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COALESCENCE AND RE-DISPERSION FREQUENCY OF DISPERSED DROPLETS
IN A CONTINUOUS SUSPENSION POLYMERIZATION STIRRED TANK REACTOR

Yasuo HATATE, Yoichi KUROKAWA  Masatoshi OTSUBO,
Hiroshi HAMADA, Atsushi IKARI and Fumiyuki NAKASHIO

To explore the possibility of semi-continous operations and polymer particle size controllings
in the suspension polymerization, it is important to clarify the behavior of swarms of droplets in
the continuous stirred tank reactor in a comparatively low polymerization region.

In this study the following three experiments were carried out:

(Exp. 1) (1) Two separate flows having the same flow rate; one was a styrene flow with no
initiator, and the other was a toluene flow involving a certain amount of initiator, were supplied
as dispersion phase. At 360 to 1000 rpm the yield and degree of polymerization were measured in
the continuous suspension polymerization.

(2) Equi-volume mixture of styrene and toluene was fed as dispersion phase, and the same ex-
periment as mentiond above was carried out,

(Exp. 1] A colored and a colorless dispersion flow were fed, and the degree of color for
each droplet at the effluent was determined by a microscopic photo analysis.

(Exp. ) The mixing degree and the effective volume fraction of the dispersed phase in the
heterogeneous continuous stirred tank reactor were determined from the tracer response test of the
dispersion phase.

The following results were obtained;

(1) In a heterogeneous continuous operation, the effective volume fraction of the dispersion phase
might be reduced when the dispersion phase'is lighter than the continuous phase.

(2) The effects of revolution rate on coalescence and re-dispersion frequency per droplet were
negligible although a marked effect was predicted.

(3) Polyvinylalcohol (PVA) , a stabilizer {or droplets in the suspension polymerization, has a
decreasing effect on droplet size. However, no effect from PVA was detected on the coalescence
and re-dispersion frequency of the droplets in the low polymerization region.,

(4) The frequency per droplet of coalescence and re-dispersion was estimated to be about .01
min~* from simulation of the polymerization results using the Monte Carlo method.
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Table 1 Physical properties of reagents

Interfacial tension*
Reagent Density Viscosity no PVA [0.1 wt% PVA
lg/em?] [ep] [dyn/cm] [dyn/cm]
Styrene 0,8640 0.461 30,9 103
Toluene 0.8205 0.438 30.7 10.5

* Interfacial tension between the organic reagent listed
in the first column and water involving no PVA or
0.1 wt% PVA.
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Fig. 2 Calibration curve for GPC
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Table 2a Experimental conditions at 70°C for
Exp. 1
Run | Rev. gc;gw gs}a\se Dis. Phase
No. rate rate conc. Styrene Toluene
[min?) [ml/min] [wt%] [ml/min]) [ml/min]
1 360 0
7 | 1000 0.1
8 360
9 660 0
10 1000
11 360 6.00 0.30 0.30
12 660
13 1000 0.1
14 360
15 1000
16 660
17 1000 0
CI,f]T = 0.08 mol/1, CI,f]S = 0.0 mol/1

Table 2b Experimental conditions at 70°C for

Exp. 1
Phase Con. Dis.
Run Rev. PVA flow flow
No. rate conc. rate rate
[min?] [wts) [ml/min] [ml/min)
22 360 } 0
23 1000
2 360 6.0 0.6
25 1000 0.1
26 660
30 660 0
CI,f]T+S = 0.04 mol/l
~
L 015
§ ) Qo o
50.1 o O
| | | | | |
E 6 I
S4re o o o ©
b
e 2
x
IZ; ol— I | | | |
300 400 500
Time [min]

Fig. 3 Experimental data for Run No. 10
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Fig. 4 Effect of operating parameters
on monomer conversion
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Fig. 6 Effect of operating parameters
on average droplet size
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Table 3 Experimental conditions at 70 for

Exp. 1I
Con, Phase Dis. Phase

Run Rev, rate flow PVA Colored
No. rate conc, Toluene Toluene

[mir*) (ml/min) | (wee] | [ml/min] | [ml/min]
18
19
2 360, 660, 1000 60 0 3.0 0.3
21 0.1

Table 3 icKBR [ D#RIERM2TRT, Figs, 7 RV
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Fig. 7 Effect of revolution rate on coalescence
using colored droplets
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Table 4 Experimental conditions at 70°C for
Exp. 1T
Phase Con. Dis.
Run Rev. rate PVA flow flow
No. conc, rate rate
[min? ] [wts) [ml/min} [ml/min]
27 360
28 660 0
29 1000 6.0 0.6
31 360
32 660 } 0.1
1 Revol
uti
- Key rate [micr’\gl
N o 360
- o 660
-1 ® 1000
10 no PVA

1 . | |

Il Il |
600 1000
Revolution rate [min™)
Fig. 8 Effect of revolution rate on coalescence

using colored droplets
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Fig. 9 Effect of revolution rate on auerage
droplet size in the case of no polymerization
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DOFThOBAELBE LREOBFRIIERTRETRLS
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FADEEEEICBVWTERNLTR2RAVELE LN
TWAE, LhrLADSH, Q)IINSDERDOEE
660 rpm DEBRZRVT —1 TREVWENDH» S,
Fabhb, 360 KU 1000 rpm DERTIE, TL2E
BILERE W TV 3PS BRERES R ERICHEA
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Table 5 Effective volume of reactor at 70C
*
PVA Rev. rate VR/VO ¢DR/¢D0** from
(wtg] [min?] -1 Figs. 10 11
360 0.997 0.231
0 660 0.953 0.962
1000 0.819 0.813
360 0.921 0.621
0.1 660 0.786 0.744
1000 0.478 -

* From direct measurements, where v0= 0.780 1
at 343 K

** ¢ 0= 0.10 (-]
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by Monte Carlo method
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Fig. 13 Calculation of weight average molecular
weight against ¢, by Monte Carlo method
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Fig. 14 Calculation results of conversion for
operating conditions by MonteCarlo method
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Nomenclature

Cut = initiator concentration in feed  [mol/I]
Cw:ls = initiator concentration in feed styrene
flow [mol/1]
Ci)r = initiator concentration in feed toluene
flow [mol/1]
Cit Js»r = initiator concentration in styrene and
toluene mixture flow [mol/1]
Co = tracer concentration at t=0 [kg/1]
C(¢) = tracer concentration at time t [kg/1]
des:  =Sauter average droplet size [mm])
1 = number of coalescence and re-dispersion
during each feed interval of droplet [—]
Mw = weight average molecular weight of pro-
duced polymer [-]
N = number of droplets for Monte Carlo
method [-]
PVA = polyvinyl alcohol or its concentration in

continuous phase

[wt %]
t = time [min]

At = feed interval for each droplet (=4/N)
[min]
A = reactor volume 1l
Vo = nominal reactor volume (=0.7801) [l]
Vi = actual reactor volume m
v = volume flow rate [1/min]
w = mass of tracer for response test kgl
] = average residence time [min]
Boo = nominal volume fraction of dispersion
phase (=0.1[-]) (-]
Por = actual volume fraction of dispersion
phase [-]
Wy = coalescence and re-dispersion frequency
per droplet [min-']
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