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Abstract: PBA/PS core—shell polymer nanoparticles were synthesized by two stage emulsion poly—
merization and hybridized with silica nanoparticle by simple mixing in emulsion state and following
precipitation into water/methanol mixture dissolving NasCOs. The stress—strain curve revealed that

the elastic modulus was increased with increasing molecular weight of polymer and silica weight

fraction but decreased with increasing size of core—shell nanoparticle. Especially, there was a rapid

increase of elastic modulus with silica blending. As a result, 6 times higher elastic modulus was observed
in PBA/PS core—shell baroplastic sample processed at 25 C under 13.8 MPa for 5 min by blending

with 13.0 wt% of silica nanoparticle.
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7k IRARE T oV 55 &uiA BB 54% FH
O] AREE WAl HANE 719 S 018 A T Kk s
2EOME G E=Rg o} 7hgo] Thssiths 5 7L 9
th #H Mayes 159 dA7olMe £S5 9 3014 )
9 Y ARt 2 =E o]F0)7 polystyrene/poly (butyl acrylate)
(PS/PBA) &2 polystyrene/poly (2—ethylhexyl acrylate) (PS/
P2EHA) Aol 98 3225 C)7FsAd0] e Baslgiek
3k AkoA eFAlE (compression molding) & TFE0]R A
He] AL 715 A7k RAAIRT 978 180 MPas]
We 7P slow Basilek !t webs, PS/PBA 22 PS/P2EHA
AL o8 A ol S8R IRAE MEATIA ¢ A
204 giERko R 7hgo] 7hsst AlEE T 4 A Frk

B AFeME 1A 71EARQD Fol— A Ak FXdelA AW
DAL el el APS A, 9 vk 7] W
FApgo] 71A1A el niRlE FE Frsiivh B1gh AR o
7hardo] "]l PS/PBA Fo—A vhedtel] Yie=71¢] A7t
ARFE Eddsle, ERko g 7igo] 7kt f7]1-57] slolHE]
EARE Alxsiion A7t A 733 300 mixlE 9%
< BRIt FAA o E Fol- A VeSiRke - dAlg] oldd =
e Sl FlESleH, Aejgt ke ARkl ke E ol
Aol 7R dT B3 NayCOs ¢lo] S[soRlE S-/mleEe] &
] ERES JAAE ARESle] 1AL} At vz EAlell
ARAHES FEsisick oo 7hdst 2310 345 Fal A
7h edZpE BEES ERIsIG T, AelA gEvte® vhast
o ASFH] moldE ¥= 5 ATk &3 13.0 wt% o] Hej7t

B PR H71-57] Spolnel= Ageld 64 obd TR W
FE BT A9k
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MZ. G=AIQ] styrene, n—butyl acrylate (BA)+= Aldrich ]
TE 99%°] A& AREEICH F9kl aluminum oxide (Aldrich)
Ao THAA FEEAAE A A dAl= AldrichAk
9] tetradecyltrimethylammonium bromide (TTAB, 99%) 2}
sodium dodecyl sulfate (SDS, 99%) & AF-315It). 7 A= Aldrich
ALQ] 2,2'—azobis (2—methylpropionamidine) dihydrochloride
(V50, 97%)= “8I}le] AR&sIiEt Hel7h theixk= AldrichAt
9] LUDOX HS—40C3+ 94A=7] : 20 nm, pH : 9.8, surface
area : ~220 m’/g, 25 C, density : 1.3 g/em”) & 7318to] A=)
o] ARGBIGITE TR AL 33k FRGE AREste] XBESe
v FJAE g 52 A e d (3P 9 e (95%)
7} NagCOsE FAIge] AHE3IITt

TER} g, Fo]—4 182} Lr-Ak= Mayes ZIE<A &3l
o' kst wpH o FHgelglon diEAel IS theat gtk W
A A X4 A191 TTAB =2 SDS 3 g2 140 mL2] 33} S7<rll
=<1 T BA(22 @) & 2143 F7kste] 30w7F wRlsiSic) ol
AA7t~5 Egjste] Sullu] 22 Hhg-Eulel] EAlshs AknE AlA
a3tk tho® 65 CE 2% oil bathell #7115 ¥al F71H]
07 3083 wRE F 0.05 g9 Vh0S =jisl] FeMks-S 7iAls)

20|, 43278 6%, 20089

Ak ok 6AIZE 3, styrene (25 @) 3 AEEIA 3 go® TAE F
WA o BdS $19F 22 Wl o2 Fr|sto] gEg7)oll T]I8k3iTh
oluf, 7}A HEEZ ALE310] 0.4 g/min®] TU3 = styrene T
AT YRS 28330k 10A17Fe] 71421 vESAIZte] 3}
sk 5, $/dE At oldAe ] vekeS Sate] FAEe

e AREBIe] 33] ol IR E AP H X1E 22elA
35t AxsIeIek

Azt LRI S8l A7t vhieixtE Edehs i
Q1 e v 2t SDSE AUEAR ARgste] /o] Ed
Fo]—A 314} o g 50 mL (a4} 8.3 g)ofl LUDOX HS—40
2.3 mL(ZEPPF 0.9 @& EYste] 587 anlelgitt vhos A
7F eSIAPE 7R 2R} oA NagCOs o] Ho8le &
FE7/HERES] Sl £3EC] HAF o Heks 2 SRS AR
stof 33] o AP vk xE]lth

SN "ot 3% 30] W 5014 1A} oA YRF A=
particle size analyzer (PSA, Malvern Instrument, Nano—Z2S) &
Fato] SR on Fol—4le] A= CDCls gHlel] =521 ZJE)
2 'H nuclear magnetic resonance (‘\H NMR, Bruker DPX, 300
MHz) & F3t] AR} Ake] FA- tetrahydrofurane
(THF) & #"]|% 3t gel permeation chromatography (GPC,
JASCO HPLC 2000 series) & AMg3lo] S7a13ct. ofw), PSS 3%
FARR &1910M 40 T2 oA, 1 mL/ming] f50% =743}
Stk A7t gAe =815 #Rl1skr] {3l thermogravimetric
analyzer (TGA, Perkin—Elmer, 7}€4% 1 10 C/min, N #917])
¢} Fourier transform infrared spectroscopy (FT—IR, JASCO,
480 plus) 7+ AFEE T} A7t e EdHe] mE WiiEE
Folslr] 35}] field emission scanning electron microscope
(FE—SEM, Carl Zeiss Co., LEO 1530) #442 AASIAT]E T3t
Azxd B A|29] eEAES mounting press(13.8 MPa, 2000
psh) & AREsI] 8= om AEE 5 1 mm, % 1 cm, 2] 10
cmz R $8l 49 E AldE moldE ARESISITE 457
TE Ex} APHS] 38k B4 ultraviolet/visible spectrometer
(UV/VIS, Perkin—Elmer, Lambda 35) & %3lo] 4=k =
B 1822} Al 71A1E 542 universal testing machine (UTM,
LLOYD Instrument Ltd.)& ©]&at] S 17 4 Al
A& =4S ASTM D 6389 W} crosshead speedE 10
mm/min 8% 3} 0H Al FE2] 114 5% 1 em, 77 1 mm
2 8150 VGRS 571 oPde] Ao wHesiA SAE

om Fgke FHSi
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A7 D-s$} Dz 27} Fo—A3) 0] JAke] 2715 ek
v M, o WM, p= A2 AT Z019] FAEEY U (PBA:
1.07 g/em®, PS: 1.06 g/em®) & ©Ju]git}. ¢S So] PBA 2 PS9
FAREEo] 0.459 0.55% Aoj¥ A3 (Figure 1(a), 3.8 wt%
TTAB) I 69 nme] 510} F3jo] Qojli= 0}—4 JAte] o]
224 271 91 nm=A Figure 19] 27ke) §AkI), mebd, T
WA oA FEL Batel 3ol— o] PYHASL IS F 9
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Figure 1. Effect of surfactant weight ratio on the particle size of
core and core—shell nanoparticles. (a) TTAB and (b) SDS system.
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7} PBA2] 3He]] FREo] Foj—-4S 3 dstal Q7] Whito= A
2 7 ek

3HA, Figure 10l AAEE o) AraZ434(TTAB -2 SDS)
o] A=k HAEZL AR a3t AF GAb A7l viRlE GEks vER
At F g B Skl At 219} o] 3o 4l Foj-4le] §
37 gEo] dAke] A7 S7RES RS 4 glom, Fx wkEo
71 FoJYgARe] A71e] wet HFA1 Foj—-Ae] JAp=717F AP
S & 5 Qdnk m= At QIREe] A7) AAEAAIL] el whet
A G T S BRI Stk A oE oFolAd]l
TTABZ A3 () 9] 75 oF 3.8 wt% o] AHeAdals ARast A
ol 70, Fo]—4lo] 22+ 69, 90 nm 719 AR Lozl vt
A AAAL] ks TTMIZIE IRRe] 277 R o= Fhaet
o] ok 11 wt% 2] ZAM 42t 48, 64 nm7}t FoFS & = Stk
olefdt A 11 wt%s A haA] oksle]=t] F10], F70]—Ao] 7}
7} 49, 65 nm(13.8 wt%), 50, 66 nm(16.6 wt%) 24 ©] oA}t
2 Wsh= g1giek 18, Figure 1(b) &) SDSE ARE3H A3 A7 =S
RBe TTABART} 7h4o] tha FAX|qh H|53k ko] AaES
oF = itk o9} 2 AnE o] gsitha Haof ulel 27dwke] A
HEAIE AAIE = Qlek 53] Foolde] AuddAl= 3 &
AARTEE FE AAGA Gl Holls B8] 7] ujito] F
A o] AREGA =Y 528 v Adrfa & 4= gick

U PBA/PSS| 7IHIE §4. k] A3Aw} F10]-A §ix}
o A7NE FHaslelaA ARES FHasE 4 s AAEdA
HEE A 1322 Adm] oF 11~13 wte= ZA|ST) ©]
o} tiEo] MMAIAS o 28l A Bato] B 7] v #4h
T 7HE Fol-4 R Elen 1 A¥E Table 10
Qoksloict Fol—4 91z A71= 64 nmelA 90 nm7HA] 24
F)lom A} 680 kg/molelA] 1150 kg/mol7kA] thksiA]
3L Qs Zlo® GPCEA Az 1=l w8k PBAS} PS2
ZhAQl GRS TH-NMRE 5dl0] ARktEIglon diits: ddel =9
| oF v Rk o ® EARkS ERIsGItE AE Zo-4 4=k
9] A& 7He/d 13.8 MPal] o= 7hete] 2= glom o
07 CS—1 Aol thet 7 23-2] ARIE Figure 2] YERAA
t}h Table 1o b Y CS—1 A& PSE 55 wi%, PBAZS
45 wt% skl Ik b ANkARl A7k AlsEA 7S
317] i PSe) 7,91 100 T olde] 2% 71dsjof dh). 3}
Ak A ZolA WA PBA/PS Al ¢FeS 7RIS w, AlHo] 5

Table 1. Molecular Characteristics of PBA/PS Core-Shell Nano-
particles

Particle size*  Molecular weight” Composition®

Samples (nm) (kg/mol) (Wt%)
Core/Core—shell Core/Core—shell PBA-PS

CS—-1 69/90 570/690 45/55

CS-2 59/77 810/1000 57/43

CS-3 48/64 500/1150 44/56

CS—4 50/66 210/680 42/58

CS—5 57/73 293/465 35/65

aMeasured by particle size analyzer. “Calculated by GPC relative
to PS standard. “Calulated by 'H=NMR in CDCl;.
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A= 71t 38432 7HAAL ltk 71 A3t 25 CollM e hERke.
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2 7Fgo] 7Fash A 7k Alsolth 2 AdelME 1ixw
IS B3 PBA/PS Zol-A YA} 13.8 MPa2l &
i} 539 7S Folo] 9t mold®E VeEs 9 &
Uk EESE AlEo] 1 mme] FAZ AREGIThs A v T
W7t s SRS BEE 4 Q) Figure 3o 459%8S
S whEeiRl Al w9 AYE eERglen 2]
AJedodof| thgl stress—strain A%< il TASKITE A&
9] 7 Ale] wet Zpoli= AR AR 100~200%2] #he K.
A5 5S4 Sk BEFE 27) wdid gt tigt 7127
ERE] SAEE AR A3} CS-3 AlRS] B9 7K 2 69 MPa
o] A HeRiGIL o= ]Irke] A7 71 Zhomia] ko)
7V =17) wiite] Yeh k= Zow gkt wedh HSsssh Balks
7= CS—29] 7Sl Ueht 67 MPa2] Aafeyte], Audsh 48
o] B ZosH|gk, Ake] ARt EARte] gl o & 99
S FE o7 ST 5 gk 0B AR V|AA EAJo] #
Aol ZA] QJES = AHA) ARAT} AA|sh= Zlo2A et
2 aEAe] Aol R AeEs oujsith E& CS-1%

o

o 0L

Figure 2. Processed sample of CS—1 at 25 C under 13.8 MPa
for 5 min. Upper picture shows original dry powder.
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Figure 3. Stress vs strain curves for the PBA/PS core—shell
nanoparticles molded at 25 C under 13.8 MPa for 5 min. Inner
box shows the initial elastic response.
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CS—49] nlag Fa vj5st Expe] 49 4z 2717 285
= SAIGTE SV AR S e 4 glom o] o e
BuEIE Aapele't elxjslar gtk & ek 1EARe] 719k
8 oAk Al dojulis @do® ]Ixk=Y 7 Aot
A5E A W] T8k, Avpao® vkeek 4= 9l WA &
3 Hlojx)7] wiiEoz whake) dhd, TR dR=19h
22 ARSI CS—5 A& - 7FE v 'AIGTE Bkl
Hlom the AgelA Azt vhiesiAks Edehs 71AE AR
aF3lch

Eyiay mERie Mallel slojHals. Fgepdor Tl
Ael7ie Fo—A A} o i Az kst 3ol oJs)) HA Sl
g = le} et Aeg)gt #wo] Si—0 Na'o]20 2 ¢3}so]
Q7] witol] A A2 Aol F=e]gk H 7} Qi & AellA]
AMEEE A Al ol 4de] TTAB % 2ol/d2] SDS7}
Utk WA oA TTABR e A} ofdzde] gol2A]
o] Aeppke EAgE A4 47714 Q8o Qs zAA1 o)
/92 < Qlk 53] Jole—gol1te] AH]A 1= 243
E& T8 FAE AT 5 vk oAl BErL E 5 ods
ol @A) ¥ 5o XFolr) i AFeiE HHow
AA71A 1) FIE AAS AdelellA EujA] EIEe) aE =
AP Slete] SDSE Falo] /3% S0l At Qirke} o]
24 A7t R etk ol9h 2 B4 0% SDSE ARES
A dojzl CS-5 ¢} A7t vhesizks Bullsielon Hd $
o 2 71X A|ZE Table 200 VERASITE FalZ Si—0 A& vf
o] Bli= CS—-5% oujgit}. 570]—4 31t} o 32 wekgeilx]
R o2 S SN A vheirhs wigkeel] 5= 5A40]
ek Wb, 2 Aol NagCOs o) okl Sia/mleke
9] v ERHES AlxBler Ao 89~92%2 w2 &
S A 5= Uk FE3L Figure 400 UeRd 238 dojzl Az
o] TGA 53L& Fal Az Bagde Hezlse AXleisich 1
A7} 500 T2 a2ol= EAlshs 7715 Ak ddo= 8
18 4= 9191 0m 1 gkS Table 20l VBRI & #Hx ukgo] 4
7¥5k Algl7ke] ool 5, 10, 30 wt%<! 73$- 212t 5.7, 13, 45.6 wt%
2 Sol7} 98-S RIBIGILE Si—39] AS- wAEt o= et
o] oA A aitAte] o] Ao Fhadt whto =yt
s, AR ARgEE g EFES] st 28-S S AT
S Floft, mgh Aejzh At i Si-1, Si-2, Si—3 AlEe
ST Si—0 B} B 2ofM KgE=), o] At 3l
2} ol FE Bo) S 1l ool AEEAIA|2] Ealjol
ofal] vt Avfetar 8 4= itk 53] Si—3 AL e 7 el

o

Table 2. Blending of PBA/PS Baroplastic and Silica Nanoparticles

Samples Feed weight (g) Observed  Yield
Polymer  SiO(wt%)®  SiO”(wt%) (%)
Si—0 6.64 0.00(0) 0.0 97
Si—0 8.3 0.44(5) 5.7 89
Si—0 8.3 0.93(10) 13.0 89
Si—0 8.3 3.60(30) 45.6 92

aBased on total polymer and silica weight. “Measured by TGA in air.
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71 A7t k] EAE FT-IRS BaAE A o= g1
g = 9lom AE Figure 50 LERAITE Aeizte] g3 0
wt%Sl Si—0 AIHOZRE] 456 wt%Sl Si—3A 874 v wa) K.
W Si—0-Si719] AFNES Yehi= 1110 em™' 2 okaiA]wk
Si-0-Si719] w52 vEhli= 800 cm™'9) 54 va7F! A
AH o S7pkE & & Qlrh o1k o] TGA 3L FT-IR®] A}
B2HE Fo-A A} o] gt Ael7h theqirle] Edilgo]
Zhckel £3t ul MElAel A 8-S Falo] AeEdE ¢ USs
SRIBIALE AL 2 AFoflA] gt Aejgt QIRte} st} ofd
A2 Bl s8ta Alo] opd Eej4 E3hos Psgict. u}
2, Sy Aejgke] Ak e uet HE Alme] o] A%
g Zlo|tk Figure 6° F4 2 AZx38E 5310 o™ Si—0
4l A7} 13 wt% 7kEe] 9l Si—2 AlHS] SEMARLS: ek
uiglth, WA (@& 2 JH3E aggregationell 28 7712
e R = 5 AN vlsest 32719 B g RE A=
AFE ] Q= BHS B 4 Qlrk gk, Ay E/EE (b ol
TRk 1719 QiAkEe] EEE s o 4 ], 2717 AR
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Figure 4. TGA thermograms of polymer nanoparticles blended
with silica (Si—1, Si—2, Si—3). In Nz atmosphere.
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Figure 5. FT—IR spectra of before (Si—0) and after (Si—1, Si—2,
Si—3) silica blending.
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Fhckech theCF PBA/PSS] §E7iad ang} 714e| Ale
7} A} BdEE f71-5F7] slolEe|= AEE 25 CellA] 13.8
MPa?] §fel o= 53 <t §h5sigiom 11 AE Figure 701 ek
Uiglct. WA Ayt EAEH ¢ 71491 Si—0@) AlEdAE
kA 1]l Aie} o] A or Fe 74 1 mme] mold7t
Aojxitt. Figure 8 YR UV/VIS #4143} dnkz oz 7A)1%
A Jelln o] dojgE FErt S7Kste] 700 nm 9
o] H2A ARgeIA 40% W9l 7k HofFar Qlek sk 5.7
wt% 2] AElFP EdgEe] gl Si—1(h) AR ¢, Ao

b
&)

Figure 6. SEM photographs of dried polymer nanoparticles
before [(a) Si—0] and after [(b) Si—2] silica blending.

Figure 7. Processed sample (thickness: 1 mm) of core—shell
nanoparticles at 25 C under 13.8 MPa for 5 min: (a) Si—0, no
silica, (b) Si—1, 5.7 wt% silica, (¢c) Si—2, 13.0 wt% silica, and
(d) Si—3, 45.6 wt% silica.
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T T T T T T T
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Figure 8. UV/VIS transmittance spectra before(Si—0) and
after (Si—1, Si—2, Si—3) silica blending.
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T3k molde} $7) FAoR Efdst FRE50] FAlo A
oS I 4 Qltk o] Ayk= UVVIS 4ol % Ay
A ERlE) &, Si-1(b) AR 3¢ HelgPt Eol3A] g
i—0@a) AlESt A9 fAket sbdH Fahw s BTl Q1A
T AR 0 2 TIAPGAL Frke] TR Sles fAl 1
T Atk o] Az Azt vhedAke) Fol-A A vhey
A7t Egkgrfol] FdE u, FUst Bak e Epdst BAF et
GAFER= 718 =3t 4= 9o Figure 62 SEM Ayz4E| &
Q13 4= Qltk &, HES] Aot gl AE)rtel At £3d
g2 o7 Eatdst #ake 7H 7hedo] 9lan, Hesh Fxdadellx
1533k elo® Qlgf B o7 Mg} YAt oz =4
Aol WAIst Ao F L) oE sldsh] HsiME A%
E ARSSE A
. glek A, A7) 13.0 wt% T8 Si—2(c) oA
Figure 8o VR ZX® dubdQl 7x3a gole] S=7}
o|Folx] AAHor BEWI mold7} FolFHAR 25 T, 13.8
MPa?] §Ezzlolx] Z3] 7haslis GE7iavde ofds] e
FaL 9t} £, Figure 62 SEM Aol Asrgkso] Aejzh =t
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Figure 9. Stress vs strain curves for the core—shell nano—
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(Si—0) and after (Si—1, Si—2, Si—3) silica blending. Inner box

shows the initial elastic response.
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