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Abstract: The yield stress is defined as the stress below which the substance is an elastic solid, while above it is a liquid with a 
plastic viscosity. This yield stress is the stress at the yield point. We will report of probably the only system with yield stress 
according to this definition. The yield stress will be determined from the first visible difference between shear stress and residual 
shear stress. Shear flow start-up experiments and following stress relaxation will be performed. The relative residual shear stress 
indicates the strengthening of the structure. It will be reported about systems with pronounced one and two yield stress regions, 
where the shear stress changes insignificantly with the shear rate. The yield stress regions of these systems can be determined from 
the flow or viscosity curves and from the residual shear stress curve. System with flow curves without a pronounced yield stress 
region will be investigated and furthermore the conditions to have a yield stress will be determined. The definition for the yield stress 
will be modified/extended. 
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1. Introduction 

Barnes and Walters [1] postulated 1985 “all liquids 

show Newtonian behaviour at low enough shear rate”. 

A lot of colleagues did not agree with this assertion, 

they believed on the existence of a yield stress. 

Hartnett and Hu [2] wrote “The yield stress—an 

engineering reality”; Astarita [3], “The engineering 

reality of the yield stress”; Schurz [4], “The yield 

stress—an empirical reality”; Evans [5], “On the 

nature of the yield stress”; Spaans and Williams [6], 

“At last, a true liquid-phase yield stress”.  

Barnes [7] wrote “However, if viewed on a 

logarithmic basis, the equally simple 

Newtonian/power-law/Newtonian description is 

clearly seen. Although we have shown that, as a 

physical property describing a critical stress below 

which no flow takes place, yield stress does not exist, 

we can, without any hesitation, say that the concept of 

a yield stress has proved and, used correctly, is still 

proving very useful in a whole range of applications, 

once the yield stress has been properly defined”. 

Barnes [8] stated in “A brief history of the yield 
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stress”: “When careful measurements are made below 

the supposed ‘yield stress’, flow does take place. The 

argument for the non-existence of the yield stress as a 

physical entity now seems insuperable.”  

We [9] wrote: “The systems with plastic flow 

behaviour have one or more yield stress regions or 

yield stresses.” 

Boger [10] postulated 2004: “To say that a yield 

stress does not exist is equivalent to claiming there is 

no such things as a Newtonian fluid, which of course 

is true in the strictest academic sense.”  

“The diabolical case of the recurring yield stress” 

[11] is an interesting discussion about the yield stress.  

Møller et al. [12] established that the experimental 

determination of the yield stress is very difficult. 

Barnes [13] defined a “yield stress” region—the 

shear thinning region between the two Newtonian 

regions. A lot of authors established the yield stress 

from the shear thinning region [14-16].  

Coussot [17] described an interesting review of 

experimental data about the yield stress. 

2. Experimental 

Suspensions with 7.5 wt% Aerosil 380 in the 

silicone oil M20’000, Araldite CW214-534 and 
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suspensions with different concentrations of Cabosil 

TS 720 in silicone oil M20000 were prepared in a 1.5 

L reactor with anchor stirrer with 100 rpm at 40 °C in 

vacuum.  

Aerosil 380 is silica with a specific surface area of 

380 ± 30 m2/g. Cabosil TS 720 is fumed silica with a 

specific surface area of 100 ± 20 m2/g. Silica can be 

added to avoid the sedimentation of the fillers and to 

obtain a system with desired flow properties. There 

are strong hydrogen bonds between silica-silica and 

silica-matrix. 

The silicone oil M20000 (Bayer AG) is a 

polydimethylsiloxane with a weight average 

molecular weight of 68 kg/mol. This silicone oil 

shows shear thinning flow behaviour with a zero-shear 

viscosity of 20 Pa·s at 25 °C. 

Araldite CW214-534 (Huntsman AG) consists of 

Araldite GY260, iron powder and thixotropic 

additives. The epoxy resin Araldite GY 260 is a 

Newtonian fluid with a viscosity of 14 Pa·s at 25 °C. 

The rheological measurements were carried out 

with a WRG (Weissenberg Rheo Goniometer), Model 

R18, Sangamo Ltd., in an air-conditioned room at 25 

± 0.2 °C. A cone-plate arrangement with 4° cone 

angle and 5 cm diameter was used. All measurements 

were performed with a strip bar 8 with a diameter of 6 

mm.  

The distance between cone and plate was reached 

carefully. The measurement was started after 30 min 

rest time for the suspension.  

The shear stress  was measured with the time, 

during stress growth experiments with a constant 

shear rate ߛ ൌ const, going from low to high shear 

rates. The stress growth curves were measured up to 

the steady state value of the shear stress ߬ୱ (Fig. 1). 

The points of the flow curves represent the steady 

state shear stress values for different shear rates. The 

form of the stress growth curves and the phenomenon 

thixotropy will not be discussed here.  

The stress deformation is stopped after achievement 

of the steady state shear stress, and the stress 

relaxation begins (Fig. 1).  

3. Results and Discussion 

At the beginning of the stress relaxation, after 

cessation of the shear deformation, the elastic 

deformed torsion bar tries to return to the 

starting-point. If the structure of the system is 

destroyed in the stress growth experiment (or not 

existent), the suspension cannot resist the elastic 

springing of the torsion bar and no residual shear 

stress ߬R = 0 will be observed (Fig. 1A). If this 

appears at low shear rates, the system has no  

structure and cannot exhibit plastic flow behaviour 

and a yield stress. The systems with shear-thinning    

flow behaviour (Newtonian region—shear 

thinning—Newtonian  region)  do not  show a  residual 
 

 
Fig. 1  Stress growth experiment—stress relaxation [18].  
A: Stress growth experiment—stress relaxation without 

residual shear stress ߬R = 0; B: Stress growth 

experiment—stress relaxation with residual shear stress ߬R > 

0.  
 



Determination of the Yield Stress of Disperse Systems 

  

149

shear stress [19] and a three-dimensional 

(3D)-structure. They have consequently only a pseudo 

yield stress, which may be use for practical purposes 

[13].  

A certain remaining structure after the shear flow 

start-up experiment can oppose against the elastic 

springing of the torsion bar to the starting-point and a 

residual shear stress ߬R > 0 is observed (Fig. 1B). The 

better remaining structure after the stress growth 

experiment leads to a higher residual shear stress. The 

relative residual shear stress is defined as the ratio of 

residual shear stress to steady state shear stress 

߬RR ൌ
ఛೃ

ఛೞ
.  

If the structure can oppose completely against the 

elastic springing of the torsion bar, the residual shear 

stress will be equal to the steady state shear stress 

߬R ൌ ߬ୱ and the relative residual shear stress will be 

RR = 1. The structure of such an elastic solid is only 

elastically deformed. The elastic solid has a kind of a 

3D-structure. 

An increase of the shear deformation will lead at a 

certain shear rate to the first partial destruction of the 

structure or to the transition from an elastic 

deformation to a viscous flow [20]. We assumed that 

the first visible sign of the transition from elastic 

deformation to a liquid will be observed when the 

relative residual shear stress RR changes from 1 to 

0.98 [18].  

We believe that only systems with pronounced 

residual shear stress at low shear rates have a strong 

3D-structure and respectively plastic flow behaviour, 

which can lead to a yield stress. 

To be sure that such systems have a 3D-structure 

and plastic flow behaviour, one must perform a stress 

growth—stress relaxation experiment. 

3.1 Systems with 7.5 wt% Aerosil 380 in the Silicone 

Oil M20000 

The viscosity curve of the system with 7.5 wt% 

Aerosil 380 in the silicone oil M20000 (Fig. 2) shows 

a yield stress region with approx. 1,000 Pa, where the 

viscosity does not change significantly with the shear 

stress. 

The destruction of the structure occurs consequently 

in only one step/region from 1,255,714 Pa·s up to 

14,394 Pa·s (Fig. 2) or for the relative residual shear 

stress from 0.95 to 0.59 (Fig. 3).  

The high value of the first point of the relative 

residual shear stress at a shear rate of ߛ୷ = 0.0007 1/s 

makes the appearance of Newtonian behaviour at 

lower shear rates impossible and unexpected.  

The relative residual shear stress of the first point 

has a value of 0.95 (Fig. 3). This value is close to the 

point, where the transition from elastic deformation to 
 

 
Fig. 2  Viscosity curve of the suspension with 7.5 wt% 
Aerosil 380 in the silicone oil M20000 (WRG, cone-plate, 4°, 
25 ± 0.2 °C).  
 

 
Fig. 3  Relative residual shear stress curve of the 
suspension with 7.5 wt% Aerosil 380 in the silicone oil 
M20000 (WRG, cone-plate, 4°, 25 ± 0.2 °C) [18]. 
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liquid occurs and we can assume that this is the yield 

point. This yield point is determined with the yield 

shear rate ߛ୷ = 0.0007 1/s and the yield stress with 

߬୷ = 879 Pa. The yield stress at the yield point 

corresponds to the definition—“The stress below 

which the substance is an elastic solid and above it a 

liquid with a plastic viscosity”. It is now sure that the 

yield stress really exists, according to the definition. 

Since no other such systems are described in the 

literature, some authors doubt on the existence of the 

yield stress. 

We have found the yield point in only one 

suspension, but it is sure that few more such systems, 

for example systems with more than 7.5 wt% Aerosil 

380 in silicone oil M20000, will have the elastic solid 

state.  

The existing definition of the yield stress 

considered only systems with a solid state, but the 

most rheological systems do not reach solid state. It is 

obviously necessary to modify the definition of the 

yield stress. Since the systems in the elastic solid state 

have a strong 3D-structure, only rheological systems 

with a 3D-structure can have a yield stress. 

Consequently, we can extend the definition of the 

yield stress to include all rheological systems—the 

rheological systems must have a three-dimensional 

network at low shear rates, but it is not necessary to be 

an elastic solid. The yield stress can be determined 

from the region of the flow curve, where the shear 

stress does not change significantly with the increase 

of the shear rate [19, 21-27] by extrapolation of the 

shear stress to the y-axis.  

3.2 Araldite CW 214-534 

The viscosity curve of Araldite CW 214-534 shows 

two regions, where the viscosity changes 

insignificantly with the shear stress (Fig. 4). There is a 

strong decrease in the viscosity—from 60,714 Pa·s to 

28,571 Pa·s in the first yield stress region and from 

6,445 Pa·s to 1,821 Pa·s in the second yield stress 

region (Fig. 4). The yield stresses can be established 

by extrapolation of the yield stress regions to the 

x-axis with 80 Pa and 270 Pa.  

The plateau between the two yield stress sections 

has a viscosity of 10,600 Pa·s (Fig. 4) and a relative 

residual shear stress of approx. 0.61 (Fig. 5). The high 

value of the relative residual shear stress shows that 

this is only a pseudo-Newtonian region. A 

rearrangement of the structure takes place in this 

transition section, without a destruction of the 

structure. 

The first point of the flow curve is obtained by the 

stress growth experiment with 1 0.0014 = ߛ/s and has 

a steady state value of ߬ୱ  = 85 Pa. The stress 

relaxation after this start-up experiment shows a 

residual  shear  stress ߬R = 67 Pa or a relative  residual 
 

 
Fig. 4  Viscosity curve of Araldite CW214-534, 6 months 
after production (WRG, cone-plate, 4°, 25 ± 0.2 °C).  
 

 
Fig. 5  Relative residual shear stress curve of Araldite CW 
214-534, 6 months after production (WRG, cone-plate, 4°, 
25 ± 0.2 °C).  



  

shear stress 

structure is 

experiment 

the remainin

strong three

plastic flow 

The first 

stress curve

(Fig. 5). Th

cannot be 

Newtonian r

second yiel

extrapolation

relative resi

x-axis. This 

region from

the 3D-netw

stepwise th

transition se

The relative

after the se

݊ ൌ െ2.  

The exist

depends on t

The obser

yield stress 

the yield s

pronounced 

measure the

yield stress o

3.3 Systems 

70 TS in the 

3.3.1 Sys

Silicone Oil 

This sus

behaviour w

(Fig. 6).  

The valu

insignificant

week or non

of ߬RR = 0.7

destroyed du

and 0.79 can

ng structure. 

e-dimensiona

behaviour.  

three points 

e have near

herefore, the 

determined. 

region to app

ld stress is 

n of the c

idual shear 

value is clo

m the viscosit

work of thi

rough the f

ection and th

e residual sh

cond yield s

tence of one

the type of th

rved two sus

region and it

stress. But 

yield stress 

e “whole” fl

or yield stress

with Differen

Silicone Oil 

tem with 3 w

M20000 

spension exh

with a zero-

ues of the 

t, or the struc

n-existent. Th

Determi

79 (Fig. 5). A

uring the she

n be accepted 

The system

al network a

of the relativ

rly the same

value of the 

It is not 

pear at lower

found out 

orresponding

stress curve 

ose to the sec

ty curves. Th

is system o

first yield st

he second yie

ear stress be

stress region 

e or two yiel

he structure.  

spensions hav

t is not diffic

not all syst

regions and 

ow curve an

s region. 

nt Concentrat

M20000 

wt% Cabosil

hibits shear 

-shear visco

residual sh

cture of the su

he low concen

nation of the

About 0.21 of

ear stress gro

to be the siz

m has therefo

and conseque

ve residual s

e value of 

first yield st

possible fo

r shear rates. 

as 260 Pa

g points of

(Fig. 5) to 

cond yield st

he destruction

occurs obvio

tress region, 

eld stress reg

egins to decr

with a slop

ld stress reg

ve a pronoun

cult to determ

tems have s

it is not eas

nd determine

tion of Cabos

 N 70 TS in

thinning f

sity of 90 

hear stress 

uspension is v

ntration of 3 w

 Yield Stress

f the 

owth 

ze of 

ore a 

ently 

hear 

0.78   

tress 

or a 

The 

a by 

the 

the 

tress 

n of 

ously 

the 

gion. 

rease 

e of 

gions 

nced 

mine 

such 

sy to 

e the 

sil N 

n the 

flow 

Pa·s   

are 

very 

wt% 

Cab

a 3D

3

Sili

T

Cab

regi

she

susp

F

she

T

exp

rela

a N
 

Fig.
Cab
cone
 

Fig.
with
(WR

 of Disperse 

bosil N 70 TS

D-structure in

3.3.2 System 

icone Oil M2

The viscosity

bosil does no

ion with a z

ar thinning 

pension exhib

Fig. 8 shows t

ar stress on th

The first poin

periments with

ative residual 

Newtonian reg

. 6  Viscosity
bosil N 70 T
e-plate, 4°, 25 ±

. 7  Flow (x) a
h 5 wt% Cab
RG, cone-plate

Systems 

S is obviously

n the silicone

with 5 wt%

0000 

y curve of t

ot show any 

zero-shear vis

flow beh

bit plastic flo

the dependen

he shear stres

nt has a valu

h lower shear

shear stress v

gion seems im

y curve of th
TS in the sil
± 0.2 °C).  

and viscosity (
bosil N 70 TS 
e, 4°, 25 ± 0.2 °

y not in cond

 oil M20000.

% Cabosil N 7

the system w

more a firs

scosity and c

aviour. But

ow behaviour?

nce of the rela

ss.  

ue of 0.15. S

r rates will p

values. The a

mprobable. 

he suspension 
licone oil M2

(o) curves of t
in the silicon

°C).  

151

dition to build

. 

70 TS in the

with 5 wt%

st Newtonian

consequently

t does this

? (Fig. 7). 

ative residual

Stress growth

resent higher

appearance of

with 3 wt%
20000 (WRG,

the suspension
ne oil M20000

d 

e 

% 

n 

y 

s 

l 

h 

r 

f 

 
% 

, 

 
n 
0 



  

152

Fig. 8  Re
suspension w
M20000 (WR
 

This susp

The concen

build a goo

have shear t

extend the d

has a week s

residual she

can assume 

plastic flow 

does not ha

therefore the

can occur by

to the y-axis

3.3.3 Sys

Silicone Oil 

The incre

causes a ric

with the susp

It is not

suspension h

and a yield s

The relat

exhibits high

The first 

 0.0014 = ߛ

points to a 

the concentra

 

elative residua
with 5 wt% Ca
RG, cone-plate,

ension has ob

ntration of 5 

od 3D structu

thinning flow

definition for

structure, and

ear stress has

for practical

behaviour w

ave a pronou

e practical de

y extrapolati

s.  

tem with 7 w

M20000 

ase of the Ca

ce of the she

pension with 

t evident fro

has a 3D-stru

stress. 

ive residual 

h values. 

point of the 

1/s has a va

strong 3D-st

ation of 7 wt%

Determi

al shear stre
abosil N 70 TS
, 4°, 25 ± 0.2 °C

bviously a we

wt% Cabos

ure, but the 

w behaviour. W

r the yield str

d the first poi

s a value mo

l purposes a 

with yield str

unced yield s

etermination o

on of the flo

wt% Cabosil

abosil concen

ear stress (Fi

5 wt% (Fig. 

om the flow

ucture, plastic

shear stress 

residual shea

alue of 0.48. 

tructure. The 

% Cabosil has 

nation of the

ess curve of 
S in the silicon
C).  

eek 3D-struct

il is not abl

system does

We would lik

ress—if a sys

int of the rela

ore than 0.1, 

3D-structure 

ress. This sys

stress region 

of the yield st

ow curve (Fig

 N 70 TS in

ntration to 7 w

ig. 9), comp

7). 

w curve if 

c flow behav

curve (Fig.

ar stress curv

This high v

suspension w

obviously pla

 Yield Stress

 
the 

ne oil 

ture. 

le to 

 not 

ke to 

stem 

ative 

one 

and 

stem 

and 

tress 

g. 7) 

n the 

wt% 

ared 

this 

viour 

10) 

ve at 

value 

with 

astic 

Fig.
70 T
0.2 °
 

Fig.
susp
M20
 

flow

not 

“wh

stre

extr

or d

4. C

T

exp

stre

the 

she

 of Disperse 

. 9  Flow curv
TS in the silico
°C).  

. 10  Relativ
pension with 7
0000 (WRG, co

w behaviour a

have a pro

hole” curve i

ess can be a

rapolation of 

described by t

Conclusion

The stress 

periment, is 

engthening of

bigger resid

ar stress resp

Systems 

ve of the suspe
one oil M20000

ve residual s
7 wt% Cabosil
one-plate, 4°, 2

and a yield st

nounced yie

is not registe

ascertained fo

f the flow cur

the Herschel-

ns 

relaxation, 

a good to

f a structure. 

dual shear str

ectively.  

nsion with 7 w
0 (WRG, cone-

shear stress 
l N 70 TS in t
25 ± 0.2 °C).  

tress. The flow

eld stress reg

ered. Therefo

for practical 

rve to the y-

-Bulkley mod

after a str

ool for esta

The better bu

ress and rela

wt% Cabosil N
-plate, 4°, 25 ±

curve of the
the silicone oil

w curve does

gion and the

ore, the yield

purposes by

axes (Fig. 9)

del.  

ress growth

ablishing the

uilt structure,

ative residual

N 
± 

e 
l 

s 

e 

d 

y 

) 

h 

e 

, 

l 



Determination of the Yield Stress of Disperse Systems 

  

153

The first point of the relative residual shear stress 

curve of the disperse system with 7.5 wt% Aerosil 380 

in the silicone oil M20000 has a value of 0.95. This 

value is close to the transition from elastic solid to a 

liquid and can be assumed to be the yield point. This 

system is the proof of the existence of the yield stress, 

according to the existing definition. 

The suspensions with Cabosil N 70 TS in silicone 

oil M20000 show, depending on the Cabosil 

concentration, either a shear thinning flow behaviour 

(3 wt%) or a plastic flow behaviour with a week 

3D-structure (5 wt%) or a plastic flow behaviour with 

a strong 3D-structure (7 wt%).  

The existing definition of the yield stress considers 

only systems in the elastic solid state. But most of the 

rheological systems do not reach the yield point. 

Therefore, we would like to extend the definition of 

the yield stress to include all rheological systems and 

assume that there are three kinds of systems with a 

yield stress: 

 Systems in the elastic solid state, with a yield 

stress at the yield point, according to the existing 

definition,  

 Systems, that do not reach the yield point, but 

have a strong three-dimensional network at low shear 

rates. We accept that systems with a relative residual 

shear stress more than 0.30 at low shear rates have a 

strong 3D-structure, plastic flow behaviour and a yield 

stress. 

 Systems with a week 3D-structure. We assume 

for practical purposes that a system has a 3D-structure 

if the relative residual shear stress at low shear rates 

has a value of more than 0.1.  

The yield stress can be determined from the flow 

curve with a pronounced yield stress region as the 

region where the shear stress does not change 

significantly with the shear rate. It is also possible to 

find the yield stress from the viscosity curve and from 

the relative residual shear stress curve. 

When a system has a 3D-structue, but there is no 

pronounced yield stress region and the “whole” flow 

curve is not registered, the yield stress can be 

determined for practical purposes by extrapolating the 

flow curve to the y-axis or it can be described using 

the Herschel-Bulkley model. 

One can conclude that: 

 The systems with shear thinning flow behaviour 

do not exhibit a relative residual shear stress and 

consequently have no 3D-structure and yield stress. 

 The systems with relative residual shear stress 

more than 0.1 at low shear rates have a 3D-structure 

and plastic flow behaviour and yield stress. 
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