.9996 - 

60 7.7286 -0.0098 -0.9985 0.9970 

70 6.2473 -0.0162 -0.9988 - 

80 3.5766 -0.0023 -0.9992 - 

90 2.8982 -0.0035 -0.9993 0.9986 

 

  

The 12% copolymer hydrogenated 

poly(isoprene-co-styrene) solution has been 

studied at temperatures of 70, 80 and 90°C, 

shear rates of 9 s
-1

, 16.2 s
-1

, 27 s
-1

, 48.6 s
-1

 and 

81 s
- 1

 in the second domain. That very viscous 

solution could not be studied for the 40-60
o
C 

temperature range. 

At 70°C for a shear rate of 9 s
-1

, the solution 

displays the highest dynamic viscosity, 9.135 

Pa.s. If we increase the temperature by 10°C and 

keep the shear rate constant at 9 s
-1

, the dynamic 

viscosity goes down to 6.3 Pa s. 

For an increase in the shear rate to 16.2 s
-1

, 

at 70
o
C the 12% copolymer hydrogenated 

poly(isoprene-co-styrene) solution reaches 

dynamic viscosity of 9.975 Pa s. 

At a shear rate of 81 s
-1

 and a temperature of 

80°C, the solution displays a dynamic viscosity 

of 6.23 Pa s. When increasing the solution’s 

temperature by 10°C and keeping the shear rate 

at 81 s
-1

, the dynamic viscosity reaches 4.48 Pa 

s. 

The Table 7 shows the shear rates for which 

we could represent the Figure 7, the parameters 

A, B and C obtained by the polynomial fitting of 

the curves shown in the Figure 7, the correlation 

coefficients derived from the equation (6) and 

the statistical correlation coefficients. 
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Fig. 7. Dynamic viscosity variation with the 

temperature for a 12% copolymer hydrogenated 

poly(isoprene-co-styrene) solution at various 

shear rates 
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Table 7. The shear rate, the parameters A, B and C derived from the equation (6), the correlation 

coefficients obtained by polynomial fitting and the statistical correlation coefficients 

Shear rate, 

s
-1

 

A B C Correlation 

coefficients, R
2
 

equation (6) 

Statistical 

correlation 

coefficients, R
2
 

16.2 90.8250 -1.8288 0.0097 1.0000 - 

27 86.5200 -1.7168 0.0089 1.0000 - 

48.6 75.6350 -1.4725 0.0076 1.0000 - 

 

Table 8. Temperature, parameters A and B from the equation (7), correlation coefficients obtained by 

polynomial fitting and statistical correlation coefficients 

Temperature, 
0
C 

A B Correlation 

coefficients, R
2
 

equation (7) 

Statistical 

correlation 

coefficients, 

R
2
 

70 11.0711 -0.0405 -0.9966 - 

80 6.4405 -0.0056 -0.9370 0.8780 

90 4.7151 -0.0071 -0.9505 - 

 

As shown in the Table 7, the parameter A 

goes down with the increase in the shear rate for 

our solution, the parameter B increases with the 

increase in the shear rate, while the parameter C 

goes down with the increase in the shear rate. 

All the correlation coefficients derived from the 

equation (6) are 1. For all the shear rates, the 

correlation coefficients could not be determined 

statistically because we only read 3 values for 

the dynamic viscosity. 

The Figure 8 displays the dynamic viscosity 

variation with the shear rate for a 12% 

copolymer hydrogenated poly(isoprene-co-

styrene) solution, over a temperature range of 

70-90
o
C and shear rates of 9-81 s

-1
, the second 

domain. 
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Fig. 8. Dynamic viscosity variation with the 

shear rate for a 12% copolymer hydrogenated  

poly(isoprene-co-styrene) solution at various 

temperatures 

 

 

 

As one can see from the graph, the steepest 

slope of the solution occurs at 70°C, while the 

slopes for 80 and 90°C are close. 

The Table 8 shows the temperature for which we 

studied the solution, the parameters A and B 

obtained by the polynomial fitting of the  

 

lines, the correlation coefficients derived from 

the equation (7) and the statistical correlation 

coefficients. 

As shown in the Table 8, the parameter A 

goes down with the increase in the temperature 

and the shear rate while the parameter B which 

stands for the slope has similar values for 80 and 

90°C. The correlation coefficients derived from 

the equation (7) are close to one and the 

statistical correlation coefficients could not be 

determined for all the temperatures  but for 80° 

C. The obtained statistical correlation coefficient 

has a value well under one. 

 

4. Conclusion  

 

In this paper, I have studied the rheological 

behaviour of a copolymer hydrogenated 

poly(isoprene-co-styrene) solution of various 

concentrations for certain shear rates and 

temperatures. The reduction in the dynamic 

viscosity has been more visible at lower shear 

rates than at higher rates. The dynamic viscosity 

increases with the increase in the temperature 
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and the increase in the concentration of the 

copolymer hydrogenated poly(isoprene-co-

styrene) solution. Nevertheless, the results show 

that the viscosity of the copolymer solution has 

been more sensitive to higher temperatures. The 

equations (6) and (7) provide a good correlation 

between the dynamic viscosity and the shear 

rate, the concentration and the temperature. The 

computed parameters can be used to describe the 

rheology of the solution in accordance with the 

shear rate, concentration and temperature. 

 

References  

 

1.  Zhong S, Zuber MT, Moresi L, Gurnis M 

Role of temperature-dependent viscosity and 

surface plates in spherical shell models of 

mantle convection. Journal of Geophysical 

Research: Solid Earth (1978–2012) 2000; 

105:11063-11082. 

2.  Fox Jr TG, Flory PJ Viscosity—Molecular 

Weight and Viscosity—Temperature 

Relationships for Polystyrene and 

Polyisobutylene1,2. Journal of the American 

Chemical Society 1948; 70:2384-2395. 

3.  Doolittle AK Studies in Newtonian flow. I. 

The dependence of the viscosity of liquids 

on temperature. Journal of Applied Physics 

2004; 22:1031-1035.   

4.  Elbashbeshy EMA, Bazid MAA The effect of 

temperature-dependent viscosity on heat 

transfer over a continuous moving surface. 

Journal of Physics D: Applied Physics 2000; 

33: 2716-2719. 

5.  Fasina OO, Hallman H, Craig-Schmidt M, 

Clements C. Predicting temperature-

dependence viscosity of vegetable oils from 

fatty acid composition. Journal of the 

American Oil Chemists' Society 2006; 83: 

899-903. 

6. Okoturo OO, VanderNoot TJ. Temperature 

dependence of viscosity for room 

temperature ionic liquids. Journal of 

Electroanalytical Chemistry 2004; 568:167-

181. 

7. Nguyen CT, Desgranges F, Roy G, Galanis N, 

Mare T, Boucher S, Angue Mintsa H. 

Temperature and particle-size dependent 

viscosity data for water-based nanofluids–

hysteresis phenomenon. International 

Journal of Heat and Fluid Flow 2007; 28: 

1492-1506. 

8. Roelands CJA, Vlugter JC, Waterman HI. The 

viscosity-temperature-pressure relationship 

of lubricating oils and its correlation with 

chemical constitution. Journal of Basic 

Engineering 1963; 85: 601-607. 

9.  Kafoussias NG, Williams EW The effect of 

temperature-dependent viscosity on free-

forced convective laminar boundary layer 

flow past a vertical isothermal flat plate. 

Acta Mechanica 1995; 110: 123-137. 

10. Mendelson RA. A generalized melt 

viscosity-temperature dependence for 

styrene and styrene-acrylonitrile based 

polymers. Polymer Engineering & Science 

1976; 16: 690-696. 

11. Fox TG. Properties of dilute polymer 

solutions III: Intrinsic viscosity-temperature 

relationships for conventional polymethyl 

methacrylate. Polymer 1962; 3: 111-128. 

12. Fox Jr TG, Flory PJ. Intrinsic Viscosity—

Temperature Relationships for 

Polyisobutylene in Various Solvents1. 

Journal of the American Chemical Society 

1951; 73: 1909-1915. 

13. Yasutomi S, Bair S, Winer WO. An 

application of a free volume model to 

lubricant rheology I—dependence of 

viscosity on temperature and pressure. 

Journal of tribology 1984; 106: 291-302. 

14. Hess KU, Dingwell DB, Rössler E. 

Parametrization of viscosity-temperature 

relations of aluminosilicate melts. Chemical 

geology 1996; 128:155-163. 

15. O’Connell PA, McKenna GB. Arrhenius-

type temperature dependence of the 

segmental relaxation below Tg. The Journal 

of chemical physics 1999; 110: 11054-

11060. 

16. Gutmann F, Simmons LM. The temperature 

dependence of the viscosity of liquids. 

Journal of Applied Physics 2004; 23: 977-

978. 

17. Hanz AJ, Faheem A, Mahmoud E, Bahia 

HU. Measuring Effects of Warm-Mix 

Additives. Transportation Research Record: 

Journal of the Transportation Research 

Board 2010; 2180: 85-92. 

18. Beg SA, Amin MB, Hussain I. 

Characterization of Arab medium crude 



MAGNT Research Report (ISSN. 1444-8939)                                                       Vol.3 (9). PP. 314-324 

  

     (DOI: dx.doi.org/14.9831/1444-8939.2015/3-9/MRR.25) 

 

fractions with emphasis on kinematic 

viscosity-temperature behavior. Fuel 

Science & Technology International 1986; 

4: 287-302. 

19. Orbey H, Sandler SI. The prediction of the 

viscosity of liquid hydrocarbons and their 

mixtures as a function of temperature and 

pressure. The Canadian Journal of Chemical 

Engineering 1993; 71: 437-446. 

20 Mehrotra AK, Monnery WD, Svrcek WY. A 

review of practical calculation methods for 

the viscosity of liquid hydrocarbons and 

their mixtures. Fluid Phase Equilibria 1996; 

117: 344-355. 

21. Hussain A, Biswas S, Athre K. A new 

viscosity-temperature relationship for liquid 

lubricants. Wear 1992; 156:1-18. 

22. Aboul-Seoud AL, Moharam HM. A 

generalized viscosity correlation for 

undefined petroleum fractions. Chemical 

Engineering Journal 1999; 72: 253-256. 

23. McCabe C, Cui S, Cummings 

PT.Characterizing the viscosity–temperature 

dependence of lubricants by molecular 

simulation. Fluid phase equilibria 2001; 183: 

363-370. 

24 Liu CY, He J, Keunings R, Bailly C. New 

linearized relation for the universal 

viscosity-temperature behavior of polymer 

melts. Macromolecules 2006; 39: 8867-

8869. 

25. Utracki LA. Temperature dependence of 

liquid viscosity. Journal of Macromolecular 

Science, Part B: Physics 1974; 10: 477-505. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


