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Abstract — In this study, we investigated a new recycling method of phenol resin, which is widely used to make electric
insulation boards and adhesives, into carbon particles by using supercritical fluids. Because phenol resin is insoluble and
infusible, most of the phenol resin wastes are buried in the ground or incinerated, which leads to environmental pollution.
Therefore, development of a new method to recycle phenol resin waste is an urgent issue. In this study, phenol resin waste
was treated with four sub/supercritical solvents: ethanol, acetone, water, and methanol. For all the sub/supercritical solvents,
the phenol resin wastes were broken down into carbon nano particles at much lower temperatures than that required in
the existing carbon particle manufacturing processes. We investigated the difference of morphologies and physical prop-
erties of recycled carbon particles according to the use of various solvents. As a result, carbon nano particles with the
same amorphous structure were obtained from phenol resin waste with the usage of various sub/supercritical solvents at
much lower temperature.
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Fig. 1. Schematic of a batch reactor for supercritical fluid treat-
ment.

1. Reactor (SUS316) 5. Thermometer

2. Heat jacket 6. Valve
3. Pressure gauge 7. Temperature/Pressure controller
4. Thermometer 8. Computer
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Table 1. EDS and TGA analysis of phenol resins after treated with methanol at various reaction temperatures (methanol: 70 g, phenol resin: 10 g)

. o i EDS TGA

Solvent Reaction Temperature (°C) Reaction Pressure (bar) Mass percent of carbon (%) Residual carbon at 700 °C (%)
Methanol 280 98 73.23 33.80
Methanol 330 139 77.33 52.70
Methanol 380 171 81.50 52.95
Methanol 420 206 78.97 71.70

(2) (b) (©)

(@ (e) ®

Fig. 2. Photographs of phenol resin after treated with various supercritical solvents; (a) raw phenol resin (b) methanol, 280 °C, 147 bar
(c) methanol, 380 °C, 223 bar (d) ethanol, 380 °C, 177 bar (e) acetone, 380 °C, 125 bar (f) water, 380 °C, 219 bar.

Table 2. EDS analysis of phenol resins after treated with various supercritical solvents (solvent: 100 g, phenol resin: 10 g)

Solvent Reaction Temperature (°C) Reaction Pressure (bar) Chemical Mass percent of carbon (%)
C 89.90
Methanol 22
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C 81.05
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C 85.79
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Al 7.3
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Fig. 3. FT-IR patterns curves of phenol resin after treated with
various supercritical solvents at 380 °C; (a) raw phenol resin,
(b) methanol (c) ethanol (d) acetone, (e) water.
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Fig. 4. WAXS patterns curves of phenol resin after treated with
various supercritical solvents; (a) raw phenol resin (b) metha-
nol, 280 °C (c¢) methanol, 380 °C (d) ethanol, 380 °C, (e) ace-
tone, 380 °C (f) water, 380 °C.
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Fig. 5. TGA curves of phenol resin after treated with various super-
critical solvents at 380 °C; (a) raw phenol resin, (b) methanol
(c) ethanol (d) acetone, (e) water.
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Fig. 6. SEM images of phenol resin after treated with various super-
critical solvents; (a) methanol 380 °C, 223 bar (mean particle
size 2.84 pm) (b) ethanol, 380 °C, 177 bar (mean particle size
2.12 um) (c) acetone, 380 °C, 125 bar (mean particle size
1.95 pm) (d) water, 380 °C, 219 bar (mean particle size
2.47 pm).
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