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Fig. 1 The schematic graph of four-roll mill rheometer
1 Cold light source 2 Sample chamber 3 Lens 4 Digital camera
5 Motor controller 6 Computer
x 10° 0.92 g/cm’ BASF 2 HPIB 1%  HPIB 0.5%
HPDMS
5% 10° 101. HPIB 0.1% de Gennes
* M *
c =__ c =
3
Rg
PIB 1300 HPIB 0.17% HPIB 0.5%
0.1 wt% 0.5 wt% 1 wt% 3 HPIB1% HPIB 0.5%
HPIB 0.1% HPIB 0.5% HPIB 1% . Rouse HPIB 1%
PDMS HPIB 0.5%
HPIB 1% 5 wt%
PDMS HPDMS 5% .
1.2 107 —0-HPIB 1%
r =v=HPIB 0.5%
TA ARES r —o=PIB 0.1%
20 o
O
= O o
&
=
= Vv V—— V2 7—
107 e
1 1 107" 10° 2.0
Rate (s7!
&, PIB ¢
PDMS 1 Fig. 2 The steady viscosity of HPIB 1% HPIB 0.5% and
1 8
HPIB 0.1% at 22°C
HPIB ¢,
10F XO\ —o—HPIB 1%
Table 1 The rheological characterization of sample systems at 22°C ] —Vv—HPIB 0.5%
=
Dynamic zero shear Steady zero shear The first normal SIS ° ﬂ
Sample = Vo0,
viscosity Pa s viscosity Pa s stress coefficient T VOOOOAO\O
PIB1300 113 130 0 01k v V—v.vs\o
HPIB 1% 287 386 1124 ‘V‘Q,V
HPIB 0.5% 201° 256 494 Vo
0.01 T R
HPIB 0.1% 138.5 166 108 001 01 1 10
PDMS 12500 12.0 14.5 0 A (s)
HPDMS 5% 23.8 28.3 0.4
Fig. 3 The relaxation time spectra of HPIB 1% and

% at 40°C
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PDMS
HPDMS 5%
HPIB1% HPIB 0.5% HPIB 0.1%
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Table 2 Experiment conditions and simulation results of BSB phenomenon
String  Original drop Left drop Right drop Startin,
Exp. . & P p Right drop ¢ ho A A B Correlation
Matrix Sample T °C  diagmeter diameter  diameter diameter  stress
No. pm s pm pm coefficient
pm pm pm pm Pa
1 HPIB 1% 26 11 721 562 554 449 198 292 154 0.08 0.9994
2 HPIB 1% 19 11 695 557 521 1820 689 334 661 0.06 0.9997
3 PDMS HPIB 0.5% 19 13 484 404 338 1641 1026 502 1301 -0.07 0.9997
4 HPIB 1% 30 15.8 1051 755 747 774 1035 365 1016 0.10 0.9999
5 HPIB 1% 30 16 860 660 671 730 1254 377 1136 0.14 0.9994
6 HPIB 1% 22 29 420 335 335 238 1125 315 1159 0.60 0.9994
7 HPIB 1% 22 38 719 554 573 420 744 295 734 0.80 0.9992
8 HPDMS 5%  HPIB 1% 16 29~37" 420 319 333 915 1394 425 3045 -1.2 0.9998
9 HPIB0.5% 22 31~18" 723 576 557 351 480 676 2080 -1.3 0.9999
10 HPIB 1% 22 55~69" 719 546 565 417 2267 953 7306 -1.7 0.9997
" The conditions of string diameter variation in BSB coalescence process
5
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Stokes
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2.2 BSB
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Exp. No. d pm Eq.6a Exp.fit
s s n p
1 10.6 146 292 198 154
2 11.0 179 334 689 661
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5 16.0 190 377 1254 1136
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Fig. 7 a The stretching experiment of HPIB 1% in air
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EFFECT OF VISCOELASTICITY ON COALESCENCE OF MESOSCOPIC BEADS
——BEAD-STRING-BEAD COALESCENCE PHENOMENON AND ITS ANALYSIS

YANG Jianmao XU Yuanze

Department of Macromolecular Science  Fudan University ~ The Key Laboratory of Molecular Engineering of Polymers
Ministry of Education ~ Shanghai 200433

Abstract The effect of viscoelasticity on the drop deformation breakup and coalescence is a challenging topic in
polymer processing as well as in drop dynamics which is still mainly based on the analysis of Newtonian fluids. In
this study the viscoelastic liquids used for drops were mainly low molecular weight polyisobutylene PIB  containing
high molecular weight polyisobutylene HPIB . The mass fractions of HPIB were 0.1% 0.5% and 1% covering
polymer concentrations from dilute to entanglement. The matrix was made of polydimethyl siloxane PDMS a
Newtonian liquid and the viscoelastic fluid of PDMS with 5% silicone rubber HPDMS . After iterative elongation
and relaxation in a four-roll mill theometer a meso-scale viscoelastic drop turned into dumbbell like structure two
beads connected by one string which was called BSB bead-string-bead according to its shape. It is found that the
string does not break for a long time and its length decrease exponentially the two beads at string ends coalescence
eventually. During the coalescence process the string diameter nearly keeps constant below a critical value. This
phenomenon is unlike the existing coalescence of Newtonian drops through stages of matrix film formation drainage
rupture and drop merge. Moreover BSB coalescence is different from the known phenomenon of beads-on-string in
which the viscoelastic string reduces several orders of magnitude and breaks ultimately. A model is provided based on
the force balance of BSB. The elastic force from stretched molecules in the string pulls the two beads approach
overcoming the viscous drag of matrix the string is drained into beads under the Laplace force. In case of the string
diameter is a fixed value the model predictions agree with experiments reasonably. Only in this ideal condition the
relaxation time of material in string matches with the time of string length change keeping the string diameter stable.
The critical string diameter is related to both microscopic material parameter the initial stress in string and the
relaxation time of fluid and macroscopic process parameter viscosity of matrix droplets diameters string length in
the model. If the stress in string is too large the string diameter will increase if the viscosity of matrix is too high
BSB phenomenon will transfer to unstable beads-on-string. When the viscosity of matrix is infinity BSB structure can
be reduced to the case of filament stretching rheometer. Indeed both phenomena are dominated by stretched
viscoelastic stress relaxation and interfacial tension. BSB phenomenon is inspiring for the basic understanding of the
orientation and entanglement state of polymers and the nonlinear drop dynamic in multiphase systems.

Keywords Bead-string-bead phenomenon Viscoelastic fluid Coalescence String Four-roll mill rheometer





