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From 50 s-1 the shear stress begins to decrease 

N
G

B 
· A

p
p

lic
at

io
n 

N
ot

e 
24

3 
· E

N
 · 

10
22

 · 
Te

ch
ni

ca
l s

p
ec

ifi
ca

ti
on

s 
ar

e 
su

b
je

ct
 to

 c
ha

ng
e.

NETZSCH-Gerätebau GmbH
Wittelsbacherstraße 42 ∙ 95100 Selb ∙ Germany
Phone: +49 9287/881-0 ∙ Fax: +49 9287/881505 
at@netzsch.com ∙ www.netzsch.com

How to Apply the Cox-Merz Rule: A Step-by-Step Guide 
Claire Strasser

Introduction

A viscometry measurement determines the shear viscos-
ity of a material. In this type of test, a sample is placed 
between two plates. The upper plate rotates with a 
defined shear rate (or shear stress), see Figure 1. The 
shear rate is determined using the angular speed V, of 
the upper plate as well as the distance h, between both 
plates. The shear stress required to induce this shear rate 
is calculated using the torque applied, F.

In this case, the shear stress is applied and the shear rate 
is determined. 

Independent of the control mode, the determination of 
shear viscosity is possible with the following formula:
                   σ
            η  =  ___

                    ·γ

η: Shear viscosity [Pa·s]

σ: Shear stress [Pa]
 ·γ: Shear rate [s-1]

The shear rate range of such a measurement is limited. If 
the centrifugal force (tending to move the material out-
wards) exceeds the normal force (that pushes the upper 
geometry upwards), the sample may be ejected out of 
the measurement gap. In this case, the resulting viscos-
ity curve should be evaluated with great care. The shear 
stress curve is one of the indicators showing its validity. 
Because it should always increase with increasing shear 
rates, a decrease in the shear stress indicates the limit of 
the measurement range. 

APPLICATIONNOTE

Rotational measurement of PEEK at 360°C (Geometry: CP2/25, gap: 70 µm, 
temperature: 360°C, shear rates: 0.1 to 100 s-1).

2

Rotational measurement: The upper plate rotates with specified 
speed, generating a shear profile across the measurement gap.

1

Figure 2 depicts an example of this 
behavior. Here, a polymer melt (PEEK) 
was measured in rotation between 0.1 
and 100 s-1. The decrease of the shear 
stress from 50 s-1 indicates sample 
ejection (also known as sample frac-
ture) because the shear stress starts 
to drop at this point. Therefore, the 
viscosity values above this shear rate 
are not valid and representative of the 
sample.

Such a measurement can be carried out as shear rate con-
trolled, as explained above, or as shear stress controlled. 

Polymers – Kinexus
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How to Obtain Shear Viscosity at Higher Shear Rates?

An easy way to obtain results at shear rates higher than 
50 s-1 (in a rotational rheometer) is to use the Cox-Merz 
rule. This empirical relationship stipulates that for most 
unfilled polymer melts, the shear viscosity η can be pre-
dicted by the complex viscosity η*. An alternative solu-
tion for measuring flow behavior at faster processing 
conditions or higher shear rates can be achieved with 
the use of a high-pressure capillary rheometer.

What is Complex Viscosity?

The complex viscosity is obtained by an oscillation mea-
surement. In this test, the upper geometry no longer 
rotates, but oscillates at a specified frequency (figure 3).
.

Through this type of test, the viscoelastic properties of 
the material are quantified, for example, its stiffness1 
given by the so-called complex modulus, G*. The com-
plex viscosity, η*, is:

                    G*
            η*  =  ___

                    ω

η*: Complex viscosity [Pa·s]

G*: Complex modulus [Pa]

ω:   Angular frequency [rad·s-1]

Complex Viscosity and Shear Viscosity: The Cox-Merz Rule

The Cox-Merz rule can be summarized by the following 
relationship:

   η(·γ) = η*(ω)

Expressed in words, this means that the shear viscosity 
result as a function of shear rate (obtained by rotation) 
is equivalent to the complex viscosity result as a function 
of angular frequency (obtained by oscillation). 

Therefore, it is possible to obtain the shear viscosity for 
shear rates higher than the limit of a rotational measure-
ment, which was 50 s-1 for the example presented in this 
article.
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Input and output signal during an oscillation test.4

Oscillation measurement. The upper plate oscillates at a specified 
frequency and strain (or stress) amplitude.

3

The difference (lag/phase δ) in the input and output 
sinusoidal signal defines the material properties of the 
sample (figure 4). These measurements are performed 
for amplitudes that are small enough not to destroy the 
sample´s structure, so that applied strain and result-
ing stress are proportional and the frequency of the 
response is equal to that of the input frequency.

1 More information about the properties obtained with an oscillation measurement can be found in our White Paper: A Basic Introduction to Rheology, 
https://analyzing-testing-netzsch.com/en/media/white-paper
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Oscillation
η vs ω

Rotation
 η vs  ·γ 
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Figure 5 shows the results of both rotation and oscil-
lation measurements for the PEEK sample plotted as 
a function of shear rate and angular frequency on the 
same scale. It is common that such curves will only be 
displayed as a function of shear rate with a remark to the 
Cox-Merz rule. The results presented in Figure 5 indicate 
that in the lower shear rate range, the complex viscosity 
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Rotation (blue) and oscillation (orange) measurement of PEEK 
(Rotation: geometry: CP2/25, gap: 70 µm, temperature: 360°C, shear rates: 0.1 to 100 s-1

Oscillation: geometry: PP25, gap: 500 µm, temperature: 360°C, frequency: 01. to 300 rad/s;
shear stress: 500 Pa)

5

and the shear viscosity are in good agreement. At higher 
shear rates, a more accurate value of the shear viscos-
ity is obtained using the Cox-Merz rule on the complex 
viscosity (orange line). The more pronounced decrease 
in shear viscosity (blue line) is due to sample fracture, as 
explained above.

Conclusion

The example displayed shows a good agreement 
between the shear viscosity and complex viscosity in the 
low shear rate range. As soon as the material starts to 

flow out of the gap during rotation, the viscosity can no 
longer be determined by this type of measurement. The 
Cox-Merz rule, however, enables shear viscosity values to 
be determined using an oscillation measurement. 


