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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.

Keywords: organic—inorganic hybrid, baroplastic, core—shell, silica nanoparticle, modulus.
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7] IR T oVdHA REE EuA Hgolv S F)
o] AES WAl FARE 7R AR E 088 A T B e
2L kY B ol 7180] Zhssithe B3 7T YL
ol # Mayes 159 a7olMe E5553A 9 Fo{-2 |
o) v ARRE] F32 o)FoJA polystyrene/poly (butyl acrylate)
(PS/PBA) =& polystyrene/poly (2—ethylhexyl acrylate) (PS/
P2EHA) AlolA 9578k 4225 T)7F840] 92 Rusigict !
TS AR2ojlA] &A1 ¥ (compression molding) 2.2 9HE0]A A
el &dAF7E 7S AUk SdAIR} 9475 180 MPal
e 7HE Ao wasigek ulEhd, PS/PBA £-& PS/P2EHA
AE o188 75 Sdol S-5EE IRAE HHATIA] S 4
20X hERle g 7Hg0] Vst ARE 7 ¢ A Bk

£ AFeE 1A 7121 Fo]-A vhegixke] V3ol A
GAle] kel sl S AAEa, R vhesiAke] a7 9
EARERO) 71414 4 viXlE 93 Breisict w3k A o
7HAdo] 87 PS/PBA 370)—4 vhxgiRtel V=719 Azt
JAE s, feEvto R TRl ZhEst f7]-57] siol g
EARE AZsIgion At A 7Hd T B0 vlxe 9%
A1) FAIE e 2 7oA Rk T @Al EAE F
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o FAES FAAE ARRSe] aEARe) At vheiAt -S4l
HAETE FEsisick Fodo g 7kt 35te] 34 B3 A
7 Szt ERIEEE BRI, AReld dERke s JEst
ol ZEFHY moldE & F Yk EF 13.0 wte2] Azt
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MZ. DFFAQ styrene, n—butyl acrylate (BA) &= AldrichAF]
£E 99%2) & AHgsislem S84 aluminum oxide (Aldrich)
Aol TIAA FEEAAE AAsISE AAE/dAlk= AldrichAk
9] tetradecyltrimethylammonium bromide (TTAB, 99%) ¢}
sodium dodecy! sulfate (SDS, 99%) & AF3153T) 7WAAl= Aldrich
A}e] 2,2'—azobis (2—methylpropionamidine) dihydrochloride
(V50, 97%)E “8AlIRM0] ARt A7k vhegizk= AldrichAt
2] LUDOX HS—40(&8+ 9*}=17} : 20 nm, pH : 9.8, surface
area : ~220 m%/g, 25 C, density : 1.3 g/cm®)& TF13}3 AAIY
o] ARSIt TP B 3AF FRGTE AMESle] JAEG O
W JAE ] Z2 FHEA A& 9 o9 (95%)
7 NagCOsE AAIglo] ARSI

DEA Y. Zo|-4A T84 ek Mayes 180A £@
o bt o2 Sgsiglon diEARl I thedt 2k |
A Ad 494 TTAB =2 SDS 3 g2 140 mL9) 33} S5l
=21 Uk BA(22 @) & HH3] 7hsle 30%37 wiksisict o)d
ATNAFE EYsle] ] B2 RESEuol] EAllshs AE AA
3k thEo = 65 T2 239 ol bathell ¥H71E 92 714
22 308 wyk F 0.05 g2 V502 3819 F3hike-& FHAIE)

=g, A3278 63, 20089
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ook <k 6AIRE T styrene(25 @) ¥ AMAEAA 3 g0% FE F
HA ogAaS 99 2o A o7 Fujsle] whev]d] =Ytk
olm, 74 BEE 2310 0.4 g/ming] FUE EEF styrene T
B} EERE 2T 10AR1) F71841 wkgAlzlo]
g 5, Y oEA odae B vEeS Fle] JAEUS
o SHFE AR310] 33) o A oR A # AF 2804
3UFet AZ3IC

Alg|7} LieQxte) Balg. Augt YeidAts Edlgehs this]
Q) HhHe o3} 2t} SDSE AAEIAIR ARl Tl B
F0]- A 78A} o WA 50 mL(a#A+ 8.3 g) ol LUDOX HS—40
2.3 mL(A37} 0.9 @& £95le] 587F mlsisict ko2 4
7t ez A7k A} ol AE NayCOs ¢o] Holle &
Fo/rEre ) 4ol EhEo] FAEH oA HigkE 9 FFHTE A
3le] 38 ol Aget the HxH A

EM Tl Y F0] Y Fol-A 1A}t oA I} A=
particle size analyzer (PSA, Malvern Instrument, Nano—Z2S) &
E3l0] 2AE)glom Fo]-42] ZAdH|x= CDClz Sallol =<1 A
% 'H nuclear magnetic resonance (*H NMR, Bruker DPX, 300
MHz) & E3lo] AR}t m8x1e] BRERE tetrahydrofurane
(THF)S &2 3§ gel permeation chromatography (GPC,
JASCO HPLC 2000 series) & AMg310] 73130tk olw, PSE &
FAER 8o 40 T2 A9, 1 mL/min] F50% 78t
Aok Al AAY) =4S #El7] 913l thermogravimetric
analyzer (TGA, Perkin—Elmer, 7}84% : 10 C/min, Nz %71
9} Fourier transform infrared spectroscopy (FT—IR, JASCO,
480 plus) 7F ARg=IITE Aa)gt qirte] Edgde] wE W2
olslr] Y381e] field emission scanning electron microscope
(FE—-SEM, Carl Zeiss Co., LEO 1530) ¥41-2 AX]sl3ict &3t
278 2o 89 3EAI3S mounting press{(13.8 MPa, 2000
ps) & ARg3lo] A3 o AEE 5 1 mm, & 1 em, 2°] 10
em® T57] 93 EFv)EeE AR moldE ARESISITE 4E7F
9 mEA Ao B8l B2 ultraviolet/visible spectrometer
(UV/VIS, Perkin—Elmer, Lambda 35) & %3] 4=tk &
3t 7R} AJH) 7|A1E EAL universal testing machine (UTM,
LLOYD Instrument Ltd.) 2 ©]-&3}%] S4=qIch ¢ = L A
A0 242 ASTM D 6389 we} crosshead speedE 10
mm/min®.2 3o AR BE2] 74L& 5X1 cm, A 1 mm
2 A8 QFAIEL- 570 ol el Al e vHREA FHE
o FAgkE FHsIch

dn I EE

T4 QIRIe| EHY. Fo-A hesiAle] P BASM B30}
B vk g 2 2 7 A9EAE S g £ ok
@A) Figure 1l VA 2319 Bat A1) 717F 320l 5101
Az AN S & ek ol A WAl e
PBA 310} o] el 5 Wi AR styrenee] FX=o] Al
=g 1A Fe] AP A YA D17 SR el
o ) 0] QIRelA] moj-Az 27Ph F7H ), Bl B
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Figure 1. Effect of surfactant weight ratio on the particle size of
core and core—shell nanoparticles. (@) TTAB and (b) SDS system.
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ok 3.8 wt% 9] ABBYAS AT A
#ellx] 0], Fol-Ae] k) 69, 90 nm 719} AR dofd bk
A ARGAA Q) ks Z7IATIE A A7 AR o Fhast
o] ok 11 wi%<] Z7eA 2z} 48, 64 nm7t Do & & Qlek
ol A 11 wt%E AvpuXx ekskel=t] 30, F0]~4o] 7}
ZF 49, 65 nm(13.8 wi%), 50, 66 nm(16.6 wt%) FA] ¥ o4
2 wgh= glgich 39, Figure 1(b) 9] SDSE ARSEH A8 dss
B TTABASC 7H4Z0] tha A v]5=3 gk} #a-S
oF 4= glek. o]g} - AuE o)gsirh Halef whet 2] A
AEAAS AT 4 slch 53] doopde) AEdAe 3 F
A S ST AARA Rl Holgls B8] 7] ol &
2ol ABAA =YL Tt oulE Adua & 5 gtk
RIR7HY PBA/PSS| TP S4. kel ARdw) sol-4 9
9 W5 HArgslar AHEFS HAagE 5 e AEER9
Hol= A4 p3Ee] Ay oF 11~13 wt%E A o]
¢} o] ZAAle] g e AP Fale] B T o A
S /X 3ol-4A e PAEem 1 ATE Table 19
Qokslith Fol-Al oAke] =71+ 64 nmelA 90 nm7A 24
glon) BREke 680 kg/mololld 1150 kg/mol71A) theksiA] &
Fakw Y= AoF GPCHEA @t FH%) 3, PBAS PSS9
AEel ke TH-NMRE: 3ie] ARkEglon ot $hde] =9
A ok v AuF o s EARRE RIS Y zol-4 At
o] A& 72 13.8 MPas] shEE 7Isle] 7 glom ol
o8 CS—1 Aliel gt 7k WFe] AR Figure 200 VRIS
t}. Table 1¢] viEPA 21249 CS—1 A8+ PSE 55 wi%, PBAE
45 wi% st gk weld dwbAQl Briadd AsEA e
317] geiME PSe] 7,81 100 C oPde) 58 71dsof sk 8f
Ak MZefla] wHd x|t PBA/PS Ale ¢l 7S w, Arde] =

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

“Measured by particle size analyzer. “Calculated by GPC relative
to PS standard. “Calulated by "H—NMR in CDCls.

Polymer (Korea), Vol. 32, No. 6, 2008
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ASE 71t 34898 7 ok 1 A9 25 ToNE dEvke
2 7F5o) 7Feet A A AMEolth £ AFME Hxd
TS EFEe PBA/PS Foi-4 Yi3ixl7} 13.8 MPa®] &t
g3} 519 7lg2AS Folo] dddt mold2 7HeEe 44 ¢ 5
k. w3 AlHo) 1 mme] FAE AXHYTH= AL uelEHE £
P57t s S7PEReS A 5= Utk Figure 30 ¢5A8&
Ead ol AR Qs E2AAAE VeERgle 2] &
e gt stress—strain AES isi] BAISI AR
2] 79 ApEe]| me} 2ol UARE IHIE 100~200%2] 3 B
oFT &S & vk w3 2] eEE kel gk 7187)
2HE BAGE ARkt 29 CS—3 A5 A9 7 2 69 MPa
o] A3E VeI o= AR 717t 7R ZhomiA Eajol
7 27] il Yl Ao wivkec) w3k vssh BAlsks
7 CS—29] 7%l Yehd 67 MPa2) AxERe, Adst A3
o] o] B3| QUAte] A7)t EREgo] @Al o & 4FF
< F= 0= AT 4 Qlrk oA mEAR) JA1H B 2
o] A QS WAl AR} AxshE oA ¢zt
& TRAE] Aol adE ALEE nsht. E8 CS-13%

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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BIHYH A" dxsta ok & Rk mRAke) 7t
2F8A3e T AR ARelM dofvhs @z YA Aot
ATE Ae] wde] Svtety, 27 oE wgE 4 s HA &
3 yox)7] mro e wkd) $HE, 0] YR8} 7
2o Bk 7hd CS-5 Al B¢ 713 v edART 81l
Holon o Aol At vheyAE EdEdshs 7142 AN
a3tk

of2{7iaN DERIR} MajFlel Sl0|EE|E. gAY T71d
Agj7h= F10)—4 1A} B 7haet Ediol 28l Al B
= 4 ok st Aedy) EHo] Si-0 Na'ol& 0% ¢H3}E o]
7| wiEel AlmEgAL] Aee] Felgd Bt ot & Areld
AREE A gAdAlel e ol/de] TTAB 2 Sol24d9) SDS7}
et WA olAe] TTABZ T8 1wt ofdde] Sl
o) Aepe £ A9 A4 g ez Jaf AAER] o]
449 5 Qitk B3| Aole—golerte] Ax71H AEg sl
2 g0 FHE A5 & Qo oA Bl=vtE & 3
Zoln] AA B ATE0) WPFo|h £ APelME AR
AA71A Q7] FFS AAT el BA B A5 =
ARl 18] SDSE Sk §AE SoleAd et kg 2]
24 A5t A EREIT) o9 2 X0 SDSE AR
A hojz CS-5 ¢} Azt ez ks EdEsgion 4 5 ¢
o} 9 7}x) A|§Z Table 2o JeRSIcE #312 Si—0 Alg= ¥t
Bo| B CS-5F n|ghch Foj—A EA; WAL wehgolA
S o2 AR s A vheizks gkl 5= 540
Ak webd, 2 AFolME NaCOs ol Holols S75/HlehE
o] grj) EFES Az on AHHOZ 89~92%] B TE
& 8§48 5 Udek w3, Figure 490 Yebd XY oA Alg
o TGA £%< 53 AAZ B9 Hepls APdsiich 1
A3 500 T2 BT EABH: 7718 H2vhs 42A0% &
Qlg 4= 9Jglom 7 kS Table 20 ERIITE &, #x Whell A
7k Ag)zte] ako] 5, 10, 30 wi% Sl 3% 242k 5.7, 13, 45.6 wt%
Z Sol7l 9182 st Si—39) A% whe o= At
o) WolX|wA] TR} FHo] A o® AT vro 2 Wtk
S, AAAZ AN S0 E9Ee] Fust 288 58 g ¢
A& Aolok. &3l Ayt A B8 Si-1, Si—2, Si—3 AlEY
Zbao} Si—0 Bt B 2R gD, o) At o
2 Yol S B F9 gl golgls ARGAAL] Falel
<& et Aeela & 4 Qitk 53] Si-3 A B¢ 7 2

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

Feed weight(g) Observed  Yield
Samples 5 er S0, (wi%)®_ SO (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 0.9300) 13.0 89
Si—0 8.3 3.60(30) 45.6 92

“Based on total polymer and silica weight. "Measured by TGA in air.
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= Aolu}, Figure 6ol A 9 AFxfge Fafo] Lo Si—0
a2 A7t 13 wi% iWEM U= Si—2 AlA2] SEMARES: Ve
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Figure 4. TGA thermograms of polymer nanoparticles blended .

with silica (Si—1, Si—2, Si—3). In N3 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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7} A} BAYY £ slelne]s ARE 25 Teld 13.8
MPag] ¢lglo 7 58 2o} 91&sigi o] 1 A= Figure 791 YL
Uiglth ®A4 Al EAIEHA] @ 7121 Si—0(a) AlRelr=

oA 52l Anjs} o] AiE e Fe 7] 1 mme] mold7}
dogrk. Figure 8o Ve UV/VIS BA1d3 datd o' 7ia)g
A ool sho] dojA4E Enimrt Zrkete] 700 nm FH
9 FM ASIN 40% el BE BedFn vk SRk, 5.7
wt%2] A7} BdgEe] i Si-1b) AlRe A%, ke

(@) (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, (¢} Si—2, 13.0 wt% silica, and
(d) Si—3, 45.6 wt% silica.

Transmittance(%)

T T T T T B T
200 300 400 500 600 700 80O 900
Wavelength(nm)

Figure 8. UV/VIS transmittance spectra before(Si—0) and
after(Si—1, Si—2, Si—3) silica blending.
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2 5% moldg} 37 FRA oz Bt HEE0] Al £4)
Bl Qe ERI1E 5= Utk o] A= UV/VIS SN E diA
U I & Si—1(b) AlES] 73S Al SoldA o=
Si—0@@ A5 ALl Akt o Fale 43S BoiFar QA
g ARER o g FpAgAe] Fgao] TR 98-S A EklE
T 3t} o] 2H2RE At vhsgixiel oA 1Al g
A7t gl HAE w), FA3 Balyl 3 B st BA) st
FPAk= 28 A5 5= 3loH Figure 69 SEM A#2RE 3
At 5= itk 5, P52 Aoy} A= Aviglet v} £34 o,
AT Eatdsh FAks 7H 7FeAdo) ol EE Aol
T IS golo® Qlsl RRA o7 Ayt glap) fEo s EA)
Sk o] St F o= dAgEt olF djdsly| Sleiie A%
WRYE ARGE RN So) aEfEolof & Flo|n] A wE A
So) AL 1 Yk $9, A7} 13.0 wid T4E Si—2(0) oA
<+ Figure 8o Wbl Zixd 2HHEQl 7Aoo 47}
ojFojx AAF R EFBE mold7} PojFAN 25 T, 13.8
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Figure 9., Stress vs strain curves for the core—shell nano—

particles molded at 25 C under 13.8 MPa for 5 min before

(Si—0) and after(Si—1, Si—2, Si—3) silica blending. Inner box

shows the initial elastic response.
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