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Abstract

Malnutrition is one of the major world’s problem to solve, for this purpose hundreds of Article Details:
scientists are working to find ways for advanced horticultural food mass production
and harvesting more and more crops. Many of artificial fertilizers have been Received on 29 Aug, 2025
discovered to increase soil fertility but humic acid is natural one, which is present in Accepted on 24 Sept, 2025
coal (lignite), topsoil, tonic waters, garbage, kitchen midden or refuse heaps, oceanic &
pond silts, peat marsh, carbon containing shales etc. HA is an agrochemical biotic acid
which was aromatized by COOH-, R-OH-, OH-, R- clusters tied-up and can be
specified via meteorological interpretation, as existence of acidulous, OH- & R-NH2
groups even as acquired through the vast accumulation of lignite coal of Pakistan. So it Corresponding Authors*
is necessary to find a way for its extraction to get optimum production. For this initially
coal from Thar (sindh) was oxidized with 2% HNO3 then treated with 1.0, 2.5, 3, and
3.5% KOH and Na4P207.H20 solutions for extraction of humic acid. The extraction of
AH in KOH was 19.99% and in Na4P207.H20 solution was 15.54%. That shows KOH
found more optimum for HA extraction than NagP207.H20. Characterization
techniques are important to understand structural properties by using useful advanced
techniques such as UV-Vis spectrophotometry used for identifying compounds, FTIR
analyses is used for study of active functional groups, Zeta potential is used to detect
stability of compound and XRD analysis is used for textured analysis. This chapter
discusses in detail the methods, sample preparation and extraction of humic acid from
coal in two different solutions.
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1. INTRODUCTION

For a developing country, a big move in the direction of economic wealth is to exploit
natural resources. On the prospective of coal Pakistan is a rich country but as fuel coal’s
rank is poor because of excessive ash. Overwork had been shown that crumbled
immaterial coal of Pakistan has a significant amount of humic acid that could be made
use of biotic plant food productively as to advance horticultural mass production (Mir et
al., 2000. Humic acid and humactin deposits are lignites, brown coals, miscellaneous and
others (Flaig et al., 1975; Lawson, 1989). On degradation of biotic stuff during the period
considered thousands of years Humic acid will be formed in lignite (Flaig et al., 1975;
Lawson, 1989). That’s why the immaterial lignite coal which is the only coal originated in
Pakistan, mostly possess top class humic acid that is extremely productive for upgrading
topsoil’s order and plant germination (Lee & Bartlett, 1976).

Humic acid supply appreciable capability for farming fulfillment and to take
advantage from this HA then this research project would provide information to make
use of ancient coal acquired HA in agricultural output & to diminish the addiction over
chemical plant food , to distillation of HA through lignitic coals of Thar place of Pakistan,
to theirs examination and characterization to determine the outcome of unrelated
degrees of HA on agricultural crop development, to reaction of HA individually, to
confirms excess reaction of HA & to interpret the working of theirs action.

2. Experimental

2.1. Preparation of coal sample

About 20 kg of coal samples was collected from Thar mines, Sindh Pakistan. It was clean
and dried in the oven or sunlight. The sample was homogenized and sieved by a sieved
shaker for separating smaller than 2mm coal particles (B. Saitol and M.M Seckler 2014).
Then for experimental work nearly skg of sample was acquired using sub-sampling
method in which a small amount of powered sample is taken from larger sample (Mona
Zara, Zeeshan Ahmad et al., 2017).

2.2. HNO3, KOH and Na4P207.H20 solutions, Preparation

The active solutions of HNO3, KOH and Nag4P207.H20 were newly prepared. 2 ml of
HNO3 (65%Concentrated, laboratory grade) (Merck, Kenilworth, NJ, USA) dissolve in
1ooml di-ionized water and the alkaline solutions were prepared from 98% analytical
brand (Merck) in the concentration scale of 1.0, 2.5, 3, 3.5% of KOH and Na4P207.H20
in 100 ml de-ionized water.

2.3. Acidic pretreatment of coal by HNO3

2.4. To begin with, coal samples for extraction of humic acid were oxidized in 2% HNO3
to introduce functional groups and remove mineral impurities. Following mixing both
coal and acid, the mixture was filtered and washed to remove unreacted acid from the
oxidized coal after stirring for 1h. In the end the obtained sample was dried and collected
for further work.

2.5. Humic acid extraction from coal

Humic acid extraction procedure was acquired from Asing et al. (2004). The coal samples
were put into the beaker along with prepared solutions of KOH and NagP207.H20 with
different concentrations (1.0, 2.5, 3, 3.5%) and stirrer by using magnetic stirrer for 1h with
300 rpm (Fabiana et al. 2018) after it the suspensions were permitted to settle for about
48hrs and the supernatants were filtered and again stirring with addition of 6M HCl until
the pH of mixture become 2. Separate the residues from supernatants through
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centrifugation under 5000-6000 rpm at -4°C for 20 minutes and wash with de-ionized
water, dried it and then stocked in bottles for characterization.

3. Instrumentation

3.1. Characterization by UV/Visible Spectroscopy

For UV/Visible spectrophotometer characterization of extracted humic acid sample
prepared three standard solutions of different concentrations of 50, 100, and 200 ppm by
using method from Mohammadi et al. (2012) The absorbance spectra of UV were taken
out at 465 nm wavelength of spectrophotometer (Varian, Palo Alto, CA, USA). To obtain
the percentage of humic acid contents in extracted samples and matched with standard
curves.

3.2. Characterization by FTIR

For FTIR characterization of extracted samples of humic acid we used the FTIR analysis
machine (Simadzu, Kyoto, Japan). It is used for the detecting functional groups inside
isolated HA sampling. In an attenuated total reflectance cell of filtered sample up to 2-3
droplets was poured and fixed inside FTIR equipment near to perforation declaration
about 4.5. IR radiation humps regarding humic acid had acquired afterward 100-
scrutinizes.

3.3. Characterization by XRD

“X-ray crystallography is an analytical method mostly applied for calculating phase
determination in regard to crystalline compounds also able to be informative about unit-
cell parameters. It is useful for nano-materials, finely pulverized extracted HA sample
admixed to merge, and predictable majority configuration was figured by using special
Rigaku Denki “X-ray diffractometer” in which “x-rays” are scattered from crystal lattice at
angle of incidence (Kumada and et al. 2014).

3.4. Characterization by Zeta Potential

For Zeta potential characterization of extracted humic acid samples solution was
measured by Malvin-Zetasizer in which an emergence ray of light crossed by cuvette &
lightened those particles which were present in sample and identified over 13° angle by
detecting equipment. Particularly it show electric potential difference against ionic films
anywhere on charged-colloid-ion and this expresses as millivolts (mv), range from -100 to
+100 mv, negative value stands your particle are negatively charged and positive value
means it is positively charged (Malvern, 2005).

4. Results and Discussion

5. By using four different percentages of alkalis KOH and NagP207.H20, i-e, 1%, 2.5%,
3% and 3.5%, humic acid was extracted from low rank thar coal.

4.1 Characterization of Extracted Humic Acid by Uv/Vis Spectrophotometer

Figure 1 Shows Humic Acid Contents Extracted from Thar Coal With four Different
Concentrations of KOH and Na4P207.H20 (1, 2.5, 3, and 3.5%). Among all four
concentrations from each alkaline solution the 3.5% sample had judged optimum for
extraction regarding humic-acid. 19.99% from 3.5% KOH and 1554% from 3.5%
NagP207.H20.
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Figure-1. Spectrophotometric Determination Of Humic-Acid Isolated From Thar-Coal
Samples.
Figure 2a-2b shows the larger absorption peak of humic acids is obtained at 354nm and
349nm 2c¢ taken from (Aldrich) as a standard graph which shows the larger absorption peak of
humic acid at 357nm. These peaks are in the range of near UV (200-400) which shows the n-n*

transitions occur in molecules containing double or triple bonds or aromatic rings.
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Figure 2a. (KOH) Figure-2b. (Na4P207.H20) Figurezc. (Aldrich)
The “UV-VIS” absorption hump of all HAs from 3.5% KOH and Na4P207 solutions showing
E,/E¢ ratios < 4.9-5 have made an estimation that they all have larger molecular-weight also
hydrophilic’& double aromatized in kind (given within table 4.1).

Samples A 436 A 465 A 665 E4/E6
HA Isolated from 3.5 NagP207 0.431 0.361 0.156 2.31
HA isolated from 3.5% KOH 0.997 0.908 0.602 1.50
HA-Standard (Aldrich) 0.571 0.457 0.101 4.52

4.2 Characterization of Extracted Humic Acid by FTIR spectroscopy

Figure 3a-3c reveals the humic-acid samples of coals along with 93% reference HA in the
FTIR-analysis. Figure 3a, reference sample has the highest transmission density upon 3400
cm-1 that denotes stretching of OH-functional groups (Dick et al., 2002). Figure 3b, shows
absorption spectra for humic acid from 3.5% KOH 1570-1577, 1375 and 1090 cm-1 are the major
peaks shows C=C ring and coo- stretching, C-H functional groups and Si-O functional groups
and metal oxygen stretching (Chen et al, 2002; oskars and maris, 2012). Figure 3c,
demonstrated FTIR stretches regarding extracted HA through 3.5% Na4P207 Similar peaks
containing less deep spectrum were found in NagP207 sample.

Figure-3a. (Dick et al., 2002)  Figure-3b. (KOH) Figure-3c. (Na4P207)
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4.3 Characterization of Extracted Humic Acid by Zeta Potential

The Zeta potential analysis of the two extracted humic acid samples from coal are shown in
Figure 4a-4b. As shown in Figure ga shows the Zeta potential spectra of extracted humic acid
from 3.5% KOH highest peak at -14.3mv, which indicate more negative ions are present than
positive at the boundaries b/w solid molecules of that sample. Figure 4b shows absorption
spectra for humic acid from 3.5% Nag4P207 in which the maximum peak occurs at -o.119gmv
means it has less number of negative ion compare to other samples but still have more

Figure 4a (3.5%KOH) Figure 4b (3.5% Na4P207)

4.4.- XRD Characterization of Extracted Humic Acid

The XRD analysis of the two extracted humic acid samples from coal from 3.5% of KOH and
Na4P207 solutions are shown in Figure 5a-5b. As shown in Figure 5a shows the XRD pectra
of humic acid from 3.5% KOH there were also a number of different peaks occur at 12.207530,
29.199520, 31.609230, 38.393110 and 44.500420 but the two major peaks were obtained at
31.609230 and 44.500420. Figure 5b shows absorption spectra for humic acid from 3.5%
NagP207 there were also various °2Th values obtained at 23.561880, 28.271060, 33.465950,
38.429790, 40.470650, 44.649230, 64.956420 and 78.166400 but the major peak was obtained
at 44.64923 of angles
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Figure 5a (3.5%KOH) Figure 5b (3.5% Na4P207)

5. CONCLUSIONS

Humic acids yield was found 19.99% in 3.5% KOH solution > 15.54% in 3.5% NagP207.H20
solution UV-VIS” absorption-band has shown the E,/Es ratios of both samples from 3.5%
KOH and NagP207.H20 solutions are < 4.9-5 have made an estimation that they all have
larger molecular-weight also hydrophilic’& double aromatized in kind. In the FTIR-analysis
the peaks in 3.5% KOH sample were deeper than those in 3.5% in Na4P207.H20 and that may
comparatively show higher percentage of humic acid presence in 3.5%KOH sample. Zeta
potential technique is mainly used for determining the molar mass of complex compounds.
Greater value of zeta potential indicates the larger number of moles/ molecules present in the
sample. Among all two samples of humic acid, the humic acid from 3.5% KOH (-14.3mv) was
found to be the more negative ions holding than3.5% NagP207.H20 (-0.119 mv). Both XRD
absorption spectra of humic acid from 3.5% KOH and NagP207.H20 solutions show almost
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similar peaks that indicate that almost the same entities were present in all three samples but

with different intensities.
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