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A Study of the Influence of Free Convecti,

on Coagulation Process

It was assumed [1, 2] that gravity affects the coagulation
process in two ways: free convection, which is hard to be
avoided on the ground, and sedimentation, which can be
greatly reduced by the density-matching method. We present

a ground-based experiment set-up to study the influence of

convection on the perikinetic coagulation for aqueous
polystyrene (PS) dispersions. The turbidity measurement
was used to evaluate the relative coagulation rate and
convection-driven flows in the solution were checked with
a visual-magnification system. The pattern of flow field,
temperature profile in the sample cell is given. Our experi-

ments show that there was no noticeable difference of

coagulation rate observed no matter whether convection
Slows exist (with the flow speed up to 180 um/s) or not.

1 Introduction

Profound gravitational influence on the coagulation is unex-
pected by general theoretical prediction [3—6] and common
sense. However, Folkersma et al. [1] performed a series of
experiments on perikinetic coagulation under the g (micro-
gravity conditions were created by a sounding rocket), 1-g,
and high-g conditions, and found that the coagulation rate
under pg is much higher than that under the 1¢. Their finding
might serve as an example that it is possible for a tiny influence
to lead to dramatic effects in the dynamic behaviour of a
system. It was assumed [1, 2] that there are two aspects of
gravity contributing to the difference: free convection, which
is thought to be hard avoided on ground and sedimentation,
which can be greatly reduced by the density-matching method
for some cases. According to the data presented in [2], when
free convection is not present the coagulation would be 420%
faster than that when free convection exists. This assumed
significant change in the coagulation process caused by
convection flows initiated the present work.

From our practice, the key factors to cease the free-
convection is to keep a steady ambient temperature and to
make all experimental equipment and material have enough
temperature pre-equilibrium time with the environment. The
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strength of convection was controlled by changing e
temperature gradient applied to the sample cell. Apd there-
fore we can test how free convection, as a single factor
affects the coagulation process on the ground. There hag beer;
many research work devoted to the influence of strong
convection flows on the coagulation process [7-9]. Our
concern is not shear-dominated coagulation, so our study is
limited only to very weak convections (with the maximum
speed < 180 um/s), only those are reasonably thought to be
inevitable in normal ground-based experiments.

2 Experimental

Monodispersed polystyrene (PS) lattices (product of Duke
Scientific  Corporation, USA) with diameters of
2.013£0.025 pm were used in our experiment. The density
of PS particles was 1.05 g/cm’ at room temperature. NaClwas
used as an electrolyte to induce rapid coagulation and after
mixing with latex its concentration were 0.5 M. We used a
H,0 + D,0 mixture (including NaCl) as the liquid phase to
make its density match the density of PS latex to reduce the
effects of sedimentation and centrifugalization when convec-
tion flows exist. If PS latex volume fraction is 1.5-107, its
number concentration (N,) is 3.4-107 cm ™. The theoretically
estimated coagulation time (7, = 35/8N,KT) is about
3,0005s. Since density match method can basically prevent
dispersions from sedimentation, if convection flows can also
be refrained a simulated microgravity condition (no sedimen-
tation and no convection flows) can be reached.
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Fig. 1. Experimental set-up: A, stabilised He-Ne laser: B, lens 3"(,”,‘17‘
C, aperture: D, sample cell: E, aperture: F, detector: G, data acquisitio”
device and computer: H, monitor: I, microscope: J, CCD camera:
monitor: L, thermostat
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Turbidity (t) versus time (t) was employed to monitor the
lectrolyte-induced coagulation process of PS dispersions
svith an initial number concentration N, according to:

- :Ai<d—N>. (1)
@l Mo\a

Where A is a constant (which depends on factors such as
dint/dA) and t=(1/L) (InTy/T). T, /, and L are the
jansmission, the wavelength, and the optical path of light,
rspectively. From data of the relative turbidity (t/1,) versus
time (f), relative coagulation rates can be obtained.

A schematic diagram of our experimental set-up is shown
infig. 1. A microscope with a CCD camera and a monitor (the
visual-magnification power for the whole system was over
1000 times) was employed. This system makes it possible to
efficiently monitor small motions of particles.

Atypical image of coagulated particles observed by means
of our visual-magnification system is shown in fig. 2. The
temperature gradient applied to the sample cell can be
changed by adjusting the temperature of the thermostat
shown in fig. 1.

Fig. 2. A typical image of coagulated particles observed by means of
our visual-magnification system

Fig. 3 shows the progression of the temperature difference
(AT) versus time (r) across the sample cell, both of which
Wwere measured with thermoelectric couples from inside the
sample cell. Since a tiny but steady temperature difference
can be maintained, the flow field was rather steady during an
eXperimental period. The temperature profile on the surface
of the sample cell, measured by an IR imaging radiometer, is
shown in fig. 4. A typical flow field obtained by PIV (particle
'mage velocimeter) equipment is given in fig. 5 (to produce
Clear velocity vectors larger temperature difference than what
Weneed for our test was imposed to the sample cell). We can
S¢¢ that the maximum speed of the convection flow occurs
Mot far from the sidewall. The CCD was focused on this
Maximum speed zone. Indeed, to induce the convection flows
IS much easier than to avoid them on a ground-based
®Xperiment. We found that even a 0.2°C temperature differ-
®ce may induce particles’ motion with the maximum speeds
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Fig. 3. The temperature difference versus time across the cell (portion 4
and B corresponding to a different temperature of the thermostat
respectively)

of up to 20 pm/s. The probe laser beam was passing through
the sample center and the centrifugal force may move particles
away from the center and therefore leads to an unexpected
change in turbidity measurement when convection going on.
So the density match between PS particle and liquid phase is
an essential step in our experiment here.

To make sure that our experimental set-up is valid to
determine a relative coagulation-rate by using turbidity
versus time (as discussed above) process, we did a blank
test (only PS particles dispersed in liquid phase with no
electrolytes added). From a slope of zero of ‘t/t; vs. t’
curve for the blank test, see fig. 6, we can conclude that the
coagulation rate is zero. And also we confirmed that when
NaCl was added, the slope of the linear fitting of ‘t/7, vs. t” is
no longer zero and its slope is basically proportional to the
initial PS particle concentration. Therefore our experiment
set-up and ‘t/7, vs. t’ measurement is valid to evaluate the
relative coagulation rate.
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Fig. 4. The temperate profile on the surface of the sample cell,
measured by an IR imaging radiometer
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Fig. 5. A twpical flow field in the sample cell obtained by PIV (particle
image velocimeter)

3 Results and Discussion

A number of groups of coagulation experiments were per-
formed under the same initial conditions: PS latex volume
fraction 1.5-107%, and NaCl 0.5M in the final solution. For
cach test group, 2 parallel coagulation experiments were
proceeded: one of them is coagulation process without
convection flows and the other one with convection flows
“turned on”” with a different maximum speed. When the
maximum speeds of convection flows were 15, 60 and
180 um/s, respectively, the difference of slopes (which are
proportional to the coagulation rates) of two fitted lines is not
significant in all cases. A rough estimation of the maximum
shear rate in the sample cell with the maximum speed of
180 um/s is 0.15s~ ",
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Fig. 6. Relative turbidity (t/ty) versus time (1) for solutions with
convection flows with the maximum speed of 180 um/s (B) and without
convection flows (C). (4) represents a process without NaCl added (no
coagulation happening)
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05 minis In fig. 6 we present the typical (t/7( vs. | coaguly;

e process (curve B) when we imposed the cor cctiop ﬂm?ﬁ

o o mmm ey (with the maximum speed ofgp{ppoximately 18 m/Sandthz
T N maximum shear rate of 0.15s™ ) in the solution . urve Cjgjy¢
s . N contrast experiment in which no convection ow existed
_ Curve A corresponds to the case when there as ng NaC]

LA SRR L B added. We can see that both curves B and C o not g,
N SRR noticeable difference. o
A A AR R 2 I Folkersmas® assume that it is convection fio ws, whic ;
O N T SN AN I B hard to prevent on a ground-based experiment. profoundllS
RS T S S SN N ~ e e e . A A IR slow down the perikinetic coagulation proces: due to th}é
P T S SR S S B TR B disruption of aggregates by convection-driven 10 ws. Accor.
P I B A AR ing to the data in [1], the coagulation rate “onstant k
U I I B B (p 'em Fs7') for the 1lg (density riatched) 11‘5
e e e e e e PR 2.046.10 "2 and k,, for the g is 8.616.10 ™', < convection
U U S S S T T flows would reduce the coagulation rate by = factor 4 if

Folkersmas® assumption holds. Our experiments did not
seem to be in the range of this assumption. To make more
reasonable comparison, now we consider the diffc ences of the
experimental conditions between our study and those of
Folkersma et al.

In both cases the same sized PS particles (2 . :m) and the
same concentration of NaCl were used. However. we used FS
latex volume fraction 1.5-107* instead of 1.0-107* [1],
because higher concentration of PS particles can make
(dt/dt) larger (compared with fluctuations in t mcasurement)
and therefore more reliable evaluation of (dN/dr) becomes
possible. Since the PS latex particles used in olkersmas’
experiment and ours came from different sourccs. particle’s
characteristics is a possibility to account for "¢ different
results in both cases.

There was difference between Folkersmas® ¢xperimental
procedure and ours although the turbidity measuement for
coagulation rates were used in both cases. For one thing, we
used fresh dispersion’s sample for each indivicual experi-
ment but the same sample was used repeatedly i1 Folkers-
mas’ procedure with formed aggregates being rec spersed by
magnetic stirring and ultrasonic vibration. The heating effect
of stirring and ultrasonic vibration would raise the tempera-
ture of dispersion’s solution and therefore causc stronget
convection flows. According to their calculation the
maximum flow speed and shear rate are 780 m/s and
135!, respectively. Our investigation was limited only ©
very weak convection because convection flows stronger than
what we imposed during the experiment shoulc not be a
problem to prevent on the ground, and therefore nc generally
happen for ground-based experiments.

4 Conclusion

An experimental set-up was constructed to make it possiblet?
test, in a ground-based experiment, how convectic n-driven
flows, as a single factor, contribute to the perikineti coagula-
tion process. Our experiment shows that weak frec convee:
tion-driven flows do not markedly affect perikineti®
coagulation for 2-um particles” dispersion. Our obs rvations
provide a direct experimental evidence that free cony ction, 85
a main cause, profoundly slowing the perikinetic co? gulation
process is, at least, not the general case. We assume that
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ferent characteristics of the different PS particles and
. crimental methods used in Folkersma’s experiment and
eﬁ};s might account for the different results.
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