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Abstract: Suspension polymerization with hydrophobic silica as a stabilizer and AIBN as an initiator
was conducted to synthesize PBMA particles and PBMA composite particles containing carbon black.
Surface modification of silica particles by controlling pH revealed that 90% of them functioned as
stabilizer and 10% were incorporated into PBMA particles. While stabilizer concentration had no
impact on reaction kinetics and particle diameter, an increase in stabilizer concentration displayed an
increase in molecular weights when it exceeded 1.67 wt%. An increase in initiator concentration and
reaction temperature decreased molecular weights in close agreement with the theoretical equation.
An increase in carbon black concentration from 1 to 7 wt%, relative to the monomer, showed a
progressive decrease in reaction conversion. As carbon black was increased from 3 to 5 wt%, glass
transition showed a 4 C increase. The presence of carbon black was confirmed by TEM while its
concentration was measured by TGA.

Keywords: hydrophobic silica, suspension polymerization, carbon black, poly (butyl methacrylate), polymer
composite particles.
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7FeFA dxkso] wEal A wEldiths 5735 YRR Itk Zhou
=2t styrene—butyl acrylateS WEEZ 31 Si0.2 o=z 3=
200 nme] AE Zh= PEUAE mini—F8lEdR o ® st
Moraes 5-2° ammonium persulfate® 7WAAZ 1= mini—++
FEIHL 0]4519) montmorilloniteE 3-35R= oF 120 nm2] 27
& Zh= B3H) QA4S 9813l Luiz—Xavier 5-2° Qol 7iAA]
9} Hjol2Ad AAGAAE o1831e] silica AFF PMMA ks &
el Q= FEl9] ©F 100 nme] A4S Zh= silica/PMMAS] e
B3| QA1Z eI Kim 587 #3k5ho % takst 79 &
% stearateE FHToR= 76—950 nm2| A73E Zh= ZelAHH 59
A A ) ole} o] fslEdRlo® ek dAke] A
72 el Al 79 nm ©919 78S 2 REE dshe
o] F=2 ARgSIT) oefdt §1739) dlE S $18led Noda S
fraledtel vlol AR JAS) Age] HEMERS Sz 17t
3lo] AW A ES Zol|M polysilane AR 1788 2 um7A]
7 ZACE
W] 734 Eo] obd &uikE WA= AdEiskar o] Hkgw
A7} dEAlE galsht 1A ks JAATE He BHoE dith
Paine& ekt F70] Y5128 o] 43t A 0 2 o]5e] &7
9} E3hofl wE} 3t 2 umelA] 8.3 pmol] 012= F2 YEFAE TS
Uehihi= Ze)Eldl 9712 39819tk Shen 520 mighe-g gojl=
HEHE T |ES AR k= SAsHS o]8slo] ddA]
9] & W IRAAS] Fiell whet vlw A 18 S ke RE 7
438191, Takahashi 5" THARE QFgAlR Aedsla E2<l/He)
=2 WA R k1L 2—hydroxyethyl methacrylateS WA=
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TE YRR YRk ol Thssitkal Basiglty AR
SHehs B3 RS d4deP] $18k0] Bourgeat—Lami 52"
2ERS DAE ke kel Ak 947o] 450 nméd o
Hagh spte] APl AP RrdElE Ao® B asiglnt ol ot
7P Si(OCoHs) 48] 735 Zhe A7t A B0 sk kst
= olgslo] AEj7te] 48T Frol] wheh B B3t Ak
7o) 42 nmelA 4.8 pm7EA] ®isksi, Azt ke 27171 200
= ek vl ZRIAE 53 7Pt = APSS
FHE9ICE Han 5-21 PMMA AFS 107 31 silicaS AR 3}
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E o] #AkEEo 2 sdslo] 425—625 nme) 23S 2= RE
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AeEdHeME BS AR sl -84 52 13 <Al
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TENE o181l borate?] §= & F810] 1-10 pme] PE&
Zk= 21479 poly (vinyl acetate) & ARE TS = Sickar RSl
o} Kim 5-&° PVAZS oPgAlZ sk 53402 1-10 um?) ¢
7% Z8= TIO/PMMA 9415 Sd8igick Yeum 5271 QUlds <t
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ME. SFAZ ARS-st Fauelade o] E(BMA) 2 7iAAIR]
azobisisobutyronitrile (AIBN) = =418} AlFolt). A= Ae sk
A8]7R= Degussarte] 24 A€2] dimethyldichlorosilane€!
Aerosil R9725 AREsI ) 78212 Mitsubishi ChemicalAF
o] MA77 Al%-0= 9472 23 nme]™ BET ¥4 130 m7g°]
o SR A8 Alxsl] ARSIt
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ol "] fAs Haslellty AAvas fslste] Aldei]
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T lgleh A4 WgEAE siels) SIste] pHE 240

2 RS WSS B A3 pH 7-8 Al WSS by
S ABSHOr] AR 355k oleft pHel st mhe

Z3hkeo] Aaldo] WMl ekgA|e] A7A FET) sk A
5 2t Ay s 2 0E Al

Z3ME20 1 L9 kettle ¥-37]e] @] 150 mL, & 450 mL=
ARl Banlg 1/3% 185kith 7IAAIQ] AIBNS] EE=
ol HkSollA 1.5 g(1.0 wtw/L W) & EFho= A
a3ltk QPdAIRl 2579 Ael7h= 3.0 2(0.67 wt%/L Hy0) oA
11.4 g(2.55 wt%/L H0) 714 Z7pA718A 28-S AxE) vt
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AASRAL 9= A FaL Qlek 2 Arelrds ole) 7
o] PBMA $4#e] 3 HXBFE Aef7E Pl whe Al 9
st 5% SAHHE) 84S o83l AlRE Alwsigleh 1 dv)
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Figure 1. SEM photographs of poly (butyl methacrylate) particles
after suspension polymerization for 6 h with 1.0 wt% hydrophobic
silica as a stabilizer and 1.0 wt% AIBN as an initiator at 75 C
(X 1000) (BM02): (2) PBMA particles before cleaning; (b) PBMA
particles after cleaning with 5 wt% HF solution.
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Figure 2. TGA thermograms: (a) top line after 400 C: PBMA
composite particles containing 5 wt% carbon black (BM33) after
cleaning with a 5% HF solution; (b) middle line after 400 C:
PBMA particles before cleaning with a 5% HF solution; (c)
bottom line after 400 C: PBMA particles after cleaning with a
5% HF solution.

ATk FHHO R QPIAR ARESH Alejrke] AlFe) s A
o7 gekslr] 18te] 5% HF S0 % AlFeh] 115-2] PBMA ¢
Zlol] th3}o] B==7 (TGA, thermogravimetric analysis)
S AABIITE 1 A 5% HF 07 Adslr] du Aast o
PBMA 9xR= 7+7} 0.998 wt% (Figure 2(b) 560 T 7|5 4
0.268 wt% (Figure 2(c), ©]3 0.27 wt%) 2| Agj7l= 3kl
QTR= ARALS 3leldt 5= Qlgit}. of7]ollA, Figure 2(b) 9] 0.998
wt% AF 7] PBMA {IA] 79 ePgAI= ARgst Aejzke] ok
(1.0 wt%) 2+ AL dAslar ek A2 $-2] PBMA J#ke] %5
0.27 wt%zA Hel7h= 5% HF 84S ARSH= 79 3012 AlF
o] 2k3] o] Fo XA AokSS & = Utk TGAS] A7H0.27 wt%)
= QI Aol 3t glol =& PBMA §JAF 339 Aejzte] ok 3t
g5l PBMA JAkS] el Ql& A= B2t AEgte] g Akt
& = Qlth= 7Fg3lell EDSE Ak om, 1 A} efA 0.17
wt%2] A7t AEEICE =, PBMA AR] Uiielli= 0.10 wt%
o] APt EAlEkL Sl & ek o]25E, QPR AREgH
279 ARPPFE 10022 she 79 TiEe] 27} 902 dekadt
HkSo] ePgAIR, YA 102 2743S FX8R QA Uitz 7]
H Aoz FFHE oA, At f5-5 2RIsk] flsk] F
AR (TEM) o2 s #2519tk Figure 3). PBMA ¢
AL} 749 S e Holie® QIslo] aplef] ofsle] qIxke] moo]
HPEHA 9] Ho] seffls o 4= Qlrk Figure 304 & & 9l
o] PBMA i uiffell $IxsR= Aezhs -$3dst Jel= v o=
FelElom 2732 0.5 um (Figure 3(a)) 2 UhE PBMA 17k 74
< A7 0.2, 0.25, 0.4 umFigure 3(b)) & ¥2AEIT) 0]9} 7o)
PBMA 17} o] Aelzte] sz el wet eizke] #jo)5 e}
U= Zox wEgin oA Ak dlell frde ek mad
o] o] FoA|A] 9k Al Aej7h YAk FYEH o] Byt
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Figure 3. TEM images of PBMA particles prepared by suspension
polymerization for 6 h with hydrophobic silica as a stabilizer and
AIBN as an initiator at 75 C(BMO02) after cleaning with a 5% HF
solution: (a) small particle; (b) large particle.
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o} 2] Ak PIAE AMgshs dEEgelA /9% PBMA
AAFE] A5 AeFte] w57t REEHiAR] el tiste] 1.0 wt% (Figure
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shEA 224749 el A F R dAF GA TR o
Ak 274 HEFks PIAIR ARSSHE BMAS] dEEg HEgollA
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o] g8o| Al dAtEe] ek die] st Aow
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A FE sl 2 1Ak vie] WekAlel thgh ZhAIAl]
HIE= WHElo] glar webA QPdRe] Fios Bl 93 vAA] &
< Zlo|t}. Table 164 Xz ulel o] A2 ool =0l vt
0.67¢14 1.0 wt%el| o127 17FA] 53t 2 S aaAbgS A2 1]
528k 7S YER A o (Table 1: BMO1 % BM02). 124}, o4
A2 efol =oll thste] 1.0 wt% s Z33te] 1.67 wt%oll o] =HA
BRI FHAEAS] 3 25%, THETEARFS] 49 22% &
7Fe YERAICH(Table 1@ BMO3). ol&$t 3k FdA12] 5=}
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Az ek ZE)ElRe] kst wigolx vhket 49 W Ray @
Mandalel® ©J3}o] ¥ BARESE W8-S o] g3lo] FAJe Zejo}
FHop|= gJzte] vk Ael vl fAlekE WEgARe] e v
A3E-S Tl A} RESPA|Q] ofof e k& o= W)
7} BEEA ekt Figure 5). WS 211710] A3t Sojl= RE
Zd9-elM 100%2] REASHES UERAGITE frefdolee Al
9] F1E H3H0.67-2.55 wt%) ol Qs Al STl AL 73t
sk

NAL] sl w947 2 BRI Wsks Table 2014 Hi= v}
g} P 2 Aol A5 Aire] W 32 (130 mYg) 0%
Qlate] JIAIAIS] G55 ASHAA T e THA R Qlete] Al
Ao] FE2 ek giske] 0.1 wt%elld 3.0 wt% 7 F7H17]
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Figure 4. SEM photographs of poly (butyl methacrylate) particles
by suspension polymerization for 6 h with hydrophobic silica as a
stabilizer and AIBN as an initiator at 75 C(x300): (a) 1.0 wt%
silica relative to the water BM02); (b) 1.67 wt% silica relative to
the water (BM03).

Table 1. Effect of Stabilizer Concentration on Glass Transition and
Molecular Weight of PBMA Particles prepared by Suspension Poly-
merization at 75 C with Hydrophobic Silica as a Stabilizer and 1.0
wt% AIBN as an Initiator

D Stabilizer ~ Ratio Ty M, My
(g) (Wt%) (T) (g/mol)  (g/mol)
BMO1 3.0 0.67 24.6 124500 332600
BMO02 4.5 1.00 24.7 117900 331800
BMO3 7.5 1.67 24.6 148900 404400
BM04 11.5 2.55 24.9 150400 400300
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Figure 5. Conversion against reaction time for varying sta—
bilizer concentrations in a suspension polymerization of butyl
methacrylate with 1.0 wt% AIBN as an initiator at 75 C: Il 0.67
wt%; @ 1.00 wt%; A 1.67 wt%; ¥ 2.55 wt% with respect to
the water.

Table 2. Effect of Initiator Concentration on Glass Transition and
Molecular Weight in a Suspension Polymerization of Butyl meth-
acrylate at 75 C with 1.0 wt% Hydrophobic Silica as a Stabilizer
and AIBN as an Initiator

. Ratio Tq M, My
D Initalor @ ) (0 (@mod  (g/mod)
BM11 0.15 0.1 - - -
BM12 0.38 0.25 28.0 279000 688200
BM13 0.76 0.5 27.3 185100 533700
BMO2 1.5 1.0 24.7 117900 331800
BM14 3.0 2.0 24.1 94900 220800
BM15 4.5 3.0 23.8 65900 156700
100 - - - - x
r
80+ ry A
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S g
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Figure 6. Conversion against reaction time for varying initiator
concentrations in a suspension polymerization of butyl meth—
acrylate with 1.0 wt% hydrophobic silica as a stabilizer at 75 C:
M 0.1 wt%; @ 0.25 wt%; A 0.5 wt%; ¥ 1.0 wt%; 4 2.0 wt%;
O 3.0 wt% with respect to the monomer.
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Aol diste] 0.1 wt%

9l 4% WAL 621710 kg - oF 309 BEEZLon
A BT 5 Gk Al FES Al tsel 025

(s}

Wi%E S7HAIZ 7 RES2 6AIE 5 60%¢] o]2R o YrIE
3l 4= QIeltH(Figure 6). 257 A7t QAR she E2la
Bl FeRelo] nlwsle] PBMAE 543 7RAA] 550l 100%
O] M-gAZEC] Edsh= ARle] WEESITE 30 Tollxie] BMAS)
ky Nig 3:0.0693) of] tigt ~Ej1] &, Nk 3% (0.016)S vlwst 7
9 ok 4uj9] HJolZ UehlS & 5= Yk’ BARS FAWRS-0] o
FHEIE A5 TAE e ER Bkl A3AR1 v
ot AtellA] ARESE A P ol 8% dEEEel
A 39% PBMA §1AFe] 7 PBMAS] FAlgo] PSE] Hajekol
Hjte] 2uljellA] Sl Y= AR AN FE7F vESe) v
e G 2 Hagge] weoa AL FEne 1/2
ol Whleleh= ZA3ks Ve o223 719 UARE HolFgl
t} ol FHFEAR W SHHFEARF BF 58 TS vt
PBMAZ2] fre|dolemts WAl mzdslA Welshz oz a2
HJck 7AAL] F5E7F 3.0 wt%sl (T EAE=156700
g/mol) 23.8 CZ TAF o} AL 557} 0.25 wt%R] 785
GHETEAF=688200 g/mol) Heldol2wE 28.0 TS Ve
WAcH(Table 2).

FEURS-2 0] Wzl mE WA TE Table 3¢ Lok}t
WS 29 vlES 1/3& Ao TiAARE BE whgollA
el 150 mLel] tiste] 1.5 g(1.0 wt%/L ==8A), A= &
450 mLoll thato] 4.5 g(1.0 wt%/L Hx0)& A8t Al 57

Table 3. Effect of Reaction Temperature on Glass Transition and
Molecular Weight in a Suspension Polymerization of Butyl Methacryl-
ate with 1.0 wt% Hydrophobic Silica as a Stabilizer and 1.0 wt%
AIBN as an Initiator

ID  Temperature(C) 7,(C) M, (g/mol) M, (g/mol)
BM21 65 29.4 221400 664200
BMO2 75 24.7 117900 331800
BM22 85 24.4 72000 172700
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Figure 7. Conversion against reaction time in a suspension poly—
merization of butyl methacrylate with 1.0 wt% hydrophobic silica
as a stabilizer and 1.0 wt% AIBN as an initiator at varying reaction
temperatures: l 65 C; ¢ 75 C; ¥ 85 C.
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Table 4. Effect of Carbon Black on Reaction Conversion and Glass
Transition of PBMA Particles Prepared by Suspension Polymeri-
zation with 1.0 wt% Hydrophobic Silica as a Stabilizer and 1.0 wt%
AIBN as an Initiator at 75 C

ID CB(wt%) CB(g) Conversion (%) 7:(C)
BM31 1 1.5 77 23.9
BM32 3 4.5 59 23.8
BM33 5 7.5 54 28.0
BM34 7 15 51 28.1
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Figure 8. Conversion against reaction time for varying carbon
black concentrations in a suspension polymerization of butyl
methacrylate with 1.0 wt% hydrophobic silica as a stabilizer
and 3.0 wt% AIBN as an initiator at 75 C: l 0 wt%; @ 1.0
wt%, A 3.0 wt%, ¥ 5.0 wt% and € 7.0 wt% with respect
to the monomer.



Figure 9. TEM images of PBMA particles containing 5 wt%
carbon black prepared by suspension polymerization of butyl
methacrylate with 1.0 wt% hydrophobic silica as a stabilizer
and 1.0 wt% AIBN as an initiator at 75 C after cleaning with a
5% HF solution.
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Figure 10. SEM photographs of PBMA particles filled with varying
concentrations of carbon black by suspension polymerization
with 1.0 wt% hydrophobic silica as a stabilizer and 1.0 wt%
AIBN as an initiator at 75 ‘C: (a) 3.0 wt% carbon black (BM32);
(b) 7.0 wWt% carbon black (BM34).
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