1639

A publication of

CHEMICAL ENGINEERINGTRANSACTIONS

VOL. 56, 2017 The ltalian Association

of Chemical Engineering
Online at www.aidic.it/cet

Guest Editors: Jifi Jaromir Klemes, Peng Yen Liew, Wai Shin Ho, Jeng Shiun Lim
Copyright © 2017, AIDIC Servizi S.r.l.,
ISBN978-88-95608-47-1; ISSN 2283-9216 DOI: 10.3303/CET1756274

Methenamine-Smectite Clay as Slow Release Fertiliser:
Physicochemical and Kinetics Study

Is Fatimah*2, Septian P. Yudha?, Dwiarso Rubiyanto?, Imam Djati WidodoP

aChemistry Department, Universitas Islam Indonesia, Kampus Terpadu Ull, JI. Kaliurang Km 14, Sleman, Yogyakarta,
Indonesia

PIndustrial Technology Department, Universitas Islam Indonesia, Kampus Terpadu Ull, JI. Kaliurang Km 14, Sleman,
Yogyakarta, Indonesia

isfatimah@uii.ac.id

Slow release fertiliser (SRF) is one of the important materials, which provides benefit to the green chemistry
and green chemical engineering in the agricultural applications. Various modifications on porous materials and
super-adsorbent based composites have been developed to act as the host for fertilisers including nitrogen-
based fertilisers. In this work, a scheme of organic nitrogen compound, methenamine, was used as the SRF
compound and in order to increase the effectivity of the releasing nitrogen, immobilisation of the compound in
montmorillonite clays has been conducted. Methenamine immobilised montmorillonite at varied methenamine
contents (20 mmol/g; 50 mmol/g and 100 mmol/g) was prepared using intercalation process by employing
microwave irradiation method. Study on the change of crystallinity and chemical structure of the composite was
performed by x-ray diffraction (XRD) analysis, gas sorption analyser, and electronic microscope analysis. The
kinetic study of the nitrogen release was conducted by FTIR and HPLC methods. Results showed that
physicochemical character of the composite is affected by the methenamine content and the pH of the solution
gives influence on the methenamine desorption from the composite.

1. Introduction

The increased activities in the industrial applications give impact to the changes in the environmental
characteristics including the agricultural environment. Due to the increasing development in the agricultural field
and technology, the application of fertilisers on soils to boost the productivity and the growth rate of agricultural
products is considered as a necessity. Besides being advantageous for increasing the productivity of soils and
plants, the use of fertiliser also affects significantly the characteristic alteration of the agricultural environment.
For example, soil can lose its contained nutrients, which are beneficial for bacteria due to the rapid increase in
the fertiliser addition and the use of bulk fertiliser may result in 40 — 75 % of leaching losses (Yamamoto et al.,
2016).

To provide sustainable development in the agricultural industry through the applications of green technologies
and green chemistry, the approach that can be considered for development is by releasing control chemicals
into the environment, or specifically to be absorbed into the soils. In addition to providing positive impacts on
the distribution of chemicals in the environment and prevent groundwater contamination, the use of fertilisers in
the form of loose slow can provide the principle of atom economy. Several researches reported the use of super-
adsorbent based composite as the matrix for slow release fertiliser (SRF). Zhan et al. (2004) prepared the super-
adsorbent polymer with phosphate-based SRF using the esterification of polyvinyl alcohol (PVA) and phosphoric
acid (HsPOa4). Ni et al. (2009) proposed using double-coated, water retention urea based SRF using ethyl
cellulose and crosslinked poly(acrylic acid-co-acrylamide) as its inner and outer coating materials as a method
to mitigate the environmental pollution resulted from excessive usage of nitrogen fertiliser. Qiao et al. (2016)
also developed a double-coated SRF using ethyl cellulose as its inner coating and starch-based super-
adsorbent polymer as its outer coating. Xie et al. (2011) proposed the utilisation of wheat straw and attapulgite
to form the super-adsorbent composite for nitrogen and boron based SRF.
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Figure 4: SEM profile of (a) MMt (b) Meth/MMt-20 (c) Meth/MMt-50 (d) Meth/MMt-100
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Figure 5: Kinetic of methenamine desorption at varied time of leaching

3.2 Desorption Study

The most important SRF properties is the slow desorption rate of the fertiliser. In order to study the properties,
methenamine desorption by the materials is conducted in varied pH. The kinetics data is presented in Figure 5.
From the pattern, it is confirmed that all prepared materials give slow release methenamine as the stable content
for all varied materials. The trend is that the stable release was achieved after an hour and the rate got lower at
increasing time. The higher methenamine content in the material, the higher released in all varied time,
suggesting the chemical equilibrium controlling for the desorption mechanism.
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The effect of pH on the releasing rate is exhibited by the graph in Figure 6. The highest releasing rate was
achieved by all materials at the pH of 4. It suggests that acid condition gives strong interaction to replace
interlayer molecules within the clay interlayer regions.
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Figure 6: Effect of pH on methenamine releasing rate

4. Conclusions

From the research data, it can be concluded that methenamine gives chemical interaction with smectite clay
structure and is affected by the methenamine content. From desorption studies, it is confirmed that all materials
give stable releasing rate and are affected by the change in pH. The lower pH gives the higher releasing rate.
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