CHAPTER 1V

RESULTS AND DISCUSSION

In this work we studied the copolymerization of alkyl (meth)acrylate-

divinylbenzene by suspension techni onomers used in this study are methyl

methacrylate, butyl methacryla ate, dodecyl acrylate and stearyl

acrylate.
4.1 Methyl methacrylate-di

The appropriate . nl - \ of methyl methacrylate-
divinylbenzene copol i e polymerization parameters,
such as the initiator co 1 , fing u 1 i u tion, monomer phase ratio,
agitation rate, crosslinking gon 1 Jugnt ratio, reaction temperature, and time.
The effects of each paramet = properties of these copolymer beads
were shown below.

4.1.1 Effect of crossl'
The effects of the argsslinking agent goncentration on the conversion, average

paricte size, @B S EIRAE) 30 T EJ AR e imvstgaod by

varying the crosslﬂkmg agent conceng'atlon of 0, O (25,05, 1.0 ails 1.5 wt % based

oo R RARINTEIHNATRHARY

Monomer phase ratio

- Methyl methacrylate-divinylbenzene ratio 95 wt %
- Initiator concentration 0.5 wt %
Aqueous phase 0.86

- Suspending agent concentration 0.2 wt %
- Reaction temperature 70'C

- Reaction time 20 hours

- Agitation rate 140 rpm
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- Toluene: heptane (100:0) 100 wt %

The unit of any chemicals is % weight based on the monomer phase. The

resultant copolymer beads were confirmed by IR spectrum as shown in Figure 4.1.

The characterization of methyl methacrylate-divinylbenzene copolymer beads
was performed by the FTIR transmission spectroscopy. Figures 4.1 and 4.7 (a) show
the characteristic peaks of methyl methacrylate monomer at 2956, 1725, 1630, 1445,

1325, 1305, 1199, 1164, 1017, 941 and;8 m™. The peak at 2956 cm™ is due to the
C-H stretchmg of aliphatic, the cak 2 )

! is due to the C=0 stretching, the
e C=C stretching, the peak at
1445 cm™ is due to the deformation” eaks at 1325 and 1305 cm™
caused by the CH; bendingsthe peaks 64 cm™ are due to the C-O
stretching of ester function? g1 he-peaks a d 941 cm™ are due to the

C-H out of plane defommatit A :!;_-i- D by CH, rocking at n = 1.

Figures 4.3 - 4.6 and 4! ) show T ly[(methyl methacrylate)-
a7

1 tions of 0.025, 0.5, 1.0 and

.I' was disappeared because the

co-divinylbenzene] at va
1.5, respectively. The pealg'a

conversion of monomer to its/€onfs wding polyn a double bond to a single bond)

still remained in the syg’m. Figures 4. §3) shoﬂ the characteristic peaks of
divinylbenzene at 2959-308 kscm’’, due to the,C-H stretching of aromatic group and

C-H stretching ﬁ %Er% ‘ﬂhﬂ;ﬂ'ﬁ wﬂrﬂ ﬂ §d by the C=C from

Ph-C=C, the peaﬂlI at 1592 - 1402 cm ! caused b the C=C strefc ng of aromatic
s B 0 HET HREY 40414 b s
from RCHE=CH; and 800 cm™ is due to the para substituted C-H out of plane
deformation. The copolymer in Figures 4.1(b-€) does not show the peak characteristics
of crosslinking agent divinylbenzene because divinylbenzene concentration added into

the system is too low, thus no effect on the FTIR spectrum.
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Figure 4.1 FTIR spectrum of methyl methacrylate monomer.
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Figure 4.2 FTIR spectrum of divinylbenzene monomer.
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average size (mm.)
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concentration.

Table 4.1 Effect of the

Parameter
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C10 C15
DVB concentration, wt % 1 1.5
% Yield 94 98
Bead size distributio
<0.42 mm m 80 688 6.47
0.42-0.59 mm | 0.57 960 1151 9.37
0.59-0.84 mm ‘a 6h 9-] 10.61 4.90
0.84-2.0 mm ﬁl u Ej ’J ﬂ Ejil j w ﬂs ﬂ 866 696
>2.0mm_ L 1708(fused) @210 0 111
e AR AN TN TN NEY o
e \ 128300 18600 11300 7600
Crosslinking density 1.1 7:3 12.1 179
Swelling ratio in toluene (by
volume) 20.5 15.1 8.5 7.4
(by weight) 15.4 10.5 5.8 53
Bead density, kg m™ 1101 1166 1190 1042

Toluene was used as a diluent. My = 136300.
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Table 4.1 shows the overall conversion, the average particle size, particle size
distribution, average molecular weight between crosslink (E ), crosslinking density,
swelling ratio and density in relation to divinylbenzene content, as a crosslinking

agent.

It is found that the overall conversion increased with increasing DVB
concentration. Figure 4.8 shows the average particle size decreased when increasing
e shape of particles was sphere and
s gbution charts which were affected
ing agent concentration was

- T ——
: e particles. At 0.025 %

. were fused because the

the crosslinking agent concentration

unchanged. Figure 4.9 shows the
by crosslinking agent conce‘ﬁ:rw
low the particle size distai o
crosslinking agent con
crosslinking agent concen ough crosslinking sites to
e crosslinking agent is not
10 shows the effect of the
d crosslinking density. It
increasing DVB content but
ing concentration. Generally,
tors, which are rubber elasticity, affinity
orbency decreased with
I ation of the polymeric chain.

An increase in the amow t of the crosslinking agent fo ‘

copolymer and between crosslinks.
Generally, the MMecreasesEm]e sw?lng ratlo Tl] whlch is shown in Table
" ARIANATUNNIINGIAY

Froth Figure 4.11, the copolymer beads are harder and dense, when increased

a denser network of the

the DVB content, leading to the decrease in shrinkage of the copolymer bead surface.
The bead surfaces become smoother when higher concentrations of the crosslinking
agent were copolymerized [Fig. 4.11 (a)-(d)]. The shrinkage of the copolymer bead
surfaces in Fig 4.11 (a)-(d) occurred because of the low crosslinking density resulting
from a low DVB content. When the copolymers were being swollen by a good solvent
during solvent extraction, an imbalance tension arose between the bead interior and

outer surface surrounded by extracting solvent. The removal of the uncrosslinked



65

copolymer beads caused the weak, expanded network of the bead outer surface to
shrink and this shrinkage of some areas of the surface was enhanced as a result of the

cohesive forces when the solvated polymer chains approached each other due to loss

of the solvent.

Amount of particlcs, %wt
ON -3 BEFRD

Amount of particles, %wt
O N0 SRR

q""ﬁ"’ﬂ"’"’;"ﬂﬂmwsmi o

o SRR TITEN BRI e o

distributions. a) C025, b) C05, ¢) C10 and d) C15.
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Figure 4.10 Effect of the?é mnghgcm Goncentration on toluene absorbency and

crosslinking density.

(a) - (b)

Segrm 29@701

(c) (d)

Figure 4.11 SEM photographs of the copolymers prepared at different crosslinking
agent concentrations: (a) C025, 0.25%; (b) CO0S, 0.5%; (c) C10, 1.0% and (d) C15,
1.5% (x50).
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Figure 4.12 shows that a higher magnification (500 times) of the surface
morphology of MMA-DVB copolymer beads reveals the effect of the crosslinking
agent concentration. When the system is copolymerized in the presence of a good
diluent (toluene), two kinds of porous structure can be obtained as an expanded load,
and a macroporous gel. At a low DVB content, the final structure is an expanded gel
[Fig.4.11 (a)], because the chains are fully solvated during the polymerization and
they shrink less than those of the corresponding system do in the absence of a
solvating diluent. However, the intem’uc\lurf
the solvating diluent to make, the appr‘oalc'

ains can collapse with the removal of

el become a compact mass. A

porous copolymer is obtainmme DVB Contentisrelatively high [Fig. 4.11 (b)-
- & —

@] 7

Figure 4.12 SEM photographs of the surface of copolymers prepared at different
crosslinking agent concentrations: (a) C025, 0.25%; (b) C05, 0.5%; (c) C10, 1.0%,
and (d) C15, 1.5% (x5000).
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In this case, the collapse of the internuclear chains occurs before all the
solvating diluents have been removed. The porosity is, of course, a result of a
removal of the remaining diluent. A bead with a relatively higher crosslinking density
caused by the DVB content, as shown in Table 1 and Figure 4.9, results in a greater

increase in the elastic-retractile force, which allows more formation of crosslinked

; g@ on the conversion, average

)perties were investigated by

microspheres with a porous structure.

4.1.2 Effect of monomer phas

The effects of mon
particle size, particle si
varying the monomer 0.14, and 0.16. The other
parameters were kept co

Monomer phase

- Methyl methacryl iyt ;~'=’ I T2 . ‘ 95 %Y%owt
- Initiator concentrati 0.5 %wt
- Crosslinking agent co 0.1%wt
Aqueous phase i@ -f“‘"?""

- Suspending agent cone; *‘ 2/ 0.2 %wt
- Reaction te Wperature ‘ h 70°C

- Reaction time™ i 5 hours
- Agitation rate m m 140 rpm

T°‘“G“?Tﬁ"£fﬁ%ﬂmwa'm o

The unit of any chemical is % weight based on the mofigmer phase. The

et St Bhakhik ALY etat i HTaVr T

The characterization of methyl methacrylate- divinylbenzene copolymer beads
was performed with FTIR transmission spectroscopy. The peak interpretations are the
same as those in the previous section. The peak at 1630 cm™ was disappeared due to

the conversion of monomer to polymer.
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Table 4.2 shows the overall conversion, the average particle size, particle size

distribution, average molecular weight between crosslink (E ), crosslinking density,

swelling ratio and density in relation to monomer phase weight fraction. It is found
that all the overall conversions were higher than 95%. Figure 4.14 shows that the
average particle size increased when increased the monomer phase weight fraction
and the shape of particles still was sphere and unchanged. Figure 4.15 shows the

particle size distribution charts which were affected from the monomer phase weight

‘ \ : e the monodispersity the particle
size but it had some particlés - : .&ne fraction of the monomer
phase is usually within 7 . ymerization reactions may be performed
at the lower mono \ o volume fractions, the
concentration of contin
droplets. The coagulation
ratio inside the vessel; a : ',' ), fo onier oplets were generated and
distributed throughout I .
transfer was reduced. Wat
droplets because it has both a hi thermal conductivity. These
caused the heat insidg the vessel:; ated to the point at which the

droplets melt and agglom :;::;::;;;::..-_-,S: shaft [22].
r LY

d9n8nIneans |
AINIUARTINY A

1.

A
W

average fﬁnm)

9
0.7 -
0.5 : r i
0.05 0.1 0.15 0.2

Monomer phase

Figure 4.14 The average particle size in relation to the monomer phase weight

fraction.
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Table 4.2 Effect of the monomer phase weight fraction on Bead Properties

Run M10 M12 M14 M16
Monomer phase 0.10 0.12 0.14 0.16
% Yield 95 96 100 9
Bead size distribution, wt %
<0.42 mm 9.05 5.05 1.65 1.12
0.42-0.59 mm 8.36 6.63 6.04 2.34
0.59-0.84 mm

- 435 4.30 215

0.84-2.0 mm 1.39 17.56 21.28
— (partially
——, | fused)
>2.0 mm / 08 0.78 2.02
Average bead size, mm / ). 1.10 1.30
= 0 11200 20400
Crosslinking density 121 6.7
Swelling ratio in toluen
volume) 8.5 9.4
(by weight) 5.8 6.3
Bead density, kg m™ 1190 1162
Toluene was user

)

Table 4.2 and Flgl}r:.16 shows th:,t; toluene absorbency and crosslinking
density were a jon, but it was not
significantly inﬂﬁ:ﬂﬂ g ﬁrﬁmommemmon; However, it
seems that w 0 : ﬁi{r i ! ﬁﬁg]nking density
was decraeﬁﬁﬁﬁﬂai ﬂﬂlﬁﬁﬁﬁ
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M10 i M12

Amount of particlcs, %wt
O wlwNWRND ~w®wWwDS

<042 g;z; 0589; OZ: >2{ W <042 042- 053 084 »>20
0 N\ \l/// , 059 084 20

Amount of particles, Yowt
onero3RBESSD

Figure 4.15 Partl@ y E')angunon under tlg ?fit f:h]e in monomer phase weight
ﬁ“““f-‘i%%{m%fum INYIQAY
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Figure 4.16 Effect of thedmon n toluene absorbency and

crosslinking density.

4.1.3 Effect of suspending age rd

The effects of Susp the conversion, average

particle size, particle size distribution and swelling propérties were investigated by

varying the % suspegdi ‘ﬁx lﬁ%ﬂ) gjrﬁ)n and 0.25 %wt based
on the monomerlmjo eﬂﬂ'n ere const. follows:
Monomer phase (0.14)

S BT VA ) s

- Initiator concentration 0.5 wt %
- Crosslinking agent concentration 0.1wt %
Aqueous phase (0.86)

- Reaction temperature 70:9°C

- Reaction time 5 hours
- Agitation rate 140 rpm

- Toluene: Heptane (100:0) 100 wt %
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The unit of any chemical is % weight based on monomer phase. The resultant

copolymer beads were confirmed by IR spectrum as shown Figure 4.17.

The characterization of methyl methacrylate-co-divinylbenzene copolymer
beads was performed with FTIR transmission spectroscopy. The peak interpretations
are the same as those in the previous section. The peak at 1630 cm™ is due to C=C

stretching. This peak was disappeared because the conversion of monomer to

polymer.

Suspension polymerization in the organic droplets and each

droplet acts as a small bu r. Suspension polymerization

e figst o@osity of the organic phase is

ution is relatively narrow,

kinetics consists of three s
low, the drop size is sma
depending on agitatio ‘agent. In this stage, the
suspension is quite stable ast, and the assumption of

a quasi-steady state is ich starts around 20-35%

agglomeration will occur. At ev‘e'irfli"éim? TSion obility of the polymer
] nts which result in a

sdorff or gel effect. This
a:g:)n In the third stage, the

MBI\ o3l | ﬂ‘mt i i
GLW’laﬂﬂim mﬂ'nwma ¢l

W concentrations, water-soluble protective colloids act in two ways.

reduction of the terminatio

effect also causes an 1ng ase in the overall rate of re

First, they decrease the interfacial tension between the monomer droplets and the
aqueous phase to promote the dispersion and to reduce droplet size. Second, they are
adsorbed at the surface of the monomer droplet to produce a thin layer that prevents
coalescence when a collision occurs. The protective mechanism is due to the
repulsion force that two polymer-covered surfaces feel when their segments begin to

overlap as a result of the segments between the surfaces [23].
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Table 4.3 Effect of the suspending agent concentration on bead properties

Parameter =

S30 S45 S60 S75
Suspending agent 0.10 0.15 0.20 0.25
concentration
% Yield 100 96 100 93
Bead size distribution, wt %
<0.42 mm 1.66 4.42
0.42-0.59 mm 6.04 5.18
0.59-0.84 mm 4.30 2.70
0.84-2.0 mm 17.56 12.45
>2.0 mm 0.78 2.59
Average bead size, mm 1.10 1.07
Mec 11200 16500
Crosslinking density 12:1 83
Swelling ratio in toluen
volume) 8.54 9.16
(by weight) 5.79 6.46
Bead density, kg m™ 1190 1094

Toluene was ugegi‘as a diluent. M ) -;;A;A__,

- 1 aﬁwaﬂsNHQﬂi ,
87l NIUANINAY
5

0.4
0.2
00 +4 . T
0 0.1 02 03
¥e Suspending agent

Figure 4.18 The average particle size in relation to suspending agent concentration.
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Table 4.2 shows the overall conversion, the average particle size, particle size

distribution, average molecular weight of the crosslink (1\7, ), crosslinking density,

swelling ratio and density in relation to poly(vinyl alcohol) concentration as the
suspending agent. It is found that the overall conversion in all batches was higher than
90%. Figure 4.18 shows that the average particle size decreased in the early range and
approached a steady state. The shape of the particles was spherical in all of the
batches. Figure 4.19 shows the particle size distribution histograms, which were

affected by suspending agent conten s that the particle size distribution is

polydispersity with a decreasing manne entration of the suspending agent
7 7 ending agent concentration on
nd that the toluene absorbency
agent. The bead copolymers

synthesized from all co | at the toluene solvent about 9 times by

are added to the reaction s ! st g CC the surface of the droplets,
the amount of dispersing po depends mpon the desired droplet size. In the system
where all factors are kept con article size should be affected by
surface of the entir-, oplet in the m. When the “suspending agent content

decreased, the averag Suspending agent tries to

cover the entire surface @

whole droplet. The increasing @roplet size is the result of a

decrease in the e ére surfaéef whole droi letIn the e 'i, staﬁshow in Figure 4.18,

od ik ookl bk

concentration. Hc%ever the averages particle sizg,was later nearly constant. The

LT EE TR —

was furtherincreased as shown in Figure 4.20.

the average p suspending agent
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Figure 4.19 Effﬂ %E;@%B%‘%’ W[ﬂuﬂ ﬂp%ticle size and particle

size distribution: &) S30, b) S45, c) 863 and d) S75

ARIANN TN UAIINYA Y

A2 042- 053- 084 >20
') 059 084 20

m Particle size, mm.
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Figure 4.20 Effect of the
crosslinking density.

on toluene absorbency and

4.1.4 Effect of initiator concentr:

The effects of 'ini sion, average particle size,

particle size distributioi/a ated with the % initiator
concentrations of 0.1259.25 0.5,

other parameters were keptgconstant as follows:y

woneiy 84816 912913 WEII 13

- Methyl nﬂthacrylate—to d1v1n¥1benzene ratio (94 6) | 95 wt %
Wﬁﬁ’ﬁﬁﬁﬁfﬂﬂﬂﬂﬂmﬂ g o1

Aqueous phase (0

- Reaction temperature 70 €

- Reaction time 5 hours

- Agitation rate 140 rpm

- Toluene: Heptane (100:0) 100 wt%
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(The unit of any chemicals is used by weight % based on the monomer phase.)

The resultant copolymer beads were confirmed by IR spectrum as shown in Figure
4.21.

The characterization of methyl methacrylate-co-divinylbenzene copolymer
beads are performed by the FTIR transmission spectroscopy. The peak interpretations
are the same as those in the previous section. The peak at 1630 cm™ was disappeared

due to the conversion of monomer to po
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Flgure € average partl 10on to 1nlt1ator concentration.
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Table 4.4 Effect of the initiator concentration on bead properties

Runs
Parameter

103 107 115 130
Initiator concentration 1.0 0.25 0.5 0.125
% Yield 100 87 100 86
Bead size distribution, wt %
<0.42 mm 4.75 3.25 1.65 2.87
0.42-0.59 mm 4.45 6.04 4.05
0.59-0.84 mm 4.30 4.01
0.84-2.0 mm 17.56 12.91
>2.0 mm : 0.78 1.87
Average bead size, mm7 1.10 1.10
Mc » 2 11200 7600
Crosslinking density | 7.9
Swelling ratio in tolue
volume) 8.5 8.2
(by weight) 5.8 6.0
Bead density, kg m /7ZA09 1190 1048

Toluene was used a "#m*
Y]
ular weight between crosslinkmvl_( ), crosslinking density,
swelling ratio anéjl it ‘ﬁ:ﬁ\ﬁﬁ (EII mitiator. It was found
that the convers “ﬁﬂ::d elinit (ﬂ :mncreased. It is well
known that in radical chain polymeriz4tion the initiater efﬁcier}gi/ afid conversion will
it

be are ool ek lcodcdion e bnafedbh il heentaion i

the free rad?cal polymerization increases the polymerization rate of the reaction. From

Table 4.4 sho V« article size, particle size

distribution, average mom

Figure 4.22, the average particle size in this study was slightly decreased when
increased the concentratioﬁ of initiator. The particle size polydispersity of distribution
(Figure 4.24) was not affected by the initiator concentration. Table 4.4 and Figure 4.23
show the toluene absorbency and the average molecular weight of the crosslink

decreased when increased the initiator content. However, the crosslinking density was
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increased because the kinetic chain length decreased. The kinetic chain length is

inversely dependent on the radical concentration or the polymerization rate.
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than is methyl methacrylate to form radicals, since DVB has a higher reactivity than
methyl methacrylate.[24] Also, the increasing BPO content produced the increasing
crosslinking sites in the polymer network, the copolymer beads are then less flexible

leading to the decrease in the swelling ratio.
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4.1.5 Effect of the impeller speed

The effects of the impeller speed on the conversion, average particle size,
particle size distribution and swelling properties were investigated. The impeller
speeds of 120, 130, 140, and 150 rpm were used in the experiment. The other
parameters were kept constant as follows:

Monomer phase (0.14)

- Methyl methacrylate: Divinylbenze i s 95 wt %

- Initiator concentration . -‘ : 0.5 wt %

- Crosslinking agent coneentrati ' ‘ 0.1wt %

Aqueous phase (0.8 S—

- Reaction tempV ._ : 70°C

- Reaction time I 5 hours
- Toluene: Heptane 100 wt %
(The unit of

based "on monomer phase.) The
resultant copolymer bead \

\

\ m as shown in Figure 4.25.

The characterization methyl mg ylate-co-divinylbenzene copolymer
beads are performed by the FTIR ectroscopy. The peak interpretations
are the same as thoseifith ious sectior O cm’ was disappeared

due to the conversion @fin A J

y J
AuEInENIneng
PIAINTUNNINGA Y
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average size, mm
O
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Figure 4.26 The avg the impeller speed
Table 4.5 shows the overall con ion, the average particle size, particle size
distribution, average moleciila 1ght éen 3 (E ), crosslinking density,
swelhng ratio and density in'reldfios impeller speed. It was found the over all

i

impeller speed to 1307 -“- ar she ‘6polymer particles slightly
decreased. Figure 4.27 s ws the particle size distribution"polydispersity

In suspe gr zatio liquid droplets in a
continuous watﬁ ﬂs ﬁﬁmmﬁgﬁfﬁﬁles are subject to
coalescence, the1r reverse dispersiodl into smaller particles being possible. The
rome A BT R SR B Bl i
size and cﬂstn'butioﬁ at this pdinf arndr finally alsé the properties of the polymer
suspension. The stage of medium conversion is characterized by increased stickiness
of the polymer particles and their greater tendency to coalesce. The coalescence of
these particles is irreversible: neither addition of extra stabilizer nor more vigorous
stirring leading to dispersion of the associates. As the reaction reaches higher
conversions, the polymer particles lose their stickiness and are no longer vulnerable to

coalescence. An increase in the intensity of stirring usually leads to a decrease of the
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average size of the polymer particles due to the increasing of the shear force at any
droplet. When concentrations of the stabilizer used are such that the surface coverage
is above the oil suspension shows no tendency towards coalescence when the stirring

speed is much reduced. [25]

Table 4.5 Effect of the Impeller speed on Bead Properties

Run
Parameter
R14 R15
Impeller speed (rpm) 1N 140 150
% Yield Y 100 96
Bead size distribution, » -
<0.42 mm / < 1.65 3.31
0.42-0.59 mm / £ 6.04 731
0.59-0.84 mm Vy /5 430 4.44
0.84-2.0 mm ﬁl 17.56 12,71
>2.0 mm 0.78 1.01
Average bead size, mm 1.10 099
v 11200 12900
Crosslinking density 20 10.6
Swelling ratio in tolue de (by .
volume) £ i 8.5 8.9
(by weight) : 6.3 @ 5.8 6.4
Bead density, kg m”> ¢ e 1149 &/ 1072 1190 1081
Toluene ¥ i J 11l d

o o | |

¢ W
15 Y BRI TR b v e
investigateas shown in Figure 4.28. It was found that the impeller speed had no great

influence on both the toluene absorbency and crosslinking density. However, the

toluene absorbency values slightly vary.
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Figure 4.28 Effect of the gmg o uene sbrbency and crosslinking
density.
The particle size of j€opelsiie not affected on the toluene

decreased, it did not effect o

hﬁy&
4.1.6 Effect of the reactﬁn [ime

‘a

The effe«ﬁ wﬁm W.%ﬂwﬂerﬂ ?erage particle size,

particle size distribution and swelling properties were investigated. The reactor times

AR\ WL N 137kl 118151

Monomer phase (0.14)

- Methyl methacrylate: Divinylbenzene ratio (94:6) 95 wt %
- Initiator concentration 0.5 wt %
- Crosslinking agent concentration 0.1wt %
Aqueous phase (0.86)

- Reaction temperature 70°C

- Agitation rate 140 rpm
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- Toluene: Heptane (100:0) 100 wt%

(The unit of any chemicals is % weight based on monomer phase.) The
resultant copolymer beads were confirmed by IR spectrum as shown in Figure 4.29.

The characterization of methyl methacrylate- divinylbenzene copolymer beads
was performed with FTIR transmission spectroscopy. The peak interpretations are the
same as those in the previous section. The peak at 1630 cm™ was disappeared due to

the conversion of monomer to polymer.

Table 4.6 shows /v rsion, the average particle size, -
particle size distribution, ' L&vt between crosslink (E),

crosslinking density, swelling ion to the reaction time. It was

found that the overall cos the reaction time. Figure
4.29 shows that the averag€ pa ¢ $1z€ increased increased the reaction time.
as, 757 % and some polymer
On pelymerization system usually

W

particles were clustered @ Thy o WA

i b1 “w\ . ~‘IIIi . In the second stage where
the conversion of 20-35% g Al opléts “become highly viscous and
viscoelastic, and the breakagé a lesc es decrease; however, the breakage
rate decreases faster, so that the ave ize increases. Moreover, if the
coalescence rate do pdtes or if sts too long, ioadenjng of the particle

— e & X

|

T
4.30 that the particle siz istribution was not affected by ,’1 e reaction time.

AUEINENINYINT
AN TUNNINGA Y

size distribution or y:"'T it was shown in the Figure
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Averagr size, mm.

Figure 4.30 The a

Table 4.6 Effect of the React

Parameter

t65 t80

6.5 8.0
99 99

Reaction time
% Yield
Bead size distribution, wt %

<0.42 mm o 1.07
0.42-0.59 mm Y N . 7.72
0.59-0.84 mm ) 06 54 Wl 587 3.42
0.84-2.0 mm 4.79 216.51 10.35 9.68
2o AUHANENTHYING oo
Average bead sizélmm 1.04 107, 1.06 0.85
= QRN THUNAIE VYA
Crosslinking density 12.1 24.9 19.1
Swelling ratio in toluene

(by volume) 9.3 8.5 7.0 1.3
(by weight) 6.7 5.8 4.6 5.1
Bead density, kg m™ 1079 1190 1.114 1072

Toluene was used a diluent. My = 136300.
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Figure 4.31 Effect
density.

absorbency and crosslinking

Figure 4.31 shows ime on the toluene absorbency and
crosslinking density. It was found that ene absorbency decreased when
increased in the reac C—-T=FT_-——-'T?\:‘ creased when increased

I, on time, the polymer chains

are more entang]ed and'the second double bond or mel group of DVB was consume

fg,uﬁi mmmmz
QW?&NﬂiﬂJ Wﬂ’)ﬂ%ﬂﬂ g

the reaction time. The '5 ,
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Figure 4.32 Effect o "'r article size distribution:
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size, particlg size distribution and swelling properties were investigated. The reaction
temperatures of 60, 70, and 80°C were used, which the other parameters were kept
constant as follows:

Monomer phase (0.14)

- Methyl methacrylate-Divinylbenzene ratio (94:6) 95 wt %

- Initiator concentration 0.5 wt %

- Crosslinking agent concentration 0.1wt %
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Aqueous phase (0.86)

- Reaction time 5 hours

- Agitation rate 140 rpm
- Toluene: Heptane (100:0) 100 wt%

(The unit of any chemical is % weight based on monomer phase.) The

resultant copolymer beads were confirmed by IR spectrum as shown in Figure 4.27.

The characterization of methyl methacrylate- divinylbenzene copolymer beads

Table 4.7 Effect of the Reag
Paramete —

T80
Reaction temperature 80
% Yield 94 100
Bead size distribution, wt %
<0.42 mm 6.88 3.81
0.42-0.59 mm A1.51 6.44
0.59-084mm L2 'f 61 3.24
0.84-2.0 mm E . 1866 13.51
>2.0 mm 0.22 0.21
Average bead sﬁ, %EJ ’J w EJ V] 'ﬁow EJ ’] ﬂ7§ - 098
Mo 6600 11200 7700
com@IRAR N IO AN HANE) e
Swelling fatio in toluene (by volume) 7.4
(by weight) 54 5.8 4.8
Bead density, kg m™ 995 1190 1153

Toluene was used a diluent. My = 136300.



> 7008 (9 PUB D,0L(q ‘D009 (& ‘arnjeradway

uonoeal snouea e uonezuswAjodoos uoisuadsns Aq paredaid speaq [suszuaqAurAIp-00-(ajejAoeyiow [Ayioun)]Ajod jo enoads Y11 €€y 34nS1g

{10} B3GUIEIARAY ~u
1 OO0 gost DOOC 008< (oot ua tose ey
ﬁl..l

I DURY |

Baddisipili]

(812




1.20
1.00

1
+

0.80
0.60
0.40 -

1
+
L 4

Average size, mm

0.20

0.00 . b+ . .

o .50 / 70 80 90

Amount of particles, Yewt
O = W s b O

<042 0.42

¢

Pamclestzgnm
ﬂw NN NI
amaé "iﬂj mBnusy

h:s.‘ - at - - E ‘-’
] 7 059 084 20

< 042- 059- 084- »20
042 059 084 20

Particle size, mm.

m Particle size, mm,

98

b)

042- 059- 034- »20

Figure 4.35 Effect of reaction temperature on particle size and distribution at: a) 60°C,

b) 70°C, and c) 80°C.
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Table 4.7 shows the overall conversion, the average particle size, particle size

distribution, average molecular weight between crosslink (E ), crosslinking density,

swelling ratio and density in relation to the reaction time. The overall conversion
increased when increased the reaction temperature because increasing the
decomposition rate of the initiator to produce a large amount of free radicals that can
initiate to give many polymer radicals. It results in an increased overall conversion.
Figure 4.33 shows that the average particle size increased when increased the reaction

temperature. As mention in the description in previous section as that, in the second

stage if it is at a high conversion the coalés _#ate dominates, the average particle

size was increased and a broadening of the p ze distribution occurred. Figure
" ———

4.34 shows the depenw er particlewsize and distribution reaction

and crosslinking density
: ~It was found that the toluene
absorbency increased fro lymerization temperature at 60°'C to 70°C and then
decreased at 80°C. At the dpérafurt 3 polymerization, a low conversion
and low molecular wei obtained. The DVB monomer has a
higher reactivity than . Y 50, that' it has many crosslinking for
copolymerization to result ' — g density and lower toluene

absorbency. For a high temperature ow molecular weight of polymer

because the high when --—,.:_:_,-_i results in the enhanced
3 ' T
rate of the reaction: thefrates and termination. All of these

three factors except the rate of termination increase the rate of polymerization.

However, a further, increas€ ifisthe pol 34 t p;ia‘lﬁe duces the molecular
weight of the poa‘\udﬁﬁl Qnﬁﬁﬁ r%&:gl termination and chain transfer
to increase in the ﬂ)'lnger number of the'polymer chains. It is similamte the case of low

temperarQ mran&ﬂ %@M N W';] %%g}@itﬂm el Tower

toluene absarbency.
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Figure 4.36 Effect of the red yerature on toluene absorbency and crosslinking
density.
4.1.8 Effect of the diluent co
i
The effects of the diluent COMPOsitio )€ conversion, average particle size,
particle size distribution and s ;_1;#_, op were investigated by varying the
= ]
diluent composition o £0, 20, 40, 60, i ofi.the monomer phase. The

good and poor solve ts/a e/ . The other parameters

were kept constant as follgws: m
Monomer phase (0.14)-,
e P wmwm N5 osn
- Initiator (ﬂncentratlon 0.5 wt %

QWRGIFTRA NI TN o

Aqueous phase (0.86)
- Suspending agent concentration 0.2 wt %
- Reaction temperature 70°C
- Reaction time 5 hours
- Agitation rate 140 rpm

(The unit of any chemical is %weight based on monomer phase.) The resultant

copolymer beads were confirmed by IR spectrum as shown in Figure 4.37.
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The characterization of methyl methacrylate- divinylbenzene copolymer beads

was performed with FTIR transmission spectroscopy. The peak interpretations are the

same as those in the previous section. The peak at 1630 cm™ was disappeared due to

the conversion of monomer to polymer.

Table 4.8 Effect of the Diluent Composition on Bead Properties

Parameter S
H40 H60 H80

Diluent composition 60 80
% Yield 100 96
Bead size distribution, %
<0.42 mm 0.03 1.70
0.42-0.59 mm 0.19 0.18
0.59-0.84 mm 0.42 0.09
0.84-2.0 mm 16.29 0.92
>2.0 mm 12.45 25.86
Average bead size, mm 1.65 1.88
Mc 1500 36
Crosslinking density' 7 88.9 3823.0
Swelling ratio in tol EIJ
volume) 6. 2.7

(by weight) % 5.1
Bead density, k %u EJ fJ w Ejoﬂ ﬂ EJ’II] i 790 312

T°‘““ﬁ“ﬁ*i§“€“f1'ﬁfﬁ?ﬁmqwﬂﬂaEJ
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Figure 4.38 The av diluent composition
Table 4.8 sho 8rage particle size, particle size
distribution, average m r‘ £ enicrosslink (A_/Ic ), crosslinking density,
swelling ratio and bead dénsify in th _' . 3n to the heptane composition as a poor
- ;

solvent. It was found the overalicomversion any batch was higher than 94 %. It

shows the diluent composition did-#61 affect the conversion. Figure 3.48

shows the increase. .t whon/ increased the heptane

2

-

composition but the shipg cptdne content higher than 20

% weight was non sg encal The particle size polydispersity decreased when
increased the dil ﬁ, higher concentration
of poor solvent ﬁn'u ﬁﬂﬁﬁﬁﬁﬁ r ses the polydispersity
of polymer partlc‘Ea size distribution bécause of thg=increasing phagerseparation in the

e 2 A IR U D AR ot

when |5, —qé'z| is smaller than 1.0 (MPa)"? and poor solvent when |5, — &, | is larger

than 3.0 (MPa)'?, where & is the solubility parameter, 1 denotes the particular solvent
used for the specified substrate or polymer 2. The solubility parameter of the MMA-
DVB copolymer (8,) is 19.3 (MPa)', from the swelling method tested in the present
work and 19.0 (MPa)"? from calculation base on Small method [27], whereas that of
toluene (8,) is 18.2 (MPa)'”? and heptane is 15.1 (MPa)'2. [27] The difference between
the solubility parameters of MMA-DVB copolymer and toluene is 1.1 (MPa)"%. It
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shows that the toluene solvent is not a good solvent for MMA-DVB copolymer.
However, it is reported in Rabelo’s work [6] that the borderline between solvating and

nonsolvating diluents is not well defined. Thus, they have classified the diluents for

which |5, - &, | is between 1.0 and 3.0 (MPa)'? as intermediary solvents, taking also

into account for their chemical structure. The solubility parameter theory has been
developed for some mixtures of nonpolar substances. Some deviations in its
predictions should be expected when the diluent and polymer are polar. The deviation

was observed in this work and

[14, 15, 20] where toluene was use

as a good solvent for the eneral, if the diluent is a good

solvent, expended netwo ; @erally produced; and if the
diluent is a poor solven 1€cibili es not occur spontaneously so that the

Tol/Hep Surface appearance of
: the copolymer beads
100/0 IB2(80) g Expended gel
80/20 LIS T(TT s\ Heterogeous
60/40 _ij.S( . 520 | Porous
40/60 162 l&7.0) sl 2.3) Porous
S NP NN e o

A TSI TAN Y G s

(MPa)'? [from this work], Syma = 19.0 (MP 2 [27], Sioluene = 18.2 (MPa)"”? [27],
Ohepane = 15.3 (l\/[Pa)”2 [27] are calculated from the group molar attraction constant. [3]

The numbers in parentheses are the solubility values with considering the presence of

the polymerizing monomers.

From Table 4.9 (in the presence of monomers), the diluent phase is more

compatible with its polymerizing beads, because the difference of the solubility
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parameters of diluent and copolymer was smaller than that in the absence of
monomers. Figure 4.40 and Table 4.8 show that the toluene absorbency by volume
decreased when increased the heptane content but the crosslinking density increased

when increased the heptane content.

20
% 8] a) e b)
] * -
g5 g
Rl - 15
g 1w

8 4
ik

4 4

2 4
< 0 - ; - : .

<042 042- 055 038 <042 042- 0593- 084 >20
059 0F ! = R 059 084 20
Particle size, it T Particle size, mm.
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3 @
s
3
.iﬁ-
s 101
< 0 . :

<042 042- 058 042- 059- 084- 20

0.59 aqq! 20 053 084 20
Particle Particle size, mm.
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Figure 4.39 Effect of diluent composition on polymer particle size and distribution: a)

0% heptane, b) 20% heptane, c) 40% heptane, d) 60% heptane, and e) 80% heptane.
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Each monomer droplet contains a monomer (MMA), a crosslinker (DVB), a
mixed solvent (toluene/heptane) and an initiator (BPO). One can postulate that each
droplet is composed of an isolated cell in which active polymer radicals are dissolved
in the MMA-rich phase and surrounded by a relatively incompatible heptane as a
continuous phase. Number of radicals in the droplet increases initially as the
polymerization proceeds, the HP-rich phase gradually separated, and finally forming

macrodomains. The phase separation allows polystyrene chains to dissolve in a more

favorable MMA phase, and the homoge copolymerization takes place, and

: radicals in the droplets until the
- » . * . = —d o

viscosity increase to induce.the-formation'of penn-yb[w] If a good solvent is used

only in the system, the g( ‘

The expanded gel thus formed ¢ ’/- Ses . \

creoiled (expanded) structure.
- oval of the diluent after its

synthesis and therefore;#t is#honn r{ 1 tate as shown in the HOO(0%

heptane) recipe. If a nongélvent i§ used-n the sy se separation may occur in
the reaction system beforgfthefgel 1t f,-, S results the formation of a dispersion
of separated (discontinuous )fpolyrider phase'in the ¢ -\ uous phase of monomer and

diluent. Continuing the polynierizat ctéases the amount of the polymer. As a
i -
result, the first phase separated “and olecularly crosslinked particles (nuclei)

. et ¥y . .
agglomerate into larger clusters.” Continting t ongincreases the number of

clusters in the reactio comes continuous, then
. Removal of the diluent

resulting in a system cps :
from the copolymer pro uces a macroporous copolymer 8] as illustrated in Figures

e (2°%FFTTET‘3"‘PTEJVI‘§W 8113
’Q“MMT]‘EEL! AN Y




107

9 10000
8
¢ 2
=z 7 1000 &>
R 3
b7 "O’
'g 5 100 g’
) T
g ¢ E
g 3 0w 7
& 2
O
| % !
0 100
Figure 4.40 Effect of the d . absorbency and crosslinking
density.
Increase in the poor solveén a—é--i- tises the increasing immiscibility of

Ju '
-_,5:1 ( ouse Figure 4.41 shows the

.":'Jr MMA-DVB copolymer
ati éfJ- of 50 times.
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Figure 4.41 SEM photographs of the copolymers prepared at different
toluene/heptane ratios: (a) HOO, (b) H20, (c) H40, (d) H60, and (e) H80 (x50).



Figure 4.42 SEM photographs of the copolymers prepared at different
toluene/heptane ratios: (a) HOO, (b) H20, (c) H40, (d) H60, and (e) H80 (x500).

Figure 4.41 (a) shows the expanded gel with crack on the bead surface

obtained when the good solvent (toluene) was used during the course of
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polymerization. Figure 4.41 (b) shows the rough surface on the bead and Figures 4.41
(c)-(e) show the higher porous structure with increasing the poor solvent (heptane
content). We can confirm the explanation by the scanning electron micrographs of the
surface morphology of MMA-DVB copolymer beads from the experiments (H0O-
HB80) at the magnification of 500 times as presented in Figure 4.42. The expanded gel
shown in Figure 4.42 (a) was obtain by the low DVB content in toluene when
compared with the heterogeous and porous structure shown in Figures 4.42 (b)-(e) for

the high content of DVB in tol ) igh crosslinker content results in a

permanent porous structure. btained from this experiment is
the toluene absorbency of $ beads bﬁd volume is not in the same
trend. The toluene absor( except-thal ) HO00) was constant but the
f HO00) reased when the heptane

he polymer fraction included

into the swollen gel. It at the ene absotbency at high poor solvent

displacement in the gel reglon.}

-
-

heterogeous networks 3 goveriit
A

network chains is maiply driven by changes in the free- -,; es of mixing and elastic
deformation during the |-l cpansion o exteht of network solvation is

determined by the interactions between solvent molecules and network chains.
L7

¢ o
Second, the filli l\g)ﬂ ‘ffn;r?;]bz wa dTﬂﬂy the total volume of
open pores, i.e., by t e of diluent separated out of the network phase during
R AN TN UM AN Y
q
4.1.9 Diffusion mechanism of the spherical methyl methacrylate-divinylbenzene

copolymer bead

The spherical methyl methacrylate-divinylbenzene copolymer beads were
prepares in this experiment by varying the divinylbenzene content at 0.025, 0.5, 1, and
1.5 % weight based on the monomer phase. Therefore, the copolymer beads do not

dissolve in the toluene solvent but swell depending on the degree of crosslinking
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density. It is well known that the sorption of solvent in glassy polymers generally
exhibits swelling behavior ranging from Fickian to Case II extremes, particularly
when the experimental temperatures are near or below the glass transition temperature
of the polymer. When the thermodynamic compatibility between the solvent and the
polymer is favorable, the glass transition temperature is lower than the experimental
temperature and the glassy polymer swells to a rubbery state accompanied by a

substantial volume expansion. In most cases, a sharp penetrating solvent front

1s observed in addition to a volume
}nding on the relative magnitude

separating the glassy phase from th
swelling front at the polymer/so ve
of the rate of polymer rel
solvent diffusion, the sw
sample of polymer sheetor

relaxation is fast com

situation, often termed non-Fickiafre
“l; J.h:"fl .

of solvent diffusion 3xd polynier Te
\

laxation areeemparable. [29] Diffusion in

polymers is complex ind the-diffusion rates stioutd ¢ ie-between liquids and in solids. It

depends strongly on the & ncentration v elﬂg of polymers.

In the study of soll\‘/ent diffusion in polymers, different behaviors have been
o

observed. It is EI;H‘ET dﬂglmcswﬁwwtﬂ qﬁlked to the physical

properties of the er network e interaction between the polymer and the
solvent itsel lassificati g i Lﬁ 7 (ﬁ’ rate and the
polymer gm i&iﬂﬁ mmnn imgl anomalous)
diffusion. ”?"he amount of solvent absorbed per unit area of polymer at time ¢, M, is

represented by

M, =kt" (4.1)

t

where k is a constant and » is a parameter related to the diffusion mechanism, the

value of which lies between 0.5 and 1. Equation 4.1 can be used to describe solvent
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diffusion behaviors for any polymer-penetrant system whatever the temperature and
the penetrant activity. The following equations are used to determine the nature of
diffusion of the selected model solvents into P(MMA-DVB) copolymer spherical
bead.

Mo (4.2)

: ’% spheres at time ¢z and M _ is the

oratmg characteristic of the

e diffusion exponent, which
indicates the transport meghianis his lequat o\g\_ for the first 60% of the

quation given below for the sphere.

(4.3)

is the maximum radius

where 7, is the external radius ius, and 7,

By plotting In M, /M_versus In- iphs, n exponent can be
. >

-aries with the shape of the

v

reached at equilibriung
calculated from the s ‘ .

material. Table 4.10 shows the relationship between n and

(18]
ﬂ‘lJEJ’JVIEWﬁWEJ”Iﬂ‘i |
Table 4.10 lefuswn exponent and diffusion mechafism [18 s

e geometer of the system.

Fickian +— 0.5 0.45 0.43
Non-Fickian 0.50<n<1.00 0.45<n<1.00 0.43<n<1.00
Case 11

(Zero order) 1.00 1.00 1.00

The previously discussed model, although adequately describing a major

portion of the swelling behavior, fails to give an accurate analysis above M, /M,
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0.60. To obtain a better model after 60%, we assumed that for long periods the
penetrate sorption was mainly dominated by relaxation of the polymer network and
that the sorption process of the polymer by relaxation was first-order. Then, the
Berens-Hopfenberg differential equation for the relaxation process could be written as

follows:

(4.4)

(4.5)

N u d k, were calculated from the

a*\ \\\ sus time ¢ at times later than

where A is a constant.

slopes and intercepts of

those corresponding to M,

ﬂUEJ’J‘VIEWIﬁWEJ’]ﬂi
ammnimum'zwmaﬂ
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Figure 4.43 Determinatiogfof # \ the graph between In(M, /M)
versus In t of polyMMA-D¥B \- | on the monomer phase.

The n and k values are the pent and the constant characteristic of

the network gel, respegti ‘These value cafculated from the plot of

In(M, /M ) versus I -f;' Fable 4.11 shows the » and &

values for all systems cz J¢ulated fro Ope and 1ntercep _from In(M, /M_) versus In

ﬂUEJ’JVIEJVlﬁWEJ’]ﬂ‘i
Qﬁﬂﬂﬁﬂ‘iﬂmiﬂﬂﬂmﬂ&l

t graphs
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Figure 4.44 Determination g

versus In t of poly(MMA=DVI
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> monomer phase.
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e graph between In(M, /M w.)

Figure 4.45 Determination of »n and k in Equation 4.3. The graph between
in(M, /M) versus In t of poly(MMA-DVB) at 1.0 % DVB based on the monomer

phase.
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-
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Figure 4.46 Determinatio Fz : 4.3. The graph between
In(M, /M.,) versus In t offpoly | TADVB)a 5% DVB based on the monomer
phase. e
Table 4.11 Paramet dillusion Cxponcity and _:‘ characteristic) for
poly(MMA-DVB) with — ; . melbenzene crosslinking
agent. .
Run )Tyr uwgfﬁ =+  R-squared
FJI Em(p t,lEJ ﬂlj ﬂ C
co2s . 126 _ 7, Bz 809989
C10 — 1.50 0.29 0.9935
e 1.56 0.61 0.9962

The k; and A4 values are the relaxation rate constant and the constant

characteristic, respectively. These values could be calculated from the plot of

In(l = (2 =72 /72, ) versus time ¢ as shown in the Figures 4.47 — 4.52. Table 4.12

e
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shows the k; and 4 values for all systems calculated from the slope and the intercept

from ln(l - (re3 -rlr), )) versus time ¢ graphs.

o . ¢ ] L] T T
05 J 50 100 150 200 250 3&0
-1 4
" '*
o151
.
~N
s g
-8 =2.51
= 5
F 35
_4..
-4.5 S
€025
5
Figure 4.47 Determinatio ' H s’a\-. 4.5. The graph between
In(l = (2> =72 /72, )) versus'tim ¢ ofip6ly(MMA-DVB) at 0.025 % DVB based on the
s o 2
monomer phase. =
0 T
200 250
o oS
8
05
sl € o ,
AUYINYNIREINSG
2 ae] U :
\;/1i5 | ¢ -
¥ QRIAEIRINIINGIQY
2= *
) o5
{(min.)
-3

Figure 4.48 Determination of %k, and 4 in Equation 4.5. The graph between
In(i — (> =72 /72, )) versus time ¢ of poly(MMA-DVB) at 0.5 % DVB based on the

monomer phase.
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Figure 4.50 Determination of k, and A4 in Equation 4.5. The graph between
in(i — (> =72 /72, )) versus time ¢ of poly(MMA-DVB) at 1.5 % DVB based on the

monomer phase.
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Table 4.12 Parameters £, (relaxation rate constant) and 4 (constant characteristic) for

poly(MMA-DVB) with various concentrations of the DVB crosslinking agent.

Run k; (relaxation rate A (constant R-square
constant) characteristic)

C025 0.03 45.45 0.9729

Co5 0.02 3.53 0.9815

C10 0.02 17.34 0.9555

C15 0.02 0.9569

crosslinking agent. The
value » in the present

the complex processes,

divinylbenzene crosslinkil g age
Non-Fickian diffusi 'pn processes are mamly observed in glassy polymer, i.e.

when the tempeﬂlﬁﬂleﬂJ ﬂ?% ﬂﬁrature below T, the
obile to

polymer chains agg not sufficiently m permit immediate penetratlon of the

e A SR T e e

difference between these two diffusion categories concerns the solvent diffusion rate.
In Case II diffusion, the solvent diffusion rate is faster than the polymer relaxation
process (Rgifr >> Ryeiax), Whereas in anomalous diffusion the solvent diffusion rate and
the polymer relaxation are of about the same order of magnitude (Rgist ~ Rrelax). In
general, Case II diffusion is observed when solvents have high activities. The

characteristics of Case II diffusion are the following:
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1. A rapid increase in the solvent concentration in the swollen region which
leads to a sharp solvent penetration front between the swollen region and the inner
polymer core.

2. The solvent concentration is quite constant in the swollen region behind the
solvent penetration front.

3. The solvent penetration front is sharp and advances at a constant rate, thus

the diffusion distance is directly proportional to time

(4.6)

4. There is an inducti fickian coneen itration proﬁle which precedes

the solvent penetration froni " ri-v // S \\ \

a\\

‘;u-l
0.6 1 /5:

)'= 0.0711 - -Pf{'!if;_.‘:.
- =

Figure 4.51 Determination of D, diffusion coefficient, in Equation 4.7. The graph
between M,/M_ versus t'? of poly(MMA-DVB) at 0.025 % DVB based on the

monomer phase.
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The diffusion coefficient of the selected solvent for poly(MMA-DVB) spheres

was calculated from the following equation by a short-time approximation

1/2
Ll =6[ﬂ] gt (4.7)

0.7 1

06

05

04 4

0.3 4

MM,

0.2 1

0.1 1 C05

e R AR I RBARNDAN Y. 7e o

between M, /M, versus t"* of poly(MMA-DVB) at 0.5 % DVB based on the

monomer phase.
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Figure 4.53 Determinatio
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Figure 4.54 Determination of D, diffusion coefficient, in Equation 4.7. The graph
between M,/M_ versus " of poly(MMA-DVB) at 1.5 % DVB based on the

monomer phase.
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Table 4.13 Variation of D (diffusion coefficient), R-squared, q (crosslinking density),
k> (the relaxation rate constant), and swelling ratio by volume with the different

amounts of crosslinking density by divinylbenzene crosslinker.

D (diffusion
Run coefficient), | R-squared

k> q swelling

(relaxation | (crosslinking | ratio by

mm?/min rate constant) density) volume
C025 0.11 1.06 20.5
Cos5 0.10 733 151
C10 0.11 1212 8.5

€15 0.10

The values of diffusi f e \ c

¥
\-‘~ 4.51-4.54, q (crosslinking

17.88 7.4

3 d and are shown in Table
4.13 accompanied by Fig
ell \ atio by volume. It was found

density), k, (relaxation r
from this table that the diffusi
et

that the range of the concentratior o
A

st constant in all systems. It seems
ng agent was used in this experiment

dose not influence the di

¥

4.2 Butyl methacrylateﬂivin ylbenze v Iﬂ

The gy 1%§@ﬁﬂlﬁd§fwgk%ﬂymer o

by varying the pelymerization parameters, of crosslinking agent concentration and
; . ¢ , Y

diluent r omﬁmﬁ mWﬁ WTE] Allea'?]mes of these
copolymg) s 0 elow:. : :

4.2.1 Effect of crosslinking agent concentration

The effects of the crosslinking agent concentration on the conversion, average
pariicle size, particle size distribution and swelling properties were investigated by
varying the crosslinking agent concentrations of 0, 0.5, 1.0 and 2.0 wt % based on the

monomer phase. The other parameters were kept constant as follow:
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Monomer phase (0.14)

- Butyl methacrylate-divinylbenzene ratio 95 wt %

- Initiator concentration 0.5 wt %
Aqueous phase (0.86)

- Suspending agent concentration 0.2 wt %

- Reaction temperature 70C

- Reaction time 20 hours

- Agitation rate , ,/ 140 rpm

- Toluene: Heptane (1 //é 100 wt %
(The unit of any w‘ghtﬁon the monomer phase.) The

resultant copolymer bead , as shown in Figure 4.55.
The characteriz : hag t e- divinylbenzene copolymer beads
1 = 9 ‘\ \ igure 4.55 (a) shows the
characteristic peaks of bu (v e S 2950, 1715, 1630, 1456, 1400,
1320, 1169, 1018, 939, 81 -ﬁﬁ peak at 2950 cm™ is due to C-H
T SRR i due to C=O stretching conjugated
C=C, the peak at 1630 cm Tis fo é..m shing, the peak at 1456 and 1400 cm’ are
due to C-H deformation of €Hj and CHy e _the.peak at 1320 cm™ for the
CH; bending, the wir@—;?i—_‘*ﬁ efching of ester functional
group, the peak at 1018 @ t of plane deformation and

817 cm™ is caused by the 9H2 rocking at n = 1 the peak at 739 cm’' is resulted from
the CH, rockm T; P}nﬂ lTTl?pectra of poly(butyl
methacrylate-co-diyinylbenzene) a vanous crosslinking agent concentrations of 0,

T B

which is a proof of polymerization.
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Average size, mm

0.50 -

0.00 -
25

Figure 4.56 The av the crosslinking agent

concentration.
Table 4.14 shows th "1\ average particle size, the particle

size distribution, the ave - between crosslink (Hc ), the

crosslinking density, the swelling, w- ANe = density in relation to divinylbenzene

crosslinking agent € ..'f‘,,;,,,,,ii,,,,; ' o1 rs10n was 41 % in the
,xj the presence of the
i ba@ms were all higher than 98
% conversion of monomer t&polymer. Fig\gg, 4.56 presents the decreasing average

particle size whﬂnﬂaﬂ@%ﬁﬁlﬁ wrﬁ@ﬂ ‘gem The shape of the

resultant bead copolymer was not sph?'lcal but it looked like a clump, whereas that in

TR T
distributio crosslinking agent concen tlon When the

crosslinking agent concentration was low, the particle size distribution was referred

absence of crosslinkuig

crosslinking agent as in@ate n C(

broad towards large particle size. On the other word, the particle size distribution in
the COS5 batch is of high polydispersity.
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Table 4.14 Effect of the crosslinking agent concentration on bead properties

Parameter —
BMA C0O0O BMA C0O5 BMACI0 BMA C20

DVB concentration, wt % 0 0.5 1.0 2.0
% Yield 41 98 100 98
Bead size distribution, %wt
<0.42 mm 0 3.17 0.40 523
0.42-0.59 mm 6.54 3.28 12.18
0.59-0.84 mm ‘ 431 3.31
0.84-2.0 mm 15.66 7.99
>2.0 mm 6.35 0.43
Average bead size, mm 1.33 0.79
Mc 870 250
Crosslinking density 214 741
Swelling ratio in toluene
(by volume) 9.5 6.3
(by weight) 7.9 5.1
Bead density, kg m™ 936 889

Toluene was used a diluent. M ,’-'%ﬁ 353' 0.4

Figure 4.57 "

hY |
r.;: dficentration on the toluene
||

king density. It was found th t the toluene absorbency

decreased with i ﬁ 5 M% 'ﬂ "j ‘fﬁ crosslinking density
increased whenﬁ ﬁ ﬁl ti properties of butyl
methacrylate- d1v1nylbenzene copolyngers are in thg.same trend withsthe propemes of

et e T B b S Gl B e rtin

effects could be described as that for methyl methacrylate.

absorbency and crossl
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Figure 4.57 Effect of:‘fle crosslinkis gen concentﬂion of divinylbenzene on

particle size distribution: a) 0%, b) 0.5%, c) R0, an Ef 2.0% crosslinking agent based
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Figure 4.58 Effect of the go
and crosslinking density.

gent on toluene absorbency

4.2.2 Effect of diluent composition -

The effects of A - , e ion, the average particle
A

size, the particle size d1 butlon and swelling properties

the diluent comp, ﬁ’ﬁ 52%(] ‘Ef % )TIi ithe monomer phase.
The good and pﬁ pectively. While the
other parameters were kept constant as§ follows:

AEIRAI U URINAY

ere investigated by varying

- Bﬂtyl methacrylate-divinylbenzene ratio (94:6) 95 wt %
- Initiator concentration 0.5 wt %
- Crosslinking agent concentration 0.1 wt %
Aqueous phase (0.86)

- Suspending agent concentration 0.2 wt%
- Reaction temperature 70°C

- Reaction time 20 hours
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- Agitation rate 140 rpm

(The unit of any chemical is used by weight % based on the monomer phase.)
The resultant copolymer beads were confirmed by IR spectrum as shown in Figure
4.59.

The characterization of butyl methacrylate-divinylbenzene copolymer beads
was performed with FTIR transmission spectroscopy. The peak interpretations are the

same as in the effect of crosslinking, agent concentration of butyl methacrylate-

Table 4.15 shows thg ge particle size, the particle

size distribution, the between crosslink (M c), the

| & PN
of isoamyl alcohol composigiond' Tiwas fou €0 conversxon in any batch was
higher than 98 %. It also’shofvs ghat the pe “\

conversion in this case. The faverage parfigle creased with increasing the

crosslinking density, the swelling elation to the poor solvent

- composition dose not affect the

isoamyl alcohol content. The'avettge partic is higher than 2.0 mm in diameter.

ﬂuaqwﬂﬂswawni
AMIANIUUNIINYAY
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It is well known that the diluent is a good solvent when |5, -&,|=<1 (MPa)'”?

and poor solvent when |5, —52| >3 (MPa)'"?, where & is the solubility parameter, 1

denotes the particular solvent used for the specified substrate 2. The solubility
parameter of BMA-DVB copolymer 8, is 17.7 (MPa)"?, from the swelling method
tested in the present work, and 16.8 (MPa)"? from the calculation in the present work,

and 17.9 from literature, whereas those of &, for toluene is 18.2 (MPa)"? and for

isoamyl alcohol is 20.5 (MPa)". The, di ce between the solubility parameter of
% It shows that the toluene solvent
-DJ’B . The difference between the

—

: polym 1 1 alcohol is 2.8 (MPa)'. It
ent is.ai mediary poor solvent for MMA-

solubility parameter of

also shows that the iso

DVB copolymer.
From Table 4.16 i the diluent phase is more

compatible with its p ‘hea S5, an ifference in the solubility

parameter of the dilue ) £%§P§r A an that in the absence of
Mmonomers. DA
‘#,T,a
1§ | 7 ‘é{ Y 7 140
15 ‘_l o - _ ol olumc + 120
5 M : Lo §
£ iy é
g _ o v/ ~ 80 én
1My ININT |, 4
5 1 ¢ o/ g
=
! qiaensaiumSusasge &
20
8 T T T T T T T + 0

0 10 20 30 40 50 60 70 80
Diluent composition (%amy! alcohol)

Figure 4.60 Effect of the diluent composition on toluene absorbency and crosslinking

density.



Table 4.15 Effect of the diluent composition on bead properties
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Parameter —

A00 A20 A40 A60 A80
Diluent composition
(amyl alcohol) 0 20 40 60 80
% Yield 98 98 100 98 98
Bead size distribution, %wt
<0.42 mm - -
0.42-0.59 mm - -
0.59-0.84 mm - -
0.84-2.0 mm - -
>2.0 mm - -
Average bead size, >2.0 >2.0
Me 2200 2300
Crosslinking density | 84 80
Swelling ratio in toluene
(by volume) 10.1 10.4
(by weight) 9.7 10.0
Bead density, kg m™ 1082 1063

Toluene was used a ’, 1

.'! 'ipil
W i¥

AULINENTNEINS

RN TAUNNINGIAE
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Table 4.16 Solubility parameters of the diluents used with and without the

polymerizing monomers.

Toluene/ Solubility parameter, | 81— 92 | Surface appearance of
Amyl alcohol (MPa)'” the copolymer beads
100/0 18.2 (17.5) 0.5 (0.2) Expanded gel
80/20 18.8 (17.8) 1.1 (0.1) Expanded gel
60/40 NUT Expanded gel
40/60 Expanded gel
20/80 Expanded gel

dpma = 17.9 (MPa )
(MPa)'? [from this we ; M 172 i, Sluene = 18.2 (MPa)'? [27],
8isoamyl alcohol = 20.5

constant. [3] The numbe v ; are ' ibility values with considering the

weight was decreased uﬂl 20% ntenﬂvas reached and started to

increase again until the iioamyl alcohol ratlb was 40 % content. It was decreased

st ISP Y o s o

experiment AOO dan uptake solvents b‘y chain dlsplacement in the gel regions, causing
the bea ;E iﬁﬂi aqif , Erllvents in two
ways by IW;I m e pores. The beads from

the experiments A40-A80 could uptake the solvent by filling the pores. The

crosslinking density increased to maximum at the isoamyl alcohol content of 40 %
after which it decreased steadily. Because of the suitable condition, was
divinylbenzene can dissolve best in the monomer phase system at 40% of the
nonsolvent content. It is noted that the solubility parameter values in Table 4.16 and

the solubility of divinylbenzene in butyl methacrylate are smaller than that of methyl
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methacrylate, and the solubility of divinylbenzene in isoamyl alcohol is higher than

heptane.

BornT2eanig . %?S T 188km 298785

Figure 4.61 SEM photographs of the copolymers prepared at different
toluene/isoamyl alcohol ratios: (a) A00 (x75), (b) A20 (x75), (c) A40 (x75), (d) A60
(x35), and (e) A80 (x50).
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From Table 4.16, the difference of solubility parameter between the monomer
phase and poly[(butyl methacrylate)-co-divinylbenzene] in all condition is not higher
than 1, but the difference in the solubility parameter between the monomer phase and
poly[(methyl methacrylate)-co-divinylbenzene] in all condition is higher than 1. It
shows the permanent macroporous beads in the system of poly[(methyl methacrylate)-
co-divinylbenzene] and microporous beads in the system of poly[(butyl methacrylate)-

co-divinylbenzene].

Figure 4.61 shows the electron micrographs of the surface

morphology of BMA-DVB cop lymer beads i e experiment (A00-A80) at the

i i é@@_’;hows the expanded gel and
smooth surface when t sed during the course of
polymerization. From t is a poor solvent for the
polymer chains, a ~ entually occur. As the

polymerization progress ains'\are er extended, as in a good

connected by a relatively mber iled @ 7 rumpled internuclear chains.
When the nonsolventing diluent : i the collapse of the system of
interconnected nuclei can also—dbcﬁfi;w :

diluents are used, thé’ copoly 7""_" - -- rous_stmetures with intermediary

of solvating and nonsolvating

characteristics. The e

; f synthet +he swelling properties are

considerably more compiex for copolymers obtained with

In Figur u%zil ﬂj{ﬁl ﬁon the surface when
the nonsolvent to“h ﬁ divinylbenzene. The
decreasin crosslmkmg densi % wds also evidénced. The redetivity ratios for

d

ik Gk o b s b e (vt s (NG 59 0.62 ama 1.3,

respectwel?r. Figure 4.62 shows the scanning electron micrographs of the surface
morphology of the BMA-DVB copolymer beads from the experiment A00-A80 at the

diluent mixtures. [17]

magnification of 500 times. Figure 4.63 shows the scanning electron micrographs of
the crossection surface morphology of BMA-DVB copolymer beads from the
experiment A00-A80 at the magnification of 5000 timcs. The pores so produced by

the solvents are intermediary pores.
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Figure 4.62 SEM photographs of the surface copolymers prepared at different
toluene/isoamyl alcohol ratios: (a) A00, (b) A20, (c) A40, (d) A60, and (e) A80
(x500).
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Figure 4.63 SEM photographs of the crossection surface copolymers prepared at
different toluene/isoamyl alcohol ratios: (a) A00 (x5000), (b) A20 (x1500), (c) A40
(x1500), (d) A60 (x1500), and (e) A80 (x5000).
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4.3 Effects of crosslinking agent concentration on lauryl methacrylate-
divinylbenzene, stearyl acrylate-divinylbenzene, dodecyl acrylate-divinylbenzene

copolymer beads

The effects of the crosslinking agent concentration on the conversion, average
particle size, particle size distribution and swelling properties were investigated by
varying the crosslinking agent concentration. Alkyl or (Meth)acrylates are lauryl

methacrylate, stearyl acrylate, and late, while other parameters were kept

..

constant as follows:

Monomer phase (0.

- Alkyl (Meth)ac 95 wt %

- Initiator conc 0.5 wt %

Aqueous phase =9

- Suspending age =\ : 0.2 wt %

- Reaction temperatiire v 7'? ' 70°C

- Reaction time 3 ' 20 hours

- Agitation rate 140 rpm

- Toluene: Heptane (¥00:05:=4- - = 100 wt %

(The unit of any h u;"' % FA ased on the monomer phase.) The
resultant lauryl methacrylate-divinylbenzene, stearyl “acrylate-divinylbenzene, and
dodecyl acrylate-divinylbe \ rmed by IR spectrum as

. >
shown in Figures 4.64, i iy

65, and 4.66, respectively.

AULINENTNEINS
PIAINTUNNINGA Y
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The characterization of alkyl (meth)acrylate-divinylbenzene copolymer beads
was performed with FTIR transmission spectroscopy. The peak interpretations are the
same as in the previous section. The peak at 1630 cm™ in Figure 4.64, 4.65, and 4.66
disappeared because the conversion of monomer to polymer (a double bond to a single

bond) which is a proof of the polymerization.

Table 4.17 Effect of the crosslinking agent concentration on bead properties
Run LMAOO LMA 03 LMAO5 LMAI10 LMAI1S5

DVB concentration,

wt % 1.0 1.5
% Yield 96 99
Average bead size,
mm. 0.57 0.54
Swelling ratio in
toluene (by weight) 6.5 3.8
Table 4.18 Effect of the crosslinking 7 1 yrie entration on bead properties

Run 3 | DAI5 DA20
DVB concentration, wt % =Gk 7S 1.5 2.0
% Yield VE*A : : 1 89 90
Average bead size, m.nﬂ

formation  formation 1.02 0.07

Table 4.19 Effeﬂ

—

WAHTENEONS,

1. 0 AQS, 10 . . SA20
L IV A9 ¢ f /) ~ %l
DVB conentration; . . - Y LJ
wt % 0 0.5 1.0 155 2.0
% Yield - - 97 96 95
Average bead size, Nobead Nobead Nobead Nobead No bead
mm. formation formation formation formation formation

We cannot synthesize the lauryl methacrylate-divinylbenzene, stearyl acrylate-

divinylbenzene, and dodecyl acrylate-divinylbenzene copolymers beads at the same
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condition with methyl methacrylate-divinylbenzene and butyl methacrylate-
divinylbenzene copolymer beads due to too little crosslinking agent concentration in
the system to maintain the bead formation. The nature of lauryl methacrylate, stearyl
acrylate, and dodecyl acrylate are highly sticky, i.e., it is not good for use as a porous
bead by itself.

4.4 Effect of the third alkyl (meth)acrylate comonomer on absorption properties

The effect of the omer o “eonyversion, average particle size,
E—

of methyl-methacrylate divinylbe:

particle size distributi
alkyl(meth)acrylate co

were investigated. The
auryl methacrylate, stearyl

acrylate, and dodecyl a ept constant as follows:

Monomer phase -

- Alkyl (meth)acry Yihensenéatio (02 95 wt %

- Initiator concentrati BAR : i A 0.5 wt %

- Third comonome Rerer (4 20 wt %

- Crosslinking agent o Y 0.375 wt %
Aqueous phase (0.86 —5?’.*:“3—

- Suspending agex atic - - - 0.2 wt %
- Reaction tempcrature ' 709

- Reaction time . 20 hours
- Agitati e ‘a g 140 rpm
Tl JA RN ENTNEINT o

(The unit of any chemical is %fweight based=an the monomeér/phase.)

The resMunfprobigl g (el W bW heclioghyl IoethachPheftvinylbenzene,

methyl m%thacrylate-stearyl acrylate-divinylbenzene, and methyl methacrylate-
dodecyl acrylate-divinylbenzene terpolymer beads were confirmed by IR spectrum as
shown in Figure 4.67. The characterization of methyl methyacrylate-alkyl
(meth)acrylate- divinylbenzene terpolymer beads was performed with FTIR
transmission spectroscopy. The peak interpretations are the same as in the previous
section. The peak at 1630 cm™' in Figure 4.67 disappeared because the conversion of

monomer to polymer (a double bond to a single bond), is a proof of the
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polymerization. Figure 4.68 shows the increasing average particle size with increasing
the hydrophobicity of the material, but the average particle size of MMA-SA
copolymer was smaller than that of the MMA-DA copolymer because the MMA-DA
copolymer has the highest sticky behavior. The stickiness of MMA-DA was higher
than those MMA-LMA, MMA-SA, and MMA-BMA copolymer, respectively. The
average particle size depends on the hydrophobicity and stickiness properties.

1.00

Average size, mm.

0.50

0.00

SA

<

Figure 4.67 The i 1ge pal 0 the third comonomer type.
W i¥

AUEINENIneINg
AN TUNMINGA Y
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Flgure 4.69 Efféét of the third comonomer on partlcle size and partlcle size
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Table 4.20 Effect of the third comonomer type on bead properties

Run
Parameter MMA- MMA-
* MMA-DA MMA-SA
BMA LMA
Third comonomer type BMA LMA DA SA
% Yield 83 94 87 90
Bead size distribution, %wt
<0.42 mm 0.15 0.50
0.42-0.59 mm 1.03 2.55
0.59-0.84 mm 0.73 2.82
0.84-2.0 mm 8.31 18.51
>2.0 mm 12.51 2.73
Average bead size, 167 1.30
Swelling ratio in toluen
(by volume) 221 19.9
(by weight) 18.0 16.2
Bead density, kg m™ 1030 1014

gzz g “— ull i}
i sAUINBNINEINT ¢
8

naenTaimIng e

Figure 4.70 Effect of the third alkyl (meth)acrylate comonomer on toluene

absorbency.
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The particle size polydispersity shown in Figure 4.69 decreased with
increasing the hydrophobic properties. We can specifically mention about the particle
formation because it depended on the coalescence and breakage rate in the second
stage of suspension polymerization kinetics and gel effect at high conversion. Table
4.19 shows the overall conversion, the average particle size, particle size distribution,
swelling ratio and density in relation to alkyl(math)acrylate as a third comonomer

type. Figure 4.64 shows the effect of the third alkyl(meth)acrylate comonomer on the

toluene absorbency. From Table 4.1¢ igure 4.70, the toluene absorbency

r. The toluene absorbency in a

sequential order is as follow ‘ﬁ\;-::';-.;- -LMA, and MMA-SA.
4.5 Effect of the th/ Acry 1 s nomer on oil adsorption

properties of methyl- 1 ymer beads

The oil absorbenc orb oil-like solvent. In this
study we propose various atesfune \ ‘to help methyl methacrylate-
divinylbenzene copolymer' ir elling property characteristic. The
capacity of oil absorbent ate-divinylbenzene copolymer was

4,71 to 4.78.

—- e ——

X

affected by the reaction condition

2
ﬂuEJVJVIEWﬁWEﬂﬂ‘i

QW’]&NﬂiﬂJ UA1INYAY
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P(MMA-DVB) 1%DVB

—— by weight
—=— by volume

thyl methacrylate-

ﬂl.u : ‘
’ \\ P(MMA-DVB) 1%DVB
Fyais

&

AT

.ﬁ: by weight
| T by volume

°'5ﬂuEJ’Jﬁﬂﬂ*a‘WEleT‘§

QWWMﬂ?ﬂJNMﬂ’WIH@ﬂH &

Temp

Figure 4.72 The oil absorbency versus reaction temperature of methyl methacrylate-

divinylbenzene copolymer; m by volume and ¢ by weight.
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Figure 4.73 The
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..P_) oil absorbency
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Figure 4.74 The

%suspending agent

oil absorbency versus suspending agent concentration of methyl

methacrylate-divinylbenzene copolymer: m by volume and ¢ by weight.
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P(MMA-DVB) 1%DVB
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Figure 4.75 The oil absorbgric * 0 ) ethyl methacrylate-

divinylbenzene copolymCr: m'byvol
k_,.r |

N
1]

—
o
1

=
i\)

’LJEJ’JVIEW]TW B) TG by o

. by volume

du AIAIUBATRYIAY

0 L , . . , .
0.8 1 1.2 1.4 1.6 1.8
Monomer phase

il absorbency
=
[o¢]

Figure 4.76 The oil absorbency versus monomer phase ratio of methyl methacrylate-

divinylbenzene copolymer: m by volume and ¢ by weight.
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—e— by weight
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—=— by volume
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Figure 4.77 The oil absg / u b or ¢ \\J ation of methyl methacrylate-

divinylbenzene copolymer )

2.5 1
2_.
E 155 =
E
= 14
=

WEJ’JVIEJVI? ) ’lﬂi

—e— by weight

P>
‘ﬁ "

0 20 40 60 80
% nonsolvent (heptane)

Figure 4.78 The oil absorbency versus nonsolvent (heptane) ratio of methyl

methacrylate-divinylbenzene copolymer: m by volume and ¢ by weight.
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Figure 4.71 to Figure 4.78 show that the oil absorbency was affected by the
reaction conditions such as reaction time, reaction temperature, crosslinking agent
concentration, suspending agent concentration, agitation rate, monomer to aqueous
phase, initiator concentration, and nonsolvent ratio on methyl methacrylate-
divinylbenzene copolymer. All of the results did not show any specific but most of
them gave some degree of steady trend. However, the oil absorbency tends to increase
with increasing the nonsolvent ratio. The increasing oil absorbency was influenced by

the amount of pores in beads as shown i the previous part. The amount of pores

increased when the nonsolvent ratio increate e capacity of oil absorbent thus
increased when the increasing amount o or@ads. The effect of nonsolvent

ratio is not so import ,{,\ Q..\ ion on butyl methacrylate-

Cify ;\
gu e e oil absorbency of butyl

\

divinylbenzene copol
methacrylate-divinylbe Icohol nonsolvent during

copolymerization.

oil absorbency

% amyl alcohol

Figure 4.79 The oil absorbency versus nonsolvent (amyl alcohol) ratio of butyl

methacrylate-divinylbenzene copolymer: m by volume and ¢ by weight.
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Figure 4.80 The oil third-monomer on methyl

and ¢ by weight.

The effect of the third- _" : bsorbency of methyl methacrylate-

divinylbenzene copolymer (terp_gm_ w
capacity increases whenli of the third monomer. All of

wa in Figure 4.80. The oil absorption

them could not be used a i : ““J highest oil absorption
capacity is about 2 timemieir original amount, which is rm significant.

AULINENTNYINT

4.6 Determmatu,ll of solubility parameter of MA DVB, BM,A-DVB methyl

D o 1

There are many techniques to determine solubility parameter of a new
polymer. In case of a crosslinked polymer, the solubility parameter can be determined
by swelling experiments. The solubility parameter describes the enthalpy change on
mixing of nonpolar solvents well but it does not give uniform results when extended
to polar system. Complete miscibility is expected to occur if the solubility parameters

are similar and the degree of hydrogen bonding is similar between the components.
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In this experiment several solvents with known solubility parameter are selected, and
the crosslinked polymer is swollen to equilibrium in each solvent. After that the
swelling ratio was plotted against the solvent solubility parameter. The solvent that

gives the maximum swelling ratio is defined as the solubility parameter of the

polymer.

AuEINENIneIng
ARIANTAUNNINGIAY
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Figure 4.81 Comparison of solubility parameters of synthetic copolymer beads by

swelling experiments.
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Table 4.21 Swelling ratio of the synthetic copolymer beads in various solvents.

Solvent Solubility Swelling ratio of the copolymer
parameter (MPa)'
MMAI0O | BMAIO | MMA- | MMA- | MMA- | MMA-
5D 5}’ 6H 57‘
BMAIO | LMAIO | DAIO | SAI0
Hexane 149 0 0 [ 149 1 1.0 0.3 0.3 0.3 0.3
Heptane 153 0 0 0.4 03 0.3 0.2
Cyclohexane 168 | 0 0.4 0.5 0.6 0.4
Trichloroethane | 17.0 | 43 | 2 12. 30.8 30.9 34.0 389
Carbon 178 [ 0 - 6.6 24.4 25.6 26.1
: WS
tetrachloride =
Xylene 178 | 10 2 0 [ [ 10.7 128 12.9 137
y md‘
Toluene 180 | 14 18 16t 16.6 15.2 18.5 16.1
- s
Benzene 184 0 | 2 a4 0 17.4 17.8 19.7 17.0
Chlorofrom 17.8 1 3.1 2 374 349 396 353
Chlorobenzene | 190 1 27 | 253 | 210
Methyllene 182 11.7 -@M 29.3 33.1 29.7
chloride
3 A%
Ethylene lw 4. : 1. ; ] 253 -28.8 25.7
chloride ¢ = 7
AR PR ]
\

Figure 4.71 and Table 4.20 indicate that the solubility parameters of the
synthetic copolymers for MMA10, BMA10, MMA-BMA10, MMA-LMA10, MMA-
DA10 and MMA-SAI10 are about 19.0, 17.8, 19.0, 19.0, 19.0, and 17.6 (MPa)"?,
respectively. Three kinds of solvent were used in this study. The first kind is aliphatic
hydrocarbons, namely hexane, heptane and cyclohexane; the second is aromatic

hydrocarbons, namely xylene, toluene and benzene; the third is halogenated
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hydrocarbons, namely trichloroethane, carbon tetrachloride, chloroform,
chlorobenzene, methylene chloride, and ethylene chloride. Hydrocarbons and
chlorinated hydrocarbons are considered to be poor hydrogen-bonding solvents.
Hansen and coworker [27] assumed that the cohesive energy arosen from dispersive,

permanent dipole-dipole interactions and hydrogen bonding forces.

8% =84 + 8,7 + Oy’ (4.8)

where 84 = dispersive term, tet » = hydrogen bonding term. oy
probably accounts for a v sqgiation—t including permanent dipole-

induced dipole. The ac

even if it represents the

S SO newhe | polan
nonpolar characteristic as®e ganh ebserve m'&\{i\\\}% iment that it shows two high
peaks from the solubility#paraimete curve, (E ‘BN\

_ \ 1 of acrylate polymers in
: %:\}‘ hloreethane solvents, as they are
the chlorinated hydrocaron & s 7 polymer structure should be
. ly[(methyl methcrylate)-co-
divinylbenzene] and poly[(butyl methcrylate)seo-divinylbenzene] is that the polarity
and the molar volume as metl e ate more polar than butyl methacrylate
because the latter have highe 7 of'e: bor atoms in the side chain and the
former has a lower ‘el tha : ylate. That is why methyl

= e

methacrylate prefers to || Ve : 1t has a smaller molecule

than trichloroethane. Iri“case of the terpolymer whenm

molecule for the.a 32 ‘mﬁ i{ﬁ i ﬁI 'qihain while the ratio
between methyl ﬁe crylate'i sglil .ﬁl’e an observe from this
experiment that the solubiliﬁ Earaméers of MMA=BMA, MMA{LMA, and MMA-

DA terpehmbrard Gk V¥ o o @ity paramete

of MMA-Sa\ copolymer is similar with BMA-DVB copolymer.

e added another acrylate
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