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Part 1 : Soap-Free Emulsion Copolymerization of Styrene with COPS-

1, 3-allyloxy-2-hydroxy-1-propanesulfonic acid so-
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Abstract: Monodisperse poly[styrene-co-(COPS-I)] latices in the size range of 165~550nm were successfully
prepared by soap-free emulsion polymerization with various polymerization conditions (Styrene, COPS-I, KPS,
DVB concentrations and polymerization temperature). In general, the COPS-I and KPS, DVB concentrations
and polymerization temperature were closely related to the polymerization rate and the number of particles,
molecular weight, and zeta potential. The polymerization rate and zeta potential increased, but molecular
weight decreased, with increasing in the number of particles.

Keywords. surfactant-free emulsion copolymerization, styrene, sodium 1-allyloxy-2-hydroxypropane sulfonate
(COPS), the number of particles and molecular weight, polymerization rate

dium salt solution (COPS-I) ©]24 A=
(ST)9| FretsFgtel ¢Js) 100~400 nm

wo FRAse 2 FAES Bed opg wp A SHzAzst FRos FAYAz BF A7)
AYAE FAY Bokol W Sgol[1g] simEcy,  EXAWHI glouh, FRALETHA AR Tiatel
=o THAGE 7}1]‘— gle) 2= 7| A upeEe] 9 AL w2 gHE Az 5l FAA dId Ha
8 FHAHY AR QA MIRT B GEde v T HE EI Pl glnh
o)1, TEX H = g@_%g AR HAES Z7HA B ATl s vt FHEASKSTH COPS-19]
2THO-13]. F-F853H{14-18] ARBAA L] Hrigle]  FFM B T 2=ef =4, KPSSh DVBS
oA AAA EE ol TUEAES[49,10,11,1924] DA STH COPS-I9] FistEsds dste] T
AHgEte] BRAAC] $4Eta e mudstE e FE WA, dARE, A, fEse dER H
1B nYAE Az wEow HIo:= B3} AP S, FElHol2=E ZASFATH
EE PA75S e A2 2ot FEH A=
[1-7] Az A= STk 2.4 &

21 €=
Styrene (ST, Junsei)® DVB (Divinylbenzene,
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Table 1. Standard Recipe

Component Ingredients wt (%)
Monomer ST 291
ﬁgiﬁg‘g COPS-I 0.06 (2.0%)
Medium DDI-Water 96.93
Initiator KPS 0.10 (3.3%)
Total 100

*based on styrene monomer weight.

Table 2. Soap-free Emulsion Polymerization of ST

ST Dn Mn

%) @ PSD x 109 PDI
1.0 165 1.005 1.35 4310
1.5 251 1.002 142 5.443
2.0 345 1.003 1.66 5.627
24 409 1.002 1.88 5365
2.9 428 1.001 2.74 4211

Polymerization condition: 70°C, 175 rpm for 6 hrs

St. Louis, MO, USA)E SHAZ & AALE HASIA
AH83FTE Sodium 1-allyloxy-2-hydroxypropane sulfonate
(COPS-1, 40%, Sigma-Aldrich) 3 potassium persulfate
(KPS, Junsei)= AAZ A %3 U2 ALE3SIA T
22} SF(DDI-Water)= Z4&ZE F83] HAZ & AL

83t

22. 2R3EE
FHalede aurle a4 FUTF, 224, 5
71, ANg FF ZA7F A2E 250 ml 47 T ek

Ao A PEHJ (18], AE 2EZE7] g A
AE 252 71, A8 F =S 1dEHAT

Table 1= & AgolA ARE3IF ST2F COPS-19]
3l5d 718 recipe©l™, 70°C, 175 rpme] F3 Z713]
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Figure 1. SEM images of polystyrene latices A: 1.0, B:
1.5, D:24, E:2.9% in ST cocentration.
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Figure 2. Conversion versus time curves with change of ST
concentration.

23 =485F
2 AT Y FRItTde SEAREASE
e = Z43FATH18]. e YA

e Aol QAE 2007 ol Aol FHFUAA

(D) TFFTFUAE (D), UABEEZPSD)E =43t
SATH18,24]

Al 2 EAlE BEE = gel permeation chromatog-
raphy (GPC, S-3010 System)& ©]-83}% tetrahydrofuran
(THF) £A 3sloll =439 2w, differential refrac-
tometer detectorS %3, 25°C, 0.1 ml/min®] ZZolA]

APttt TE2AHTAL 670(Mn 950, 2,830, 9,950,
28,950, 73,550, 204,400)2] polystyrene EFA|E7} A&
= At

At del= 4 1= 22U AE halocarbon/
Isopar-G (1:1.7 vol:vol) &84 3tolA 0.1%= &4t
AlA zeta-sizer (Nano-Z, malvern)S ©]-83l =43t}
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Part 1: Styrene®} COPS-1¢] F-H3a-5% 95

Table 3. Soap-free Emulsion Copolymerization of ST and COPS-I

COPS-I" Dn PSD Mn4 PDI Zeta-Potential  Conductivity =~ Number of 1IZarTicles
(Wt%) (nm) (x 109 (mV) (ms/cm) (> 107

0 428 1.001 2.74 421 -72.1 2.11 0.59

2 241 1.002 1.89 5.64 -121.2 2.65 3.97

4 255 1.005 2.06 5.85 -107.1 2.75 341

6 265 1.005 2.17 5.43 -85.2 2.89 3.10

8 295 1.009 2.38 5.13 -77.4 2.94 2.31

Polymerization condition : ST 2.9%, KPS 3.3%*, 70°C,175 rpm for 6 hrs, "Based on styrene monomer weight

Figure 3. SEM images of poly[ST-co-(COPS-1)] latices A :
0, B:2, C:4, E:8 in COPS-I (%).

ge 2o HEE SAL 22k FHT & £F
el 2 A conductivity meter (PH/Cond 720, WTW
series, Inolab)ZS ©]&3le] 3 A48 ZFZF o) ghe ~o)
3l 2ol A S8kt

&2 g 20 f{E] o] 2 5(T,)= DSC (TAQ-10,
TA Instruments, 10 °C/min)E ©]-&3}] 0~200°C ¥
oA ZFA3tAth

3. 241 4 nE

Ml

31. ST &N sz &

Figure 13} Table 2= ST ©HAY HTEZ 1%°1A4
2.9 wt%7bA 2A-ste A zg gEs dAke] SEMA}
A7 APAHE 7212 BoEn B AT {35
S mE A WAl YE 99% oo AL GrAE
o] e xmPart AZEHATY. Yo R ST o
Aol gtFol Z7hstel weh SE|AYAE T - B
Bapere zbzh 165904 428 nmE, 135 x 10%lA]
2.74 x 10'2 =718kt
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Figure 4. Conversion versus time curves for change of
COPS-I concentration.

U SREE+ ST SEFAlY Ty vk g 3A
Bo]=d|(Figure 2), °l=
T TELANFY et AF

2 Q8] Y= Zolt17].
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32 COPS| 7|5 tiEHls=el Fet

Table 32 ST TFAY FFES 29 wi%=E 1A
%5 7154 gEA9l COPS-I9 BEE 0~8%7HAl %
st w333 Ao dHE BoFrh

Figure 32 COPS-19] %% wW3lo] w2 e
AAE2] SEM AR O & 241 ~428 nme] YAAHYS
7H A RS UER ST

T84 GEAIQl COPS-I= 4 FAbol]l Zolgle
ST ©FA|el AHolE gz ae] F¢s Fal sulfo-
nate”]7} =13} surface-active =] M7} AAFHTE o]
E P aHEL JAAEZNIA AT F HAAZ &
T3t Hol Fe At YA A (precusor) &
ek $019,23] ol& ATFAIES Il 2 kA
AR AT A dA G SAE vkt o] FEA|
AT JAMEL FHoRRE ST WA At
Oz-s Fawon JAARS Pt AUAE
o] FRo|EQHAL YA AT AAFE A+,
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Table 4. Soap-free Emulsion Copolymerization with Change of KPS Concentration

KPS Dn PSD Mn4 PDI Zeta-Potential ~ Conductivity =~ Number of 1I;articles
(Wt%) (nm) (x 107 (mV) (ms/cm) x 107

1.7 550 1.003 242 6.97 -77.4 2.04 0.34

33 241 1.002 1.89 5.64 -121.2 2.65 397

5.8 260 1.005 1.95 5.46 -99.1 3.55 3.16

6.7 302 1.009 2.19 5.24 -85.4 3.71 2.02

Polymerization condition : ST 2.9%, COPS 2%, 70°C, 175 rpm for 6 hrs

|_|50|]n|n

Figure 5. SEM images of poly[ST-co-(COPS-I)] latices with
change of KPS concentration A:1.7, B:3.3, C:58, D:
6.7%.

COPS-I1Z A ZHE= sulfonate ©] 23 WAIAEZRE 2
= AYolE o]29] A7 wbhdEHoe| ]Ag)
2%2] COPS-1 7|5 ATHFA ] F7t= <F 6.78912] ¢
2422 F7ket Bl FA% 4R 74428 nm
— 241 mm)E oISt ol FE&A4 TEEA
COPS-17} g0l EA8t= Aulo|E gz} vt
o Bt e gPad oz A4 A A%
A& £=5 5g7] w&o|tH19,23,24]. ©1F COPS-I
TEE 4~-8%= F7Ol met YAELS oAl 255
nmol Al 294 nm7}A] F7FeFATE ol dt AL o]
A kA9l COPS-19] =57} 2713t wet d7] A
EEE2 FdHe FHPUURY olAETF SR
A2 kA Aslel tlEo] YAzEe] 3 Fel| <
Ao Z AZAATHI0]. THEEE F YA Foll 4
S o Ao F7F b e COPS-I 2%2] %
&5t 7P w23, ol% YA} ¢ il wet F
&5 A 743 tH(Table 33} Figure 4).
drirow  fIFgelAle EAHFHR FTHEEE
AAbre wlEg Tt deEA do2s) 28y 2 A

oX oo
e gt
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—b— kps 59

—%— kp=s 5.8%
—a—kps B.7%

Converndon(i)

] 1m 200 am 400 Sm (1]

Figure 6. Conversion versus time curves for change of KPS
concentration.
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Table 5. Soap-free Emulsion Copolymerization with Change of Polymerization Temperature

Temperature Dn M, Zeta-Potential Number of Particles
Sample C) (nm) PSD x 1 04) PDI (mV) 1 014)

A 65 509 1.002 2.46 6.37 -74.2 0.43

B 70 255 1.005 2.38 5.37 -107.1 3.41

C 75 233 1.004 1.84 5.35 -118.6 4.52

D 80 195 1.005 1.81 5.38 -122.6 7.66

Polymerization condition : ST 2.9%, COPS 4%, KPS 3.3%*, 70°C,175 rpm for 6 hrs, "Based on the styrene monomer weight

10 F

wl —a—B5°C

—a—T0°C

—h— TEC

&0 | —»—80°C

Figure 7. SEM images of poly[ST-co-(COPS-I)] latices with
change of temperature A : 65, B:70, C:75, D:80(°C).

Stoll w2l 550 nmollAl 241 nmZz 7FAE 3, KPS<
Tt 6.7%E SV el wel 302 nmE A= F71s)
Ak AMAA F=E7F 1.7~33%=2 S71sel wel 2ot
22 AdolE gtZe] QA3 FFHoE HT
2o 2P ALY g o YRS AT
o] KPSe| §Hgol F7Hgel wel FFHY R o]
7t F7kskH YA S 3Fo R Qg YA
S7HE ZHA2H(10,17]. & ATelM e FREEE A
Agt dAbeel HlEste Frtetg e e it
o] BAFE JAA nigste] F71sk thFigure 6
I} Table 4).

e »9] AebA = KPS| Fxste] wel -77.4~
-1212 mVE WHsshH, YAEAH(YAAE)ol AErA S
of Z2FFE FAL IS BAEH

34, 20| Hsk
Figure 7%} Table 5& 27t Sd259 IFS ¢
olR 7] A& FFLEE 65°Col A 80°C7FA| ZH 3}
Az 229 SEMAR T APANE HoFE,
dutH oz FFLE7F SUHE wet dAAT B
g HAGgS HolW, FTEEEE IR

= — -1
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Figure 8. Conversion versus time curves for change of pol-
ymerization temperatures.

(Figure 8). T{2E7F F7Hetell meh st A
g7t Sokske B w@e aejar] A4 w6
< o YA AR =3 A dA SUHR
A FHEES] T7HE 7HH 2025,
FTHLESVI mEE FAF] das AR
A2 QIR AR QAU GEFA s gaavte
Heo] Afstt e gudAgAEEe) StR <
3 AR daw AT 5 9l

gej o) Aels SEHLEE SUMEl w9
Paaaz QIg 44 &9z ke sl 742
mVelA -122.6 mVE F7}8H5T

N

35. DVB 7|0 s=o| sk

Figure 99} Table 62 7} A|Ql DVB2| §&Fo] d&t
S Polr7] 9t 0~10%7HA F-ste] A =3 2
89| SEM ARl APARE RoFETh

B AFoA A= ZtaetE 2= 0~10% DVB &
ZHYAA 25 FEo] whial gtEl2vF A 2E S
DVB &%7} 0~5%7HA F7FetaA dAe] =7+
265 nmoll Al 195 nmZ 743 & ¥-$-%7] DVB
Tt A7 JAR Aol A gk FEFE v HS YEh
Atk F¥=7] DVBY F7l= YA H8d ¢

Adolo] =ddte el A4S FIT Aoy
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Table 6. Soap-free Emulsion Copolymerization with Change of DVB Concentrations

Number of Particles T

DVB’ Dn PSD Zeta-Potential P g

(Wt%) (nm) (mV) (< 10" (K)
0 265 1.005 -85.2 2.99 375.1
2.5 237 1.009 -72.4 431 381.7
5 195 1.008 -72.6 7.91 389.8
7.5 248 1.004 -54.2 3.94 3954
10 254 1.005 -34.4 3.73 3979

Polymerization condition : ST 2.9%, COPS-1 6%, "Based on the styrene monomer, 70°C, 175 rpm for 6hrs,

‘ S00 nm
Figure 9. SEM images of poly[ST-co-(COPS-I)] latices with
change of DVB concentration A:0, C:5, D:7.5, E: 10.0%.

ol gl8] WHgAe] FRE DVB FEo| Z7h= WE
ARE Ul el AAHsE 2emrie] o Fket

°]% DVBO| ko] 7.5~10%7HA 7kt t
o 7R Ak dS3te] S 2 sudgom <l
AAbeel Aok o] PAdel 195 nmellA 254
nmZ A2} F7HsFHATH26].

THEES WAl wEsk] SUHe Hold
(Figure 10), 5% DVB ¥ 3tellA 7 & SH&E=
5 Yehigith Ztateaa iAo fe ol 25 (Ty
+ DVBO §reFo] F7ishel]l wheb 3751 KellAl 3979
K7HA 718kt

ghel o] AEtd = DVB =7 S7Fgel whet
-85.2 mVellA -344 mV7HA] Z4skgith o= DVBY
Zell w2k Rl A o] 24 287191 sulfonate”]
=0 dARE F Qg A4t

48 E

ohgk £ SKST, COPS-I, KPS, DVB| §%

=9 d)lAl STe}k CoPS-19] F3hEs

1m F
—&— DVE 0%
F- S —&— DVE 2.5%
—— DWE 5%
—¥—DVE 7.5%
—#—DVE 10%
P wl
g “r
L+
. .
o L L L L L
o = 1m 150 am 250 3m
Time(min)

Figure 10. Conversion versus time curves for change of
DVB concentration.

e Pt FEol= FAA Alzol AR 165~
550 nm ¥ Hele] DAL gEl =g Azt

1) ST @A F=2 FH1~2.9 wt%): ST o]
S7Fgel w2t S adAg S EAe] Skt
THEEE ST =7t S7Hsl w2l skt

2) COPS-I 7154 GFA F59 FH0~8 wt%):
2%9] COPS-I19] F7h= o 67919 Ao S7het
U] HaE YeERh 4~8%E 7l whet
Fgutl e ol wrt Frtste YA Zrst
A THEEE T WA ol dFE For, 2%
COPS-I &% 3tollA 7HE &2 THEEE Uehil
on A YAAC Hl#Est STkt =3
COPS-19] % S7ol a2 AAA Y Zaes YA
ZHH F7to & AHAAE e AT

3) KPS 7/NAIAl s=9 FH(1.7~67 wit%): e
o] YA KPSe| kol 1.7~33%=2 F7Hetel wh
2t Hoh B2 o] dAY AHSZ 550 nmollA 241
nmZ a3 F, KPS o] 6.7%= F7Hgl o
2t oledEe] VIR AT AAME FF el o
302 nmm=z Az F7HEIAT SREEE AT 94
ol mlFste] Srisislon Spe iAo A
< AAA e BldEste] STk

4) THEE] GI65°C~80°C): YutH o= FF
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<57b bl wel dAAES EAEE dad
HolH, FREEE SR Aeddle F
7b Skl met AR AR /I A &
72 2742 mVellAl 122.6 mVE 71T

5) DVB 7hA| 559 9FH0~10%): A=3 7ha
el = BE 739 @ A gEst Al xS
ik-5-27] DVB7FaAl 9] Hrk= Aol At g
Fe AN FHEEE AT HldEste] S8k
Tt DVBO| &&o] S7ietel wel 7taaEatel e
Aol F7I8FATH375.1 K — 3979 K). el
o] Aetd9E DVB w57t F7Hetel| web 248k
TH-85.2 mV — -34.4 mV).

B ATolAM Alxd gt YA d2AE 150
~550 nm®] YAF S dEhdol wet FF B &
off &80l 7T Zo=E J|thdt

#@A 2

AT+ AXNFAR 2A49H 71/ 5 &

Ay A Az271S A FRo|lE FAA BEA

AN gk 32 W5 AFH|(HAHS : 10041221) =

TRl olo TAE =YL
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