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1. Pulsed Laser Polymerization- Size Exclusion Chromatography

u_:l.) u_u.su 6‘)_: oA_.wduuL) ng ‘U_" Sg—>9 '._)
S Eol "PLP -SEC s, 30 il Ll Cae p o
w0 3ol alelw ol (55w Jow ol Las! el

alas, (S a

Ols3bg gl yocy s wops (i ¥ IS 5o
[SDS]=V0 gr/lit cpelas o0 sS b Jwle clale jo
sl 00 oy ey slmooly Lo aslas o
oA 01,8 g b e 0salie 45 bl
Yok Jlmm gl ooy TLad> 0 58 sl
Sl ool 55T ol (Rl A el
0d— 0018 Cad (g oy SIS 0l g pljaiwn o
Slel = Ol F S o jedate ool
aS yob len loos 4l E4 ioleyl bl o jo
4_L>).o) L)“-“S‘j u’_a‘du)‘ J.?‘).c 5o ‘09_(::@ ool i
Slacie yo Ly , S5l LIS el )3 5 1 agige
2 Sl (=l g el wliee ialS
RO EUPR N B [ Y P U S W ey e

S s DVE] ol S ¢ 555 109 (om0 y20 Slanliie

—model
» CXp

(1) oS jlade
=

I \. VO \E Yo
(hr) ole;

B4 bl Lyli o 75 slrosls b annlin o lsoliy



FAB-) A ol o&é’-"/j‘z

WA
—-T3DS= ¥ ~

[SDS] ) —-[SDS|FT oL p

. —[SDS] 3 — [SDS]=2/5 g/L A

ey /'& 3 / \w [Jn )

3 . o i

| 4 i

5\6 3 ey 27 :" \

SERE %

3 = [

> E \

.;3 a “\
N P T Y Yoo

(m) &l,3 las

Sglaie clale g0 o &3 ol aje8 covie duslie £ S
Olssbs (Somadgal gl oy (10 o oo Jlb Jule
ES5 s B4 glatles] Ll s o

(m) ol,d las
cdale g0 gl @S ojlail &y 5e8 Sovie dunlie & JSCU
Somdsol gl youds ;0 mhaw caiS Jd Jule Sglate
B2 5 El laiole;] Lyl o o5l ST Liss

75 2olin b 53l Jon 5| ol 51,3 518 Lagio g5 e lie ¥ Jgi

(nm) Joo b 00l S s Slade (nm) g Slade | (gr/lit) c.‘a...) oaisS Jd ole clale 59 Eg
DA/FY g [vvl OIAF M ST Jsge
/vy a0/f [vv] Y/0 ST S
av/¥e Y A Olssbs
VoY/FE V-V V0 Sl
Fe * " a _n.;ode[
EL ( » exp[27]
€.
%q Sl s i 09— oo 0ol ie 4 Sy b Lon
g y. Ayl wlio Cdillae oy, 0lie 9 Jus
g

Yoo ¥F.. [ O N
) ol
Sl ol WxMQI)SIbBQIMVJS.&

loosls b auslie 1o &3 ST gy Sgedgel Cysmmslys yonls
E3 iabes] Ll o

-A

693 Al x ) ¢
e
LN *

(m) l,d las
S ol e (Sonke Dleis (Sikz iluand A S5
Lulys 50 ST S e (Smdgal Gomali yosh a6 (b

El bl

0920 sl (i ) Jome (bl iz
cbale (o gl peds e o Dl dad Ol s
V JSi,0 B3 iolesl bl i 4o [SDSI= 0/AF gr/lit

Ll 0ol 00l ul_m.:

C.vl).S o)'L\_3| E—)8 (Tt dxwgl 09_>L§A ‘5_,.4 o
J=59 Sordgal Gaaly yorls (2iSTy JooSS (>
(Bl ioslesD) [SDS]=Y gr/lit e lale o oM ST
odnlino a5 x> cwl oo gy o) >

LSes L5‘3l—.’.} Q|)f> S ‘5 &3)_..: u_;.l_x:.gl LgL(M.uL»
ly cind ;5L glaylad Coo a2y o8 (omie
Eoyb Sl atBo VP Lo 85 & BdS Sl ey g 0S5 o0
)‘J_M 4 J._:Lo‘sa u_)la g_:‘)») o)LX_:‘ =9 ‘UM_,Slg

Sy 0 99— (ol



1va

w03l & 595 (g lw S

(1) S5lel a o e s ol ik,

(s S Py GL“J&?.Q‘) é‘é‘) S b :de

(dm? mol” s7) jLacsl ey ol :kp

u_,.'l.: él_{bJ.n.\.u Ao, )0 )l_........)‘ SNy u_:l.’ kao

(dm* mol! s)

dm?) 3545 J, =85 o il ce o bk,

(mol! s

2 G5yl sla ol Ll ey e bk
(dm® mol! s) &1

(dm’ mol! s7) plus! ce s Sl ik,

i(dm’ mol™ s) s 3> 4y 0 yuoeiy JUl e o <l ik,

(mol dm?) yody )3 )5 jegige clale :/M]

(mol dm™) Ol )0 jegige clale (/M]

(gr mol) yegige JsSlge p,2:M,

0,3 d\)"Ag Jlila‘) Slass hw}».n i (r,t)

oo Jbd | ole Lo ssse aoxd doe m
(mol") 4,08 441 sas N,

cble :[P]
(mol  dm?)
Jo—b Lo s —sdsl sl JSol, ckle /P! ]
(mol dm?) 1 3o 1oy

PBE Coxe> &jlge alsles :PBE

(dm) LJ'"'GLQ él’"w :rmicelle

(dm) g9 (5 poudy 0,3 gladsir

(mol s) oljaius I cepwiR

(mOI S-l) Um cs")w u'c)'“) :R Homogeneous

(m01 S-l) LA“LQ @‘)w u'cﬂ :Rmivellar

30, 5lel as o 5l oaslogga JSool, cbale iR

s_:‘ )o 6)._99)9@ (_gqui)d‘)

(mol dm?) o1

2 39—ge ddsl mh s oa S b Jsle (33915,
(8) i

ol w5, cabodr pla el Js :S,
(mol)

(mol) yegige < jlad mrlars (59, oadbida plawdgal Jgo:S,

& 35 4o

Smdgal Hgamanl s pody s 9 (gl adlie 0l o

6L—-.~.¢0)) "")‘5 o)’Lx_JI é—’)}’ = o 9 L;',\A:

ol gl il ool all | cmas 4l Yl
e—bin Cillas aslel— g0 sl 5ly— (g3l o
S 8 lawgte 5 o ao)s (p slsesls L
colale a8 L saelewsa m ol 3b oSl
O yendy Cae i lawgie mlaw o0 S e fsle
g Sl a8l i alS @l ) hhd b gie g iyl
Sld ol g gt ey o (ioli8l Jldoa
Sros d 9 0900 S0 S ojlail @ e (o

DS (o0 S b ;5SS sLoaks

Lailisc ¢ oM
(mol dm?) Jusle Jlyou clale :CMC
(mol dm?) Jusle clale :C

micelle
)—*‘l’ g_)‘)d )“> )_.«09)9.0 05_.4.: M_)fa D mon
(dm? sV

Giod SO Jolan) caSo o g oy dm’

ol e ol Gl ol d¢ s cempe D,
(dm? s)

03 4y (g y—gige Lo IS0l 3959 i yns b e’
(dm * mol' s)

Q_JB-JG l—‘ (5)451"9‘ ‘_JIL.{O‘) 09)5 M.C}_w WL :enmicelle
(dm*mol' s Jwslo aun o,

Jsb L 6053l JBol) 09,5 Co pn <l ie(r)
r(dm® mol "' s) gl Ly (glo,d amn o,

(mol dm™) &I, aculs &9 :f(w

mol) s,—ly JS0l, hyls olyd auils ofy
(dm!

(mol dm™) JISGol, a8ld wl,d acuils if)

mol) (s, —gige Jo0l, shyls &lyd awils )Y
(dm'!

g_JlS—“b‘) bj)j (5‘)_' Ls_")"’u o)_“Ju) LJ}_IO :jcri/
—h 03 A (5 asSyl



IAB-)  AF o Lot oc@_"/j‘i; Ae

(dm) (5 yegige axly S ully,aily glads 0 (mol dm?) o o o] placgel cdale oS
(57) 0,3 4 JIGol,y 04,9 (IS e pw olicp (dm?) youly ©l)S S 22V

S ol Gla K, G ey w el
(S'l) ()_A -Z A_h-\_'> M.C)_w) u_:‘)é 9 LQJ_M.JLA ‘_AU% &35}#
sboadlosly o 99y Ceyw Sl L, Sllan Lel s Lyl alols lawgie a iy, auje
(51) 0,8 a4 ouSx8y (5, —osige (dm) 4y, a e
&l

[1]. Vale H. M. and McKenna T. F., “Modeling particle size distribution in emulsion polymerization,” Prog. Polym.
Sci.,Vol. 30, No. 10, pp. 1019-1048, 2005.

[2]. Immanuel C. D., Pinto M. A., Richards J. R. and Congalidis H. P., “Population balance model versus lumped
model for emulsion polymerization; semi-batch and continuous operation,” Chem. Eng. Res. Des,.Vol. 86, No. 7,
pp. 692-702, 2008.

[3]. Feiz S. and Navarchian A. H., “Emulsion polymerization of styrene: simulation the effect of mixed ionic and
non-ionic surfactant system in the presence of coagulation,” Chem. Eng. Sci., Vol. 69, No.1, pp. 431-439, 2012.
[4]. Mariz I. F. A., Leiza J. R. and de La Cal J. C., “Competitive particle growth: A tool to control the particle size
distribution for the synthesis of high solid content low viscosity latexes,” Chem. Eng. J., Vol. 168, No. 2, pp. 938-
946, 2011.

[5]. Hosseini A., Bouaswaig A. E. and Engell S., “Comparison of classical population balance models of emulsion
polymerization with experimental results and a stochastic extension,” Chem. Eng. Sci., Vol. 72, pp. 179-194, 2012.
[6]. Hosseini A., Bouaswaig A. E. and Engell S., “Novel approaches to improve the particle size distribution predic-
tion of classical emulsion polymerization model,” Chem. Eng. Sci., Vol. 88, pp. 108-120, 2013.

[7]. Gao J. and Penlidis A., “Mathematical modeling and computer simulator/ database for emulsion polymeriza-
tions,” Prog. Polym. Sci.,Vol. 27, No.3, pp. 403-535, 2002.

[8]. Li B. and Brooks B. W., “Modeling and simulation of semibatch emulsion polymerization,” J. Apply. Polym. Sci.,
Vol. 48, No. 10, pp. 1811-1823, 1993.

[9]. Gilbert R. G., “Emulsion polymerization: A mechanistic approach,” Academic Press, London, 1995.

[10]. Vale H. M. and McKenna T. F., “Particle formation in vinyl chloride emulsion polymerization: reaction model-
ing,” Ind. Eng. Chem. Res., Vol. 48, No. 11, pp. 5193-5210, 2009.

[11]. Sajjadi S., “Population Balance Modeling of particle size distribution in monomer-starved semibatch emulsion
polymerization,” AIChE J., Vol. 55, pp. 3191-3205, 2009.

[12]. Coen E. M., Peach S., Morrison B. R. and Gilbert R. B., “First-principle calculation of particle formation in
emulsion polymerization: pseudo-bulk system,” Polymer.,Vol. 45, No. 11, pp. 3595-3608, 2004.

[13]. Jung S. M. and Gomes V. G., “Transitional emulsion polymerization: zero-one to pseudo-bulk,” Chem. Eng.
Sci.,Vol. 66, No. 18, pp. 4251-4260, 2011.

[14]. Weerts P. A., van der Loos J. L. and German A. L., “Emulsion polymerization ofbutadiene, the effect of initiator

and emulsifier concentrations,” Makromol. Chem., Vol.190, No. 4, pp. 777-788, 1988.



VA w03l & 595 (g lw S

[15]. Weerts P. A., van der Loos J. L. and German A. L., “Emulsion polymerization of butadiene, effect of stirring
condition and monomer/water,” Ratio, Makromol. Chem., Vol. 192, No. 9, pp. 1993-2008, 1991.

[16]. Weerts P. A, van der Loos J. L. and German A. L., “Emulsion polymerization of butadiene, effect of thiols”,
Makromol. Chem., Vol. 192, No. 9, pp. 2009-2019, 1991.

[17]. Verdurmen E. M., Dohmen E. H., Verstegen J. M., Maxwell I. A., Germann A. L. and Gilbert R. G., “Seeded
emulsion polymerization of butadiene. 1. The propagation rate coefficient,” Macromolecules., Vol. 26, No. 2, pp.
268-275, 1993.

[18]. Verdurmen E. M., German A. L., Sudol E. D. and Gilbert R. B., “Particle growth in butadiene emulsion polym-
erization, 2 Gamma radiolysis,” Macromol. Chem. Phys., Vol. 195, No. 2, pp. 635- 640, 1994.

[19]. Verdurmen E. M., Geurts J. M. and German A. L., “Particle growth in butadiene emulsion polymerization, 3
Radical adsorption and desorption rate coefficients,” Macromol. Chem. Phys., Vol. 195, No. 2, pp. 641- 645, 1994.
[20]. Edouard D., Sheibat-Othman N. and Hammouri H., “Observer design for particle size distribution in emulsion
polymerization,” AIChE J., Vol. 51, No. 12, pp. 3167-3185, 2005.

[21]. Abedini H. and Shahrokhi M., “Inferential closed-loop control of particlesize distribution for styrene emulsion
polymerization,” Chem. Eng. Sci., Vol. 63, No. 9, pp. 2378-2390, 2008.

[22]. Immanuel C. D., Corderio C. F., Sundaram S. S., Meadows E. S., Crowley T. and Doyle F. J., “Modeling of
particle size distribution: comparison with experimental data and parametric sensitivity studies,” Comput. Chem.
Eng., Vol. 26, No. 7-8, pp. 1133-1152, 2002.

[23]. Hernandez H. F. and Tauer K., Radical, “Desorption kinetics in emulsion polymerization. 1. theory and simula-
tion,” Ind. Eng. Chem. Res., Vol. 47, No. 24, pp. 9795-9811, 2008.

[24]. Nomura M. and Harada M., “Rate coefficient for radical desorption in emulsion polymerization,” J. Appl.
Polym. Sci., Vol. 26, No. 1, pp. 17-26, 1981.

[25]. Asua J. M., “A new model for radical desorption in emulsion polymerization,” Macromolecules, Vol. 36, No.
16 , pp. 6245-6251, 2003.

[26]. Kiparissides C., “Challenges in particulate polymerization reactor modeling and optimization: A population
balance perspective,” J. Process Control.,Vol.16, No. 3, pp. 205-224, 2006.

[27]. Farshchi F., “On-line monitoring of emulsion polymerization by conductimetry and calorimetry,” Ph.D. Thesis,
Claude Bernard University, Lyon, France, 2004.

[28]. Beuermann S. and Buback M., “Rate coefficients of free-radical polymerization deduced from pulsed laser
polymerization,” Prog. Polym. Sci., Vol. 27, No. 2, pp. 191-254, 2002.

[29]. Weerts P.A., “Emulsion Polymerization of butadiene, A kinetic study,” Ph.D. Thesis, Eindhoven University of
Technology, Eindhoven, Netherlands, 1990.

[30]. Maxwell I. A., Napper D. H. and Gilbert R. G., “Emulsion polymerization of butyl acrylate Kinetics of Particle
Growth,” J. Chem. Soc., Vol. 83, No. 5, pp. 1449-1467, 1987.

[31]. Buback M., “Degener B., Rate coefficient for free radical emulsion polymerization of butyl acrylate to high

conversion,” Makromol. Chem., Vol. 194, No. 10, pp. 2875-2883, 1993.



