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Abstract Conventional phase change materials (PCMs) are typically composed of pure water combined with super-
absorbent polymers (SAPs), raising concerns regarding environmental sustainability, complex synthesis processes, and
high material costs. In this study, we propose a pulp-water composite as an eco-friendly and cost-effective alternative to
traditional PCMs. Recycled paper pulp (1-5 wt%) was incorporated into water-based PCMs to investigate its effects on
thermal retention and phase transition behavior. The use of pulp offers advantages over SAP-based PCMs, including sim-
pler synthesis, lower production costs, and easier material availability. Thermal and chemical properties were analyzed
using differential scanning calorimetry (DSC), Fourier transform infrared spectroscopy (FT-IR), and data loggers. The
results indicate that a 3 wt% pulp-water mixture extends temperature retention by 70 minutes compared to pure water.
These findings suggest that pulp-enhanced water-based PCMs can serve as a sustainable, biodegradable, and eco-
nomically viable alternative to conventional SAP-based PCMs, providing improved thermal performance while min-

imizing environmental impact.
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Fig. 1. (A) Recycled paper pulp and (B) microscopically mag-
nified recycled paper pulp.
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Table 1. Solution stability of water-pulp mixtures with different composition of 1-5 wt%

Sample S1 S2

First day

After 3 days
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Fig. 2. Temperature measurement using a Data logger.
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Fig. 3. FT-IR spectra of water-pulp mixtures.
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Fig. 5. Temperature-time curves for water, SAP and water-pulp
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Table 2. Latent heat depends on the concentration of recycled paper pulp in water-pulp mixtures

Sample DI Water SAP S1 S2 S3 S4 S5
AH, (J/g) 291.9+1.25 256.3+1.06 321.2+1.4 293.0+1.46 327.6+0.95 302.8+1.32 313.4+1.42
T, (°C) 0 1.04 1.3 1.03 1.17 1.07 1.07

Table 3. Temperature-time for water, SAP and water-pulp mixtures.
Sample DI Water SAP S1 S2 S3 S4 S5
Time (min) 224.9+2.3 258.8+2.4 155.4+2.5 255.5+2.5 305.9+2.9 162.9+2.6 187.7+£2.6
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Table 4. The latent heat of water-pulp mixtures during thermal
cycling

Cycle 1 50 100

AH,, (J/g) 3276 326.6 3258
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