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PBMA 534 9218 @510tk pHE o83t Aeizijixe meqhdslel gz Heidh wheox] ARggt A
217kl 90% = SFAAR, 10%: PBMA 4] uiitel] $xah= s1og a=fck vhesesd 9738 A9
o] Tt Zlog gaEgjov) ST U FHHFEAFE gAY w5t 1.67 wthE 23RN S8t
B AAE veRiRich MAAIL] B S7)e} Hhg-2e] Adde] ulet Bapke: o2 2le] Al YAEh: FElE 3t
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o s F433ih

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 T 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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713 dxREo] mET A Felgths 578 e ik Zhou
=24 styrene—butyl acrylate® HEAE 817 Si0, 2 HOF 1=
200 nm2] 273e Z¥= AEURE mini—F3EEHO R IEict
Moraes 52° ammonium persulfateZ 7JAAE 3= mini—&
S o] 84lo) montmorillonite S E+F5R= 2F 120 nm2] A7
& 2 B QA eI Luiz—Xavier $:2° gl /A
<} vjol2Ad AMIAIE o83} silica YA PMMA 9AE &
ek Qe Fehe) oF 100 nme) A73& 2 silica/PMMAS] Vi
B3 A2 eI Kim 5 43580 TRt 572 &
2 stearate FHF3E= 75950 nme) AAS Zh= T gl B3
A RS sl )9t Zo] FEERRIcE sk Ak A
732 vl Fa5HA) 9 nm @912] Y-S Zhs RE Pk
ol 2 Akgaitt o)2jdl Y9749 WAIE FEa] 91510 Noda 5-2°
F3El vlo)2 AHEIA} A BRERS Sz W7t
3] AmAES ZA A polysilane §1AH] WS 2 pm7HA] &
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w3k 9k Kim 2% montmorillonite E AEj# &2 vdriela
dejlo|Eg} HekEip o g Adslo] 40 um7HA 1S AR
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t} Kim 527 PVAE QAR k= P o2 1-10 pme] ¢
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2 58 4 g5l #3 %}J = slr] QJsle] pHE 492
z 17’%‘!‘@;\1 RS 328 A3} pH 7-8 Alole]]
EM A o AR 98Isict oleldt pHe ‘aﬂﬁlﬂﬂ w}v
e Al ) ek QA9 H1A #8 9 dAs 94
5 7He Ay s Ao s Algdn

SIS 1 L2 kettle #3710l =34 150 mL, & 450 mLE
AMgsle] Rafulg 1/32 37438130ck AR AIBNS] F5E o
FEo] koM 1.5 g{1.0 wt%/L 93D S FEpdon Ay
3l ePgAIRl 25 Ak 3.0 2(0.67 wt%/L Hy0) oA
11.4 g(2.55 wit%/L H:0)7F S7 7184 A8E Arlaisict vk
L gl whE kel WstE wlehe AEE A9

UE 134 75 T2 A8ska $3e-& A%sisick
ko g QPgAl= wksEiAlel Bl disled 0.1 wt% ol&le
/\Pb-b’}-: Ao oA Yok desshihsold il kgl
AREE AR oM ] FERR FEA] F2 BT Slow o
AR} Figure 1)+ sPIAE wksullAlo] disle] 1.0 wt%
Agslel BAE ZalRgHet g o] E(PBMA) YAk B
AL Sl HelFhel & BolFa vk £ Al ojg} ¢
o] PBMA §1#19] 3twel] f)xjehk= At FdAle] vk AlE] ¢
alo] 5% BAHHF) £9% o|gsle] ARe A=siiich 2 A%
Figure 1) oM & & S uie} 2ol At AlAE 9xe) 24
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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 1000y BM02): (a) 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 T:
PBMA particles before cleaning with a 5% HF solution; (¢)
bottom line after 400 C: PBMA particles after cleaning with a
5% HF solution.

itk FHHoR HAlR AREE Aelrke] Al AEE HEH
o Helal7] flsje] 5% HF $4.02 AXsY] 452] PBMA <
Aol 3] d=e=4 (TGA, thermogravimetric analysis)
& NS 1 A% 5% HF 402 Aah] At Ad 39
PBMA <2k= 7k} 0.998 wt% (Figure 2(b) 560 T 715 %
0.268 wt% (Figure 2(c), 1% 0.27 wt%) &} H2lFHE E3teta
Qth= ARES #R1E 4= ISt o374, Figure 2(b) <] 0.998
wtfe= A& 2] PBMA §JRk] 749 HAIZ A3 Hejzhe) <
(1.0 wt%) 3 712] X5k ek A2 $<] PBMA 944k 735
0.27 wt%2A Ael7i= 5% HF $9& ARk 739 3R] A3
o] &15] o]FRR] kS-S & 4= Qlrk TGAS 2FH0.27 wt%)
L oz} Al i3k gho]2 2 PBMA A 19 A7le] ok 3
Habd PBMA Y&kl uitel] gl& Ax B2 Auj7te] & At
g 4= k= 7Fgslell EDSE ARsIgien, 1 A% 330l 017
wt% 2] ABFPt AEHL Z, PBMA 7] UlF-ol= 0.10 wi%
o] APt BAFIL S-S & ¢ YUtk o|2RE, HAE ARG
2523 AYFEE 10022 sk A9 3/ 29 902 d8sdt
Hh30) QBgAR, Umx] 102 25738 FRsh 2 iE #Y
B Aoz FgPch vepA, APl {58 ERlsp] S5l &
AR (TEM) 02 ds #aesith(Figure 3). PBMA §
A1) 739 w2 fE|Hol g Q13le] Hale gsle] ¢zfe] o]
HYEEA 2jZe) Mo e & 4= YUtk Figure 36K & 5 3l
o] PBMA A uitel] $xjsh= Aeivhe $41%t Fele whos
geEglon 1738 0.5 um Figure 3(a)) 2 thE PBMA- $iAk2] 4
© 27 0.2, 0.25, 0.4 umFigure 3(b) 2 BRI )9} o)
PBMA 1A Ule] Aalgle] s el wet oikte) Aol viet
U= 7oz BEElch olglA Ak viell € deivke 30
o] o] Foix|x| ¢k 4gke] A} RE FAH M o)2jdt Eardd
EANE R Qlelo] 4579 AEFtE FIAIR she AesgelA 1
3loix= PBMA A1) 9742 & FH49 Wl J=irs Vet
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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.

oFgAlS] BE Z71= Pl HEE FTTMA TAbE T
T oAl giake] AEE AAaAy|RE IRk S A
th &4 AErlE QPIAIE AN SR deEilelr $49% PBMA
QJte] 7A-¢- Aelrte) Frrh ukeaAR) Eofl tisled 1.0 wi% (Figure
4(2)) 8+ 1.67 wt% Figure 4 (b)) vlwdt Z-¢ <FgAY o) 57}
A 227 et A 2 94759 A A TR ¢
ok 254 AeFlE AR A3 BMAS] dEEd ikl
Tkt QPR QA9 SRS o7IEtaL o= sl FgAl
o] Fgo) Aslapra YRpEo] SRR o] AT A o8 7
Ak st PBMAY S w2 feldolex® Qlslo] Hhg2ke!
75°Colx] ARke] ebgAde] AtslEA QA 3R FoR T
Bas AR 7R QIRkeo) QA sl Tl e
7102 WAtk (Figure 4).

AR FEZ FTlsole 2 SAF vie) wekAlel digt 7 A2
Hl= Aglo] Q1T wlbk PRl Ft Bl g vAA &
S 7o)t} Table 104 Bi= ulg} o] QHAe] o] Eof ujsi]
0.67°14 1.0 wit%el 012717k 485 2 SFd-BARRE 72 v
223} 7k JERNA QtH(Table 1: BMO1 ¥ BM02). 12y, ]Fd
A2] ofo] B thale] 1.0 wt% s 23310 1.67 wi%ell o] =HA
BRRE S EAge] A9 25%, FHETEAR] BY- 22% 5
742 VeERITH Table 1: BMO3). )23t A2 <A1 557}
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A a8} Bk AARKSe) Folahs AR HEAt A
stabe e Aol Asect ofele Aok a4 dapls o

Az sz BelElle] deEd wkgel] wEe 29 9l Ray &

TUEL WL R

Mandalel 9gle] Bu® B uhe-g
Agopu]= k) WS- Anje) k- WA}a}t} WREAI gl
ADEE T251E Ao Ve A9) ok whE wksA o w3}
7F 2R QitHFigure 5). W2 24)%to 5.0}

754 100%2] W8S VR feldolxe
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g} Zrk & Al 274 Azl 5 88130 mYg) o8
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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): (@) 1.0 wt%
silica relative to the water BM02); (b) 1.67 wt% silica relative to
the water (BMO03).

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

D Stabilizer  Ratio Y; M, My
(& (wt%) (0) {g/mol)  {(g/mol)
BMO1 3.0 Q.67 24.6 124500 332600
BMO2 45 1.00 24.7 117900 331800
BMO3 7.5 1.67 24.6 148900 404400
BMO4 115 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
wit%; @ 1.00 wit%: 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 AYBN as an Initiator

e Ratio P M, My
D Tnitiator (&) (wi%) (C)  (g/mob)  (g/mob

BM11 0.15 0.1 - - -
BM12 0.38 0.25 28.0 279000 - 688200
BM13 0.76 0.5 27.3 185100 533700
BMOZ 1.5 1.0 247 117900 331800
BM14 3.0 2.0 24.1 94900 220800
BM15 45 3.0 23.8 65900 156700

Conversion(%)

Time(h)

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 76 C:
WO wi% @ 0.25 wt%; a 0.5 wt%; ¥ 1.0 wi%; € 2.0 wt%;
(O 3.0 wt% with respect to the monomer.
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o}, o) SRR U FHRTEAS BT U A4S vk
PBMAS frejlolese iAol vi7ksh #alshe Aoz g3
Hek ANAY F57F 3.0 Wi 3 -(FHE A= 156700
g/mol) 23.8 CE B o} /MAAS] F5710.25 wi%) 3%
(T EAF=688200 g/mol) Feldo|l &% 28.0 TS ek
St Table 2).
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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(T) T7z(C)  M(g/mol) M, {(g/mol)
BM21 65 294 221400 664200
BMO2 75 24.7 117900 331800
BMZ22 85 24.4 72000 172700
100 - — .
,«’wnd——’/
80-
9
T s0-
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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: B 65 T, ¢ 75 T; ¥ 85 TC.
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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  CBwt%) CB(g)  Conversion (%) T(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: W 0 wt%; @ 1.0
wt%, & 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: (@) 3.0 wt% carbon black (BM32);
(b) 7.0 wt% carbon black (BM34).
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