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Ameliorant formulations derived from geo-biomaterials using amelioration technology
have the potential to function as soil improvers, fertilizers, and adsorbents for controlling
farmland pollution and improving soil and crop quality. This research identified the
functional groups, mineral content, and oxide composition of geo-biomaterial-based
ameliorant formulations, including sub-bituminous coal (SC), sub-bituminous coal
activated with NaOH (A-SC), and biochar derived from young coconut waste (B-YCW).
The study used two types of ameliorant formulations (FA), namely FA.a (SC + B-YCW)
and FA.b (A-SC + B-YCW), each applied in three mixing ratios (75:25, 50:50, and 25:75)
within a completely randomized design (CRD) with three replications. The study
identified various functional groups (e.g., hydroxyls, amines, alkyls, terminal alkynes and
alkenes, alkynes, nitriles carbonyls and minerals (e.g., quartz, muscovite, magnetite, and
ulvospinel), along with oxide components such as P20s, K-O, SOs, CaO, MgO, ZnO,
CuO, MnO, SiO, Cl, Fe:0s, and AlOs in the geo-biomaterial formulations. The
formulations containing 25% SC + 75% B-YCW and 25% A-SC + 75% B-YCW
exhibited reduced transmittance corresponding to the stretching vibrations of C—H bonds
(e.g.,—C=C-H, C=C-H), indicating a reduction or shift of these functional groups. In the
25% SC + 75% B-YCW formulation, the CaO content increased from 6.23% to 28.46%.
In the 25% A-SC + 75% B-YCW formulation, K-O increased from 20.51% to 45.65%,
SOs from 0 to 3.58%, CaO from 13.85% to 23.03%, CuO from 0.08% to 0.13%, and Cl
from 1.84% to 5.59%, compared to other formulations. Therefore, the formulations
consisting of 25% SC + 75% B-YCW or 25% A-SC + 75% B-YCW are recommended
as effective soil ameliorants based on their chemical and functional characteristics.

1. INTRODUCTION

optimized biomass-derived biochar, presents promising
opportunities as geo-biomaterials for soil amelioration and soil

Land and soil degradation due to intensive agricultural
activities, deforestation, excessive use of synthetic chemicals,
and land use change have become crucial issues in the
environmental and agricultural sectors. Degraded soils not
only lose their fertility but also have a reduced capacity to store
water, retain nutrients, and support soil microorganisms that
are essential for plant growth [1, 2]. The development of
amelioration technology is an important strategy to restore the
productivity of degraded agricultural soils and improve soil
quality, forming the foundation for the sustainable
development of geo-biomaterials. One promising approach to
soil amelioration is the utilization of geo-biomaterials, which
are mineral and biomass-based materials derived from natural
resources or modified organic and inorganic wastes. However,
the effectiveness of geo-biomaterials is largely determined by
their chemical composition and functional structure, including
the presence of functional groups, mineral content, and oxide
composition. Sub-bituminous coal (SC), in powder form and
chemically activated with alkaline materials, along with
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quality improvement.

The use of SC as a soil ameliorant is based on its high humic
substance (HS) content of 31.5%, consisting of 21% humic
acid (HA) and 10.5% fulvic acid (FA), extracted using 0.5 N
NaOH [3-5]. SC is chemically activated to break hydrocarbon
bonds or oxidize surface molecules, thereby altering both
physical and chemical properties, such as increasing surface
area and adsorption capacity. Chemical activation is chosen
and recommended because it tends to be easier and more
effective in its application in the field. Activators used in the
chemical activation of SC include NaOH, NaCl, urea, KCl,
and various forms of limestone such as CaO, Ca(OH)z, CaCOs,
and CaMg(COs): [6-8]. Extraction methods using NaOH,
KOH, and sodium pyrophosphate have been applied to peat.
NaOH and KOH were more effective in releasing humic
substances from Sphagnum peat, while sodium pyrophosphate
was more effective on Carex peat [9, 10]. Meanwhile, the
addition of KOH increases the extraction yield and the amount
of components such as K, Fe, and N in HA, which is
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advantageous for humic fertilizer applications [11, 12]. The A-
SC is the best activation in improving SC chemical properties
such as pH (5.34-12.65), CEC (24.39-148.20 cmolc kg!), and
increasing the number of functional groups O-H, C=0, and
CHs. In addition, it can also improve the chemical properties
of Ultisols such as pH, CEC, organic C, available P, and total
N respectively by 1.49, 28.08 cmolc kg™, 1.63% C, 2.37 ppm
P, 0.06% N, and reduce Al-exch by 1.17 cmolc kg, and
sodium adsorption ratio (SAR) by 0.03% and exchangeable
sodium percentage (ESP) by 0.82%, compared to the control
[13]. The potential and use of SC has been explored, but to
increase its SC in formulation with biochar as a soil improver
needs to be developed.

Biochar, as one type of ameliorant, is very promising, as its
production from organic waste is cost-effective, and can
fertilize the soil and reduce the solubility of heavy metals in
the soil. The pyrolysis of agricultural organic waste produces
biochar, a carbon-rich substance. Still, different raw materials,
pyrolysis  temperatures, and methods, and their
functionalization require testing to identify the morphology
and characteristics of biochar. One of the potential organic
wastes that can be used is young coconut waste (YCW). The
potential of YCW is very large because it is easily available,
and its utilization also contributes to reducing the impact of
environmental pollution from organic waste. According to the
Environmental Agency, Padang City in 2019, young coconut
waste reached 7 tons every day in Padang City. Based on this
potential, young coconut waste can be carbonized with a yield
of 20.87% into biochar or around 1.4 tons through the
principle of pyrolysis in the Kon-Tiki method [14, 15]. The
addition of 2% B-YCW an increase pH, available P, organic
C, and CEC by 1.09, 1.70 ppm, 0.99%, and 9.12 cmolc kg™,
respectively, and reduce Al-exch (3.19 cmolc kg!) to
unmeasurable, compared to 0% biochar [16]. This presents a
new opportunity for young coconut fruit waste biochar as an
ameliorant formulation with sub-bituminous coal to improve
soil and crop productivity.

The identification of functional groups, minerals, and oxide
composition in geo-biomaterials is very important to ensure
their potential and effectiveness and the utilization of SC, A-
SC, and B-YCW as soil amendments, fertilizers, and
adsorbents for the removal of pollutants such as pesticides and
heavy metals on agricultural land. This is a new opportunity to
develop potential strategies for geo-biomaterials that can be
sustainably applied in amelioration technologies to improve
soil and crop productivity, and also support the application of
sustainable nature-based solutions to address soil degradation.
This research identified the functional groups, minerals, and
oxide composition of geo-biomaterials for their application as
soil ameliorants.

2. MATERIALS AND METHODS

This research will be carried out at the Laboratory of
Chemistry and Soil Fertility, Department of Soil Science and
Land Resources, Faculty of Agriculture, Andalas University
(UNAND), Padang, West Sumatra, Indonesia. Analysis of FT-
IR, XRD, and XRF at the Laboratory of Chemical and Physics,
Faculty of Mathematics and Natural Science, and the
Integrated Laboratory, State University of Padang (UNP),
Padang, West Sumatra, Indonesia, starting from July to
November 2024.
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2.1 Experimental design
Ameliorant formulation (FA) research consists of two types
of combinations and three formulations in a completely

randomized design (CRD) with three replications (Table 1).

Table 1. Ameliorant formulation of geo-biomaterial

Code Treatments
1 75% SC +
25% B-YCW
FAa 2 50% SC + Sub-bituminous coal and young
’ 50% B-YCW coconut waste biochar
3 25% SC +
50% B-YCW
1 75% A-SC +
0, -
25? B-YCW Activation of sub-bituminous coal
FAb 2 30% A-SC + with NaOH and young coconut
' 20% B-YCW waste biochar
3 25% A-SC +
50% B-YCW

2.2 Materials

2.2.1 Sub-bituminous coal

The SC was collected from Bonjol Pasaman, West Sumatra,
at a depth of 1-2 meters from the ground soil. It was cleaned,
smoothed with a Disc Mill type FFC 23, then sieved with a
500pm Electromagnetic Sieve Shaker EMS-8 for 10 minutes.

2.2.2 Activation of sub-bituminous coal with 10% NaOH
The SC is weighed depending on the formulation's dose

and % (sample weight). The SC is activated by dissolving 10%

NaOH in H,O based on the SC's field capacity, as given in Eq.

).

10% NaOH (g) = % X coal weight @)

In addition, the mixture is uniformly mixed, left to stand for
1x24 hours in a 250 mL beaker, and covered with aluminium
foil and a plastic covering. To homogenize the water content

in the ameliorant, the A-SC findings are dried in an oven at 40-
70°C for 24 hours [13].

2.2.3 Biochar production from young coconut waste

The young coconut waste (Cocos nucifera L.) was chopped
into £10%5 lengths and dried for 7 days at Andalas University's
Greenhouse Faculty of Agriculture, reaching 18.20%
moisture. Furthermore, biochar is produced utilizing the Kon-
Tiki technique, which consists of a conical steel with a top
diameter of 100 cm, a height of 90 cm, a wall slope of 63.50°,
and a capacity of 827 liters. The pyrolysis products were
sprayed with water to stop the combustion process, then dried
in an oven at 40-70°C for 48 hours to achieve uniform biochar
moisture content. Biochar particle size was separated using an
Electromagnetic Sieve Shake EMS-8 on a 500um sieve [14,
15, 17, 18]. The next step is to analyze the characteristics of
biochar in the laboratory [19].

2.3 Geo-biomaterial

The formulation of the ameliorant was determined on a trial
basis as a 100% ameliorant formulation. The FA is determined
by the water retention capacity of each ameliorant utilized.
The ameliorant formulations were carried out according to the



treatment dose (Table 1 and Figure 1), and then homogenized
in a 100 mL beaker using a shaker at 300 rpm for 30 minutes,
and H,O was added depending on each ameliorant's field
capacity. The formulation was dried in an oven at 40-70°C for
1x24 hours. In addition, the ameliorant formulation was
examined in the laboratory [19].

2.4 Analysis of geo-biomaterial by FT-IR, XRD, and XRF

Fourier transform infrared (FT-IR) spectra were measured
over the spectral range between 485 to 8,500 cm™ using an
ABB MB-3000 series FTIR spectrometer instrument with a
diamond internal reflection element (IRE) in absorbance
mode. Resolution from 0.7 cm™ with apodization resolution
adjustable from 1 to 64 cm’, in 2 cm’! increments, and a
signal-to-noise ratio (S/N) of about 50,000:1 (root-mean-
square, 60 s, 4 cm™!, at peak response). Signal sampling by 24-
bit ADC, short-term stability < 0.09%, temperature stability <
1% per °C with frequency repeatability (@ 1918 cm™) < 0.001
cm-' and frequency accuracy (@ 1918 cm™) <0.06 cm™'.

X-ray diffraction (XRD) was used to determine the mineral
composition of the ameliorant samples and formulations. The
equipment used was a Philips PANalytical instrument with a
PW 3830 X-ray generator operating at an operating voltage
range of 20-60 kV (40 kV) and an operating current range of
20-100 mA (25 mA) with a Copper (Cu) anode producing Cu
Ka radiation. The X-ray tube was sealed with a long fine focus
(LFF) with a maximum power of 6 kW. The powder samples
were oven dried for 12 hours at 100°C to remove absorbed
water using an alcohol spatula, The samples were squeezed
into a rectangular aluminium sample holder, which was then
clamped onto the instrument sample holder. The sample was
scanned in 0.02 increments from a theta scale of 5 to 85
degrees 2 and counted for 0.5 seconds per step.

X-ray fluorescence (XRF) equipment with an element range
from sodium (Na) to uranium (U) and having Rhodium (Rh)
standard anode, maximum voltage 30 kV, maximum current

*  Smoothed with disc mill model FFC 23
*  Sicve of 500pm Electromagnetic Sicve Shaker EMS-8 for 10
minules

*  Cutinto pieces of approximately 3 10°5 lengths and dried for 7

days until 18.20% moisture.

~—
=
<
P
=
- p—(
—
L
= 75% + 25%
< Driced using an
oven at 40-
70° Cforl x

24h

= Add 10% NaOH dissolved *  Smoothed with

with H20 based on the ficld disc mill model
capacity of SC FFC 23
= Stirred evenly, allowed to *  sieve of 500um
stand for 1724 hours in a 250 Electromagnetic
Sieve Shaker

mL beaker, and covered with
aluminum foil

*  Driced using an oven at 40-
70° Cforlx24h

EMS-8 for 10
minulcs

50% + 50%

Formulation

0.1 mA, maximum power 9W on 2.4 kW X-ray tube. The
detector has a high-resolution silicon drift detector (SDD) with
an energy resolution of approximately 160 eV at the Ka
Manganese line (5.9 keV) and a maximum count rate of 7,000
counts per second.

3. RESULTS AND DISCUSSION

The ameliorant formulation produced from the ameliorant
shows color differences in the composition and percentage of
ameliorants carried out. The ameliorant composition consists
of two different compositions, namely SC + B-YCW and A-
SC + B-YCW. The percentage of ameliorants combined
consists of three, namely (1) 75% + 25%; (2) 50% + 50%, and
(3) 25% + 75% (Figure 1). Colors were identified with the soil
Munsell color chart. The color identified in the first
composition shows that the higher the percentage of BS, the
grayer and the darker, with the decrease in the percentage of
SC or the increase in the percentage of B-YCW, namely 5Y
4/2 (grayish olive) and 5Y 2/2 (olive black). Meanwhile, the
second composition with all percentages looks black, namely
5Y 2/1 (black). The color change in the second composition is
caused by the mixing process and the distribution of material
particles in the mixture, which can affect the final color. It can
also be affected by exposure to different lights to make the
color appear lighter or darker. The ameliorant composition
between the two provides color changes that can occur due to
variations in the types of organic and mineral compounds
present in SC, and also those activated with NaOH.
Meanwhile, B-YCW can change depending on the
manufacturing process, including pyrolysis temperature and
pyrolysis time, which can affect the color. Activation and
pyrolysis processes, as well as different moisture content
between the two materials, can also cause color changes in the
blended materials [20].

FTIR - Functional Group
*  XRD - Mincrals

Kon-Tiki method (conical steel with a top diameter of 100 cm, a *  XRF - Oxide Composition
height 0f90 cm, a wall slope of63.5" , and a capacity of 827 L)

Geo-biomaterial

*  The formulation was homogenized in a

100 mL beaker using a shaker at 300 rpm
for 30 minutes.

*  Add H20 according to ficld capacity
*  Dricd using an oven at 40-70° C for I x

24h

Figure 1. Geo-biomaterial production



3.1 Functional group from geo-biomaterial by FT-IR

The identification of functional groups from the ameliorant
formulation between SC, A-SC, and B-YCW by FT-IR
(Figure 2). FT-IR spectra of the ameliorant formulation
showed the O-H or N-H groups at wavenumber 3336.63 -
3620.46 cm’! with a transmittance of 86.77 - 92.82%. In the
combination of SC + B-YCW, only at 75% + 25%, which
produces O-H or N-H groups. While other percentages do not
produce O-H or N-H groups. Different from the combination
of A-SC + B-YCW, there is the appearance of O-H or N-H
groups. This formulation shows that the lower the content of
A-SC or the higher the content of B-YCW, the resulting
transmittance decreases.

This indicates that there is an increase in absorption
intensity or an increase in O-H or N-H groups, and shows that
there is depolymerization (polymer disconnection) from the
breakdown of SC molecules by NaOH to become more open
and create more negative charges, and the presence of OH
groups from B-YCW. The NaOH can play a role in

depolymerizing coal molecules by breaking polymer bonds
and opening up molecular structures. This process can lead to
the release of O-H and N-H groups that were previously bound
in the polymer structure. An increase in absorption intensity at
these peaks in the FTIR results may reflect an increase in the
number of such groups due to depolymerization. In addition,
the presence of OH groups from the alkaline solution material
(biochar or NaOH solution) may contribute to the increase in
absorption intensity. The interaction between NaOH and coal
and biochar can also cause chemical transformations that
generate new OH groups, including hydroxyl groups involved
in the opening of molecular structures. The opening of
molecular structures and the release of OH or NH groups can
result in more sites that can carry negative charges. This could
indicate an increase in the negative charge on the coal surface.
Thus, the process of depolymerization and breaking of
polymer bonds can change the surface properties, making it
more open and increasing its ability to capture or interact with
OH groups from biochar [21].

o T ] 77. 75% SC + Zf”u B-YCW
3620.46/92.82 |
— | | 2916.39/87.91 ~ .
| ‘ : I 1593.73/ 81.73
] |- |J79.10/92.45
3356.10/91.35 1572.07/ 92.25 \
| 75% A-SC + 25% B-YCW
78068/ 61.30
] + ] 75253/ 85.53
1 (
i 1004.98/ 42.65
| om! 999.60/78.10 | } | s38.20/77.99
4000 3500 3000 2500 2000 1500 1000 500
%T | 2138.65/ 94.76
210224/ 96.55
15AgaH2 1373.27/ 93.12
| |
1625.14/92.74
3343.47/91.49 1574.00/ 80.75
|
1005.69/ 88.52
cm-! 100657/ 54.84 | | 538.10/ 82.33
4000 3500 3000 2500 2000 1500 1000 500



%T T~ 75% SC +25% B-YC
il G iianii < kbt 2110.40/94.67
1 -y 2335.13/ 93.9“{
1 X I"  Hsosagona W,
| | 1367.29/90.11
| 2850413/ 86.02 VoY
| 2914.47/ 83.52 . 1008.79/.87.30
4 | 1627.59/ 81,;067 1
) 3336.63/ 586.77 1555.95/77.29 \
T 75% A-SC + 25% B-YCW
R ! AN
| FEL
1‘ a
' H %
! |f 1
i et 1006.86/ 53.30 | |'538.95/75.55
4000 3500 3000 2500 2000 1500 1000 500
(A3)
Counts
FAT
Q: Quartz
. E Mu: Muscovite
6 & Ma: Magnetite
: ~ U: Ulvospinel
w,
o
=
C -
% =
< 4
o 2
<9 .
Position [°2Theta (Cu)]
(B1)
Counts
=
= Q: Quartz
_': E Mu: Muscovite
oA . Ma: Magnetite
- o
PN :
=
w, =
+
o =
R &
< =
N =
7 |=
<
=

..... T MARARS BALRAL ALY LA T RS LA AR |

0 £ 2@ 50 60 70 80 £
Position [°2Theta (Cu)|
(B2)

961



Counts

Q, Mu

% (1] \-—\( +
75% B-YCW

e 311 P Q
©Q, Ma, Mu

W
o~

Q: Quartz
Mu: Muscovite
Ma: Magnetite

g i <
tor, A L
WL
=
J ? o =
Wl A ]
B o
S Py, WS 5
RO QL. s = 5
25% S( : PULL A { o L O Lot i L o
75% B-YCW L RN P 32
......... I B L B R L Ml anasssss
2 30 4 50 60 70 &0 0

Position [°2Theta (Cu)|

(B3)

Figure 2. The FT-IR (A) and XRD (B) of geo-biomaterial: (1) 75% + 25%; (2) 50% + 50%, and (3) 25% + 75%

The C-H stretching group of -C=C-H; C=C-H was only
found in the first combination at wavenumber 2850.13 -
2914.47 cm. A decrease in transmittance also occurred from
87.91 - 83.52%, where the higher the percentage of B-LKM
content, or the decrease in SC composition in the formulation.
This indicates that there is an increase in absorption intensity
and an increase in -C=C-H and C=C-H groups. Biochar
contains organic compounds including -C=C-H (alkynes)
groups. During the pyrolysis process, bond breaking and
decomposition of organic matter occur. Thus, the more
molecular bonds that can be formed, will increase in
absorption intensity will be. However, in contrast to the second
combination, no C-H stretching groups of -C=C-H and C=C-
H were identified. The activation process with NaOH can
involve depolymerization and bond-breaking in coal. NaOH
has properties that can damage polymer structures and produce
smaller and more reactive compounds, or absorption occurs
between compounds on the surface of biochar with
compounds produced during the activation process [22]. This
can result in changes in chemical structure and the absence of
-C=C-H and C=C-H groups in the formulation.

The wavenumber 2095.48 - 2335.13 cm™! shows C=C; C=N
groups with transmittance levels at 90% in both ameliorant
formulations. However, it was not found in the percentage of
75% SC + 25% B-YCW. 1t is suspected that coal and biochar
have different chemical compositions and are formed through
different processes, which may result in changes or loss of
C=C; C=N functional groups. Different from the C=0O
stretching group, identified in all ameliorant formulations in
both compositions. Biochar, which is created by the pyrolysis
of organic materials with little oxygen, may contain C=0
groups from organic molecules. Coal, on the other hand, which
is formed through deposition and dissolution, can also contain
C=0 groups that may come from organic compounds
decomposed during geological processes. The difference in
chemical composition between coal and biochar can affect the
intensity and uptake of C=0 groups that can be derived from
compounds such as ketones, aldehydes, or carboxylic acids
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[23].

The C-H stretching was only found in the second
combination of A-SC + B-YCW, only at wavenumber 1367.29
- 1379.10 cm™! with transmittance increasing at a percentage
of 50% A-SC + 50% B-YCW and decreasing at a percentage
0of 25% A-SC + 75% B-YCW. This indicates an increase in C-
H absorption intensity on decreasing the composition of coal
activated with NaOH or on increasing the percentage of B-
YCW. Activation with NaOH can change the coal structure
and increase its hydrophobicity. The increase in
hydrophobicity can be indicated by an increase in the intensity
of C-H absorption. This activation may occur because NaOH
can promote partial breakdown of organic matter in coal,
increase the solubility of residual carbon, and cause the
formation of more carbon bonds [24]. Biochar's
hydrophobicity might indicate its capacity to hold water, and
the interaction between biochar and C-H groups from coal
activated with NaOH. Finally, the discovery of C=C-H
contraction groups and mineral bonds at wave number 538.10
- 1008.79 cm! in all compositions and percentages of
ameliorant formulations produced. Mineral bonds include
absorption associated with chemical bonds involving certain
minerals, such as metal oxides, silicates, and other mineral
compounds [25].

The ameliorant formulations between SC, A-SC, and B-
YCW showed different reactions on the surface oxy group
composition (Figure 3). This suggests that the loading amount
and/or sorption mechanism of the two interact with polar
components via H-bonds, depleting numerous hydroxyl and
carboxyl groups. The association of biochar with HA at 600°C
can be through hydrophobic and n-n EDA (electron donor-
acceptor) interactions because of its more hydrophobic
surface, and graphite and ©-w interactions are more important
driving forces than surface O-functions in HA and biochar
[26]. Thus, the relatively hydrophobic component of HA
adsorbs on the carbon surface of biochar, leaving polar groups
(e.g. hydroxyl and carboxyl groups) on the outer surface of the
adlayer on HA, which causes the C=O groups of HA to



possibly facilitate and/or be involved in the formation of EDA
interactions between HA and biochar. This is also evidenced
by the identification of functional groups of the ameliorant
formulation in both compositions, where there is an increase

‘0
7 —n EDA and Hyd'pphobic
Interactions ",

in the peak intensity of the O-H (3428 ¢cm™') and C=0 (1072
cm) groups in the ameliorant formulation, which has shifted
the aromatic C=C and C=0 bands. This explains the n-t EDA
reaction between SC + B-YCW and A-SC + B-YCW.

______
Formulation Percentage:
75% + 25%; 50% + 50% and 25% + 75%

Figure 3. Mechanism prediction on the combination and percentage of ameliorant formulation on geo-biomaterials

3.2 Minerals from geo-biomaterial by XRD

The ameliorant formulation that was formed showed almost
the same minerals in both combinations, and the percentage of
ameliorant produced was quartz (SiO;), muscovite
(AI3H2KO15Si13), magnetite (Fe3O4), and ulvospinel (Fe304T1)
(Figure 2(B)). In the ameliorant formulation of SC + B-YCW,
the minerals quartz, muscovite, and magnetite were identified
in all three percentages used in the ameliorant formulation.
Naturally, minerals such as quartz, muscovite, and magnetite
are usually formed through geological processes under certain
pressures and temperatures. The formation of such minerals
involves complex natural conditions and takes place over very
long periods. Coal is the result of the decay and accumulation
of plant remains over millions of years, while biochar is the
product of the pyrolysis of organic materials [27]. However,
based on the XRF test, oxides of SiO», Al>O3, Fe»03, and K,O
were identified in the ameliorant formulation SC + B-YCW.
The most abundant mineral detected in the coal tested was
quartz. This mineral is mainly of detrital origin [28]. The
round-to-semi-round shape of quartz grains indicates that they
were transported extensively before being deposited in the
basin [29].

The same in the ameliorant formulation of A-SC + B-YCW
identified quartz, magnetite, and muscovite minerals.
However, the mineral ulvospinel was also identified at a
percentage of 75% A-SC + 25% B-YCW, and a percentage of
25% A-SC + 75% B-YCW; only quartz was found. Coal is
formed from plant remains that have undergone organic
conversion under pressure and temperature for millions of
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years. The formation of certain minerals, such as ulvospinel,
is generally related to geological conditions and processes that
do not occur in the coal-forming environment. Activation of
coal with NaOH can increase the reactivity of coal by the
interaction between iron ions, titanium, and oxides in the
activated coal and the formation of ulvospinel. NaOH
activation causes the destruction of the carbon structure
(graphitization) in coal. The formation of pores and increasing
the specific surface area through the release of volatile
compounds, increased carbon reactivity, and the formation of
metal oxides through reactions with existing minerals (such as
Fe20s, TiO2). NaOH increases the reactivity of Fe.Os and TiO:
through a strong base reaction, where ulvospinel (Fes04T1i) is
formed as a recombination of iron and titanium in the spinel
structure, which is stabilized by the base activation process
[30]. Thus, NaOH as a base catalyst facilitates the reduction
and recombination reactions of minerals in geo-biomaterials
by increasing the contact between carbon and iron and
titanium oxides and increasing the mobility of Fe and Ti ions
to diffuse more easily to form the ulvospinel phase.

The 75% A-SC + 25% B-YCW identified the composition
of FeoO; and TiO» oxides. Coal activation with NaOH can
cause mineral alteration. NaOH is hypothesized to remove
mineral layers and liberate metal ions such as Al and Ca into
solution. This procedure may improve coal porosity and
surface liveliness. The interaction of coal with NaOH can
induce the elimination of K and Al ions, as well as impact the
mineral structure and surface liveliness through changes in the
coal's molecular structure, especially the organic portion [31,
32]. Quartz in biochar varies depending on the raw material.



The amount of quartz in biochar is determined by the biomass
raw material utilized and the pyrolysis or carbonization
processes. Biomass carbonization products, and during the
process, most non-carbon elements (such as minerals and
metals) can be decomposed or reduced [33]. This is thought to
be most likely from the mineral components in the initial
biomass.

3.3 Oxide composition from geo-biomaterial by XRF

The oxide composition of the ameliorant formulation in
both combination types and ameliorant percentages was
dominated by K,O (45.65%); F203; (36.28%) and SiO;
(32.80%) in the ameliorant formulation from SC + B-YCW
and SiO» (45.08%); K»O (31.82%) and CaO (28.46%) in the
ameliorant formulation from A-SC + B-YCW (Figure 4). The
ameliorant formulation of SC + B-YCW with a percentage of
75% SC + 25% B-YCW consists of the oxide composition
P,0s; K20 (11.07%); SOs; CaO; ZnO; CuO; MnO; SiO,
(45.08%); CI; Fe,03 (13.19%) and Al,O3 (13.81%). However,
at a percentage of 50% SC + 50% B-YCW, no P,Os and SiO;
oxides were identified. While at a percentage of 75% SC +
25% B-YCW, both were identified again, but no Al,Os3 oxide
was identified. The oxide composition of the A-SC + B-YCW
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formulation consists of P,0Os, KO (20.51%); CaO (17.62%);
ZnO; CuO; MnO; Cl; Fe 03 (36.28%), and Al,O3 (11.53%).
Stable minerals include detrital minerals such as quartz,
magnetite, mica, and muscovite. The ratio of these minerals in
coal can remain almost constant, although their overall amount
is strongly reliant on clastic material intake into the peat bog.
This study's coal includes a larger amount of detrital minerals.
It has been demonstrated that the number of detrital minerals
in coal is increasing [34].

This oxide composition increased and decreased in the three
percentages produced. At a percentage of 50% A-SC + 50%
B-YCW, the P,Os and Al,O3 oxides were not identified, but
SiO; oxide was identified. Meanwhile, the percentage of 75%
A-SC + 25% B-YCW did not identify SiO,, P»Os, and Al,O;
oxides again, but SOz oxide was identified. Oxide composition
decreased and increased in some oxides from the ameliorant
formulation results. It is suspected that the interaction between
coal and biochar in the mixture can affect oxide emissions. The
process of increasing oxides can occur if the coal used contains
more identified elements. Biochar produced from biomass
through the pyrolysis process can also affect oxide formation.
NaOH may alter the oxide content of coal. The interaction
between NaOH, biochar, and coal can result in the production
of some oxides and change the shape of existing oxides.
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Figure 4. Oxide composition of ameliorant formulation from (A) SC + B-YCW and (B) A-SC + B-YCW by XRF

Chemical activation can accelerate the creation of carbon
oxides, such as carbonates and bicarbonates. The organic
percentage of coal, as well as the carbon oxides produced, can
contribute to a rise in coal pH. The A-SC’s pH increased by
12.60 units. NaOH may liberate ions such as silicon,
aluminium, and calcium into solution, affecting the structure
and solubility of iron oxides in coal [35]. Calcite minerals in
biochar are strongly influenced by the biomass feedstock used
and the conditions of the pyrolysis or carbonization process.
The carbonization process can affect the transformation of
minerals in biomass into biochar. At high temperatures during
the pyrolysis process, most of the non-carbon components in
biomass, including minerals, can undergo decomposition or
transformation [36]. Biomass of young coconut waste contains
oxide composition K,O (33.59%) > CaO (21.66%), after the
pyrolysis process, oxide composition K>O (32.73%) < CaO
(33.37%) [14, 15].

The increase of oxides such as CaO, K,O, SOs;, and
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additional elements such as CuO and Cl in geo-biomaterials
has significant potential to be used as fertilizer substitutes or
supplements. CaO is a source of calcium, which is important
for plant cell wall strength and neutralization of soil acidity
(pH increase) as a soil limiter, especially on acidic soils [37].
Meanwhile, K>O oxide is a source of potassium, which is
important for protein formation, osmotic regulation, and
increased resistance to abiotic stress for plants that require
high potassium, such as fruit crops [38]. However, SO; oxide
in the soil will form sulfate (SO4*), which is important for
protein synthesis and enzyme formation and provides an
additional source of sulfur, which is beneficial for crops that
require high sulfur, such as legumes [39]. Meanwhile, CuO
oxide provides the microelement copper, which is important
for photosynthesis and lignin formation [40]. On the other
hand, Cl is required in small amounts for photosynthesis,
regulation of osmotic pressure, and enhancing plant resistance
to drought, but it should be noted that high chloride levels can



be toxic to some plants [41]. This proves that geo-biomaterials
have great potential as multi-nutrient fertilizers, especially in
increasing potassium and calcium content. However, the
chloride content is high, so care should be taken with salt-
sensitive crops.

4. CONCLUSIONS

The ameliorant formulations from geo-biomaterials
identified functional groups [O-H; N-H; C-H; -C=C-H; C=C-
H; C=C; C=N; C=0; C-H; C=C-H and minerals (quartz,
muscovite, magnetite and ulvospinel)] and oxide composition
(P20s; K»0; SO3; CaO; MgO; ZnO; CuO; MnO; SiO»; Cl;
Fe,03 and Al,O3). Formulations of 25% SC+75% B-YCW and
25% A-SC+75% B-YCW showed a decrease in transmittance
towards stretching of C-H groups from -C=C-H; C=C-H and
shrinking of -C-H groups. Meanwhile, the oxide content of
CaO increased from 6.23% to 28.46% (25% SC+75% B-
YCW) and KO from 20.51% to 45.65%; SO; from 0 to
3.58%; CaO from 13.85% to 23.03%; CuO from 0.08% to
0.13%; Cl from 1.84% to 5.59% (25% A-SC+75% B-YCW),
compared to the other formulations. The ameliorant
formulation of 25% SC+75% B-YCW or 25% A-SC+75% B-
YCW can be recommended as a soil ameliorant.
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