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Abstract

Excessive use of chemical fertilizers leads to environmental degradation, reduced soil fertility, and disruption of the
ecological balance. In addition, mismanagement of chemical fertilizer uses for agricultural production, in addition to
imposing economic costs on farmers, is a serious threat to ecosystems due to environmental pollution. In this regard, the
use of renewable lignocellulosic resources as a substrate for the production of sustainable fertilizers has been considered,
and waste paper, as an abundant and cheap source of lignocellulosic, is a suitable option for the development of smart
and environmentally friendly fertilizers. In the present study, nitrocellulose derived from waste newspapers was used to
synthesize NPK fertilizer. In order to prepare NPK fertilizer, waste paper was treated in a nitric acid reaction mixture and
before the neutralization step, dilute phosphoric acid was added to the medium to provide phosphorus. Then, KOH was
used to neutralize and stabilize the final product for use as fertilizer. Structural and thermal characterization of the product
was carried out using Fourier transform infrared spectroscopy (FT-IR) and thermogravimetric analysis (TGA). Also, the
amount of nitrogen, phosphorus and potassium elements (NPK) in the synthesized fertilizer was measured. The results of
the analyses showed that the modified cellulose structure contained nitrogen, phosphorus and potassium elements and the
successful synthesis of NPK fertilizer based on waste paper was carried out. In addition, the swelling, solubility and
release behavior of nutrients were investigated in the pH range of 2 to 12. The findings showed that the modified samples
in aqueous media showed higher swelling and solubility than the original papers, while the original papers did not show
significant weight loss or solubility. Also, the weight loss and release of NPK elements were higher in alkaline pH than
in acidic environments, which was attributed to the negative charge of the cellulose chains and the increase in electrostatic
repulsion. Overall, the results indicate that cellulosic waste papers can be used as a suitable substrate for the synthesis of
controlled-release NPK fertilizers and provide a sustainable approach to managing paper waste and reducing dependence
on conventional chemical fertilizers.
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09 8l slawsls (2015; Rodrigues Filho et al., 2008
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9 peadne 1L S (Van Pham et al., 2020) o s oo
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s suls st G ol Shmaaid Bas slaguSpn 5
b (Yang et al., 2012; Hosakun et al., 2017) ol
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cuals saasslias € ol saacia oI O-H
Mandal and) aab oo Hlele Sildg,ua
dubs ,u.(Chakrabarty, 2011; Van Pham et al., 2020
saalie VYIYCM™ o (e S S NPK (53218 o <
Hosbess i 5o @l O (Bl (Pld sres S 0l
asdige oy cuws P=O aag plas)
.(Nandiyanto et al., 2019; Hoffmann et al., 1979)
P-OH &S (3lad,l 0 VVovem™h Sy (uinans
aas oo Hlin Sld 50aa C-C slasbi b oS ol b g3 50
.(Olad et al., 2018; Rashidzadeh and Olad, 2014)
03 O-NO; uiaS o AYYem™' Lo odiie Sy
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olicd 5 olin glasy S 0 by vl i glanh
SS go anl 1) 0 Bise Jew eadrdal €gal 5o
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