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ABSTRACT: The morphology of the polymer produced during continuous precipitation polymerization of acrylic
acid in supercritical carbon dioxide (sc@Ovaried significantly with reaction conditions. Three different
morphologies were observed: a coagulum of primary particles with diameters-2000hm, irregular particles

with diameters of 520 um, and spheres with diameters of-1000 um. To explore the variables that control
particle morphology, the glass transition temperatiig ¢f poly(acrylic acid) (PAA) was measured at several
CO;, pressures using high-pressure differential scanning calorimetry. Sorption of BtG@BAA also was measured

at various temperatures and pressures with a quartz crystal microbalance. Chow's equation descfiped the
reduction by CQ quite accurately. Formation of large spherical particles of PAA was favored when the polymer
molecular weight was relatively low and when the polymerization temperature was well @hove

were prepared under certain conditions. This paper describes
the relationship between polymer morphology and the polym-
erization conditions. A particle formation mechanism is pro-
n Posed that is consistent with the experimental data. The central
feature of this mechanism is the relationship between polym-
erization temperature and the glass transition temperature of the
y- polymer at reaction conditions.

Introduction

Acrylic acid polymers are widely used as dispersants,
thickeners, flocculants, and superabsorbent polymé&tsly-
(acrylic acid) (PAA) commonly is prepared by aqueous solutio
polymerization, although heterogeneous polymerizations in
organic media also are uséd.

Interest in understanding the behavior of precipitation pol
merizations has been stimulated by use of supercritical carbon

dioxide (scCQ) as a polymerization mediuf® Precipitation
polymerization of acrylic acid in supercritical carbon dioxide
(scCQ) was first reported in a French patent in 1968;U.S.
version of this patent issued in 1970A Canadian patent
application in 1986 described the synthesis of water-soluble
PAA in scCQ.% In 1988, the synthesis in scGOf thickeners

Experimental Section

Materials. Carbon dioxide (SFC grade, 99.998%) was purchased
from National Specialty Gases. The initiator, '2a2obis(2,4-
dimethylvaleronitrile) (V-65B; high purity, 98.8%), was donated
by Wako Chemicals USA. Acrylic acid (99.5%), toluene (HPLC

based on cross-linked, water-soluble PAA was reported in a grade, 99.5%), 1,1,2-trichloro-1,2,2-trifluoroethane (Freon 113;
U.S. patent, and a similar study was reported in a 1989 HPLC grade, 99.8%), 4-methoxyphenol (MEHQ, 99%), and

European paterftMore recently, Romack et 8land Xu and
co-workerd®!lexplored other aspects of the polymerization of
acrylic acid in scC@ including the effect of cosolvents.

Most of the previous studies of acrylic acid polymerization
were carried out in batch reactors. The products were white,
fluffy, fine powders. The polymer particles were a coagulum
of primary particles about 166200 nm in diametet 11

methanol (HPLC grade, 99.9%) were purchased from the Fisher
Scientific Co. All chemicals were used as received.

Continuous Polymerization. The continuous precipitation po-
lymerization of acrylic acid in scC was carried out in a CSTR
using V-65B as the free-radical initiator. The reaction temperature
was between 50 and 9, the pressure was 207 bar, the average
residence time was between 12 and 40 min, and the inlet monomer
and initiator concentrations were varied to change the molecular

_Particles this small can create dusti_ng pro_blem_s in manufactur-weight of the polymer produced. The reactor was an 800 mL, high-
ing. Dust may be a source of industrial hygiene risks for workers pressure autoclave with a magnetically driven agitator. A heating/
and may pose difficult materials-handling problems. Recently, cooling fluid was circulated through a jacket on the reactor to
continuous precipitation polymerization of acrylic acid in segCO  control the reaction temperature. A heated control valve functioned
was carried out in a continuous stirred tank reactor (CSTRY. as a backpressure regulator to keep the system pressure at the set

For the first time, PAA spheres with diameters of-1D0um point. In a typical experiment, three streams (C@crylic acid,
and V-65B/Freon 113 solution) were fed continuously into the
reactor with individual syringe pumps. The polymerization took
# North Carolina A&T State University. place con_tinuously at steady state. Because_ PAA is essentially
s University of North Carolina at Chapel Hill. insoluble in scC@** polymer precipitated as it was formed, so
*To whom correspondence should be addressed: e-mail groberts@ that the mixture in the reactor consisted of a continuous, fluid phase
eos.ncsu.edu; PHl 919 515-7328; Fax-1 919 513-3465. and a dispersed, polymer phase. The product stream was withdrawn

T North Carolina State University.
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Table 1. Typical Continuous Polymerization Experiment$

experiment Tp(°C) [M]in (mol/L) [1Tin (mol/L) yield (%) My (kg/mol) polymer morphology TP (°C)
1 50 1.25 0.004 30.8 175 coagulum 121
2 70 1.25 0.001 54.5 157 irregular particles 116
3 70 0.50 0.006 80.8 28.9 spheres 113
4 90 0.25 0.006 46.1 6.9 spheres 100

aNote: t = 25 min, P = 207 bar, agitation speed 1800 rpm.P In atmospheric nitrogen.

-3 polymerd”=22 due to its accuracy and ease of operation. The
4] apparatus used in this research was comprised of a quartz crystal
5 mounted in a high-pressure cell, a temperature-controlled water bath,
™~ an oscillator, and a data-acquisition system. The quartz crystal was
3 -6 a 5 MHz AT-cut Si with gold electrodes (model #131223,
£ 7] International Crystal Manufacturing). The oscillator (PLO-10,
2 5] Maxtek Inc.) could be operated in the-8 MHz frequency range.
T The high-pressure cell was rated for pressures up to about 500 bar.
5 -9 The water bath could be controlled in the range from room
I 104 temperature to 90C, with an accuracy of0.1 °C.
114 A PAA solution was prepared by dissolving 0.15 g of polymer
12 (M_v =175 kg_/mol, experime_nt 1in Table 1) in 15 g of methanol.
50 52 54 56 58 60 62 64 66 Prior to coating a polymer film on the crystal, the blank crystal

was mounted in the QCM apparatus to determine the fundamental
frequency in a vacuum at the experimental temperature. After that,
Figure 1. An exemplar high-pressure DSC scan at 200 the crystal was dipped vertically into the PAA/methanol solution
for several minutes. Then it was withdrawn from the solution. The

from the bottom of the reactor and passed through a heat exchangegrystal was suspended horizontally for a few minutes to allow the
to cool it to about room temperature. A solution of MEHQ in methanol to evaporate. The coated crystal then was mounted in
toluene then was added to stop the polymerization. The polymer the pressure cell and dried at the experimental temperature under
particles were collected by filtration and were extracted with liquid vacuum until the frequency became constant, indicating complete
CO, to remove unreacted monomer, initiator, Freon 113, toluene, removal of the solvent. The stabilized frequency was used to
and MEHQ. Detailed descriptions of the apparatus and polymer- calculate the polymer mass deposited on the crystal. Carbon dioxide

Pressure (Bar)

ization procedure are available elsewh&r¥. then was added into the high-pressure cell until the pressure reached
The viscosity-average molecular weightj of the polymer was the d_esire_d value. After 1 h, the_frequency was essen_tially constant.
measured with an automatic viscometer (Rheotek TCB-The At this point, the pressure was increased by introducing morg CO
polymer morphologies were determined with scanning electron into the ceII., and anqther sorption equilibrium was obtained. At
micrography (SEM, JEOL 6400F Field Emission). the com_pletlon of an |soth_erm, the_ _@Was released and vacuum
Differential Scanning Calorimeter (DSC) Measurements. was utilized to degas the film. Additional measurements then were

Atmospheric Nitrogen. The glass transition temperature of pure ~carried out at different temperatures.
PAA was measured in atmospheric nitrogen with a TA Instruments  In addition to CQ, other components of the polymerization
Q-100 DSC. Polymer samples<{8 mg), which had been dried in ~ mixture, such as unreacted monomer and initiator, also could have
a vacuum oven for 2 days at 8€, were analyzed in crimped been absorbed by the polymer in the reactor. However, the
aluminum pans under a purge of dry nitrogen at atmospheric concentrations of these other components were very low relative
pressure and a flow rate of 50 mL/min. The sample history was to CO,. For example, the highest mole fraction of unreacted acrylic
erased by heating the sample to 18D at a heating rate of 10  acid monomer in the polymerizations was less than 5% of thg CO
°C/min and cooling it rapidly (20C/min) to—40°C. A DSC scan mole fraction. Therefore, the measured values of the glass-transition
then was carried out in the temperature range frofd to 180°C temperature and equilibrium sorption in pure £6hould be
at a heating rate of 16C/min to determine the glass transition representative of the behavior of the polymer in the reactor.
temperature of the pure polyméig. The Tyo determined for two
samples of the same polymer were withii®.1 °C. ) )

Supercritical Carbon Dioxide. The T, of PAA (M, = 175 kg/ Results and Discussion
mol; experiment 1 in Table 1) in scG@vas measured with a C80
Il Setaram calorimeter operating in an isothermal mode. In this  Some typical polymerization experiments are listed in Table
procedure, the Cgpressure at which the glass transition occurred 3 Al product polymers were white, dry powders. Experiment
was determined at a specified temperature. Approximately 70 mg 1 \yas carried out at 56C. The viscosity-average molecular
of PAA was placed in a custom-designed, high-pressure sampleweight of the polymer was 175 kg/mol. Figure 2 shows that

cell. Carbon dioxide was introduced to the cell using a syringe pump the polvmer produced in this experiment was a coaqulum of
that was preequilibrated at 48C in order to prevent a liquid/ poly P P 9

supercritical phase transition during the DSC scans. The polymer Primary particles about 16e200 nm in diameter. As noted in
sample was equilibratedif@ h with CG; at the desired temperature ~ the Experimental Section, samples of this polymer were used
and pressure (e.g., 8C€ and 173 bar). Then the G@ressure was ~ t0 measurélg, Tg, and the mass of CQadsorbed.

reduced at a rate of 3.4 bar/min to determine the glass transition Experiment 2 was carried out at 70C. The polymer
pressureRy) at the specified temperature. Three experiments were molecular weight was 157 kg/mol. Figure 3 shows that the
carried out at each temperature to minimize the error of measure-yroduct consisted of irregular particles, with sizes in the range

ment.
of 5—20 um.
Figure 1 shows a typical DSC scan at 1@ In this figure, the H

plateau of the curve & = 59 bar indicates the occurrence of the Experiment 3 also was carried out at 70, but with a lower

glass transition. Therefor®, is 59 bar at 100C; i.e., Ty is 100 inlet monomer concentration ([M} and a higher inlet initiator
°C at a CQ pressure of 59 bar. concentration ([k,). Accordingly, a lower molecular weight,
Quartz Crystal Microbalance (QCM) Measurements. This 28.9 kg/mol, was produced. Figure 4 shows that the polymer

technique is a powerful tool for the study of g@bsorption into particles were spheres about-1D00 um in diameter. CDV
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Figure 2. SEM of PAA particles produced in a CSTR polymerization
(experiment 1.T = 50 °C, P = 207 bar,r = 25 min, [M}, = 1.25
mol/L, [I]i» = 0.004 mol/L,M, = 175 kg/mol): (a)x500; (b)x20000.
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Figure 3. SEM of PAA particles produced in a CSTR polymerization
(experiment 2.T = 70 °C, P = 207 bar,r = 25 min, [M}, = 1.25
mol/L, [I]in = 0.001 mol/L,M, = 157 kg/mol).

pror e

Figure 4. SEM of PAA particles produced in a CSTR polymerization
(experiment 3;T = 70 °C, P = 207 bar,r = 25 min, [M]}, = 0.50
mol/L, [I]in = 0.006 mol/L,M, = 28.9 kg/mol).

Experiment 4 was carried out at 9G. The lowest molecular
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HCSU .Q§KU
Figure 5. SEM of PAA patrticles produced in a CSTR polymerization
(experiment 4;T = 90 °C, P = 207 bar,z = 25 min, [M], = 0.25
mol/L, [I]in = 0.006 mol/L,M, = 6.9 kg/mol).

concentration, and the lowest monomer concentration. Figure
5 shows that the polymer particles were spheres abotfLQ0
um in diameter, similar to those formed in experiment 3.

The polymer morphologies reported in the literature, such as
those by Romack et 8land Xu et al1®1tare coagulum, similar
to what is shown in Figure 2. This is the first time that much
larger PAA particles have been prepared by precipitation
polymerization of acrylic acid in scGO

The glass transition temperatures of these four samples of
PAA were measured in atmospherig.N'he results are given
in Table 1. These values @ decrease with molecular weight
but are higher than the polymerization temperature in all four
cases.

It appears that the polymerization temperature and/or the
polymer molecular weight are major factors that affect the
polymer morphology. The polymerization temperature in this
work was between 50 and 8C, which is much lower than the
glass transition temperature of pure PAA (ifgjn atmospheric
N,), which is reported to be between 106 and 12623
However, the presence of sorbed sed® the polymer can
decrease its glass transition temperature signific&AtR2. In
the present work, polymer particles formed and precipitated from
a high-pressure COphase. The polymer contained dissolved
CGO;, at a concentration that was essentially in equilibrium with
the CQ in the supercritical fluid.

Chow?? has proposed a means to calculate the depression of
Ty due to a dissolved component:

-
|n(T—g) =p[0In6+ (1—6)In(L— )]
g0,

where

gzﬁL
Myl-ow
ZR
B=
MpAC,

In the above equation3y is the glass transition temperature
of pure polymer Ty is the glass transition temperature of the
polymer containing solutévl, is the molar mass of the polymer
repeat unitMy is the molar mass of the solut®, is the gas
constantw is the concentration of solute in the polymer (mass
solute/mass polymer\C, is the heat capacity change associated
with the glass transition of the pure polymer, arid the lattice
coordination number. This parameter can be either 1 or 2. For

weight (6.9 kg/mol) was obtained, as this experiment was polymers with small repeat units, such as polystyrene and poly-
conducted at the highest temperature, the highest initiator (methyl methacrylatey = 1 gives a good fit of the experiment&IDV
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© 0.00 Figure 8. A hypothetical particle formation mechanism (adapted from

0 50 100 150 200 250 300 refs 33 and 34).

Pressure (bar) Table 3. Comparison of the Polymerization Temperature Tp) with

Figure 6. CO, absorption into PAA measured with a QCM. the Polymer Glass Transition Temperature {Tg) Estimated with
Chow’s Equation (z= 1, Tgo = 120.9°C, AC, = 0.4 J/(g°C))
130
1201 0 T Chow's Equation (z = 1) Tr (°C) P (bar) (g of CO)/g of PAA) T4 (°C)
107", o ChowsEquaton(z=2) 50 207 0.12 65
100 m 70 207 0.11 68
904 R 90 207 0.097 71
80 i w

Moreover, Kikic et al. used a different technique, inverse gas

‘Sim ;g ' chromatography, to measurg This technique consistently gave
T ] somewhat loweTy's in atmospheric Mthan DSC. For example,
0] - Kikic et al. measured dg4 of 100 °C for their PAA compared
30] T to the supplier value of 106C.
20] e In an attempt to rationalize the apparent discrepancy between
0.00 0.05 010 015 0.20 the previous and present results, the sorption of @@ PAA

. at 80 bar and 48C was estimated from Figure 6. Chow’s
CO, Absorption (g CO, /g PAA) equation then was used to estimdtgfor PAA with a Ty of
Figure 7. Ty of PAA calculated with Chow’s equatiodo = 120.9 100 °C and aAC, of 0.4 J/(g°C) at 80 bar of CQ pressure.
°2C, ACp = 0.4 J/(g°C)) compared with measured values from Table The result wad, = 59 °C, about 11°C higher than the value

of Kikic et al.3% but much closer to it than suggested by a

Table 2. Glass Transition Temperature ) of PAA Measured with cursory examination of Table 2. The remaining difference may
a High-Pressure DSC in the Presence of CO be the result of differences between the two polymers, such that
P (bar) T, (°C) w (g of COy/g of PAA) Figure 6 may not provide an accurate estimatevofor the
5011 100 0.032 PAA of Kikic et al. or thatAC, = 0.4 J/(g°C) for their polymer.
124+ 5 80 0.070 The Ty of PAA, at the polymerization conditions given in
21142 70 0.11 Table 1, was estimated from Chow’s equation, using values of

w obtained from Figure 6. Table 3 compares the polymerization
results. For polymers with larger repeat units, such as polycar-temperatureTp, with the estimatedy at the conditions of the
bonate and poly(ethylene terephthalatey 2 usually gives a each experiment. The estimated valuesTgfshould apply
better description of the dat&.2® For the PAA prepared in  closely to the polymers produced in experiments 1 and 2 of
experiment 1 in Table 1, DSC measurements showedTjgat ~ Table 1 because the molecular weights of these two polymers
= 120.9°C andAC, = 0.4 J/(g°C). were the same as, or close to, the molecular weight of the

The equilibrium solubilities of C@in PAA, as measured with  polymer used in the DSC and QCM experiments that validated
the QCM at various temperatures, are shown in Figure 6. The Chow’s equation. However, thig/'s in Table 3 may be higher
data in this figure cover the ranges of temperature and pressurehan the actualys of the polymers produced in experiments 3
that were used in the experiments shown in Table 1. The CO and 4. The molecular weights of the polymers produced in these
solubility decreases with increasing temperature and increasedwo experiments were substantially lower than the molecular
with increasing CQ pressure. weight of the polymer used in the DSC and QCM experiments.

As shown in Table 2, the glass transition temperatures of At 50 °C and 207 bar (experiment I, is about 15°C lower
PAA in the presence of COdecrease with increasing GO  than the estimated value ®§. At 90 °C and 207 bar (experiment
pressure. The equilibrium CGCconcentrations ) that cor- 4), Tp is at least 19C higher thanT,. Finally, at 70°C and
respond to the glass-transition conditions were determined by 207 bar,Tpis just 2°C higher tharil, for the higheiM, polymer
interpolation from Figure 6 and are shown in the third column (experiment 2) and perhaps somewhat higher tha@ @r the
of Table 2. The three data points in Table 2 are compared with lower My polymer (experiment 3).
the Ty calculated with Chow’s equation in Figure 7. Chow’s Figure 8 shows a hypothetical particle formation mechanism.
equation agrees with the experimental data very well wtven For an amorphous polymeéFy increases with molecular weight
1. when the molecular weight is low and levels off at higher

Kikic et al2% have reported &, for PAA of 48°C at a CQ molecular weights. The polymers synthesized in this work
pressure of 80 bar. This is substantially below all of the values demonstrate this behavior, as shown in Table 1. Depending on
in Table 2, including the value of 78C at the highest CO temperature and molecular weight, the polymer can be formed
pressure of 211 bar. The PAA used in their study was reported in three different physical states: glassy solid, liquid, or ruBber.
by the supplier to have By of 106°C, lower than the value of  In these experiments, when the polymerization temperafuyre,
121°C for the polymer used for the measurements in Table 2. was belowTy, the precipitated polymer was in the glassy st%&.v
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The glassy particles probably had little or no tendency to of about 60%, and the melting point of the crystallites is in the
coalesce when they collided and remained as small, irregularrange of 155-192°C. Therefore, only about 40% of the PVDF
primary particles. This is consistent with the observed morphol- is molten or rubbery at typical polymerization temperatures.

ogy of the polymer produced in experiment 1 in Table 1. When Charpentier et & show SEMs of the PVDF particles

Tp was aboveTg, and the polymer molecular weight was low, produced in one of their experiments in a continuous stirred-
the polymer probably was present in the reactor as droplets of ik reactor. The particles appear to have a wide range of sizes,
a viscous liquid. These droplgts shou.Id have bgen able O with a typical value of about 20m. They are irregular in shape
coalesce to form larger, spherical particles. In this case, the ang have a very rough surface. The size and appearance of these
intensity of agitation would be expected to affect the particle particles are consistent with the hypothesis of agglomeration
size distribution. After the product stream was withdrawn from ¢ smaller primary particles.

the reactor, it was cooled to approximately room temperature, . ) L. L
bp y P Tai et al®* carried out an extensive investigation of the factors

much lower thanTg, so that the polymer solidified. This . .
describes the conditions of experiment 4 in Table 1 and perhapsthat .|n.ﬂu¢.ance the mqrphology of PVDF. partlclgs formed by
those of experiment 3. precipitation polymerization in scCQusing a stirred batch
When T boveT. and th | lecul iah reactor. The size of the formed particles depended strongly on
h‘?”h P Was abovelg an 2t ehpo yr1|1er molecu far weég_ ' the concentration of vinylidene fluoride monomer, on the stirring
was high, as n experl_ment , L '€ polymer was Tormed N & yate  and on the agitator design. At monomer concentrations
rubbery state. The primary particles might hqve had some comparable to those used by Charpentier etahe sizes of
tendency to stick to each other vvhgn they. °°”"?'ed* but their the particles formed in the two investigations were similar.
coalescence probably was more difficult. It is believed that the However. as the monomer concentration was increased. the

irregular particles were formed in this case. Again, the intensity particles became larger and macroporosity developed. At high

of agitgtion should ha.\ve.an effect at this condition. An example monomer concentrations, the SEM images showed aggregates
of the influence of agitation on particle morphology is provided of smaller particles

by the work of Tai et al?* which is discussed below. Not surprisingly, the intensity of agitation also influenced
The hypothesis outlined above suggess that the morphologypamcle morphology in the Tai et al. study. At low stirrer speeds,

of the polymer particles produced during precipitation polym- distinct, nearly spherical particles with a relatively smooth

erization in scC@ can be controlled by adjusting the polym- surface were observed when the monomer concentration was

ﬁ”zztfgstignslﬁeregg:: gg,:/ Elr ﬂﬁzrggggzgﬂfélsnsﬁﬂﬁjmégéh; high. As the stirrer speed was increased, the particles became
Io)\//f/)er values %gf]_l_ and to I%r er more spherical polvmer smaller, their surface became less regular, and they developed
g ger, P poly a fibrous appearance.

particles. Larger particles also appear to be favored by lower ) ]
molecular weights. However, reducing the molecular weight ~On balance, the results of these previous studies support the
may not be a practical alternative in view of the influence of hypothesis of Figure 8, which is, in fact, an extension of one
this parameter on other polymer properties. proposed by_ Tai et éﬁ_ln particular, it does not appear as
To test the generality of the hypothesis represented in Figurethouqh the high crystallinity of PVDF prevents the agglomera-

8, three previously published studies of particle morphology '.[ion. of primary partiqles under conditions where the polymer-
have been analyzed. One study involved PAA, and the other iZation temperature is well abovig of the amorphous region.
two concerned poly(vinylidene fluoride) (PVDF). The polym-
erization of vinylidene fluoride monomer to form PVDF is one
of the most studied precipitation polymerizations in seCO Continuous precipitation polymerization of acrylic acid in
As noted previously, Romack et&tarried out the precipita- scCQ was carried out in a CSTR. Three types of polymer
tion polymerization of acrylic acid in scGQat a temperature ~ morphology were observed, depending on polymerization
of 62 °C and at CQ pressures between 125 and 345 bar. conditions: a coagulum of primary particles with diameters of
Scanning electron micrographs of the polymers produced at100—200 nm, irregular particles-520 um in diameter, and
these two pressures show that the product was a coagulunspherical particles 106100 um in diameter. The smallest
consisting of primary particles with diameters on the order of particles were produced when the polymerization temperature,
100 nm, similar to the polymer shown in Figure 2. The glass Tp, was well below the polymer glass transition temperature,
transition temperature of PAA at 125 bar was estimated to be T, i.e., when the polymer was formed in the glassy state. Larger,
about 75°C, using Figure 6 and Chow’s equation. Thus, the but still irregular, particles were formed whék was above,
polymerization temperature, 82, was substantially lower than  but close to;Tg, i.e., when the polymer was formed in a rubbery
the estimatedy of the polymer at reaction conditions. Clearly, state. The largest spherical particles were produced Wien
the morphology of the product produced at 125 bar was was well aboveTy and the polymer molecular weight was low,

Conclusions

consistent with the present hypothesis. A valueTgfat 345 i.e., when the polymer probably was formed in a viscous liquid
bar was not estimated because a significant extrapolation of thestate. These results appear to be consistent with previous studies
data in Figure 6 would have been required. of the polymerization of both acrylic acid and vinylidene fluoride
The morphology of PVDF produced by precipitation polym- in scCQ. The present study suggests that a particular polymer
erization in scC@has been reported by Charpentier éaind morphology can be obtained through manipulation of the

by Tai et al® In fact, particle morphology was the primary Polymerization conditions.

focus of the latter study. The glass transition temperature of

PVDF, in the absence of any sorbed species, is ab@5t°C. Acknowledgment. This research was supported by the
Precipitation polymerizations in scG@ave been conducted at Kenan Center for the Utilization of GOn Manufacturing at
temperatures from about 40 to about°@) substantially higher ~ North Carolina State University, the STC Program of the
than Ty at polymerization conditions. Therefore, the present National Science Foundation under Agreement CHE-9876674,
hypothesis suggests that small PVDF particles would tend to and the National Science Foundation Discovery Corps Fellow-
coalesce into larger ones. However, PVDF has a crystallinity ship Program under Agreement CHE-0412109. CDV
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Nomenclature

AC,
transition (J/(g°C))
[Min inlet initiator concentration (mol/L)
My molar mass of solute (g/mol)
[M]in inlet monomer concentration (mol/L)
Mp molar mass of polymer repeat unit (g/mol)
M, viscosity-average molecular weight of polymer (kg/mol)
P pressure (bar)
Tp polymerization temperaturé@)
Ty glass transition temperature of polymécy
Tgo glass transition temperature of pure polym®&)
z lattice coordination number

T average residence time (min)
CO, absorption into polymer (g of C&y of polymer)
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