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Recyclable Polymeric Composite with High Thermal Conductivity

Haeun Shin™***, Chae Bin Kim****, Seokhoon Ahp*, Doohun Kim*,
Jong Kuk Lim**, Munju Goh™****'

ABSTRACT: To address tremendous needs for developing efficiently heat dissipating material with lightweights, a new
class of polymer possessing recyclable and malleable characteristics was synthesized for incorporating model functional
hexagonal boron nitride (h-BN) filler. A good interfacial affinity between the polymer matrix and the filler along with
shear force generated upon manufacturing the composite yielded the final product bearing highly aligned filler via
simple hot pressing method. For this reason, the composite exhibited a high thermal conductivity of 13.8 W/mK.
Moreover, it was possible to recover the h-BN from the composite without physical/chemical denaturation of the filler
by chemically depolymerizing the matrix, thus the recovered filler can be re-used in the future. We believe this
polymer could be beneficial as matrix for incorporating many other functional fillers, thus they may find applications
in various polymeric composite related fields.
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Fig. 1. A schematic describing the polycondensation between
PDA and formaldehyde. Reproduced from ref. 29 with
permission from Elsevier
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Fig. 2. ATR-FTIR spectra for the synthesized PHT synthesis.
Reproduced from ref. 29 with permission from Elsevier
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Fig. 3. Dynamic mechanical analysis (DMA) performed on the

PHT up to 150°C at a rate of 3°C/min with a 1 Hz load fre-

quency in air atmosphere. Reproduced from ref. 29 with
permission from Elsevier
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Fig. 4. Photographs demonstrating that the PHT is processable:
(a) the disk shaped PHT sample prepared by pressing the
PHT at 120°C and 5 MPa for 30 min in the corresponding
mold, (b) the PHT broken into smaller pieces, and (c) re-
molded PHT sample by pressing the broken PHT pieces
at 120°C, 5 MPa for 30 min in the mold. Reproduced from
ref. 29 with permission from Elsevier
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Fig. 5. (a) Thermal conductivity of the h-BN-PHT composites at
various h-BN loadings. Model prediction made using
Nielson equation was given in the same plot (dashed
black line). (b) Measured values for radial (K, blue x) and
axial (K , red square) thermal conductivities of the h-BN-
PHT composites at various h-BN loadings. Error bars on
both figures indicate standard deviations calculated from
three measurements. Reproduced from ref. 29 with per-
mission from Elsevier
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Fig. 6. Degree of filler alignment estimated by anisotropy in
thermal conductivity as a function of the h-BN loading.
Red dotted line corresponds to the perfect h-BN orienta-
tion in radial direction of the composite. Reproduced
from ref. 29 with permission from Elsevier
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Fig. 7. Thermal IR images of the h-BN-PHT composites at vari-
ous h-BN filler loadings monitored while they were
heated at 90°C. Temperature measured at the center of
the sample is also given in each image. Reproduced from
ref. 29 with permission from Elsevier
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Fig. 8. The PHT matrix was depolymerized by immersing the
neat matrix (top row) or the composite (bottom row) into
the acidic aqueous solution (pH = 2) at room tempera-
ture for 1 day. The h-BN was separated by filtering the
solution, which the filtered h-BN was thoroughly washed
with DI water and acetone followed by vacuum drying.
Reproduced from ref. 29 with permission from Elsevier

Table 1. Estimated elemental compositions of the recycled and
reference h-BN based on the XPS spectra shown in Fig.
9(b). Reproduced from ref. 29 with permission from

Elsevier

Reference h-BN Recycled h-BN
Bls 42.81% 41.74%
Nls 40.74% 40.65%
Cls 13.38% 13.20%
Ols 2.97% 4.41%
Sum 100% 100%
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Fig. 9. (a) Raman spectra comparison between the reference h-
BN and the recycled h-BN from the h-BN-PHT composite.
Quality evaluation was made by comparing the full
width at half maximum of the Raman spectra. Spectra
were normalized by the maximum peak intensity at
1364 cm™' of each spectrum. (b) XPS spectra of the recy-
cled and reference h-BN. They were normalized by the
maximum N1s peak intensity of each scan. Reproduced
from ref. 29 with permission from Elsevier
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