CHAPTER IV

RESULTS and DISCUSSION
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agent 4”’
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Before proceeding further to the next step of

seeded suspension polymerization, where the polystyrene
beads were brought to soak in the monomer solution until
complete swelling and then to the further polymerization

step, the synthetic beads must possess the principal
property, that is they must not dissolve in the monomer

solution but can only swell in .the solution.
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On the other hand, the objective of this study
is to synthesize the imbiber beads with highly
absorptive vproperty. In ordér to get the best absorptioh
property, the synthetic beads must not ~possess too
excessive crosslinking sites inside the beads.'Intfact,

the amount of crosslinkine sites can be measured by

determining the the structure of the

I L'Wnd, the samples were

cterization of pore

beads sample. Beﬁgﬂagu S - ment for measuring the
porosity was

sent to Water
volume and st refore, the results
from Table 4. he existence of the

effect ubility of beads in

Then the imum - perdéntage of the crosslinking

ide the beads that make

them maintaihs: 'f¥L_‘ ————————————————— lo through the

Y —-
The synthetic Jeads frgp sectiompa.l were then

brougnﬁl R ASATUNBIINY 134431 by soaking

in excess monomer solution for 24 hours. Then the

complete swelling beads were separated into two groups
and brought to further polymerization at two different
time and temperature schedules, that is

2Bt~ 709C-2hyH 90°C-10hf. (12 hr.)

3B :- 70°C-2hr.+ 90°C-18hr. (20 hr.)
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The results of both groups were shown below. '

TABLE 4.2

Swelling of polystyrene crosslinked with

divinylbenz :\\ codeg

as 2B, in toluene

Run | Time —;i" AV/aT
(hr.) (cm /min)3
2B 0.00
0.10 0.00458
0.30 0.00228
1.00 0.2119 | 0.00146
2.00 0.00131
3.00 b0 | o0.8819 - | NEgh 0.00090
4.30 0.00135
6.00 | 90 : 0.00011
| ¢, iy
YUY ‘VI‘EJ’W?'WEWFT‘E TR
9.00 | 90 0.9931 .4919 o 00011
PRI FAAMN AN FY
N12.00-F 90 | 1.08717 0.5454

Swelling ratio = 7.1
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TABLE 4.3
Swelling of polystyrene crosslinked with

divinylbenzene,coded as 3B, in toluene

Run | Time |AT }’ Bead vol. | av/aT ‘
| (hr.) / # o (cmd) (cm /min)3
3B 0.00
0.10 0.0047
0.30 0.0021
1.00 0.0017
2.00 0.0012
3.00 -3528 0.0010
4.30 90 0.3958 0.00048
6.00 (Moo | “0.9861 | WoMusfy | o0.00095
7.30 {490 y _ 56" 0.00083
8.20 _ | ' -
AT THITI TS
qJ Swelling ratio = 7
_ ¢ a Y
FRIANNIUNA)NINE 1A 8
§ Table 4.2, 4. showed the absorption results of

polystyrene beads 1in toluene by determining thé beads
diameter at different times. The beads from suspension
polymerization were classified into two groups:

Y The first group was brought to the seeded
suspension polymerization for 12 hours. However the size

of the beads from the first seeded step was not
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FIGURE 4.1 Variation of bead fblumes with swollen time in toluene.
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satisfied. Therefore, the seeded step was repeated again
and the resulting bead size was determined to be about 3-
5 mm. (2B)

P The second group was brought to the seeded

suspension step for 20 hours. Once again the beads size

was too small. Ther e beads were brought through
the seeded step a satlsfled size. (3B)

rom Table 4.2 and 4.3
were shown in g

The - S n ‘ \\-oth groups,2B and 3B,

was shown

time of 6 hours f ﬂ37 e hi o rate of swelling, about
0.00095 greatér he 2B group (0.00011). In
addition, at the the beads of the 3B

group.becamf the edge of the

igure 4.3, whereas

there - is no -~ch deformation in UJDZB ‘beads and the size

1ncreaseﬂ ﬂﬁﬁbﬂ ﬂrﬂﬁ’wﬂ ,T;ﬂs.:jant at the time of

10 ho

Q Wﬁaqﬂ r-]? fgq@aﬁ of 2B and 3B
werefdetermined to e about and 7 efore breakage),

respectively. From Figure 4.1, both groups were éhown to
have a slightly different swelling ability at the 12 Hx.

or the 20 hr. and the beads being undergone the seeded

suspension polymerization for 20 hr. Dbecame deformed

after excessive swelling.

This result can be explained that too 1long
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FIGURE 4.2 Optical Mi r'bﬁ_ef t é;imbiber bead from 2B at full

il i JJ
swelling st@gal under avjébﬁification of 10.
f ‘-‘le_. :;in':.
¢§§§¢

FIGURE 4.3

Photomicrograph of the imbiber bead of the 3B group at

fully swollen stage in toluene. The magnification was 10
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the polymerization time will ihcrease the excessive
crosslinking sites inside the beads and make it rather
rigid. Therefore, after excessive swelling in the
solution, the beads expanded beyond its limit and became

deformed, as shown in Figure 4.3.

ature schedule for

4.3 The effect

suspension poly

The in the suspension-
polymerization changed from 70°C -
2 hr.+ 90°Cc - 4 90°C - 2 hr. with the

same mixing . However, the second
polymerization c V'f “70%¢ ) '.+ 90°Cc - 2hr., failed
‘ agglomerated around
the stirrer. N “f*prdpriate mixing ‘speed must

be sought fo:

From ixing speed for the

second condit on is 220 rpm., éELch gave the largest

bead 51zeﬂﬂ Qéﬁ?ﬂ)ﬂﬁ.ﬂﬁwere retaingd.

The synthetlc s from suspension polymerization

S LA LRI LN 11 R,

came 8ut soft and had larger size than those obtained

from using the first condition, 70°C - 2hr.+ 90°C - 4hr.
After the synthetic beads were dried and became rigid,
they were brought to the further seeded suspension

polymerization at 70°C - 4 hr.+ 90°C - 8 hr. (12 hr.).
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TABLE 4.4

Effect of mixing speed on size distribution(wt.%)

Size distribution '~ mixing speed (rpm.)
(mesh) 280 310
<10 & "
10-20 y 55 70028 .1229% 14.6891%
20-30 ‘ *' 47.4439%| 50.1007%
30-40 7%|21.2428%| 31.6867%
>40 ‘\\\\ 1897%| 3.5232%

nﬂ’
FiTH :d {dd

"l* QKEIJ ; y -
2
JIIAJ PR ¥ F

-K

AT this time, ame out satisfactorily

large without

toluene absorp 4#/5 and Figure 4.4.

From Fjﬂ.\-

absorption of th% beads bHA 1ncreased significantly with

Eos S“elﬂ*u HABYIBH TR AP comorins o

swelling r of the beads 5A and the beads 2B. in

riourd) ) M P B TA) 18 S o o

hlgher rate of absorption. This can be explained that

ound that the rate of

the beads 5A did not undergo through the complete

polymerization that is the crosslinking sites inside the
beads were not too great, so it was a soft bead.
Consequently after swelling the beads in excess

monomer solution for seeded suspension polymerization,

d step. The results of the

68
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satisfactorily large

addition

not

slightly crosslinked bead provided bead's

& crosslinked with

beads

take

Swelling

the

could

place

absorb

crosslinking

to an

without

more .

further

reaction inside the beads did

excessive extent.

monomer

and

seeded

ene (5A)
Run | Time 1.] av/AT
(hr.) | "(em /min)3
5A 0.00 'b”%%ﬁi o 04551 -
a:ﬁ,a."M \
0.15| 15 = 0.2030 0.0032
1.00 0.3425 0.0031
2.00|% 9. 58 0.0039
3.00 16 0.0019
6.00 180&' s 2500 1.0227 0.0018
BTN oo
9.36| 120 1.3333 | _1.2411 [ 0.0012
IR TR 1IN ] ebocss
14.00| 210 1.4167 | = 1.4887 0.00089
17.30| 210 1.4861 1.7185 | 0.0011
20.00{ 150 1.5208 1.8418 0.00082
23.00| 180 1.5208 1.8418 0
swelling ratio = 11.8

step.

Therefore,

flexibility
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'FIGURE 4.4 Absorption of the imbiber bead 5A in toluene.
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FIGURE 4.5 Comparative absorption of the imbiber beads 2B

and 57 in toluene
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in expansion and swelling which permitted a higher

absorption rate in toluene as shown in Figure 4.4.

4.4) The effect of suspending agent on bead size

In this study, two chémicals, HPMC and HPMC +

HEC, were selected

suspending agent

The eff on bead size
bead size (mesh’ y&x %) \\ HPMC + HEC (wt.%)
111;1 Ty '

<10 ""ﬁ‘ = 2.3934

10-20 41 .2745

20-30 34.5823

30-40 18.4416
>40 19.1868 3.3082
Frol Table . when HPMC + HEC was used as

oy W'Wa’é}‘& ﬂﬁ’ﬁﬁ STV frEpe = o

range o 10-20 mesh whereas the bead size resulting from
only HPMC as suspending 'agent is in the range of 30-40
mesh. The surface tension and viscosity of both chemicals,
HPMC and HEC, were shown in Table 4.7. Because HEC has a
higher surface tension, the bead size obtained from the
system containing HEC, will be 1larger than that using

only HPMC alone. Although the viscosity of the HEC alone

termine he effect of the
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Table 4.7

Comparison of HPMC and HEC aqueous solution (29,30)

Parameter HPMC HEC

surface tension (1%), 50-56 66.3

viscosity (2% sol. *10_ 1%10

(o]
(25 C, 60 rpm.)

is two r than that of HPMC,
the right rcentages between the
two suspending Prars! be to offset or counter

balance w1 '?;5‘ ‘ i Besides, other

reaction iti®ns- 30— i to its lower

4.5 The effe di‘%,TJ : e fraction

“fraction of

Volume the m-nomer phase is one of
2o e RTINS e
as isql the center of the reaction 51te in terms of

C°“°ﬂ%°|ﬁ\?ﬂ‘§’§l‘ﬁ”ﬁﬂ‘ﬁ’]‘ﬁ Y8 YR pyse shese.

Table 4.8 shows the effect of monomer phase volume
fraction on the bead formation and stability.

From Table 4.8, upon changing the ratios of
monomer to water from 0.1 to 0.3 and 0.5, in spite of
forming the larger beads, the bead formation did not

succeed at all. They were coalesced.
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TABLE 4.8

Effect of monomer phase volume fraction

on the formation of the bead

monomer phase volume fraction| property of the p:oduct

form bead
coalesced

coalesced

One )3 for the coalesced

&§\ easing of the monomer

polymer may

ratio inside a large number of

monomer drople and distributed

throughout qpé‘ liguid medium

responsible reduced. These

j*‘dually accumulated
to the pointIBt whic Op etsﬂielt and agglomerated
to the propellerfof the mixing shaft. '

AULINENINEING

4.6 Characterlzatlons ¢
o WA Taluwdngnay
Ip order to <characterize the polystyrene
bead and determine the crosslinking bond of divinylbenzene
inside. The synthetic bead crosslinked with 0.3%
divinylbenzene was analysed by Infrared spectroscopy,
compared with standard polystYrene film, ‘as shown in

Figures 4.6 and 4.7.
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The results showed that the IR spectrum
of both the synthetic bead and the standard polystyrene
film were rather of the same pattern, aé interpreted below.
Figure 4.6 shows the following important peaks:

Wave number, cm™ 1 Assignment
3060,3026 Lé/—c—ﬂ group in aromatic ring

2923,2851 J’! rated C-H stretching

1943,1871,1803 bstltuted aromatic ring
-——'

1602,1584 7 .

1494,1453

tching (aromatic ring
vibration)
f plane bending

757,699 ituted aromatic ring

Figure 4.7 show gnificant peaks:

Wave number, cm ;ignment

3060,3025 , oup in aromatic ring

2924,2850 C-H stretching

1943,1871,18 \ suba:ltuted aromatic ring
1602,1584 gC=C stretching (aromatic ring

AU 8 ’J N ﬂ NINLANTrarsom

1494 : =C-H, out of plane bending
@‘W’l ANT ’im HVindrdodiistlcdedh Faromatic ring
From the spectrum interpretation, . the
synthetic beads was then characterized to be the
polystyrene beads. To determine the c¢rosslinking of
divinylbenzene, the peak of p—disubstituted aromatic
ring must 'be identified at 860-800 cm~1l. However, this

region was generally interfered during thr IR experiment.
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Therefore, the IR spectra of.both the syntheﬁic beads
and the polystyrene £film .Vin this region cannot be
discriminated from each other. 1In addition, the amount
of divinylbenzene crosslinked in the beads is too small
to affect the size of the p-disubstitution peék.

However, synthetic beads were brought

to soak 1in toluer " /// the good solvent for

polystyrene. It P .thaépeads did not dissolve
at all in tol re must exist the

crosslinking sites - 2 etic beads. - L

sed to measure the
surface area of e surface area of the
synthetic beads “ i = th divinylbenzene was in

the range 0.1-0

”f@sht to be analysed
for the poréj éize d ojb ﬂg Water, Millipore
Corporatlon. Thefresults showed that the beads had a very
small porfmlI uﬂq ?;li.liﬂj w El’]ﬂ(jy characterized
to be rather sol
AR ﬁﬂ‘iﬁu UN1INYQ EJ
4.6.3 Scanning Electron Microscope

In addition, the beads were photographed
by ‘Scanning Electron Microscope to observe the surface
appearance, can be seen 1in Figure 4.8 and 4.9, the 
following photomicrographs of the beads were taken with

the magnifying ratios of 35 and 150.
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From the photohicrographs, the surface of
the beads was shown to be slightly porous. Therefore,
this results support those from BET measurement and from
Millipore's technique that the synthetic beads are

slightly porous and have a small amount of surface area.

The suggestions were gi in Chapter 5.

4.7 Solvent sorptnyu_;;;
1.7.1 Al

~;;;Ey of the svnthetic

beads was tested absorption amount of
~ various solvents, : - rf 1 ab 1 4.9 and Figures
4.10 and 4.11.
rogen bond basis, the
solvents used be divided into two
catagories:
L solvents: carbon
tretrachloride,lﬂ xylene ;" foTlene, a@nzene, chloroform,

112 - txich oroetﬁthe, and acBylonitrile

Uﬂ’lﬂﬁmiﬂﬂ']flﬁ st Gt
::zijﬁ eﬁly&ﬂcithae’ﬁﬁeq &etrgy’g]ro!-ﬁran, methyl

he results show that the swelling
ratio of the imbiber bead 1in the poorly hydrogen bond
solvent 1is higher than inlthe moderately hydrogen bond ‘
solvent. The >highest swelling ratio 1in the poorly_
hydrogen bond group is 13.17 and the lowest ratio is 1.73.

On the other hand, the highestl swelling ratio in the
moderately hydrogen 'bond group 1is 10.02 and the lowest



 TABLE 4.9

The swelling ratio of synthetic bead in various éolvent

Solvent . Solubility parameter Swelling ratio

[cal/cm ]3 172

Carbon tetra-

chloride 10.04
Xylene 11.06
Toluene 12
Benzene 12.28
Chloroform 13.;7
1.,1.3 Tricﬁlo—

roethane 11.54
Acrylonftrile 1.73
Amyl acetat 4.26
Methyl metha=

g U INEVTNEINT
“IRIA TN T

"Acetone 9.9(m) 2.05

p : poorly hydrogen bond

m : moderately hydrogen bond
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‘'ratio is 2.05. This <can be explained that the nonpolar
property of the stvrene monomer causes the higher
swelling of the polystyrene beads in the poorly hyvdrogen
bond solvents.

From the swelling results, the.solubility
rene bead can be determined as
ﬁllty parameters, ¢ , as

he graph shows that

parameter of the polys
follows. The swell" ‘ .the poorlv hydrogen bond
solvents were pl
shown 1in Figur
the swelling r
g= 8.6 = 9.5
solubility parame
7 possessed the high
swelling ratio '.~=P'ti¥&*- to be chloroform (d
‘

= 9.3 [cal/cm “5'7 : e  swelling. ratio =13:17%.

However, it | 1at the solubility

parameter of 5' ‘f 1y 9.3 [‘cal/cm3]1/2

because 5WE G prope@@y in chloroform was
resulted 'Etj s nonpélarity and smaller molecular
size. Q'ﬁ kﬁﬂ f iﬂsﬁxon of small pore
size tﬁ ﬁcﬁﬁn gﬁﬁg the BET and
o TR BRE ] .

However, he solubility parameter of the

I‘

polystyrene bead <crosslinked with divinylbenzene was
estimated accordingly to be in the range of 8.6 - 9.6

[cal/cm3]l/2
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4.7.2 Desorption
After the polystyvrene imbiber bead had
been soaked in toluene, if was then brought to measure
the desorption in a closed container, the deSorp;ion

volume of which is shown in Figure 4.12

bead showed the high

st fifteen minutes and
_d

afterwards until the

4.8 Determina

The tr polystyrene bead was

measured by A fodel MAT-5000 and was

:;éi:
ted to be ab T
reporte ) ﬁﬁ§ﬂ§§3

E2 0

AU INENINEINS
RINNTIUNRIINGAY
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FIGURE 4.12 Desorption of imbiber bead.
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