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Abstract: Baroplastic poly(butyl acrylate) (PBA)/polystyrene (PS) blends were prepared by mixing PBA and PS emul-
sions synthesized by cationic and anionic surfactant, respectively. Interestingly, the heterocoagulation of nanoparticles
have found to be affected strongly by emulsion concentration but the blends have been prepared with almost same com-
positions regardless of the amount of reactants. Utilizing this method, PBA/PS/Si hybrid nano-blends were prepared suc-
cessfully via electrostatic attraction forces between PBA, PS and silica nanoparticles. The hybrid nano-blend having 2
or 5 wt% of silica was then processed to a semi-transparent film at 25 °C under 13.8 MPa for 10 min, which showed
3.0 MPa of tensile strength and 25 MPa of elastic modulus. Therefore, the heterocoagulation technique can be used for
preparing baroplastics with uniform compositions of polymer and silica nanoparticles.
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H7FdS w3l AeElEo] A= A% 2ol polystyrene-b-
poly(alkyl methacrylate)(PS-b-PAMA) A|E %' 2 polystyrene-
b-poly(butyl acrylate)(PS-b-PBA)2]* E£5-853A|<} poly(butyl
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MI. 282 FAo S = 285 styrene(St), n-butyl
acrylate(BA):= aluminum oxide ZH-& 53}o] GA| 51t}
Fol 2 ol AHEAIA= 2} tetradecyltrimethyl-
ammonium bromide(TTAB)<} sodium dodecyl sulfate(SDS)
24 GAQle] AREstATh LAk e A= 2,20
azobis(2-methylpropionamidine) dihydrochloride®|™, &7~
o Zof ARESIATE EAA ST o)<l ATt =gt
= AldrichAte] LUDOX HS-40(37 4A44=7]: 20 nm, ¥4
A 220 mYg, 25°C WE: 13 glem’)S GAGlo] o] &34
o} 228]a 53] AF8HA @2 Aok B5 AldrichARe]
T 98% oldE ARSI

IEX g R S, odd T HarE o ¢
3 AAjElom, A thE] 10 wt%] TTAB, SDS AW
A E o]&ate] Z47f Yol B FolR 0= FHo| X|gh
H e AE Azt T2 dAE AEH S ol&at
& heterocoagulationS =510 ™, thiE A<l WH-e T3
I o) WA, SDSE FAE 2ol PBA olHd 73¢g
(PBA 7])S 500 mLe] 3%} S/l A ekt =5
TTABZ A|ZE Fol24 PS oAl EAE 22 oz 3|4
SIS Th F oE A2 heterocoagulation PS ol 2 A PBA
NBAE HH3] Ao s PE|Qrt. it EdEo|
gk Ael7ke] =9 BA7A 1€ o]&at] v 2
o] Xlg¥aiict. WA, FHo| Folxo=w X|Shxo] = 4
7} 025 g& &°12% PBA o'¥Fd 225 g(PBA 715)% %
slal, 32 S/ 174 mLE 3|A3Iith of7]d] 2 T%
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95
B4 % ol PS olEA 2.5 g(PS 715)S A3 Hala)
AT 1A7R] F7EE 0] wHkA|7be] Ak §, HdE v

e SHRTE ARt 33] Al EHIoH, X FellA
P,0s EA 3ol 35t Azt

24, A A EHL 33 SR SN0
25°Col A Y =4 7] (particle size analyzer, PSA, Malvern
Instrument, Nano-ZS)g ©]-8-3td Yx=717} S =AUt 3L
2 Bel=o] 248 4827|3322 (*H nuclear
magnetic resonance, 'H NMR, Bruker DPX, 500 MHz)E
ot ALFENen gl CDCLE ARSIt BAbe
AT ZvlE 787 (gel permeation chromatography, GPC,
JASCO HPLC 2000 series)& &3l S =2H, PSS 5+
AEZ AMSISTE G5t 7] (thermogravimetric analyzer,
TGA, Perkin-Elmery= £39E H271e] &= F43517] 9
3 AREE o NEEEE 10 °C/minel™, N, E9712 A
FEA B WiFxe AANE FARAR A
(field emission scanning electron microscope, FE-SEM, Carl
Zeiss, LEO 1530)3%-412 E3lo] &Qlslgith eErtaide
mounting press(13.8 MPa)ol] 7z2¥ 22 €3 =S

W5 Al ¥ 7] (universal  testing machine, UTM, Instron
Instrument 3344R)E AL&-3lo] H7I5IA L AZxE AlE ¥
WS P AT FHolEAS AASAFE Al (differential
scanning calorimetry, DSC, TA Instruments, Q10)E %3l =
AE Ak olnf, 7FEEEE 20 °C/mine] ™, 2=77H -80~
130 °Ce]t}.
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A4 FAE 7 oEAL Table 19 YERAATH 24 A9
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Scheme 1. Preparation procedures for heterocoagulation between
PS, PBA and silica nanoparticles.

Table 1. Sizes and Molecular Weights of Polymer Nanoparticles

Average particle

Polymer Surfactant size(nm)” M,(kg/mol)®
PS1 SDS 72 355
PS2 TTAB 53 257
PBAI TTAB 55 433
PBA2 SDS 65 250

“Measured by particle size analyzer. “Determined by GPC relative to
polystyrene.
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7] oS & & 9ok tRe 2 SDSE % PS1Z TTAB
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S 4S F AU oART dFER YAE 34 A4
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w37, R AeER 29he 739 YAke] Red= Slgvt
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A1 ZdeljellA heterocoagulationS =319 A¥}E Table
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Figure 1. Precipitation yield from blending between PS1 and PBA1
as a function of concentration after stirring for 1 h in H,O.
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Figure 2. Particle size changes during heterocoagulation between
PS1 and PBAI at a controlled concentration of 14.4 mg/mL.
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Table 2. Composition of Polymer Blend Prepared by Heterocoagulation

Feed(g) Composition, PBA/PS(wt%)
Blend system Yield(%)
PBAI PS1 DI water Calculated Observed®
Bl 10.9 7.3 1264 60/40 57/43 76
B2 7.3 7.3 1013 50/50 59/41 91
B3 4.9 7.3 847 40/60 54/46 62
B4 3.1 7.3 722 30/70 53/47 44
BS 1.8 7.3 632 20/80 54/46 29
“Concentration was adjusted to 14.4 mg/mL. *Calculated from 'H NMR.
Table 3. Composition for Hybridization of PBA/PS Blend with Silica
Feed(g) Composition, PBA/PS/Si(wt%)
Blend system Yield(%)
PBA2 PS2 Silica Calculated Observed”
H1 2.50 2.50 0.00 50/50/0 43/57/0 95
H2 2.40 2.50 0.10 48/50/2 49/49/2 93
H3 2.25 2.50 0.25 45/50/5 42/53/5 96
H4 1.50 2.50 1.00 30/50/20 19/57/24 98

“Calculated from 'H NMR and TGA.
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Figure 3. TGA traces of PBA2/PS2/Si hybrid materials in N, atmos-
phere.
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Figure 4. Pictures of polymer blends processed at 25°C under
13.8 MPa for 10 min and cut as dogbone-shaped specimens from
Hl1(a); H2(b); H3(c); H4(d).
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Figure 5. SEM images of dried PBA/PS(a, H1) and processed
hybrid materials from H2(b); H3(c); H4(d).
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Figure 6. DSC thermograms of H3 molded at 25°C under
13.8 MPa for 10 min and TTAB-SDS complex.

Table 4. Mechanical Properties of Polymer Blends

Blend system* Young’s modulus Tensile strength Strain to break

(MPa) (MPa) (%)
H1 134 22 346
H2 13.6 3.1 63.7
H3 25.0 3.0 50.6

“Processed at 25 °C under 13.8 MPa for 10 min.
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ot mEbA o]E AAT F e HEe] A7 Bas) Bl
th tho 2 A7t dAF B9 A5 vk Al o
st 71A1A 43S S4 3k Table 400 I3kt ddti=
A 7P7F EQERA AT B A= G E AT
=, AY7PF 2, Swi% H7FEHEA Q=TT 2.2 MPacllA
3.1 2 3.0 MPaZ 1.4 A= =T AT 13.4 MPa
oA 2z} 13.6% 25.0 MPag2 &% S71sldt), whef AlE)7h
£ F7HCE 9T & Aok S 78 AR 284S
71t ¢ AS Flolth. pAINh B A7) B9l F =
22 71431 PBAS] &S A ¢ o, o= Qlal] ¢
g7t e ofefgo] ddE ). wEbA PBAS] & AL
AA713L AelFkel S0l PSE Effshs A7 28
Zloltt. 4, ¢F7kayd aiEAr ERIE=e] 7A1A 42 ¢
Zpe] Z7], A W PSe] FARIE Soll AA o&Es] W
woll oA e el X B3 A Bulsel Ay H
23}7] o]@ AT, heterocoagulation® 2 | ZH 4EH 7l
IR} BRE M 53 BAITTT AojA|= ReE v
T SRR, Yol M= AFUA T heterocoagulation HHS-

Polymer(Korea), Vol. 36, No. 6, 2012



732 o|43] -

o] 7%, AMEAA7F F Ale] Ao Holle 7

o] 247] wiZel] olell thgk 7i4do] Has) Helr)

ATl = Fol2d Aag gl et °k°]i” Aragd
7<ﬂ§: ol-gste] Fol2A H Yol PBAE- PS) ALEA}
2t S skt BER oS AR Abole] an(j7lz:1] A%
@l heterocoagulations Z13J3le] oHA F% 14.4 mg/mLell
A HY FES A T AT SHEAE AHE Ak
A=eo] HF 24 AREE oEAe] el daglol 973
FHIER o] FolA qlgo] BTt YAkl Age]7] o
of gtel X A7t Fagk 9aR AT AT oY

A= FLFAY] Fol ol Atelol] Age] dof
1/]—7] £ 0 2 34 E T} T3 heterocoagulationS ©]-8-3}]
ol Ael7h edAEs dErtad Aol A7 es

ﬂ; Moo nj

=T A3tk v 24 wi%ed] Ael7kE EF8hs slo]H
g= Edl=e] Ag, F=2]% PBA 71*‘ o] H=07 PSA
o] BrFsalgARt, Ae)7t e 2 32 5 wi%elAE 25 °C,
13.8 MPa, 103-2] 7104 WHFEH Q] :ﬂé_g A 2= k.
58] A77F H7bE A Ak A, el
oF JIGAES] FS #FE F AUTh

=3

ZIAe] 2 o] E=R2o 20109 %
Agle] ApHALel latel APEYE.

!

I
gl
o

il

1. J. A. Mason and L. H. Sperling, Polymer Blends and Composites,
Plenum Press, New York, 1976.

2. M. Chanda and S. K. Roy, Industrial Polymers, Specialty
Polymers, and Their Applications, CRC Press, New York, 2009.

3. M. H. Walters and D. N. Keyte, Trans. Inst. Rubber Ind., 38, 40
(1962).

4. J. E. Curry, in Polymer Blends and Alloys, M. J. Folkes and P. S.
Hope, Editors, Blackie Academic & Professional, Glasgow,
Chapter 2, p 7 (1993).

5. M. Bains, S. T. Balke, D. Reck, and J. Horn, Polym. Eng. Sci., 34,
1260 (1994).

6. D. C. Blackley and R. C. Charnock, J. Inst. Rubber Ind., 7, 60
(1973).

Zay, A3648 A63, 20123

10.

11.

12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

27.
28.

. A. Guyot, K. Landfester, F. J. Schork, and C. Wang, Prog. Polym.

Sei., 32, 1439 (2007).

. H. Keskkula and D. R. Paul, in Rubber Toughened Engineering

Plastics, A. A. Collier, Editor, Chapman & Hall, London,
Chapter 5, p 136 (1994).

. Y. S. Chun, Y. J. Kyung, H. C. Jung, and W. N. Kim, Polymer,

41, 8729 (2000).

F. Khan, K. Czechura, and P. R. Sundararajan, Eur: Polym. J., 42,
2899 (2006).

S. Mawson, S. Kanakia, and K. P. Johnston, Polymer, 38, 2957
(1997).

I. H. Lin, P. F. Liang, and C. S. Tan, J. Supercrit. Fluids, 51, 384
(2010).

D. A. Hajduk, P. Urayama, S. M. Gruner, S. Erramilli, R. A.
Register, K. Brister, and L. J. Fetters, Macromolecules, 28, 7148
(1995).

A. V. Ruzette, P. Banerjee, A. M. Mayes, and T. P. Russell, J.
Chem. Phys., 114, 8205 (2001).

M. Pollard, T. P. Russell, A. V. Ruzette, A. M. Mayes, and Y.
Gallot, Macromolecules, 31, 6493 (1998).

J. Cho and Z. G. Wang, Macromolecules, 39, 4576 (2006).

S. W. Ryu, M. J. Kim, and K. H. Lee, Polymer Science and
Technology, 19, 278 (2008).

D. Y. Ryu, D. J. Lee, J. K. Kim, K. A. Lavery, T. P. Russell, Y.
S. Han, C. H. Lee, and P. Thiyagarajan, Phys. Rev. Lett., 90,
235501 (2003).

D. H. Lee, H. J. Kim, and J. K. Kim, Macromol. Symp., 240, 123
(2006).

H. Ahn, D. Y. Ryu, Y. Kim, K. W. Kwon, J. Lee, and J. Cho,
Macromolecules, 42, 7897 (2009).

J. Cho, K. Shin, K. S. Cho, Y. S. Seo, S. K. Satija, D. Y. Ryu, and
J. K. Kim, Macromolecules, 41, 955 (2008).

J. A. Gonzales-Leon, M. H. Acar, S. W. Ryu, A. V. Ruzette, and
A. M. Mayes, Nature(London), 426, 424 (2003).

J. A. Gonzales-Leon, S. W. Ryu, S. A. Hewlett, S. H. Ibrahim,
and A. M. Mayes, Macromolecules, 38, 8036 (2005).

K. H. Lee and S. W. Ryu, Macromol. Res., 20, 1294 (2012).
M. Okubo, N. Miyachi, and Y. Liu, Colloid Polym. Sci., 269, 125
(1991).

M. Okubo, N. Miyachi, and Y. Liu, Colloid Polym. Sci., 272, 270
(1994).

M. Okubo and Y. Liu, Colloid Surf- 4, 153, 609 (1999).

M. J. Kim, Y. Choi, and S. W. Ryu, Polymer(Korea), 32, 573
(2008).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


