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Abstract: Polymer nanoparticles with cross-linked core and PBA/PS double-shell were synthesized and their baroplastic
properties were characterized. PBA/PS, the inner and outer shell with cross-linked core consisting of St and DVB were
synthesized by three-stage emulsion polymerization. The obtained materials exhibited pressure-induced mixing of their
components and could be processed at 25 °C by compression molding which means there was no effect of the presence
of cross-linked core. Interestingly, the Young’s modulus of molded objects has found to be affected strongly by the size
of double-shell nanoparticles. Furthermore, the molded object of higher PBA content was successfully recycled 5 times
at 25°C and showed 0.55 MPa of modulus and 1.81 MPa of strength at break.
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Scheme 1. Preparation procedures for synthesis of core/PBA/PS
double shell nanoparticles and baroplastic process at room temper-
ature.
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Figure 1. Particle size analysis after formation of core, core/PBA
and core/PBA/PS.
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Figure 2. SEM photographs of DS-1 sample dried in emulsion state
(a); after dissolved in THF (b).
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Table 1. Molecular Characteristics of Core/PBA/PS Double Shell Nanoparticles

Feed Observed
Sample TTAB Core/PBA/PS PBA/PS* Size’ (nm) M.W. (kg/mol)
(Wt%) (Wt%) (Wt%) (core/PBA/PS) (PBA/PS)
DS-1 16 13/31/40 43/57 26/36/51 129/435
DS-1 4 14/36/46 35/65 51/77/90 303/217
DS-3 3 14/40/43 45/55 98/110/125 363/268
DS-4 1 14/37/48 37/63 106/133/156 295/278
DS-5 2 12/46/40 55/45 35/48/55 410/375

“Soluble part calculated by 'H NMR. *Measured by particle size analyzer. “Calculated by GPC using PS standards.
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Figure 3. Photographs of dried core/PBA/PS double shell and their
compressed specimens processed at 25°C under 13.8 MPa for
5 min: (a) DS-1; (b) DS-2.
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Figure 4. DSC thermograms of core/PBA/PS double shell nano-
particles processed at 25 °C under 13.8 MPa for 5 min.
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Figure 5. Stress vs. strain curves for the core/PBA/PS double shell
nanoparticles processed at 25 °C under 13.8 MPa for 5 min.

Table 2. Mechanical Properties of Core/PBA/PS Double Shell
Baroplastics Processed at 25 °C

Young's modulus  Strength at break Strain
Sample

(MPa) (MPa) (%)
DS-1 74.08 5.38 21
DS-1 67.35 632 31
DS-3 12.04 3.18 87
DS-4 8.53 221 59
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Figure 6. DSC thermograms of DS-5 sample processed until 5
times using compress mold at 25°C.
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Figure 7. Stress vs. strain curves for DS-5 sample repeated process
at 25 °C under 13.8 MPa for 5 min.
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