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ABSTRACT 

This study investigated the preliminary screening and characterization of 𝛼-cellulose from cotton stalk (CS), 

sugarcane bagasse (SCB), and sawdust (SD) to establish practical process parameters for subsequent 

optimization. A uniform particle size of 125 µm and solid-to-liquid ratio (1:10 w/v) were applied. CS was treated 

with 7.5–27.5 g NaOH/100 mL at 90°C for 1.5 h, while SCB and SD Method 1 were treated with 10–30 g 

NaOH/100 mL at 95°C for 1.5 h. SD Method 2 incorporated an initial 7 mL HNO3 pretreatment at 95°C for 

1.41 h prior to alkali treatment. Recovered fractions were evaluated by 𝛼-cellulose yield, purity, Van Soest fiber 

analysis, FTIR, XRD, and SEM–EDX. CS2 produced 30% yield and 84.06% purity; SCB2 produced 20% yield 

and 83.82% purity; SD3 produced 80% yield and 85.71% purity; and SDA3 produced 20% yield and 90.14% 

purity. FTIR confirmed substantial solubilization of non-cellulosic components. XRD analysis demonstrated shifts 

in Crystallinity Index (CrI) from raw to treated states: CS RAW (61.5%) to CS2 (61.4%), SCB RAW (55.7%) to 

SCB2 (59.6%), SD RAW (51.3%) to SD3 (66.1%), and reaching 75.2% for dual-pretreated SDA3. SEM–EDX 

revealed microfiber exposure, matrix disruption, and mineral leaching. Direct-alkali SD3 was selected as the 

optimal practical condition for sawdust due to high mass recovery (80%), process simplicity, avoiding acid 

consumption and multi-stage washing, where the +4.43% purity increase in SDA3 did not justify the 75% loss in 

recovered yield and added reagent cost. The selected conditions provide experimental starting points for 

subsequent DOE–CCD multi-pulping optimization; DOE–CCD and ANN/FFNN modelling are not claimed as 

completed in this preliminary study.  

Keywords: α-cellulose; cotton stalk; sugarcane bagasse; sawdust; alkaline pretreatment; FTIR; XRD; SEM–

EDX 

 

1. INTRODUCTION 

        Lignocellulosic agricultural and wood residues are renewable resources containing 

cellulose, hemicellulose and lignin and offer important feedstocks for value-added cellulose-based 

materials (Riseh et al., 2023). However, the close association of cellulose with hemicellulose and lignin 

makes direct recovery difficult. Chemical pretreatment, particularly alkaline treatment, can disrupt 

lignin–carbohydrate associations, promote fiber swelling and facilitate removal of non-cellulosic 

components, thereby increasing cellulose accessibility (Abolore et al., 2023; Hassana et al., 2021). 

Cotton stalk, sugarcane bagasse and sawdust have different lignocellulosic structures and 

therefore require biomass-specific pretreatment conditions (Darmenbayeva et al., 2026). Preliminary 

screening is consequently important for identifying suitable treatment conditions before subsequent 

process optimization. In this study, FTIR spectroscopy was used to evaluate changes in characteristic 

lignin, hemicellulose and cellulose functional groups through peak positions and transmittance 

responses. In this study, sodium hydroxide concentration was varied to screen suitable extraction 

conditions for the three biomasses, while an additional HNO₃–NaOH pretreatment was examined for 

sawdust. 

The aim of this work is to produce α-cellulose from cotton stalk, sugarcane bagasse and sawdust 

by varying the concentration of sodium hydroxide applied to the three biomasses, with an additional 

HNO₃–NaOH route examined for sawdust only, in order to compare the two methods and identify the 

optimum preliminary conditions. The specific objectives were to evaluate the effect of NaOH 
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concentration on α-cellulose extraction; determine cellulose, hemicellulose and lignin fractions using 

the Van Soest method; characterize the extracted α-cellulose using FTIR, XRD and SEM–EDX; 

compare the alkaline and HNO₃–NaOH routes for sawdust; and identify the preliminary optimum 

treatment conditions as a basis for subsequent RSM–CCD optimization. 

 

2 METHODOLOGY 

2.1 Biomass Preparation and Pretreatment 

       Cotton stalks were collected from a farm in Funtua - Katsina State, sugarcane bagasse from 

Samaru- Zaria and mixed sawdust from a local timber market Sabon Gari market Zaria. Cotton stalk 

and sugarcane bagasse were air dried for 2 months, while mixed sawdust was dried for a week to reduce 

the moisture content to 5%. The dried materials were pulverized using a Retsch mechanical grinder and 

ball mill to further reduce the particle sizes. An Endecotts test sieve (120 mesh; 125 µm apertures) was 

used to sieve the pulverized biomass to a uniform particle size of 125 µm. Ten grams (w/w) of biomass 

was used for each preliminary treatment. A constant solid-to-liquid ratio of 1:10 (w/v) was maintained 

throughout the pretreatment experiments, using 10 g of biomass and 100 mL of distilled water for each 

treatment, while varying the NaOH loading. For cotton stalk, CS1–CS5 were treated with 7.5, 12.5, 

17.5, 22.5, and 27.5 g NaOH, respectively, at 90°C for 1.5 h in a water bath. Following pretreatment, 

the samples were washed repeatedly with distilled water until pH 5–7, filtered, oven-dried at 105°C for 

3 h, and weighed. Similarly, sugarcane bagasse (SCB1–SCB5) and sawdust Method 1 (SD1–SD5) were 

treated with 10, 15, 20, 25, and 30 g NaOH, respectively, at 95°C for 1.5 h in a water bath, followed by 

washing to pH 5–7, filtration, oven drying and weighing. For sawdust Method 2 (SDA1–SDA5), the 

samples were initially treated with 7 mL HNO₃ diluted in 100 mL distilled water at 95°C for 1.41 h in 

a water bath. The samples were then washed to pH 5–7 and subsequently treated with 10, 15, 20, 25, 

and 30 g NaOH, respectively, at 95°C for 1.5 h in a water bath. The treated samples were then washed, 

filtered, oven-dried and weighed. The pretreatment conditions are summarized in Table 1. 
Table 1: Preliminary pretreatment conditions used for biomass screening. 

Biomass/method Samples NaOH 

(g/100 mL) 

Temp. 

(°C) 

Time (h) Additional step 

Cotton stalk CS1–CS5 7.5–27.5 90 1.5 None 

Sugarcane bagasse SCB1–

SCB5 

10–30 95 1.5 None 

Sawdust Method 1 SD1–SD5 10–30 95 1.5 None 

Sawdust Method 2 SDA1–

SDA5 

10–30 95 1.5 7 mL HNO₃ + 100 

mL H₂O; 95°C; 1.41 

h 

 

2.2 Yield, Purity and Van Soest Fibre Analysis 

        Percentage α-cellulose yield was determined from recovered dry mass relative to the initial 

biomass mass. Purity was assessed using Van Soest detergent-fibre measurements through neutral 

detergent fibre (NDF), acid detergent fibre (ADF), acid detergent lignin (ADL) and ash add (Bartos et 

al., 2020). Hemicellulose was calculated from NDF (%) minus ADF (%), while cellulose and lignin 

were obtained from the corresponding fibre fractions. For NDF, 1.0 g of sample was placed in a round-

bottom flask, followed by 100 mL neutral detergent solution and 0.5 g sodium sulphite, and refluxed at 

100°C for 1 h. The residue was filtered, washed with hot distilled water to pH 5–7, rinsed with 20 mL 

acetone twice, oven-dried at 105°C for 1 h, and weighed in grams and recorded as NDF residue. For 

ADF, the dried NDF residue was transferred to the reflux flask, mixed with 100 mL acid detergent 

solution, and refluxed at 100°C for 1 h. The residue was filtered, washed with hot distilled water to pH 

5–7, rinsed with 20 mL acetone twice, dried at 105°C for 1 h, and weighed (g) as ADF residue. For 

ADL and ash determination, the dried ADF residue was treated with 72% (v/v) H
2
SO4 for 3 h at 

room temperature with occasional stirring to solubilize cellulose. The remaining acid-insoluble residue 

was filtered, washed with hot distilled water until acid-free, dried to constant weight, and recorded in 
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https://jenni.ai/citation?d=z%3A7Va%2FcxtFFJaBADVVoGFngCGeiWVJsYyTJmPH9pg4Tjx2QkK52n13t9berrK7J%2BlSJQMFlPwHpKROpdp%2FEA2poODbO0lWErvJQOfCY93d%2B%2FG9733v7b6YND5MrFOpMp%2FQ08IGKq88uKdSYwVpXWjrlWCJ6pHzjMbBcRFIssTZnPki5U5wQ6zHU%2B49sRE5YsERjzYjFTJ2nz%2FYY97qIihrPLMJkypJYGYCE9YI%2FHc8fmPXWitrLTYK3yyzYJkPhSxZyIgRzEWInlz3uVZ1%2FDwGgFe0EDYfAGaMch2OrhChAA5uJBs4OyAXFFWpo3FdSpPdOXNiI%2B6ZpEAuVwbAe3XiITfs2JIPLKeQWbkYO3qIjFdsOPWsdnqy4nhZ1RffVzU9OdperoB48GSUSRlpVOPwLVfCWS%2FsoGTXjncOlq%2BzUaY0IRkCGyW4XkQfMZHx0SAAEiI12R4hxrRJdbkafVMmEgvjgJoEuPI0C31mPLNIUR%2BKdbZIM8ZZzscqL3KG6jhLClNXcUb9Gx0Dh670gWutjApl5MOkkWijS%2BYBJQv4EWFVpYJ4pzSeUyC5drC7ucwc5VxBFQiLOIATssLPWQYBde8BBkHID0goZCsZnBlHF4yNLgSeVM5diXjcR5VBzzWaSPgZiU32EMY%2F2sKk33qWW1lopHtDF8xndhSLr%2FGfERKQEI6SdVbWokhrYU9pnPE76xAqIJNC%2FW%2FTW4gMeYEcoAzCCQjHYn7OwndXNmL4JttWLspeWOdI1xPSozAiMm9J%2FHy9RIFGepIqqjISBlE1QINkCxPDVKQCsRReuaoLUFBkZDYRdXLQtBAeURZwNNkRpY68j4bccF16RIX5EPVVCadj2luI5mlIsccLWPA05E7xnkaK%2BUAC37klAiZHjWYF%2BiPu0CtjyNVNRjExe7UlYFc19216aDzQkN9sU1UlKz%2FbVRHiiHifcbAzyCyUMhvrWo%2FRvm7NEPlMPWnR650pa8qRdf1J47OM98AZglyu2MsVe7liL1fs5Yr9r1as5kKAHZLbWIxpp9XprrTbefwa87vvTWInjY9SXmDNOP9cAz0y7eLPOtltdloUVNA0vv1o%2F4DdtYWLTG2iEgGxHVFFn4X%2Brz0yAOMimWyfehgAz9GnA645OsKXkyGKy%2Bnqk8E89z0LXVg3aSypAU%2FpKI7wpPGBSpTz4RBvvmgs%2Fd7NNF940tHbqV4BR%2F8rrKXhefRKEp4rXSZb3AXUnwKMSTeNdKcvvXRWU%2BNdY3xPUwzD1PpuoRUUdJF1sstdHzxXxvnpizTKY0cPlbvQRewXprZPtk9fDpW8yPAEyz5grciTKZj%2BLsFdcbYj1YXwD05fiWenr6YZ7p6%2BNPbCWpNNE6xRU9v64SJbfVi4EUSPHqqs9sj2MBwlBHdhBYdFHwD8s35Ze9DW6R96ykyScX8ok9dCST9pXBHSqvHX7Vaz3Wqvr540B1aXOaZjerhApPHTenftJoaiZ57H0TDPRc7Tkxvw2LjR3VjbyDBQ0CKN%2B4%2FPXsLyAX99AvuiVvxJDLbSWltpr0NIJi0gpB7aNyh6WvlsNgBLVTXjL%2B9XKwIKn6u5jGM1U3EfiwYjIOiR0%2BNuFsLg1uoqzirs98JAOxI%2FSBZNYVfbGzc7a6vt1S2ol5tOq926x5sDmaS%2B6IVyEJnrQ6pxjB7icQlpySb72JaLryEKHDqw1ULhXrNV3sFODVd%2Fw5KvLjJY4o9xhfL1673prNrNd24rSXU%2Bv8e96tbibWXhGnJ9YaUlwQ6U8D9NGh8n0sZzFYh7SvIbFa1PDzOQFzfosVARs6dEkZa1Ua%2FTra0O0C4sYO1nZviYPGy3uu06zPgrdKc6mnerlXpECr1DM%2BQcIiLjVuPo79t%2F%2FjNhjUYjA9sLuWSn2%2FquClYc1pqr9%2Blh3DGo4P8pYL3dmhawKXGxqw
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grams as ADL residue. This residue was subsequently ashed in a muffle furnace at 550∘C for 3 h and 

cooled in a desiccator, and the residual inorganic ash weight was recorded ash in grams. The equations 

for the Van Soest method is reported by Hassana et al., 2021. 

Percentage Yield (%) = 
𝑚𝑎𝑠𝑠 𝑜𝑓 𝑑𝑟𝑖𝑒𝑑 𝛼−𝑐𝑒𝑙𝑙𝑢𝑙𝑜𝑠𝑒

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑟𝑎𝑤 𝑏𝑖𝑜𝑚𝑎𝑠𝑠
 X 100    … … … … … . . … … … … . … … .  1  

 

NDF (%) = 
𝑁𝐷𝐹 𝑟𝑒𝑠𝑖𝑑𝑢𝑒 (𝑔)

𝑂𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝑠𝑎𝑚𝑝𝑙𝑒 (𝑔)
 x 100  … … … … . . . … … … … … … … … … … … … … … . … … .2 

 

ADF (%) = 
𝐴𝐷𝐹 𝑟𝑒𝑠𝑖𝑑𝑢𝑒 (𝑔)

𝑂𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝑠𝑎𝑚𝑝𝑙𝑒 (𝑔)
 x 100  . … … … … … . … … … … … … … … … … … … … … . . … 3 

 

ADL (%) = 
𝐴𝐷𝐿 𝑟𝑒𝑠𝑖𝑑𝑢𝑒 (𝑔) − 𝐴𝑠ℎ 𝑟𝑒𝑠𝑖𝑑𝑢𝑒 (𝑔) 

𝑂𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝑠𝑎𝑚𝑝𝑙𝑒 (𝑔)
 x 100 … … . . … … … . . … … . . . … … … … … … … 5 

 

Hemicellulose (%) = NDF – ADF … … … … … . . … … … … . … … . … … … … … … … … . … … 6  

Cellulose (%) = ADF – ADL … … … … … . . … … … … . … … … … … … … … … … … … . … … .  7  

Lignin (%) = ADL- Ash 

… … … … … . . … … … … . … … … … … … … … … … … … … … … . … . . 8 

Percentage fraction of Purity (%) = 
𝐶𝑒𝑙𝑙𝑢𝑙𝑜𝑠𝑒

 𝑐𝑒𝑙𝑙𝑢𝑙𝑜𝑠𝑒 +𝐻𝑒𝑚𝑖𝑐𝑒𝑙𝑙𝑢𝑙𝑙𝑜𝑠𝑒+𝐿𝑖𝑔𝑛𝑖𝑛+𝐴𝑠ℎ
 X 100 … … . … ….9 

 

 

2.3 FTIR, XRD and SEM–EDX Characterization 

       FTIR was performed using a FTIR - CARY 630 FOURIER TRANSFORM INFRARED. 

The spectra were recorded over 4000–650 cm⁻¹ at a resolution of 4 cm⁻¹ resolution, 32 sample scans, 

16 background scans, with Happ-Genzel apodization. Dried biomass samples were prepared as KBr 

pellets prior to analysis. The spectra were recorded in percentage transmittance (%T), and the 

characteristic absorption bands were identified from the resulting spectra (Ningthoujam et al., 2023).    

 

      XRD analysis was performed using a Rigaku MiniFlex X-ray diffractometer with Cu Kα 

radiation (λ = 1.5406 Å) at 40 kV and 15 mA. Oven-dried powdered samples were scanned continuously 

over 3–70° (2θ), using a step size of 0.02° at a scan speed of 20° min⁻¹. Crystallinity index (CrI) was 

calculated using the Segal empirical method, while crystallite size was estimated using the Scherrer 

equation with K = 0.89 (Sharma et al., 2023). Peak positions and FWHM were obtained from the Rigaku 

evaluation software for the structural calculations. The equations used for the determination of these 

parameters were reported by French et al., (2020); Monshi et al., (2022).   

 

    SEM–EDX analysis was performed using a Phenom scanning electron microscope coupled 

with an EDX system. Powdered biomass samples were mounted on sample stubs using double-adhesive 

carbon tape and examined at magnifications of 500×–150,000×. EDX analysis was conducted at 15 kV 

by selecting representative regions of the SEM images for elemental analysis. The elemental 

composition was reported in atomic and weight percentages. 

 

3. RESULTS AND DISCUSSION 

3.1 Van Soest Fibre Composition of Raw and Pretreated Biomass Samples 

       The Van Soest results provided quantitative evidence of changes in the fibre fractions 

following pretreatment. The raw materials contained 25%, 28% and 34% cellulose for CS RAW, SCB 

RAW and SD RAW, respectively, while the treated samples generally showed reduced hemicellulose 

and lignin and increased cellulose-rich fractions  (Bartos et al., 2020). CS2, SCB2 and SD3 contained 

58%, 57% and 60% cellulose, respectively, supporting their selection as practical preliminary starting 

https://jenni.ai/citation?d=z%3A7Va%2FcxtFFJaBADVVoGFngCGeiWVJsYyTJmPH9pg4Tjx2QkK52n13t9berrK7J%2BlSJQMFlPwHpKROpdp%2FEA2poODbO0lWErvJQOfCY93d%2B%2FG9733v7b6YND5MrFOpMp%2FQ08IGKq88uKdSYwVpXWjrlWCJ6pHzjMbBcRFIssTZnPki5U5wQ6zHU%2B49sRE5YsERjzYjFTJ2nz%2FYY97qIihrPLMJkypJYGYCE9YI%2FHc8fmPXWitrLTYK3yyzYJkPhSxZyIgRzEWInlz3uVZ1%2FDwGgFe0EDYfAGaMch2OrhChAA5uJBs4OyAXFFWpo3FdSpPdOXNiI%2B6ZpEAuVwbAe3XiITfs2JIPLKeQWbkYO3qIjFdsOPWsdnqy4nhZ1RffVzU9OdperoB48GSUSRlpVOPwLVfCWS%2FsoGTXjncOlq%2BzUaY0IRkCGyW4XkQfMZHx0SAAEiI12R4hxrRJdbkafVMmEgvjgJoEuPI0C31mPLNIUR%2BKdbZIM8ZZzscqL3KG6jhLClNXcUb9Gx0Dh670gWutjApl5MOkkWijS%2BYBJQv4EWFVpYJ4pzSeUyC5drC7ucwc5VxBFQiLOIATssLPWQYBde8BBkHID0goZCsZnBlHF4yNLgSeVM5diXjcR5VBzzWaSPgZiU32EMY%2F2sKk33qWW1lopHtDF8xndhSLr%2FGfERKQEI6SdVbWokhrYU9pnPE76xAqIJNC%2FW%2FTW4gMeYEcoAzCCQjHYn7OwndXNmL4JttWLspeWOdI1xPSozAiMm9J%2FHy9RIFGepIqqjISBlE1QINkCxPDVKQCsRReuaoLUFBkZDYRdXLQtBAeURZwNNkRpY68j4bccF16RIX5EPVVCadj2luI5mlIsccLWPA05E7xnkaK%2BUAC37klAiZHjWYF%2BiPu0CtjyNVNRjExe7UlYFc19216aDzQkN9sU1UlKz%2FbVRHiiHifcbAzyCyUMhvrWo%2FRvm7NEPlMPWnR650pa8qRdf1J47OM98AZglyu2MsVe7liL1fs5Yr9r1as5kKAHZLbWIxpp9XprrTbefwa87vvTWInjY9SXmDNOP9cAz0y7eLPOtltdloUVNA0vv1o%2F4DdtYWLTG2iEgGxHVFFn4X%2Brz0yAOMimWyfehgAz9GnA645OsKXkyGKy%2Bnqk8E89z0LXVg3aSypAU%2FpKI7wpPGBSpTz4RBvvmgs%2Fd7NNF940tHbqV4BR%2F8rrKXhefRKEp4rXSZb3AXUnwKMSTeNdKcvvXRWU%2BNdY3xPUwzD1PpuoRUUdJF1sstdHzxXxvnpizTKY0cPlbvQRewXprZPtk9fDpW8yPAEyz5grciTKZj%2BLsFdcbYj1YXwD05fiWenr6YZ7p6%2BNPbCWpNNE6xRU9v64SJbfVi4EUSPHqqs9sj2MBwlBHdhBYdFHwD8s35Ze9DW6R96ykyScX8ok9dCST9pXBHSqvHX7Vaz3Wqvr540B1aXOaZjerhApPHTenftJoaiZ57H0TDPRc7Tkxvw2LjR3VjbyDBQ0CKN%2B4%2FPXsLyAX99AvuiVvxJDLbSWltpr0NIJi0gpB7aNyh6WvlsNgBLVTXjL%2B9XKwIKn6u5jGM1U3EfiwYjIOiR0%2BNuFsLg1uoqzirs98JAOxI%2FSBZNYVfbGzc7a6vt1S2ol5tOq926x5sDmaS%2B6IVyEJnrQ6pxjB7icQlpySb72JaLryEKHDqw1ULhXrNV3sFODVd%2Fw5KvLjJY4o9xhfL1673prNrNd24rSXU%2Bv8e96tbibWXhGnJ9YaUlwQ6U8D9NGh8n0sZzFYh7SvIbFa1PDzOQFzfosVARs6dEkZa1Ua%2FTra0O0C4sYO1nZviYPGy3uu06zPgrdKc6mnerlXpECr1DM%2BQcIiLjVuPo79t%2F%2FjNhjUYjA9sLuWSn2%2FquClYc1pqr9%2Blh3DGo4P8pYL3dmhawKXGxqw
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conditions. SDA3 gave 64% cellulose and 4% lignin, showing the stronger compositional effect of the 

acid–alkali route as presented in Table 2. 

 
Table 2: Van Soest Fiber Composition of Raw and Calculated Fraction Purity of the Pretreated Biomass
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Sample 
NDF 

% 

ADF 

% 

ADL 

% 

Ash 

% 

Hemicellulose 

% 

Cellulose 

% 

Lignin 

% 

CS 

RAW 
68 44 19 2 24 25 19 

CS1 60 55 9 2 5 46 9 

CS2 69 65 7 1 4 58 7 

CS3 66 60 8 1 6 52 8 

CS4 64 59 7 1 5 52 7 

CS5 61 56 6 2 5 50 6 

SCB 

RAW 
80 56 24 1 29 28 23 

SCB1 60 55 10 1 5 45 10 

SCB2 68 65 8 2 3 57 8 

SCB3 63 57 7 1 6 50 7 

SCB4 65 59 6 1 6 53 6 

SCB5 61 55 5 3 6 50 5 

SD 

RAW 
80 56 22 2 24 34 22 

SD1 61 55 10 2 5 45 10 

SD2 66 61 8 2 5 53 8 

SD3 70 66 6 1 4 60 6 

SD4 68 62 5 2 6 57 5 

SD5 65 59 4 3 6 55 4 

SDA1 60 56 8 1 4 48 8 

SDA2 67 63 6 1 4 57 6 

SDA3 71 68 4 1 3 64 4 

SDA4 69 64 3 1 5 61 3 

SDA5 66 60 3 1 6 57 3 

3.2 Percentage Yield and Purity of Alpha Cellulose of CS, SCB, SD, and SDA 

    Alpha cellulose was extracted from cotton stalk (CS), sugarcane bagasse (SCB), and sawdust 

under two distinct processing regimes—Method 1 (SD) and Method 2 (SD-A)—to evaluate trade-offs 

between mass yield and chemical purity. 

CS yields ranged from 29% to 30% (2.9–3.0 g) with purities between 76.67% and 84.06%, 

where CS2 achieved peak purity (84.06% purity, 30% yield) and CS4 (81.25% purity, 29% yield). SCB 

exhibited lower yields of 15–20% (1.5–2.0 g) while maintaining strong purity levels, led by SCB2 at 

83.82% purity (20% yield). Method 1 treated sawdust (SD) provided the highest mass recoveries overall 

at 50–80% (SD4: 80% yield, 83.82% purity; SD3: 60% yield, 85.71% purity). Method 2 treated sawdust 

(SD-A) experienced reduced yields (20–30%) due to intensified delignification, but delivered the 

highest polymer purity, peaking at 90.14% for SD3A (20% yield). 

Overall, while Method 2 (SD3A) achieved the absolute highest purity (>90%) across all 

feedstocks, peak-purity representatives—CS2 (84.06%), SCB2 (83.82%), and Method 1 SD3 

(85.71%)—highlight key refinement thresholds, with Method 1 SD3 providing the optimal balance 

between throughput mass recovery (60%) and high chemical purity. The summary of the results is 

presented in Table 3. 
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Table 3: Van Soest Fibre Composition and Calculated Cellulose Fraction Purity 

 

SAMPLE ID 

Initial wgt (g) 

Raw sample 

Final wgt dried 

α-cellulose (g) 

% yield α-

cellulose 

% purity α-

cellulose 

CS1 10 3 30 76.66666667 

CS2 10 3 30 84.05797101 

CS3 10 3 30 78.78787879 

CS4 10 2.9 29 81.25 

CS5 10 3 30 81.96721311 

SCB1 10 2 20 75 

SCB2 10 2 20 83.82352941 

SCB3 10 1.5 15 79.36507937 

SCB4 10 2 20 81.53846154 

SCB5 10 2 20 81.96721311 

SD1 10 5 50 75 

SD2 10 6 60 80.3030303 

SD3 10 8 80 85.71428571 

SD4 10 6 60 83.82352941 

SD5 10 5 50 84.61538462 

SD1A 10 2 20 80 

SD2A 10 2 20 85.07462687 

SD3A 10 3 20 90.14084507 

SD4A 10 2 30 88.4057971 

SD5A 10 2 20 86.36363636 

 

3.3 FTIR Characterization 

   FTIR confirmed substantial chemical modification. CS2 showed disappearance of the 

carbonyl feature near 1720 cm−1 and reduction of the lignin-associated 1510 cm−1 region, with a 

clearer cellulose fingerprint. SCB2 similarly showed disappearance of the 1720 cm−1 feature and 

reduction of lignin-associated signals. In sawdust, Method 1 retained lignin aromatic skeletal vibrations, 

whereas SDA3 showed the strongest delignification response (Li et al., 2023) and strong cellulose C–

O stretching around 1019--1025 cm−1. This is presented in Figure 1a-c. 
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a 

 

 

 

 b 

Figure 1. (a) FTIR spectra of untreated and treated cotton stalk (CS RAW and CS1–

CS5), FTIR spectra of untreated and treated sugarcane bagasse (SCB RAW and SCB1–SCB5). 

 
Figure 1c. FTIR spectra of untreated sawdust, Method 1 (SD1–SD5) and Method 2 (SDA1–

SDA5). 
 

The FTIR evidence supports the Fiber-fraction results. SDA3 showed the strongest evidence of 

delignification, but its higher purity was achieved through an additional acid-treatment route. SD3 

therefore remained important as the simpler direct-alkali condition for subsequent optimization, yet 

with reasonable purity and yield.  
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3.4 XRD Characterization 

     XRD showed biomass-dependent structural changes. CS2 had a crystallinity index of 61.4%, 

compared with 61.5% for CS RAW; SCB2 increased from 55.7% to 59.6%; SD3 increased from 51.3% 

to 66.1%; and SDA3 reached 75.2%. The treated samples also showed changes in peak positions and 

crystallite size (Myeni et al., 2026). Origin-based interpretation indicated Cellulose I and Cellulose II-

associated features in selected treated samples; CS2, SCB2 and direct-alkali SD3 retained native 

Cellulose I characteristics while displaying localized Cellulose II-associated polymorph features, 

whereas dual-treated SDA3 exhibited mixed Cellulose I/II-associated features with higher structural 

ordering as shown in Figure 2a–c. 

 
 

a) 

 

b) 

 

Figure 2: XRD patterns of untreated and treated a) cotton stalk (CS RAW and CS2), b) sugarcane bagasse (SCB 

RAW and SCB2) and c) untreated and treated sawdust (SD RAW, SD3 and SDA3). 

 

 

3.5 SEM–EDX Characterization 

SEM micrographs revealed clear morphological disruption following chemical treatment 

(Sunkar & Bhukya, 2022). CS2 displayed exposed fibrous bundles and irregular surfaces; SCB2 showed 

c) 

https://jenni.ai/citation?d=z%3A7VhBcxzFFV6HIuRODuHWleAquUqa3dmVZIkQKCPZyIVlq2QFUzmld%2FrNTLM900N3z642J6jkP%2BSaew6cdaMKDvwPfgMnLnxvene1a4sqCjjqYu90v3793ve%2B9722v7jqvZZbpwtdv0GftTbQ%2FI3TE6oaUbZOebF1cuLvbQspjC5qm5ExrbFeZ0IWTmetCa2TRsykD7QtSjklEUoSDfzUQWMHvsVY28zWU3Je21roOlhe2hlLT0o0zqo2Cz4RJ3ZGMNruPFQyOH0pfHDYbB0Jm%2FOhSnovMls1TntdF2IZEF9OlV77lLXqYtY1fE0Ip5Z7iEBmGXmvx4YSceZoJziSoULIQnuBnbXgF6brd4nxXDiq7JRX4x03Xk%2BXwcks6Ckhu4sSrn1o1byLXzqEtIEprSVbWaVzncnAgCHzkxPRdjEYO9sBlhkCdHE36y5GsI2j6zQqCqVVfhu5ZqZVfNS6QtbWWzOFwbbYH9wVMMKSEVsPw7MTVHl0V5Rz5WxBtWjI2UutSMx0KHlHVpWttQQj3vXt%2BL3hu33%2B69n6R%2F9p3BvFT%2BYNYBjeFR75tFV03jndeipxY%2FTt4TammohPdpycCySfM3KAf%2BuT8%2BN7cCPN3GvkE2F4TgUyjkkK6UHPooXbbeFLkEiBQTKAhD6IFSQ4y7zK3NwHaYyudZgDHUWXjBGsmIy5s5UYHSbD%2FbtYFS1QxnFsoABg7f5ecgDYmBYcf6QNdrtWAZMsggRfSuk4R9SJu0AoWrpfFB7xWXgEOgEkH7fsAitdeLYag57LuqNa7Vgb7VcrL9FMUeGkWu3KyrqmtC3YLt3YMt4IEKl33WDRO%2BxUVo0hoVrHUF5zBk1cJuKBAahtUXI4YCIWgS5iBjNj9wLXG9N8OTlGKHqP%2BK1KQ6LURUlcHItSbIS68oY4dw8SlIEj7wSBq6m0d23DDn3rcpmt9cy2iHqCGH0ma%2FRkIchQFhxWgJmzPrMNmPf84ek9oStZoAHBkuFgMPj6v9AItPGy5RLxyAIdcqiwrD3qXSFxUJLT803nFDAHCwYSOPro4vH5NUmZVewIti8ht9AjTmmjjmg2OfErXnUGP7vLNig%2BKzVKy6WrLJgx1YgQOr2IjWO9%2BPABh6pAHaenSDdK9o32yGXr%2BOLDe8jCQ%2BqhX7GGGvprp7GYrkIJ0VJMU3TUK70R2dYJIAk4cdLbtlY7EHKNoaFussYgWSv6ssS4Z1H%2FBZyOMkTR1cQazd3LamshxisqRFLGLPk3RhdbwBVDsOZ5AdBSqAsW7aWssCOOxnd8WrTahtyC8k3rfEtd%2FiA78FmMjUTNrJtc9d4s5Rj3IcLbAXs7YG8H7O2AvR2wtwP2dsD%2B%2BgFr4gQhdYwMi%2BFguL8zGFXMc6lrco%2Fr3F71Xi9ki75z%2FnMDcJHGo07%2B1CgZDkl7eH6dgg6G9Cm8OAwnn08hDhW92axcPbFgnXVXvTu6Ab3PZV3QVe93oLXz4Qwrb732UWkwqhe%2FDZ%2FsBAgX%2FweWqpYVn8hzWWkzp9M51ZoYi9r%2BA4pZF1qcg6%2FjVkHIDfVePZMf%2F0vrCcVD9AjY658yLU7R%2Fi1i7GzVRfIw%2BSnTyTFRDZ2bS9NG8%2BKpZubJeCIvpT9T%2BfeZVh5gZspqlw6S0ehw0K9kejjYGxzsjsCecf05%2FvT1Fzo9PNzfSQ93d0uoAopPl5MX99NROtobHe7uqabSqtxND4YHaZriyDP5%2FaddHboyfhrLONwZ7gHQumgB6JjqqmnHEGs0RazqnS6Ny%2BQUvNdwkukGg0e6uTjG%2F2iw9p3FAyxWj2uPCmMYTNBtkJ%2BM%2Fu7M5XtlCI1%2Fp9%2BfzWZJpRqdgMb9VfD41d%2FrI7d%2Bo%2FL3F0%2Bsv6X370PW0v3RqIBChHnDUE6kCzozdIHPO7Aim38EpVpfJp6Mc9iaTKMbP5gfoV
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disrupted, separated fibrous regions; and SD3 and SDA3 exhibited extensive, separated microfibers 

compared to compact raw matrices. EDX analysis confirmed accompanying elemental transformations. 

For clarity, each entry in Table 4 reports the surface elemental composition first as atomic 

concentration (at.%) and then as weight percentage (wt.%) across the analyzed surface regions. 

Regional carbon weight concentrations increased from 2.06 wt.% (6.07 at.%) in CS RAW to 

11.39 wt.% (2.06 at.%) in CS2, and from 30.83 wt.% (54.85 at.%) in SCB RAW to 35.20 wt.% (30.83 

at.%) in SCB2. For sawdust, regional carbon shifted from 8.22 wt.% (22.65 at.%) in SD RAW to 51.07 

wt.% (70.51 at.%) in SD3, while SDA3 recorded 14.36 wt.% (36.42 at.%). 

These shifts reflect the leaching of inorganic mineral extractives—notably potassium and 

calcium—and matrix disruption. However, because carbon is present across cellulose, hemicellulose, 

and lignin backbones, EDX was interpreted alongside FTIR and Van Soest analyses to confirm cellulose 

enrichment as presented in Table 4. Figure 3a-3c shows the SEM image of the raw samples and the 

selected optimum results. 
Table 4: Summary of SEM–EDX observations for selected preliminary samples 

Sample SEM observation 
EDX observation (at.% to 

wt.%) 

CS RAW Compact, aggregated fibre surface C: 6.07 → 2.06 wt.% 

SCB RAW Compact, intact fibrous surface C: 54.85 → 30.83 wt.% 

SD RAW Dense, compact wood-fibre surface  C: 22.65 → 8.22 wt.% 

CS2 
Exposed/separated fibrous bundles; 

irregular surface 
C: 2.06 → 11.39 wt.% 

SCB2 Disrupted and separated fibre regions C: 30.83 → 35.20 wt.% 

SD3 Exposed, separated and irregular fibres C: 70.51 → 51.07 wt.% 

SDA3 Strongly altered fibre surface C: 36.42 → 14.36 wt.% 
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a) CS RAW AND CS2            B) SCB RAW AND SCB2 

 

c) SD RAW, SD3 and SDA3 

 
Figure 3: SEM Image of Raw Biomasses and Treated Samples a) CS RAW and CS2, b) SCB RAW and SCB2 

and c) SD RAW, SD3 and SD3A 

 

 

3.6 Selection of Preliminary Conditions 

The preliminary selection was based on the combined consideration of α-cellulose yield, purity, 

Van Soest fibre composition, FTIR, XRD, and SEM–EDX rather than yield alone (Darmenbayeva et 

al., 2026). Among the evaluated feedstocks, CS2 (12.5 g NaOH, 900C, 1.5 h) produced 30% yield and 

84.06% purity, while SCB2 (15 g NaOH, 950C, 1.5 h) produced 20% yield and 83.82% purity. For 

sawdust, Method 1 SD3 (20 g NaOH, 950C, 1.5 h) produced 80% yield and 85.71% purity, whereas 

Method 2 SDA3 produced 20% yield and 90.14% purity. SD3 provides a yield that is 4 times higher 

than SDA3, representing a 75% drop in yield if switching to SDA3, or a 120% relative difference 

between the two data points. From an operational perspective, achieving the marginal 4.43% increase 

in purity via the SDA3 route incurs substantial resource overhead: it requires an additional acid-

digestion stage using 3.5 (v/v) HNO3, increases thermal energy consumption due to extended boiling 

cycles, extends total processing time by approximately 30-40%, and consumes significantly more 

deionized water for repetitive washing to reach neutral pH (7.0). This significant yield advantage, 

combined with the additional overhead costs in energy, time, and deionized water required by 

310 X, 200 µM: SCB2 

 
320 X, 200 µM: SCB RAW 

 

310 X, 200 µM: CS RAW 

 

330 X, 200 µM: CS2 

 

310 X, 200 µM: SD3A RAW 

 

310 X, 200 µM: SD RAW 

 
300 X AT 200 µM SD3  
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alternative processes, justifies the selection of SD3 alongside CS2 and SCB2 for subsequent RSM–

DOE–CCD multi-pulping optimization and predictive modelling (Rubia et al., 2024).  

 

CONCLUSION 

The present preliminary work established optimal processing regimes for 𝛼-cellulose extraction 

from cotton stalk, sugarcane bagasse, and sawdust feedstocks (Magalhães et al., 2023). CS2, SCB2, and 

SD3 were selected as practical starting conditions, producing 30%/84.06%, 20%/83.82%, and 

80%/85.71% yield/purity, respectively. SDA3 produced a higher purity of 90.14% at 20% yield and 

showed stronger delignification and crystallinity, but required the additional acid-treatment route. SD3 

was therefore preferred for the subsequent optimization because it provided a practical balance between 

yield, purity, structural quality, process simplicity, and reduced chemical requirements. FTIR, XRD, 

and SEM–EDX complemented the Van Soest analysis by demonstrating chemical, structural, 

morphological, and surface-elemental changes. 

        This study demonstrates how green chemical engineering frameworks can transform 

abundant local agricultural residues into functional bio-based precursors. Beyond process optimization, 

establishing these standardized extraction methodologies advances indigenous scientific knowledge and 

strengthens laboratory training and curriculum development in sustainable materials research across 

Nigerian universities. Furthermore, the purified 𝛼-cellulose produced serves as a critical structural 

feedstock for high-value applications across Nigeria's pharmaceutical sector (e.g., tableting excipients 

and binders) and the food and beverage industries (e.g., dietary fiber additives, thickeners, and active 

packaging materials). The selected preliminary conditions provide the experimental basis for the 

subsequent RSM–DOE–CCD multi-pulping optimization and later ANN/FFNN prediction stage. 
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