10,

11.

12,

13.

REFERENCES

Naghash, H. J.; Okay O.; and Yildirim, H. Gel Formation in Free-Radical
Crosslinking Copolymerization. J. Appl. Polym. Sci. 56 (1995): 477-483.

Coutinho, F. M. B.; Neves, M, A. F. S.; and Dias, M. L. Porous Structure and
Swelling - Properties of Styrene-Divinylbenzene Copolymers for Size
Exclusion Chromatography. J. Appl. Polym. Sci. 65 (1997): 1257-1262.

Ethel, B. Toxicity and Metabolism of Industrial solvents. London: Elsevier
Publishing Company, 1965. : |

Vivaldo-Lima, E.; Wood, P.E.; and Hamielec, A, E. An Updated Réview on
Suspension Polyxnedziation. Ind. Eng. Chem. Res. 36 (1997): 939-965.

Trommsdroff, E.; and Schildknecht, C. E. Polymer Process. Vol. X. New York:
Wiley-Interscience Publication, 1956,

Odian, G. Pdnciples of Polymerization. 2nd ed., New York: John Wiley&Sons,
1967.

Berezkin, V. R.; Alishoyev, V. R.; and Nemirovskaja, I. B.- Gas
Chromatography of Polymers. New York: Elsevier/North-Holland, 1977.

Schork, F. J.; Deshpande, P. B.; and Leffew, K. W. Control of Polymerization
Reactors. New York: Marcel Dekker, 1993.

Rosen, S. L. Fundamental Principles of Polymeric Materials. 2nd ed., New York:
John Wiley&Sons, 1993.

Rabelo, D.; and Coutinho, F. M. B. Structure and Properties of Styrene-
Divinylbenzene Copolymers I. Pure Solvents as Pore Forming Agents.
Polymer Bulletin. 33(1994): 479-486. .

Crank, J., and Park, G. S., Diffusion in Polymers. New York: Academic Press,
1968.

Tanaka, T., and Fillmore, D. J. Kinetics of Swelling of Gels. J. Chem. Phys. 70
(1979): 1215-1218.

Kiatkamjornwong, S., and Asawaworarith, P, in Proceedings of The Regional
Symposium on Petrochemical and Environment Technology 93, Bangkok,
Thailand, P. ET-13-1 January 18-20, 1993,



14.

15.

16.

17.

18

19,

20,

21.

22,

23.

24,

115

Kiatkamjornwong, S., Prasassarakich, P., and Karoowanchareon, R. in
Proceedings of ApCChE & CHEMICA'93 Conference, Melbourne,
Australia, P.282/3 September 26-20, 1993, .

Kiatkamjornwong,S., Traisaranapong, S., and Prasassarakich, P.  Styrene-
Divinylbenzene Copolymers: Influence of Diluents on Absorption and
Desorption Properties. 1. Porous Materials. 6 No. 3 (1999): 1-13.

Wiley, R. H. Crosslinked Styrene/Divinylbenzene Network Systems. Pure Appl.
Chem 43 (1975): 57-75. o

Kwant, P. W. Kinetics of the Copolymerization of Styrene with Small Quantities
of Divinylbenzenes. 1. Polym. Sci.: Polym, Chem. Edit. 17 (1979): 1331-
1338,

Hild, G.; and Rempp, P. Mechanism of Network Formation by Radical -
Copolymerization. Pure & Appl. Chem. 53 (1981): 1541-1556.

Chung, D. Y. D.; Bartholin, M.; and Guyot, A. Styrene-Divinylbenzene
Copolymers, IV Structure and Textture Changes During Synthesis. Angew.
Makromol. Chem. 103 (1982): 109-123. |

Mikos, A. G.; Takoudis, C. G.; and Peppas, N. A. Kinetic Modeling of
Copolymerization/Cross-Linking Reactions. Macromolecules. 19 (1986):
- 2174-2182.

Okay, O. Kinetic Modelling' of Network Formation and Properties in Free-
Radical Crosslinking Copolymerization. Polymer. 35 (1994): 796-807.
Sajjadi, S.; Keshavarz, S. A M.; and Nekoomanesh, M. Kinetic Investigation of
the Free-Radical Crosslinking Copolymerization of Styrene with a Mixture
of Divinylbenzene Isomers Acting as the Crosslinker, Polymer. 37 No. 18

(1996): 4141-4148.

Borwankar, R. P.; Chung, S. Land Wasan, D. T. Drop Sizes in Turbulent Liquid-
Liquid Dispersions Containing Polymeric Suspension Stabilizers. I. The
Breakage Mechanism. J. Appl. Polym. Sci. 32 (1986): 5749-5762.

Ott, L. and Mendenhall, W. Understanding Statistics. § th ed., PWS-KENT,
1990.



25.

26.

27.

28.

29.

30.

3L

32.

33

34,

35.

116

o o o - s R : P
fioen nilyddyan.  oulnnzideyodin SPSS for windows. ASaW 1
I - & « a a
APINAUMIUANG: TSQWN“QW’IﬂiﬂﬁﬂIHHW’Jﬂan. 2540.

Brandrup, J., and Immergut, E. H. P;cm_l-h_m_dbg_glg. 2" ed. Loﬁdon: John
Wiley & Sons, 1975, _

Oks;y, 0., and Giriin, C. Formation and Structural Characteristics of Porous
Ethylene Glycol Dimethacrylate Networks. J. Appl. Polym. Sci. 46(1992):
421-434,

Rabelo, D.; and Coutinho, F. M.- B. Porous Structure Formation and Swelling
Properties of Styrene-Divinylbenzene Copolymer. Eur. Polym. J. 30 No. 6
(1994): 675-682.

Cheng, C. M.; Vanderhoff, J; W.; and El-Aasser, M. S. Monodisperse Porous
Polymer Particles: Formation of the Porous Structure. J. Polym. Sci.: Part
A: Polym. Chem. 30(1992): 245-256.

Coutinho, F. M. B.; and Rabelo, D. Scanning Electron Microscopy Study of
Styrene-Divinylbenzene Cop.olymers. Eur. Polym. J. 28 No. 12 (1992):
1553-1557. ;

Okay, O.  Heterogeneous Styrene-Divinylbenzene Copolymers. Stability
Conditions of the Porous Structures. J. Appl. Polym. Sci. 32(1986): 5533-
5542, |

Dusek, K.; Galina, H., and Mikes, J. Features of Network Formation in the CheLlin
Crosslinking (Co) Polymerization. Polym. Buil. 3(1980): 19-25.

Jo, Y. D.; Park, K. S.; Ahn, J. H.; and Thm, S. K. Hollow Gelular Beads of
Styrene-Divinylbenzene = Copolymer ~ Prepared by  Suspension
Polymerization. Eur. Polym. J. 32 No. 8 (1996): 967-972.

Scheinmann, F. An Introductioﬁ to Spectroscopic Methods for the Identification
of Organic Commimds. Vol. 1, Oxford: Pergamon Press, 1970,

Watters, J. C.; and Smith T. G, Pilot-Scale lSynthesis of Macroporous Styrene- |

Divinylbenzene Copolymers. Ind. Eng. Chem. Process Des. Dev, 18 No. 4
(1979): 591-594.



117

36. Levenspiel, O. Chemical Reaction Engineering. 2nd ed., New York: John
Wiley&Sons, 1972. '

37. Fogler, H. S. Elements of Chemical Reaction Enginccg’n‘g. 2nd ed., New Jersey:
Prentice-Hall, 1992. - T



APPENDIX A

MONOMERS FOR GC ANALYSIS

1. Calibration curve

1.1 Calibration curve of styrene
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Figure A.1 Calibration curve of styrene
1.2 Calibration curve of divinylbenzene
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Figure A.2 Calibration curve of divinylbenzene



1.3 Calibration curve of ethylvinylbenzene
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Figure A.3 Calibration curve of ethylvinylbenzene
The calibration equation can be expressed as:
Ci=Rix Ai
where C; = concentration of monomer i

R; = detector response factor of monomer i

A; = peak area of monomer i

2. Determination of the contents of the monomers by GC technique

Table A.1 Ri of the monomers

Monomer Detector
response factor

Styrene 8x 10"

Divinylbenzene 6x 107

Ethylvinylbenzene 4x 107

119

(A.T)
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Sample chromatogram shown in Figure A.4 has retention times at 0,775 min
(toluene); at 1.570 min (styrene); at 3.117 min. (ethylvinylbenzene); at 5.033 min

(divinylbenzene).

3TART
0.275

Figure A4 Chromatograms of the sampling solution after the

completion of copolymerization



APPENDIX B
PILOT SCALE REACTOR

1. Batch reactor has 3 components as:

1.1 Reactor build from stainless steel 304 with an inside diameter of about 25 ¢m,
36 cm height and a capacity of 20 |. Bottom side was curved which 9 cm height and hadb
tube with diameter of about 4 cm for transfer product. The cylindrical stainless steel
reactor had a jackét, which cohtained the oil and heaters (Nd. 4) shown as No. 1 in Figure
F.1. The heated oil in a jacket was measured by the thermocouple (No. 2), and heat was
dissipated by gently bubbling air into the hot oil . An inside reactor had 4 buffer with 2
cm wide, 28 cm long (No. 5) and an inside temperature was measured by the
thermocouple (No. 3).

1.2 Stirrer was turbine which build from stainless steel 304 with a diameter of
about 14 cm, 3 cm height and 6 blades. An adjustable stirrer installed in a reactor was
adjusted by variable drive motor (No. 6).

1.3 A cover was build from stainless steel 304 with a curve of about 9 cm height.
A upper cover had a tube of adding mixture (No. 7) and a small tube for flow nitrogen

(No. 8). At perimeter of cover had silicon gasket.

2. Copolymerization

2.1 Preparation of Aqueous Phase
Dissolve poly(vinyl alcohol) 0.09% by monomer weight was dissolved in distilled

water, 8000 cm?

, in a reactor, The monomer/water phase ratio throughout the
experiments was fixed 1:7 wt/wt. The mixture was stirred by a stirrer at room

temperature. Aqueous phase was prepared one day before experiments.
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2.2 Preparation of Monomer Phase

“The monomer solution phase contained styrene, divinylbenzene, benzoyl peroxide
and organic solvent was charged into a reactor. A typical charge consisted styrene
(92.5%), divinylbenzene (7.5%), benzoyl peroxide (0.5% by monomer weight) and

organic solvent (100% by monomer weight).

The suspension experiments were made in a reactor with the dimensions and
characteristics as shown in Figure B.1. The monomer solution phase containing styrene,
divinylbenzene as a crosslinker, benzoyl peroxide as an initiator and toluene as an
organic solution was added into a reactor with a rate of 90 cm3/min, which was stirred at
an agitation speed of 240 rpm., while maintaining the reaction temperature at 70°C for 10

hour and the polymerization was carried out under a nitrogen atmosphere.
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No. 6

/—i No. 7

No. 8

No., 2

No. 4 |

36

No.5 ’—-— '
4—-

No. 1

No.10 '_\

No. 9
1. Jacketed reactor 2. Thermocouple and temperature control
3. Thermocouple for reactor 4, Heater
5. Buffer 6. Drive motor
7. Main hole 8. Tube for flow nitrogen
9. Sampling outlet 10. Main outlet ‘ (unit: centimeter)

Figure B.1 Reactor for pilot scale.



APPENDIX C

CALCULATION OF THE DIFFUSION COEFFICIENT
OF THE BEADS

C.1 Calculation of the diffusion coefficient of the beads

The diffusion coefficient of the imbiber bead can be calculated from

r=a’/D (2.24)

where 7 is a characteristic swelling time
a is the final radius of the fully swollen polymer.

D is the diffusion coefficient of the swollen polymér in toluene
From Eq 2.24, The characteristic swelling time T can be obtained from the

slope of the In{ Aa/Aag ) — time plot.
In(Aa, / Aa,) =const.—t/t (2.25)

where Aa, is the difference between the size at time t and that at saturation
swelling

dayis the total change in radius through out the entire swelling process

From the experiment, Sample B at 240 min, the slope of the In(Aay/Aay ) — time plot is
0.0738..Thus, T = 13.5 min
Sincea = 1.07 mm, thus, D =  0.084 mm?*min

= 1.49 x 10™ cm?/sec
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Table C.1 Data for the calculation of the diffusion coefficient of the bead

Sample Time Bead radius - Aat In( Aa/Aay )
(min) (a, mm) (mm)
B 0 041 . - -

at 240 min 2 0.67 0.26 -0.9316
5 0.76 0.09 -1.9650
10 0.86 0.10 -1.9124
15 0.93 0.07 -2.3179
20 0.97 0.04 -2.8034
25 1.00 003 - -3.0910
30 1.03 0.03 -3,0910
35 1.04 0.01 -4,1897
40 1.05 0.01 -3.9665
45 1.06 0.01 -4.4773
50 1.07 0.02 -3.7842

B (repeat) 0 0.40 - -

at 240 min 2 0.66 026 - -0.9373
5 0.75 0.09 -1.9613
10 0.85 0.10 -1.9087
15 0.91 0.07 -2.3142
20 0.95 0.04 -2.7997
25 0.98 0.03 -3.0874
30 1.01 0.03 -3.0874
35 1.02 0.01 -4,1860
40 1.04 0.01 -3.9628
45 1.04 0.01 -4,4736
50 1.06 0.02 -3,7805
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Tabile C.1 Data for the calculation of the diffusion coefficient of the bead (continue)

Sample Time Bead radius Aat In{ Aa/Ar, )
(min) (a, mm) (mm)

. L 0 0.41 - -

at 240 min 2 0.60 0.19 -0.9874
5 0.71 0.11 -1,5115
10 0.80 0.08 -1.8216
15 0.85 0.05 -2,2736
20 0.89 0.04 -2.6101
25 0.90 0.01 -3.9318
30 0.91 0.02 -3.5264
35 0.92 0.01 -4.6250
40 0.92 0.01 -4.6250

L (repeat) 0 0.40 - -

at 240 min 2 0.59 - 0.19 -0.9955
5 0.70 0.11 -1.5067
10 0.78 0.08 -1.8168
15 0.84 0.05 -2.2688
20 0.87 0.04 -2.6053
25 0.88 0.01 -3.9270
30 0.90 0.02 -3.5216
35 0.90 0.01 -4.6202
40 0.91 0.01 -4.6202




In(Aa,/Aag)

In(Aa/Aay)
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Variation of In(Aa/Aag) with sﬁelling time.

t, min
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