Journal of Materials Science, vol. 45, no. 12, pp. 3216-3225, 2010.

[23] X. Li, Y. Zhang, and Y. Wang, “Zeolite membranes for catalytic applications,”
Catalysis Today, vol. 360, pp. 10-25, 2021.

[24] Rajiman, llmu tanah dan pupuk untuk pertanian berkelanjutan, Prenadamedia
Group, 2020.

[25] H. Nugroho, Pupuk dan pemupukan, Deepublish, 2020.
[26] R. Susetya, Pupuk organik dan anorganik, Gava Media, 2020.
[27] M. Mansyur et al., Nutrisi tanaman dan pemupukan, UNM Press, 2021.

[28] F. M. Leiwakabessy, and A. Sutandi, Diktat kuliah pupuk dan pemupukan,
Departemen Tanah Fakultas Pertanian Institut Pertanian Bogor, Bogor, 2004.

[29] P. Lingga, and Marsono, Petunjuk penggunaan pupuk, Penebar Swadaya,
Jakarta, 2000.

[30] Marsono, and P. Paulus, Pupuk akar: Jenis dan aplikasi, Penebar Swadaya,
Jakarta, 2001.

[31] R. D. M. Simanungkalit, D. A. Suriadikarta, R. Saraswati, D. Setyorini, and
W. Hartatik, Pupuk organik dan pupuk hayati, Balai Besar Penelitian dan
Pengembangan Sumberdaya Lahan Pertanian, Bogor, 2006.

[32] S. N. Nyoman, Z. Arifin, and Z. Kusuma, Pengaruh pemberian pupuk organik
terhadap sifat fisik, kimia, dan biologi tanah serta pertumbuhan tanaman,

Jurnal Tanah dan Sumberdaya Lahan, 2013.

[33] B. Vanlauwe, A. Bationo, J. Chianu, K. E. Giller, R. Merckx, U. Mokwunye,
O. Ohiokpehai, P. Pypers, R. Tabo, K. D. Shepherd, E. M. A. Smaling, P. L.
Woomer, and N. Sanginga, “Integrated soil fertility management: Operational
definition and consequences for implementation and dissemination,” Outlook
on Agriculture, vol. 39, no. 1, pp. 17-24, 2010.

66



[34] A. Shaviv, Controlled release fertilizers, IFA International Workshop on
Enhanced-Efficiency  Fertilizers,  Frankfurt, International  Fertilizer
Association, 2005.

[35] M. E. Trenkel, Slow- and controlled-release and stabilized fertilizers: An
option for enhancing nutrient use efficiency in agriculture, International

Fertilizer Industry Association, Paris, 2010.

[36] B. Azeem, K. KuShaari, Z. B. Man, A. Basit, and T. H. Thanh, “Review on
materials and methods to produce controlled release coated urea fertilizer,”
Journal of Controlled Release, vol. 181, pp. 11-21, 2014, doi:
10.1016/j.jconrel.2014.02.020.

[37]M. Y. Naz, and S. A. Sulaiman, “Slow release coating remedy for nitrogen loss
from conventional urea: A review,” Journal of Controlled Release, vol. 225,
pp. 109-120, 2016, doi: 10.1016/j.jconrel.2016.01.037.

[38] P. Marschner, Mineral nutrition of higher plants, 3rd ed., Academic Press,
2012,

[39] M. Hawkesford, W. Horst, T. Kichey, H. Lambers, J. Schjoerring, I. S. Maller,
and P. White, Functions of macronutrients, in P. Marschner, Ed., Mineral
Nutrition of Higher Plants, 3rd ed., pp. 135-189, Academic Press, 2012.

[40] K. Mengel, and E. A. Kirkby, Principles of plant nutrition, 5th ed., Kluwer
Academic Publishers, 2001.

[41] J. L. Havlin, S. L. Tisdale, W. L. Nelson, and J. D. Beaton, Soil fertility and
fertilizers: An introduction to nutrient management, 8th ed., Pearson, 2014.
https://doi.org/10.1038/nature15743

[42] X. Zhang, E. A. Davidson, D. L. Mauzerall, T. D. Searchinger, P. Dumas, and
Y. Shen, “Managing nitrogen for sustainable development,” Nature, vol. 528,
pp. 51-59, 2015, doi: 10.1038/nature15743.

[43] D. H. Lee, S. J. Kim, and H. Moon, “Preparation of a clinoptilolite-type Korean

67


https://doi.org/10.1038/nature15743

natural zeolite,” Korean Journal of Chemical Engineering, vol. 16, pp. 525-
531, 1999, doi: 10.1007/BF02698279.

[44] E. Neag, A. I. Torok, C. Tanaselia, 1. Aschilean, and M. Senila, Kinetics and
Equilibrium Studies for the Removal of Mn and Fe from Binary Metal Solution
Systems Using a Romanian Thermally Activated Natural Zeolite, Water, vol.
12, no. 6, 1614, 2020.

[45] S. Sriatun, and A. Darmawan, Dealuminasi zeolit alam Cipatujah melalui
penambahan asam dan oksidator, Jurnal Kimia Sains dan Aplikasi, vol. 8, no.
2, pp. 55-60, 2005, doi: 10.14710/jksa.8.2.55-60.

[46] B. Irawan, Spektrofotometri dan aplikasinya dalam analisis kimia, Universitas

Padjadjaran Press, Bandung, 2019.

[47] D. C. Harris, Quantitative chemical analysis, 10th ed., W. H. Freeman, New
York, 2020.

[48] D. A. Skoog, F. J. Holler, and S. R. Crouch, Principles of instrumental
analysis, 7th ed., Cengage Learning, Boston, 2018.

[49] Darwindra, Analisis spektrofotometri ultraviolet-visible untuk penentuan

kadar senyawa kimia, Jurnal Kimia Terapan, vol. 5, no. 2, pp. 45-52, 2010.

[50] S. M. Khopkar, Konsep dasar kimia analitik, Universitas Indonesia Press,
Jakarta, 1990.

[51] M. Al Muttagqii, D. C. Birawidha, K. Isnugroho, M. Amin, Y. Hendronursito,
A. D. Istigomah, and D. P. Dewangga, Pengaruh aktivasi secara kimia
menggunakan larutan asam dan basa terhadap karakteristik zeolit alam, Jurnal
Rekayasa Teknologi Industri (JRTI), vol. 13, no. 2, pp. 266-271, 2019.

[52] T. Widianti, Pengujian kapasitas tukar kation zeolit sebagai penukar kation

alami untuk pengolahan limbah industri, Prosiding Seminar Nasional, 2006.

[53] K. Stocker, M. Ellersdorfer, A. Lechleitner, J. Lubensky, and J. G. Raith,

68



“Impact of concentrated acid, base and salt pretreatments on the characteristics
of natural clinoptilolite and its ammonium uptake from model solution and real
effluents,” Microporous and Mesoporous Materials, vol. 288, 109553, 2019,
doi: 10.1016/j.micromes0.2019.06.015.

[54] A. Sukor, A. Z. A. Azira, and M. H. A. Husni, “Determination of cation
exchange capacity of natural zeolite: A revisit,” Malaysian Journal of Soil
Science, vol. 21, pp. 105-112, 2017.

[55] L. Lin, Z. Lei, L. Wang, X. Liu, Y. Zhang, C. Wan, D.-J. Lee, and J. H. Tay,
“Adsorption mechanisms of high-levels of ammonium onto natural and NaCl-
modified zeolites,” Separation and Purification Technology, vol. 103, pp. 15—
20, 2013, doi: 10.1016/j.seppur.2012.10.005.
https://doi.org/10.1063/1.5016014.

[56] B. Wiyantoko, and N. Rahmah, “Measurement of cation exchange capacity
(CEC) on natural zeolite by percolation method,” AIP Conference
Proceedings, vol. 1911, 020021, 2017, doi: 10.1063/1.5016014.

[57] B. B. Mamba, D. W. Nyembe, and A. F. Mulaba-Bafubiandi, “The effect of
conditioning with NaCl, KCI and HCI on the performance of natural
clinoptilolite’s removal efficiency of Cu?>" and Co*" from Co/Cu synthetic

solutions,” Water SA, vol. 36, no. 4, pp. 437-444, 2010.

[58] G. Liu, L. Zotarelli, Y. Li, D. Dinkins, Q. Wang, and M. Ozores-Hampton,
“Controlled-release and slow-release fertilizers as nutrient management tools,”
EDIS, vol. 2021, no. 5, HS1255, 2021, doi: 10.32473/edis-hs1255-2021.

[59] U.S. Environmental Protection Agency, “Method 350.1: Determination of
ammonia nitrogen by semi-automated colorimetry,” U.S. Environmental
Protection Agency, 1993 https://doi.org/10.1016/S0003-2670(96)00523-5.

[60] J. F. Van Staden, and R. E. Taljaard, “Determination of ammonia in water and
industrial effluent streams with the indophenol blue method using sequential

injection analysis,” Analytica Chimica Acta, vol. 344, no. 3, pp. 281-289,

69


https://doi.org/10.1063/1.5016014
https://doi.org/10.1016/S0003-2670(96)00523-5

1997, doi: 10.1016/S0003-2670(96)00523-5.

[61] T. S. Perrin, D. T. Drost, J. L. Boettinger, and J. M. Norton, “Ammonium-
loaded clinoptilolite: A slow-release nitrogen fertilizer for sweet corn,” Journal
of Plant Nutrition, vol. 21, no. 3, pp. 515-530, 1998, doi:
10.1080/01904169809365421.

[62] A. Dubey, D. R. Mailapalli, N. S. Raghuwanshi, and P. Sen, “Zeolite coated
urea fertilizer using different binders: Fabrication, material properties and
nitrogen release studies,” Environmental Technology & Innovation, vol. 16,
100452, 2019, doi: 10.1016/j.eti.2019.100452.

70



LAMPIRAN A
PERHITUNGAN PEMBUATAN LARUTAN

Perhitungan Larutan Aktivasi Zeolit NaOH

2
2% =——=2gram

120
0y = — =
4% 1060 4 gram
0p = — =
6% 1g0 6 gram
0p = — =
8% 100 8 gram
10% = 10 10 gr
0= 1gg = 10gram

Perhitungan Larutan Aktivasi Zeolit NaCl

2,9
29% = — =29 gram

100

0f) — — —
5,8% 100 5,8 gram
870/—8’7—87

) O—W— /. gram
11,6% = 11’6—116

,070 = 100 _ -V gram
14,5% = 14,982 14,5

) O_W_ , 0 gram

Perhitungan Larutan Aktivasi Zeolit HCI

1,8% = L8 =18ml
=7 100 ol
3,6% = 3,0 =3,6ml
77 100 il
5,4% = >4 =54ml
T 100 A
7,2% = 7.2 =72ml
,2% 9100 2m
0, _— e —

9% = 100—9ml

Standarisasi HCI

Vawal (MI) V akhir (MI) Votal (M) VRata-rata (MI)
0 10,25 10,25 10,25
0 10,25 10,25
0 10,25 10,25
N1.V1= N2.V2
0,AN .10 ml =N . 10,25 mi
N2=0,97 N
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5.

Standarisasi N

aOH

Vawal (MI)

V akhir (MI)

Votal (M)

VRata-rata (M)

0

10,2

10,2

12

22,2

10,2

10,2

6.

N1.V1: Nz.Vz
0,IN.10ml=N,. 10,2 ml
N2=0,098 N

Pengujian KTK

- Zeolit Sebelum Aktivasi

V Awal (m |)

V akhir (M)

Votal (m |)

VRata-rata (m |)

0

10,65

10,65

11

21,67

10,67

10,67

Nl.V1 = Nz.Vz
0,097 N.10 ml =N2. 10,66 ml
N2=0,0901 N
Megawa = 0,098 x 100
=98
Meqaknir = 0,0901 x 100
=91
KTK = A Meq x100/ 1
=0,70 x 100/1
=70 meq/100 g

- Zeolit Aktivasi NaOH
e NaOH 2%

V Awal (m |)

V akhir (M)

VTotal (m |)

VRata-rata (m |)

0

11,16

11,6

11

22,14

11,4

115

N1.V1 = Nz.Vz
0,097 N.10ml=N».11,5ml
N.,=0,084 N
Ivlquwal =0,098 x 100
=9,8
Meqaknir = 0,084 x 100
=84
KTK = A Meq x100/ 1
=1,37 x 100/1
=137 meq/100 g

- Zeolit aktivasi NaCl
e NaCl 2,9%
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