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A bst ract
ood ash, a readily available agricultural by-product rich in potassium Wcompounds, was leached with distilled water to extract soluble 
potassium salts. �is study focuses on the synthesis and characterisation 

of potassium nitrate (KNO₃) from wood ash and nitric acid.  �e extract obtained 
was reacted with dilute nitric acid (0.1 M) to form potassium nitrate. �e resulting 
product was puri�ed through recrystallization and drying. Characterisation of the 
synthesised salt was carried out using simple physical and chemical methods, 
including melting point, solubility tests, thermal stability, and elemental analysis to 
con�rm the presence of potassium and nitrate ions. �e results con�rmed the 
successful formation of pure potassium nitrate with properties consistent with 
industrial-grade. �e process demonstrates a simple, cost-effective, and eco-friendly 
approach to converting wood ash waste into a valuable industrial and agricultural 
chemical. �is study highlights the potential of using renewable materials in 
inorganic salt production and promotes sustainable resource management.
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Background to the Study
Potassium nitrate (KNO₃), commonly known as saltpetre, is an inorganic crystalline 
compound that has played a signi�cant role in human civilization for centuries. It is a naturally 
occurring nitrate salt that combines potassium (K⁺) and nitrate (NO₃⁻) ions. Historically, 
potassium nitrate was �rst recognized for its role in the manufacture of gunpowder during the 
medieval period, where it became a crucial component in military technology and mining 
operations (Moldoveanu & David, 2020). In addition to its military applications, it has long 
been utilized in agriculture as a source of nitrogen and potassium, two macronutrients 
essential for plant growth (Lide, 2005). In the modern world, KNO₃ continues to be an 
important industrial chemical, with applications spanning fertilizer production, food 
preservation, glass manufacture, ceramics, and pyrotechnics (Chaturvedi & Dave, 2013). One 
of the key challenges in potassium nitrate production has historically been the availability of 
raw materials. Early methods of saltpetre production relied on natural deposits and the 
leaching of soils enriched with nitrates from organic decomposition. In many cultures, 
particularly in Asia and Europe, heaps of organic ma�er, including manure, urine, and plant 
residues, were used to produce nitrate-rich efflorescences that could be harvested and puri�ed 
(Demeyer et al., 2001). However, with the advancement of chemistry in the eighteenth and 
nineteenth centuries, more controlled methods of synthesis were developed. �ese include 
the neutralization of nitric acid (HNO₃) with potassium-containing compounds such as 
potassium carbonate (K₂CO₃), potassium hydroxide (KOH), or potassium chloride (KCl), 
thereby producing potassium nitrate in a more predictable and scalable manner (Misra et al., 
1993).
 
Wood ash, the inorganic residue le� a�er the combustion of wood biomass, represents a low-
cost and renewable source of potassium. Its composition depends on the type of biomass, soil 
conditions, and combustion parameters, but it typically contains signi�cant amounts of 
potassium in the form of potassium carbonate (K₂CO₃) and potassium oxide (K₂O), as well 
as calcium, magnesium, sodium, and trace elements (Yao et al., 2013). For centuries, wood ash 
has been used in rural communities for soap making, soil enrichment, and as a raw material in 
saltpetre production. �e potassium salts present in wood ash are water soluble and can be 
extracted through leaching, which provides a suitable feedstock for the synthesis of potassium 
nitrate when reacted with nitric acid (Demeyer et al., 2001).

In Bangladesh, wood ash is regularly used in banana plantations in terrace areas. Farmers say 
wood ash prevents diseases and improves water use efficiency. Wood ash is a good source of 
potash and lime; it also improves the pH of acidic soils in a manner similar to agricultural lime 
[Alberta, 2002]. Wood ash had long been regarded as a source of potassium for plant growth 
(1-13% K by weight) but it also contains appreciable quantities of Ca (20-30%), P (0.3 - 
0.4%), Mg (1- 3%) and smaller amounts of S, Mn, Fe, B, Cu and Zn (Etiegni et al, 1991). 
Emmanuel, 2014 asserted that "�e wood ash extract increased the values of plantain bunch 
weight, weight of �ngers, diameter, length and �nger population more than neem leaf and this 
could be traced to its very high K, Ca and Mg nutrients which subsequently increased the soil 
organic ma�er, K, Ca and Mg for uptake by plantain. �is �nding was supported by who 
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reported that wood ash is a good source of potash and lime which encouraged the growth and 
yield of plantain. �e increase in soil pH under wood ash extract compared to others was 
traced to its high K, Ca and Mg and could be effective as a liming material unlike the NPK 15-
15-15 fertilizer which with the continuous use could decrease soil pH. �e soil pH been 
reported to in�uence nutrient uptake and availability reported that oil palm bunch ash, wood 
ash and cocoa pod husk improved soil K, Ca and Mg nutrients and corrected soil acidity in an 
Al�sol grown to coffee and maize. Some studies also reported that industrial wood ash was a 
good soil amendment for crop production."

Characterization of synthesized KNO₃ is typically achieved using modern analytical 
techniques. X-ray diffraction (XRD) can con�rm the crystalline phases present, Fourier-
transform infrared spectroscopy (FTIR) can verify functional groups, while scanning 
electron microscopy (SEM) provides insight into surface morphology and particle size 
distribution (Moldoveanu & David, 2020). �ese techniques help in verifying not only the 
formation of potassium nitrate but also its degree of purity relative to impurities from the 
wood ash precursor. �e synthesis of potassium nitrate from wood ash and nitric acid is 
therefore signi�cant in both scienti�c and practical contexts. Scienti�cally, it demonstrates the 
valorization of agricultural and household waste into high-value chemicals, contributing to 
the growing �eld of green chemistry and sustainable resource utilization. Practically, it 
provides a pathway for low-cost production of fertilizers and industrial inputs, especially in 
rural or resource-limited se�ings where access to commercial fertilizers is constrained (Yao et 
al., 2013). By transforming biomass residues into potassium nitrate, this research contributes 
to circular economy approaches, environmental sustainability, and local resource 
management.

Statement of the Problem
Potassium nitrate (KNO₃) is an important chemical with widespread applications in 
agriculture, food preservation, glass manufacturing, pyrotechnics, and pharmaceutical 
industries (Moldoveanu & David, 2020). Its dual nutrient composition potassium and 
nitrogen makes it especially valuable as a fertilizer, since both elements are essential for plant 
growth and crop yield improvement. However, the commercial production of potassium 
nitrate relies heavily on industrial synthesis methods that require costly raw materials and 
controlled conditions, which are o�en inaccessible in rural and resource limited communities 
(Demeyer et al., 2001). Furthermore, lack of optimized, low-cost, and environmentally 
sustainable methods for synthesizing and characterizing potassium nitrate from biomass-
derived sources constitutes a major problem. On one hand, vast quantities of wood ash are 
wasted or improperly disposed contributing to environmental pollution. On the other hand, 
the high demand for potassium nitrate in agriculture and industry continues to be met through 
costly industrial synthesis and importation. Bridging this gap through the development of 
reliable methods for producing KNO₃ from wood ash could provide a dual bene�t of waste 
valorization and local production of a vital chemical resource (Chaturvedi & Dave, 2013).
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�e aim of this study is to synthesize and characterize potassium nitrate salt from wood ash 
and nitric acid. �e objectives of this study include:

1. To extract potassium carbonate (K CO ) from wood ash.2 3

2. To concentrate the wood ash extract by double boiling. 
3. To produce potassium nitrate (KNO ) from wood ash extract and nitric acid (HNO ) 3 3

using neutralization method. 
4. To evaporate the aqueous solution to dryness.
5. To dry the moist potassium nitrate (KNO ) salt in hot air oven. 3

6. To characterize the dried potassium nitrate salt.

Research Questions
i.  What conditions maximize potassium extraction from wood ash?
ii. Can extracted potassium be effectively converted into KNO₃ using HNO₃?
iii. What are the major impurities in the product?
iv. Does characterization con�rm synthesis of crystalline KNO₃ comparable to standard 

references? 

Scope and Limitations of the Study
�is study covers laboratory-scale leaching of wood ash, synthesis of KNO₃ using nitric acid, 
crystallization, and characterization. It does not address large-scale industrial production. 
Limitations include variability in ash composition, limited availability of advanced 
puri�cation methods, and reliance on the instrumentation available 

Signi�cance of the Study
�e research provides a sustainable approach to transforming wood ash into a useful chemical, 
thus reducing waste while producing fertilizers or industrial raw materials (Misra et al., 1993). 
It also contributes to scienti�c knowledge on resource recovery, small-scale saltpetre 
production, and waste to resource conversion, which is vital for rural and developing 
communities (Yao et al., 2013).

Materials and Methods
Sample Collection and Processing
Wood ash samples were collected from Tambu and tawalala Daura. Approximately 1–2 kg of 
ash was obtained from each source, labeled with the date, source, and stored in airtight 
polyethylene bags to prevent moisture absorption and contamination. �e collected ash was 
�rst air-dried for several hours and then oven-dried at 105 °C for 2 hours to remove residual 
moisture and ensure consistent weight measurement. �e dried ash was sieved through a 2 
mm mesh to remove unburned particles, stones, and other debris, followed by grinding with a 
mortar and pestle to achieve a uniform particle size of less than 500 µm, thereby increasing the 
surface area available for efficient extraction of soluble potassium compounds. Homogenized 
ash samples were stored in sealed containers prior to experiment and personal protective 
equipment, including gloves, dust masks, and goggles, were used to prevent inhalation of ash 
dust and skin contact with potential irritants, ensuring laboratory safety.
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Extraction of Potassium based alkaline from Wood Ash
�e potassium based alkaline was extracted from wood ash using a procedure described in 
Ogunsuyi and Akinnawo, 2012, with li�le modi�cation. �e extraction of potassium 
carbonate was performed by weighing 150 g of the processed ash into a 2 L beaker, followed by 
the addition of 1000 mL of distilled water, achieving a 1:10 ash-to-water ratio suitable for 
effective leaching of soluble potassium species. �e mixture was heated to 100 °C on a water 
bath (digital model) while being heated continuously for 1 hour to maximize the dissolution 
of potassium compounds, primarily K₂CO₃, along with minor quantities of KOH and KCl. 
�e slurry was allowed to se�le for 30 minutes to separate insoluble residues, a�er which it was 
�ltered using Whatman No.1 �lter paper to obtain a clear �ltrate. To enhance potassium 
recovery, the extraction process was repeated three times; and the combined �ltrates were 
monitored for pH, which ranged from 10 to 13, con�rming the alkaline nature of the solution. 
Observations revealed a clear to slightly yellow solution, indicating successful leaching of 
soluble potassium compounds. �is step was crucial in minimizing co-extracted insoluble 
impurities and ensuring a reproducible starting solution for nitration, while all procedures 
were performed with appropriate Personal Protective Equipment to prevent exposure to the 
alkaline solution. (Ogunsuyi and Akinnawo 2012)

Nitration Reaction of Wood Ash Extract Using Nitric Acid
�e �ltrate obtained from the extraction step was transferred to a 2 L beaker and placed in an 
ice bath to maintain the temperature between 5–10 °C, which minimized the exothermic 
reaction during acid addition. 0.1M nitric acid was added slowly to the �ltrate under 
continuous stirring, with careful observation of effervescence resulting from CO₂ release 
during the neutralization of potassium carbonate. Acid addition continued until the solution 
reached a neutral pH 7, a�er which stirring was maintained for an additional 30 minutes to 
ensure complete reaction. Insoluble residues, primarily silicates and unreacted ash particles, 
were removed by �ltration, yielding a clear solution containing potassium nitrate. 
Observations included cessation of effervescence and increasing clarity of the solution, 
indicating successful conversion of potassium compounds to KNO₃. All steps were 
performed in a fume hood with appropriate personal protective equipment, and any 
accidental acid spills were neutralized immediately using sodium bicarbonate, highlighting 
the importance of safety in handling corrosive acids. (Sheaths and Adhikari 2018, Iqbal et al, 
2018 and Journals et al, 2019).

Evaporation of Aqueous Solution of Potassium Nitrate to Dryness
�e potassium nitrate solution was transferred into an evaporating dish and heated gently at 
50–70 °C on water-bath (digital model) to evaporate the water, avoiding vigorous boiling that 
could lead to spla�ering or inclusion of impurities. �e concentrated solution was allowed to 
cool slowly at room temperature, followed by further cooling in an ice bath to induce 
crystallization. �e formed KNO₃ crystals were collected by vacuum �ltration and rinsed with 
a minimal volume of cold distilled water to remove residual liquor without signi�cant product 
loss. �e crystals were then dried in an oven (Labmet LMHO-B102) at 50–60 °C until a 
constant mass was achieved, and the percentage yield was calculated based on the initial 
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potassium content of the ash. Observations revealed the formation of light brown, prismatic 
crystals. Safety measures include careful monitoring of heating to avoid decomposition of 
nitrate and proper neutralization of residual �ltrates before disposal, ensuring environmental 
compliance.

Characterization of Potassium Nitrate
Physical Parameters
Some physical parameters of the newly synthesized potassium nitrate salt were determined. 
�ese parameters include physical appearance (color), odor, solubility in water and ethanol, 
density, and melting point using melting point apparatus.

Density Determination
�e true density determination of the sample was performed using Archimedes principle. 1.0g 
of dried sample wrapped in a polyethene was immersed in water. �e water level before and 
a�er immersion was recorded. �e density was evaluated by dividing dried weight and the 
difference in water level before and a�er immersion. 

Determination of PH
�e pH of the sample was determined by soaking the solid formulated sample in water and the 
pH measured using Hanna pH meter (Model HI 98128).

Determination of Organic Ma�er Contents
o�ese were determined by burning the oven dried sample at a temperature of 350 C for 

3hours. �e total organic ma�er was calculated from the difference between weight of oven 
dried sample before and a�er burning. 

Chemical Compositions 
�e chemical compositions of the developed potassium nitrate were recorded from a monitor 
a�ached to an energy-dispersive X-ray �uorescence machine of model Genius-IF Xenometric 
EDXRF, Skyray Instruments, USA. �e sample �lm was placed �rmly in a waxed and gold-
plated sample holder. �e energy dispersive pa�erns were obtained with the help of a 
computer a�ached to the instrument and each compound recorded in percentage. ( Jock and 
Illechukwu, 2023)

Table 1: Physical Parameters of Potassium Nitrate
Parameters  Results  
Appearance

 Odor
 Solubility

 Density at 25oC (g/cm³)

 
Melting point. (oC)

 
PH

 

Light brown crystals
 Odorless

 Soluble in water and insoluble in ethanol

 2.10

 
329

 
6.1
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Results and Discussion 
Physical Properties of the Synthesized Potassium Nitrate
�e physical properties of the sample are presented in Tables 1. �e physical analyses 
determined on the sample were density, pH, appearance, odor, solubility and total organic 
ma�er. �e potassium nitrate has the pH of 6.1, which shows that sample is weakly acidic in 
nature. �is also indicates that sample C will be effective in neutralizing a basic soil. �e 
density value was found to be 2.1g/cm³. �is value is nearly equal to that commercially 
manufactured potassium nitrate. With regard to solubility, the sample is soluble in water but 
not in ethanol. �is is because the sample is purely inorganic compound. �e color of the 
sample is light brown, which is not in line with the color of commercial potassium nitrate. �is 
may be a�ributed to presence of impurities from the wood ash. �e remaining physical 
parameters are in line with that of pure potassium nitrate.
 
Table 2:  Chemical Composition of the Sample

�e chemical analyses of the sample (potassium nitrate) are shown in Tables 2. �e chemical 
analysis (weight %) shows that some components in the samples occur in trace and minor 
amounts while other components are occurring in major quantity. �e content of macro-
elements in the sample are N (12.251%), P O  (0.401%), K (10.010%), CaO (25.321%), 2 3

MgO (1. 321%), Na O (1.134%) and organic ma�er (47.542%) appear in major amount. �is 2

may be from the chemical constituents of the wood as used in the synthesis. Increased in soil 
organic ma�er also increases the degree of aggregation and pores volume (Loss et al., 2019). 

oHowever, the temperature (100 C) used for drying the sample may lead to vaporizing some of 
the essential elements such as nitrogen, phosphorous, etc. (Monastyrskiy et al. 2022). 
Generally, the chemical analysis indicated that the weight percentage of different elements like 
nitrogen, phosphorus, potassium, and calcium are within the required range and this 
suggested that this fertilizer is a good source of nutrition which can promote the growth of the 
plant (Majeed et al. 2020)

Conclusion and Recommendations
�e purpose of this research is to synthesize and characterize potassium nitrate salt from wood 
ash extract and nitric acid. �e extraction process con�rmed that wood ash is a feasible, cheap 
source of potassium tioxocarbonate (K CO ), which reacted effectively with the acid to yield 2 3

 

Components  Composition (%)  
K  10.010  
N

 
12.251

 CaO

 
25.321

 P2O5

 

0.401

 MgO

 

1.321

 
Na2O

 

1.134

 
Total Organic Ma�er

 

47.542
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pure crystals of potassium nitrate. Characterization of the �nal product revealed the physical 
and chemical properties in line with analytical-grade potassium nitrate. �e results indicate 
that utilizing wood ash not only provides a sustainable alternative to synthetic potassium 
sources but also offers an eco-friendly waste management solution. �erefore, this study 
explored a feasible and cost-effective approach for the small-scale production of the nitrate-
based fertilizers. Based on the �ndings of this study, the following recommendations were 
made: 
1. 	 Puri�cation Improvement: �e crude potassium nitrate should be further puri�ed 

through hot-water recrystallization and activated-charcoal treatment to remove 
residual metal oxides and organic ma�er that cause discoloration and minor 
impurities.

2. 	 Agronomic Evaluation: Field and greenhouse trials should be conducted to assess 
the fertilizer efficiency, nutrient release pa�ern, and effects on different soil types and 
crops to establish the product's agronomic value and safety for large-scale agricultural 
use.

3. 	 Process Optimization: Further studies should focus on optimizing reaction 
parameters such as temperature, concentration of nitric acid, reaction time, and 
puri�cation technique to improve yield, reduce impurity levels, and ensure consistent 
product quality. Finally, the study is signi�cant because it successfully transformed 
and abundant agricultural waste product into a valuable fertilizer and industrial 
reagent, promoting sustainable conversion of waste to wealth. 

 

References
Amasci, A. (n.d.). Potassium nitrate synthesis, Retrieved from h�ps://www.amasci.net/ 

syntheses/potassium-nitrate-synthesis.php?lang=eng.

 Alberta, E. (2002). Standards and guidelines for the use of wood ash as a liming material for 
agricultural soils Pub No: T/666. ISBN: O-7785-2280-6 (Printed Edition. ISBN: 0-
7785-2281-4. Available: h�p://www.gov.ab.ca/env/.

Chaturvedi, S., & Dave, P. N. (2013). A review on the use of nanometals as catalyst for thermal 
decomposition of Ammonium perchlorate, Journal of Saudi Chemical Society. 
16(3)307-325.

Demeyer, A, Voundi-Nkana, J. C. & Verloo, M. G. (2001), Characteristics of wood ash and 
in�uence on soil properties and nutrients uptake; an overview, Bioresource Technology, 
77(3):287-295.

Etiegni, L, Mahler, R. L, & Campbell, A. G. (1991). Effect of wood ash source of nutrient for 
selected crops Soil Sci. Plant Anal.: 22(1), 257-259



page || 55

Emmanuel, I. M., (2014). Effects of water extracts of neem (Azadirachta indica) leaves, wood 
ash and thermal mixture on soil chemical composition, growth and yield of plantain 
(Musa sapientum L)., American Journal of Experimental Agriculture., 4(7), 836-848.

Han, P. C., et al. (2022). Rapid quantitative analysis of potassium in soil based on direct-
f o c u s e d  L A - L I B S  m e t h o d ,  F r o n t i e r s  i n  C h e m i s t r y ,  1 0 ,  9 6 7 1 5 8 . 
h�ps://doi.org/10.3389/fchem.2022.967158

Haldar, S., & Ghosh, P. (2016). Recovery of potassium nitrate from plant ash and its industrial 
application, Journal of Industrial and Engineering Chemistry, 36, 72–78.

Iqbal, M., Khan, S., & Ahmad, M. (2017). Green synthesis of potassium nitrate using 
agricultural waste ash and nitric acid, Environmental Chemistry Le�ers, 15(4), 
621–629.

Koirala, B., �apa, S., & Shrestha, S. (2019). Extraction of potassium nitrate from biomass ash: 
A sustainable approach, Journal of Chemical Technology and Metallurgy, 54(5), 
1052–1060.

Lide (International Organisation of Vine and Wine). (n.d.). COEI-2-POTASS: Determination 
o f  p o t a s s i u m  b y  a t o m i c  a b s o r p t i o n  s p e c t r o m e t r y ,  R e t r i e v e d  f r o m 
h�ps://www.oiv.int/standards/international-oenological-codex/part-ii-analytical-
and-control-techniques/analy tical-and-control-techniques/potassium-
determination-by-aas.

Loss, A., Couto, R. R., Brune�o, G., Veiga, M., Toselli, M. & Baldi, E. (2019). Animal manure 
as fertilizer: Changes in soil a�ributes, productivity and food composition, 
International Journal of Research - Granthaalayah, 7(9), 307-331. 

 
Majee, S., Halder, G., Krishnaraj, R. N. & Mandal, T. (2020), Development and formulation of 

an organic fertilizer from industrial and agricultural waste to Study the growth of 
Marigold (Tagetes) Plant, International Journal of Mathematical, Engineering and 
Management Sciences, 5 (3), 395-404. 

Monastyrskiy, I. D., Kulikova, A. M., Kolesnikova, A. T. & Volchek, A. P. (2022). Studies of the 
features of vacuum drying of organic-mineral fertilizers, IOP Conf. Series: Earth and 
Environmental Science, 981:1-6. doi:10.1088/1755-1315/981/2/022025

Misra, J. O., Adewuyi, G. O., & Obi-Egbedi, N. O. (2023). Evaluation of options in wood waste 
management: Burning and consequent alkali production, Environmental Technology, 
32(9), 1025–1033. h�ps://doi.org/10.1080/09593330.2011.561591.



page || 56

Ogunsuyi, H. O. & Akinnawo, C. A., (2012) Quality assessment of soaps produced from palm 
bunch ash-derived alkali and coconut oil, Journal of Applied Sciences and Environmental 
Management. 16(4), 363-366.

Rosenfeld, P. & Henry, C. (2001), Activated Carbon and Wood ash Sorption of Wastewater, 
Compost and Biosolid Odorants. Water Environmental Research. 7(4), 388-393.

Shrestha, P., & Adhikari, R. (2018). Production and characterization of potassium nitrate 
from plant ash, International Journal of Applied Chemistry, 14(2), 55–62.

Wikipedia Contributors. (2025). Potassium nitrate. In Wikipedia, the Free Encyclopedia, 
Retrieved from h�ps://en.wikipedia.org/wiki/Potassium_nitrate

Yao, K. S. A., Kimse, M., Soro, D., & Fantodji, A. (2013). Effects of incorporation of cashews in 
food rations on growth performance of pigs: phases and post-weaning growth, 
International Journal of Biological and Chemical Sciences. 7(2), 479-488.


	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60

