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The Cambridge MultiPass Rheometer (MPR)
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The Cambridge Multipass Rheometer (MPR)
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Diethyl phthalate (DEP)

Polystyrene:

Apparent viscosity, n (mPa.s)

MPR as capillary rheometer

Supplier: Sigma Aldrich
BP = 294-296°C; p = 1118 kg/m3;
G 5poc = 36 MN/M; My = 10 MPa.s

Supplier: BASF — Polystyrol VPT granule
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Filament thinning
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Rheological characterization of the time and strain
dependence for polyisobutylene solutions

R.F. Liang ', M.R. Mackley *

Department of Chemical Engineering, Ehniversity of Cambridge, Pembroke Streer,
Cambridge CB2 3RA, UK

(Received March 4, 1994)

Abstract

The rheological response of polyisobutylene (PIB) solutions in Decalin and a related
standard fluid 51 has been characterized in dynamic oscillatory flow, step strain, step-shear
rate and steady shear vsing a Rheometrics RIDSII theometer. The time dependence represented
as a discrete spectrum of relaxation times and the strain dependence characterized as an
exponential damping function have been presentad as a function of PIB concentration. The
relaxation spectrum was calculated from the dynamic storage modulus and loss modulus. The
damping function was determined from the non-linear relaxation modulus in & step-strain
experiment, The Wagner integral viscoelastic model incorporated with the relaxation and the
damping function has been used to prediet the siress growth and the steady-shear behaviour,
which were compared with the experimental data. A novel extensional rheotester was also used
in this study to measure the stretching response of polymer solutions, The data gave a near
single relagation time for esch solution, and this single relaxation time obtained from uniaxial
extension was correfated to the relaxation spectrum obtained in simple shear.

Keywords: Relaxation spectrum; Damping function; Filament stretching; Wagner integral
viscoelastic model; Polyisobutylene solutions

The “Russian Rheotester”




Liang and Mackley (1994)- Extensional Rheotester

Newtonian modelling
DN _ S (11)
E T, =—Py+2ny, =0
I T *
THm — | " . =—p,+2nyrr=—-20/D 12
(—> D — Eg D (13)
Bottom plate 2 °
Extensional rheotester T =T,—T, = 3ne = 20 D 14
2.0 - ; 2(7
: = 15
15§ 377D &)
g .
g 1o | Ne =7T¢ [ & = 377 (16)
a [
H D(t) = D, -t (17)
0o | 37
0 10 20 30 40 50 60 8



Liang and Mackley (1994)- Viscoelastic fluid

s1 fluid First approximation
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MPR Filament stretch Rheometer
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(@) Test fluid positioned  (b) Test fluid stretched uniaxially (c) Filament thinning and break up
between two pistons. at a uniform velocity. occurrence after pistons has stopped.
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The CambridgeTrimaster
A dream turning into a reality
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timing pull

Linear guide rail
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Piston response
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The ‘TriMaster’ Filament stretch and break up apparatus
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Initial gap = 0.2 mm, Final gap = 1.2 mm

Piston diameter = 1.2 mm, Piston velocity =1 m/s L
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Filament thinning

(a) DEP,

(b) DEP + 0.2% PS110,
(c) DEP + 0.5% PS110,
(d) DEP + 1% PS110,
(e) DEP + 2.5% PS110.

Initial gap size: 0.6mm,

Stretching distance:0.8mm,
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Mid filament diameter time evolution
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The transient extensional rheology of DEP solutions as a function of relaxation Hencky strain

for different PS concentrations.

Initial distance 0.6mm, final distance: 1.4mm.
The line represent are obtained from the exponential fitting of the evolution of the thinning of the diameter.
The geometrical factor “X” is fitted using the experimental data at low Hencky strain.
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Breakup

() DEP, b
(b)  DEP+ 0.5% PS110,

(c) DEP+ 1% PS110,

(d) DEP+2.5% PS110,
() DEP + 5% PS110.

Initial gap size: 0.6mm,
stretching distance: 1.6mm,
stretching velocity: 150mm/s
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Drop on demand ink jet process

20



Newtonian

Filament

Viscoelastic

1

Main drop

“Optimum”
Viscoelastic

21



Measurement of Linear Viscoelasticity (LVE)
Piezo Axial Vibrator (PAV)
Developed by Prof Wolfgang Pechold
University of Ulm. Germany
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Mechanical equivalent model of PAV

Mechanical equivalent
model of the PAV.
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Mechanical representation
with springs.

%

The lower plate oscillates with constant force F (oc
excitation volt U,,) for a given frequency.

With blank test: Dynamic compliance of the
lower plate Is measured. (Ax] U
0

F) U

5,
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With sample: Modulated compliance of the
sample Is measured (ij* U

F) U.

io
ref

Complex squeeze stiffness K* of the material can
be calculated from the ratio of Ax, and Ax*.

For linear viscoelasticity
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High frequency linear viscoelastic data of DEP-10% PS210 at 25°C

Parallel plate rheometer
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High frequency linear viscoelastic data of DEP-10% PS210 at 25°C

Complex viscosity, ny*, (mPa.s)

1000 +

[
o
o

[HEN
o

Parallel plate rheometer PAV data
: - i 10000
ﬂDﬂﬁgDDDDDEEEEEEEE!!!!!'IIIIIllllll-.. x’xl”‘
i Hpa®
vged £
[ ....:A"... T 1000{9
Open: ARES o A ol T Py
1 Close: PAV o*’ at "y S —
o® A o ®©
°® ) + 100 2 &
°® A 2 G
® A g=R
® A c 3
QQ AA = 10 o 2
| " QQ ~—~r E
3 G" o A S
[ OO AA 4(7)
[ e A L
L @) A =B 1 LU
L S A
¢© G’ AL
. ]
- . | . 1 0.1
0.1 1 10 100 1000 10000
Frequency (Hz)

25



Effect of Polymer on the Linear Viscoelastic response of ‘model’
fluid containing different polymer concentration

Polystyrene MW = 210k in Diethyl phthalate solvent
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Link between inkjet rheology and printability for printing inks
Work carried out in conjunction with IFM

G'/G* at 5 kHz frequency and 25°C
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The “Ulm” Torsion Resonator

The non linear viscoelastic behaviour (NLVE)

A

A

Piezoelectric
sensor

Sample

Fluid vessel

Temperature
control vessel

The piezoelectric sensor oscillates at its
two resonance frequencies, 26kHz and
7TkHz respectively.

With blank test: Determination of the
apparatus constant K for each frequency

With sample: Measure of the resonance
frequency shift Df and the damping shift
DD at each resonance frequency.
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Conclusions

Piezo Axial Vibrator (PAV)
Can quantify LVVE response of low viscosity viscoelastic fluids

Cambridge Trimaster
Can follow filament break up process of low viscosity fluids
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