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Preparation and slow-release performance of biomass-based slow-release urea
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Abstract: The existing slow-release urea commonly faces issues such as high production costs and environmental pollution caused by
degradation products, which limit their application in agricultural production. Consequently, developing efficient and cost-effective slow-
release urea with environmentally friendly characteristics is the direction for the development of slow-release fertilizers. Biomass-based
slow-release urea (B-SRU) was prepared by physical mixing, using four biomasses with different growth forms as raw materials. The
differences in slow-release performance of different B-SRU were systematically compared and analyzed. The results show that the slow-
release performance of different B-SRU exhibits significant variations in response to preparation temperatures due to the differences in
structures and compositions of biomass raw materials. With the increase of preparation temperatures, the slow-release performance of
herbaceous B-SRU gradually improves and the urea release rate can be reduced by 33.01%. The slow-release performance of woody
B-SRU shows a gradually decreasing trend, and the slow-release performances of vine and hemp B-SRU show “V” and inverted “V”
patterns in change, respectively. SEM and FTIR characterization results confirm that the binding mechanism between biomass and urea
is mainly a dual action of physical dense wrapping and hydrogen bonding network. The release kinetics analysis shows that the release of
urea from B-SRU is mainly dominated by classical Fick diffusion, and the urea molecules mainly migrate by diffusion through the
physical pores of the biomass matrix.
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Fig. 1 Schematic diagram of preparation process of B-SRU
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Table 1 Components of biomass raw materials
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Fig. 3 Herbaceous (a), woody (b), vine (c) and hemp (d) urea release rates of B-SRU
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Table 2  Fitting parameters for B-SRU release kinetics

Zero-order 157 First-order #5 74

Higuchi 1% Korsmeyer-Peppas 57

B-SRU R k, R k, R k, R ki n
Ba-U-110 0.424 0.519 0.994 0.083 0.789 8.820 0.977 38.301 0.206
St-U-110 0.403 0.591 0.986 0.119 0.770 8.315 0.991 40.554 0.183
Po-U-110 0.291 0.553 0.997 0.121 0.677 8.091 0.986 50.268 0.137
Pi-U-110 0.313 0.599 0.997 0.109 0.699 8.707 0.979 49.845 0.153
Cu-U-110 0.443 0.540 0.984 0.085 0.802 7.512 0.988 32.628 0.205
Lu-U-110 0.434 0.540 0.994 0.080 0.796 7.534 0.976 31.796 0.211
Li-U-110 0.388 0.628 0.995 0.090 0.761 8.898 0.977 42.392 0.188
Ra-U-110 0.357 0.562 0.991 0.108 0.733 8.028 0.989 43.412 0.163
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