CELLULOSE NANOCRYSTALS ISOLATED FROM BEAN SEED HULLS:
ACETYLATION AND CHARACTERIZATION.

ABSTRACT

Bean seed hulls is an agro-waste with abundant content of lignocellulosic materials but are being
wasted due to its underutilization. Cellulose nanocrystals (CNCs) were successfully extracted
from bean seed hulls using alkali treatment, bleaching and sulphuric acid hydrolysis.
Cellulosetriacetate (CTA) was obtained from CNCs by acetylation using acetic anhydride with
sulphuric acid as catalyst. CNCs is neutral pH whereas CTA is slightly acidic. CNCs was
sparingly soluble in ethanol but CTA was completely soluble in ethanol. CTA has a higher
melting point than CNCs. The density of both CNCs and CTA is approximately equal to the
density of water. SEM analysis revealed that CNCs is irregular and fragmented in nature and has
both more large surface area and porosity than CTA. FTIR analysis showed the presence of the
dominant functional groups such as O-H stretch, N-H stretch, C-H stretch, C-O stretch and C-N
stretch in both CNCs and CTA. GC-MS analysis revealed the presence of the prevalent organic
compounds such as alkanes, alcohols, phenols, alkanones, phthalates, carboxylic acids, esters
and triterpene in both CNCs and CTA. Therefore, the isolation of CNCs from bean seed hulls

suggests great efficacy to recover the under-utilized agro-wastes thereby preventing air pollution.

Keywords: Bean seed hulls, Isolation, Cellulose nanocrystals, Cellulose triacetate,

Characterization

1.0 INTRODUCTION

The inability of most African countries to follow the universal trend of waste recycling has
increased the quantity of agricultural trash produced yearly. Burning and open dumping of agro-
wastes are prevalent practices in Nigeria. This burning of agro-wastes decreases agricultural
output, contributes to climate change, contributes to unfriendly and undesirable environment and
causes respiratory illness such as bronchitis, eye irritation, asthma etc. On the other hand, many

of these agro-wastes are allowed to rot away unused. For instance, bean seed husks is a biomass



that is carelessly dumped in different regions of Nigeria thereby resulting in environmental
pollution [1-5]. The need to protect the environment from air pollution resulting from burning,
open dumping or burying of agricultural wastes has led to the extraction of cellulose from these
agro-wastes, which is economically and environmentally friendly. Thus, the trends of using agro-
wastes and underused plants containing cellulosic fibres such as rice husks, rice straw, sugarcane
bagasse, pineapple peels, bean seed husks, plantain stem, walnut shell, tomato peels, maize stem,
maize cobs, corn fibres, cotton stalks, cotton seed hulls and burr, bamboo pulp, oil palm trees,
saw dust from woods, raffia, wheat straw, wheat bran etc. are on the increase [6,1,7-10].

The demand for renewable and eco-friendly sustainable materials is ever-increasing and has
tremendously increased the production of cellulose from agriculture biomass, marine animals,
algae, protozoans, bacteria and fungi thereby making crop and animal wastes useful. Cellulose
nanocrystals are referred to as second generation renewable resource. It also serve as a better
replacement for the petroleum-based products. The major attention being given to
nanocrystalline cellulose is on the increase because of its low density, great rigidity, great tensile
strength, and high flexibility, renewable and biodegradable properties. Agricultural wastes
biomass are of great importance because of the following reasons: it is environmentally friendly,
it has low cost, it is readily available, it is renewable and it exhibits acceptable mechanical
properties [11-14, 9].

Lignin, hemicellulose and cellulose are the most important components of plants. Lignin covers,
encloses and protects hemicellulose and cellulose. Hemicellulose is a polysaccharide composed
of xylose, glucose, arabinose, mannose and galactose [15]. Cellulose is one of the most important
polysaccharides produced in plants from carbon (iv) oxide and water by the process of
photosynthesis and are made up of glucose units linked by a - 1,4 -glycosidic linkage with a
regular network of intra and intermolecular hydrogen bonds [16-19]. Cellulose with the formula
(CeH100s), is the chief structural material of plant cell walls which gives the plant rigidity and
form. It is likely the most prevalent organic material known [1, 20, 21]. Acid hydrolysis using
H2SO,4 or HCI process is mainly used for the isolation of cellulose nanocrystals (CNCs) from
cellulose fibres present in different vegetable natural sources. Sulphuric acid hydrolysis
introduces small number of sulphate ester groups into the surface of the CNCs making it easily

dispersed in water whereas HCI hydrolysis leaves the surface chemistry of CNCs unchanged.



Cellulose nanocrystals have been generally considered as reinforcement segment in
biodegradable plastic because of their biodegradability, easy accessibility, very crystalline form
and capacity to enhance the qualities of bio composite[22, 23, 16, 24, 25]. Cellulose is the
starting material for the production of cellulose triacetate. When the cellulose is treated with
acetic anhydride or acetic acid in the presence of sulphuric acid, cellulose triacetate can be
formed [20].

The aims of this study are to (i) isolate raw cellulose from bean seed husks and then convert it to
CNC:s (i) convert the CNCs to cellulose triacetate (iii) determine some of the physical properties
of both CNCs and CTA (iv) investigate the chemical characterization of both CNCs and CTA
using Scanning electron microscopy (SEM), Fourier transform infrared (FTIR) and Gas
chromatography-mass spectrometry (GC-MS) analyses (V) ascertain the effect of acetylation on

the physico-chemical properties of CNCs.
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Fig. 1: Structural formulae of cellulose and cellulose triacetate

2.0 MATERIALS AND METHODOLOGY

2.1 COLLECTION AND PROCESSING OF SAMPLE



The beans hulls were gotten from Ubani main market in Umuahia North Local
Government Area of Abia State, Nigeria and then ground with a grinding machine into fine

particles and became ready for cellulose extraction.
2.2 MATERIALS

Conical flask, Weighing balance, Beaker, Oven, Masking Tape, Filter Paper, Foil, Measuring
Cylinder, Spatula, Magnetic stirred heater, Crucible, pH meter, Pipette, glass centrifuge tubes,
gooch crucible, Buck Scientific M530 USA FTIR, SEM Quanta FEG450(FEI)(APOLLOX-
EDAX), Buck M910 Gas Chromatograph equipped with HP-5MS Column, shaking water bath,
mechanical stirrer, test tubes, universal indicator, dropper, glass stirring rod, dessicator,
Erlenmeyer flask, reflux condenser, petri dish, platinum crucible, muffle furnace, pycometer,

melting point apparatus.
2.3 REAGENTS

Ether, Ethanol, Distilled water, Sodium hydroxide (NaOH), Sulphuric acid (H,SO,), Sodium
hypochlorite (NaOCI), Acetic anhydride, glacial acetic acid, 2-naphtol, Schweitzer’s reagent,
Conc. HCI, deionized water, conc. Nitric acid, nujol, benzene, potassium bromide (KBr),

deuterated triglycerine sulphate.
2.4 METHODS
2.4.1 Alkali Treatment

5¢ of the ground sample was dissolved in 2w/v% NaOH in a solid to liquid ratio of 1g/10ml. The
solution was then heated at 40°C for 45mins in a shaking water bath for 4hours. The alkali
treatment was repeated 4 times until no more discoloration occurred. The sample solution was
further washed with distilled water until pH 7 (neutral) was obtained and then the sample was
oven dried at 60°C until a constant weight was obtained. The cellulose was hydrolysed with 2

w/v% NaOH for 15mins, 30mins and 45mins respectively at 40°C [6].
2.4.2Bleaching Treatment

The essence of bleaching process is to remove lignin and other components so as to obtain
purified cellulose. The sample resulting from the alkali treatment is blended with the bleaching
agent sodium hypochlorite. 1g of sample to 50ml of bleaching agent solution is heated at 80°C,



shaken at 100rpm for 2hours using a shaking water bath and repeated two times to obtain a white
product. The bleached sample was then thoroughly washed using distilled water until pH 7 to

obtain white cellulose [6].
2.4.3 Sulphuric Acid Hydrolysis

Cellulose nanocrystals were then isolated from the white cellulose by acid hydrolysis through the
treatment with 64 w/w% sulfuric acid solution at 50°C for 30mins, 60mins and 90mins
respectively under constant mechanical stirring. This suspension was diluted 10-fold with cold
deionized water to quench the hydrolysis reaction and then centrifuged to remove the excess
acid. The resultant precipitate was washed several times by centrifugation with deionized water

until a neutral pH was reached finally yielding the cellulose nanocrystals [26, 27].
2.4.4 Confirmatory Test for Cellulose

The best reagent for confirming cellulose is Schweitzer’s reagent. CNCs was treated with the
Schweizer’s reagent (tetraammine copper (ii) hydroxide dihydrate). Cellulose was also treated
with conc. HCI. Schweitzer’s reagent is a deep blue solution prepared by dissolving copper (ii)

hydroxide in excess of ammonia. It has a strong ammonia smell.
2.4.5 General Test for Carbohydrate

Molisch’s Test: This is a general test for carbohydrates. 5mg of the cellulose nanocrystals was
placed in a test tube containing 0.5ml of water and mixed with 2 drops of 10% solution of 2-
naphtol in ethanol. 1ml of conc. sulphuric acid was pipetted into the solution, the acid formed a
layer beneath the aqueous solution common surface of the liquids; the colour quickly changed on
standing or shaking with a dark purple solution being formed. The mixture was shaken and

allowed to stand for 2 minutes. A dull violet precipitate appeared [28].
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2.4.6 Acetylation of Cellulose Nanocrystals;



Acetylation of cellulose nanocrystals using acetic anhydride or acetic acid in the presence of the
catalyst H,SO, gives the textile material named Cellulose triacetate. The three -OH groups of the

cellulose were acetylated.
Procedure:

5g of the CNCs was dissolved in 10ml of glacial acetic acid and heated at 47.5°C for 1 hour and
5ml of acetic anhydride added with 5.5 wt% sulfuric acid as catalyst. The mixture wss further
heated for 3hours at the same temperature. After the completion of acetylation process, the
acetylated cellulose was thoroughly washed to remove odour and any possible soluble impurities
that may have accompanied the reaction process and it is then dried in an oven at 60°C to

constant weight [10].

Weight percent gain (WPG) = W X g

Where, Wrina= Weight of oven dried acetylated CNC
Winitia= Weight of CNC before acetylation
2.4.7 Procedure for Solubility Tests

a) Solubility in water
0.10g portion of the cellulose nanocrystals or cellulose triacetate in a small test tube (100 x
12mm) was treated with successive 1.0ml portion of H,O shaking vigorously after each addition,
until 3.0ml was added. If the cellulose does not dissolve completely in 3.0ml of H,0O, it may be
regarded as insoluble in water. The content of the small test tube was tested with universal
indicator paper, a little of the solution or supernatant liquid was removed with a dropper [28].

b) Solubility in ether
0.10g of the solid cellulose nanocrystals or cellulose triacetate in a dry small test tube was treated
with successive 1.0ml portions of ether, shaking vigorously after each addition, until 3.0ml of
ether was added. More than 3ml of ether shouldn’t be employed [28].

¢) Solubility in ethanol
0.10g of the solid cellulose nanocrystals or cellulose triacetate in a dry small test tube was
reacted with successive 1.0ml portions of ethanol shaking vigorously after each addition until

3.0ml of ethanol was completely added [28].



2.4.8 Determination of Cellulose Content

Raw cellulose content was measured according to ASTM, 2017. 0.3g of sample was weighed
into 50ml glass centrifuge tubes containing 50ml of water, centrifuged at 1500rpm for 10mins,
and the supernatant decanted. The sample was resuspended in 12.5ml glacial acetic and 2.5ml of
concentrated nitric acid and digested in a boiling water bath for 20min and the supernatant
collected. The supernatant was transferred to a Gooch crucible (W3), washed successfully with
hot alcohol, 10ml of 90% benzene, and 60% of ether, dried and weighed, (W5s) finally ashed (W5)

and reweighed[29].

w3-w2
w1

Cellulose content = x 100

W3 = weight of dried sample
W, = weight of ash content

W; = weight of sample
2.4.9 Lignin content Determination

0.3 £ 0.01g prepared sample was weighed to the nearest 0.1 mg and placed in a 16 x 100mm test
tube. The initial sample weight was recorded as W;. Each sample was run in duplicate, at
minimum. Samples for total solids determination (LAP-001) were weighed out at the same time
as the sample for the acid — insoluble lignin determination. If this is done later, it can introduce
an error in the calculation because ground biomass can rapidly gain or loss moisture when
exposed to the atmosphere. The average total solids values were recorded as Tina. 3.00 £ 0.01ml
(4.92 £ 0.01 g) of 72% H,SO, was added and a glass stirring rod used to mix for 1 minutes, or
until the sample is thoroughly wetted. The test tube was placed in the water bath controlled to 30
+ 1°C and hydrolyzed for 2 hours and then cooled in a desiccator and the weight, W i.e the
weights of the crucible, acid-insoluble lignin, and acid-insoluble ash were recorded to the
nearest 0.1mg[29].

Calculation % acid — insoluble residue on an extractives — free basis as follows:

% acid — insoluble residue = W, —-W3;  x 100%
Wi X % Tfinal
100%



Where:

W, = initial weight of extracted sample

W, = weight of crucible, acid-insoluble residue, acid-insoluble ash
W3 = weight of crucible and acid- insoluble ash

% Trinal = % total solids of the extracted sample determined at 105°C as described by the standard
method for the determination of total solids in biomass.

2.4.10 Hemicellulose Determination

Hemicelluloses content was measured according to ASTM, 2017. 1g of sample was weighed and
placed in a 20 x 150mm test tube and recorded as W, the initial sample weight. 15ml of 72%
was added and stirred for 1minute until the sample was thoroughly wetted. The sample was
transferred to a 1000ml Erlenmeyer flask and diluted to 500ml with deionized water. The flask
was then placed on the heating manifold and attached to the reflux condenser, gently boiled and
refluxed for 4 hours. At the end of 4 hours, the condenser was rinsed with a small amount of
deionized water before disassembling reflux apparatus. The hydrolyzed solution was placed on
the crucibles. The weight of collected filtrate was measured. The crucible and contents was dried
at 105+30°C for 2 hours and then cooled in dessicators and recorded as W,. The weight of the
crucible, and contents were placed in the muffle furnace and ignited at 575°C for a minimum of 3
hours, or until all the carbon is eliminated. Then it was cooled in dessicators and recorded as
W3[29]

Note: total solid = 100 — moisture content

Calculations
% Hemicellulose = (W, —W5) x 100
Wi X [% Tfinal]
100%

Where W, = initial sample weight.



W, = weight of crucible and dried content
W3 = weight of crucible and contents minus carbon
2.4.11 Moisture Content Determination

A petri-dish was washed and dried in the oven.Approximately 1-2g of the sample was weighed
into petri dish.The weight of the petri dish and sample was noted before drying. The petridish
and sample were put in the oven and heated at 105°C for 2hr with the result noted and heated
another 1hr until a steady result was obtained and the weight was noted.The drying procedure
was continued until a constant weight was obtained[29].

. wi1i-w?2
% Moisture content = Weig hi of samle x 100

Where W, = weight of petridish and sample before drying
W, = weight of petridish and sample after drying.

2.4.12 Ash content Determination

AOAC, 2017 method was used. Empty platinum crucible was washed, dried and the weight was
noted. Approximately 1- 2g of sample was weighed into the platinum crucible and placed in a
muffle furnace at 550°C for 3 hours. The sample was cooled in a dessicator after burning and

weighed[30].
Calculations:
% Ash content = r;z:% x 100

Where
W; = weight of empty platinum crucible
W, = weight of platinum crucible and sample before burning

W3 = weight of platinum and ash.

2.4.13 Direct pH Determination

A small quantity of the sample was dissolved in water or another solvent, and the pH of the

resulting solution was measured using a pH meter [31].



2.4.14 Density Determination

Pycnometer method: A small, calibrated glass container (pycnometer) was filled with a known
volume of liquid and weighed. The pycnometer was then emptied and filled with the sample, and
the weight measured again. The difference in weight between the two measurements was used to
calculate the volume of the sample, which was then used to determine the density [29].

2.4.15 Melting Point Determination

The capillary tube containing the sample was inserted into a slot behind the viewfinder of a
melting point apparatus. There are usually three slots in each apparatus, and multiple melting
points was taken simultaneously. The apparatus was turned on and the setting adjusted to an
appropriate heating rate. The rate of heating is often experimental and was adjusted by careful
monitoring of the thermometer on the apparatus. A magnified view of the illuminated sample in
the apparatus was seen by looking through the viewfinder. The sample was heated at a medium
rate to 20°C below the expected melting point, then the rate of heating slowed such that the
temperature increases by not more than 1°C every 30 seconds (i.e., very slowly). The process
was repeated with a fresh sample after allowing the apparatus to cool and the recommendations
for compound with known expected melting point was used to perform a more careful

assessment of the melting point[29].

25 INSTRUMENTAL ANALYSIS
2.5.1Procedure for FTIR

Buck scientific M530 USA FTIR was used for the analysis. This instrument was equipped with a
detector of deuterated triglycine sulphate and beam splitter of potassium bromide. The software
of the Gram Al was used to obtain the spectra and to manipulate them. An approximately of
1.0g of samples, 0.5ml of nujol was added, they were mixed properly and placed on the salt
pellet. During measurement, FTIR spectra was obtained at frequency regions of 4,000— 600 cm™
and co-added at 32 scans and at 4 cm™ resolution. FTIR spectra were displayed as transmitter

values.

2.5.2 Scanning electron microscope



Morphological investigations of the composite particles were carried out with SEM Quanta FEG
450 (FEI) (APOLLO X - EDAX), U.S.A. 0.5g Samples were coated with Au/Pd film and the
SEM images were obtained using a secondary electron detector. Point chemical analysis was
performed in 2 independently selected particles.

2.5.3 Quantification by GC-MS

The analysis of phytochemical was performed on a BUCK M910 U.S.A Gas chromatography
equipped with HP-5MS column (30 m in length x 250 um in diameter x 0.25 um in thickness of
film). Spectroscopic detection by GC-MS involved an electron ionization system which utilized
high energy electrons (70 eV). Pure helium gas (99.995%) was used as the carrier gas with flow
rate of 1 ml/min. The initial temperature was set at 50 —150 °C with increasing rate of 3 °C/min
and holding time of about 10 min. Finally, the temperature was increased to 300 °C at
10 °C/min. One microliter of the prepared 1% of the extracts diluted with respective solvents was
injected in a splitless mode. Relative quantity of the chemical compounds present in each of the

extracts of was expressed as percentage based on peak area produced in the chromatogram.

2.6 STATISTICAL ANALYSIS

The physical characterization were carried out in duplicates, and then the mean determined
followed by subjection to standard deviation using Microsoft excel 2010 package. The weight
percent gain plots were done using the statistical software named Origin Pro graphing and

analysis 2021.

3.0 RESULTS AND DISCUSSION
3.1 Physical properties

Cellulose nanocystals dissolved in both schweitzer’s reagent and conc. HCl confirming its
presence. CNCs gave a positive test for carbohydrate. Table 1 shows the data for the solubility
test of CNCs and CTA in the solvents such as ethanol, water and ether. It is observed that
cellulose nanocrystals is sparingly soluble in ethanol while the acetylated cellulose nanocrystals
is completely soluble in ethanol. Out of the three solvents, ether was the best which dissolved
both CNCs and CTA. From Table 2, the chemical content of the raw ground bean seed hulls


https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/electron-ionization

were in the order cellulose (27.333%) > lignin (10.918%) > hemicellulose (6.034%) > ash
content (8.170%) indicating that cellulose is the main component of plant cell walls which gives
plant rigidity and form. From Table 3, CTA has a higher melting point (228.31°C) than cellulose
nanocrystals (142.50°C). The density of CNCs (1.1005g/ml) is slightly higher than that of CTA
(0.90 g/ml). Both the densities of CNCs and CTA are approximately equal to the density of water
(1.00g/ml) indicating that the particles of CNCs and CTA will form suspensions in water. The
pH of CNCs is neutral (7.00) indicating that [H"] = [OH] whereas the pH of CTA is very
slightly acidic (6.59) showing that [H'] > [OH7] [32]. CNCs gave an extremely higher yield
(42.31%) than CTA (3.28%). The moisture content in both CNCs (6.35%) and CTA (2.90%)
were very low showing that it will be difficult for micro-organisms to break them down and

therefore they could be stored for a long time without adding preservatives [33,34].

Table 1: Solubility Data

Compound Solvent

Water Ethanol Ether
CNCs Sparingly soluble Insoluble Sparingly soluble
CTA Sparingly soluble Insoluble Completely soluble

Solubility test was run five times for each compound

Table 2: Chemical composition of raw bean seed hulls

Component % Yield
Hemicellulose 6.034
Ash content 8.170
Lignin 10.918
Cellulose 27.333

Table 3: Physical characterization of CNCs and CTA from bean seed hulls

Parameter CNCs CTA

% Yield 42.31 +0.156 3.28 £ 0.106




% Moisture 6.35+0.212 2.90 £0.940

pH 7.00 £0.141 6.59 £ 0.014

Density (g/ml) 1.1005 + 0.002 0.90 £ 0.003

Melting point (°C) 14250 + 3.536 228.31+0.014

Data reported as mean of duplicate determinations + standard deviation X

3.2 Morphological analysis

The microscopic morphology of samples was observed using SEM. The SEM image of CNCs
were observed under magnifications of 300x, 500x, 750x and 1000x respectively at a voltage of
15kV (Fig.2).CNCs exhibited a rough surface and irregular fragments with disordered large
surface area. The pores were well developed indicating that CNCs can serve as a good adsorbent
[35, 36]. Acetylation greatly influenced the morphology of CNCs. The SEM micrograph of CTA
was taken at the voltage of 10kV under magnifications of 300x, 500x, 1000x and 1500x
respectively as depicted in Fig.3. The amount of the fragments and pore sizes in CTA were
greatly reduced with very small surface area. As a result, CTA will not be an effective adsorbent
when compared to CNCs [37, 38]. There was reconfiguration of the disordered fragments into a
very few ordered particles in CTA. The interfacial space among the fragmented particles were
very narrow in CNCs but extremely wide in CTA. From the scanned image, the pore sizes of the

fragmented particles in both CNCs and CTA decreased with increasing magnification. The

porosity of CNCs were greatly higher than that of CTA making it a better adsorbent than CTA
[39, 40].




Fig. 2: SEM images of cellulose

nanocrystals from

alkali treated and bleached bean seed hulls



Fig. 3: SEM images of Cellulose triacetate
3.3 FTIR Analysis

The structures of CNCs and CTA samples were analysed using FTIR (Fig. 4). The bands
observed in both spectra are strongly associated with the structures of cellulose, cellulose
triacetate, hemicellulose, pectin, wax and lignin, suggesting that lignin and hemicellulose
contents in the sample were not completely removed by the pre-treatment process.



Fig. 4: FTIR Spectra of CNCs and CTA

Table 4: FTIR Spectra Results for CNCs extracted bean seed hulls



Frequency (cm™)

Functional group

882.948

N-H out-of-plane bend of amines
In-plane, out-of-plane wagging vibrations of adjacent hydrogens of

meta-substituted benzenes

1395.274 C-O stretch of esters, carboxylic acids
O-H bend of alcohols
1628.171 C=C of non-conjugated alkenes
C=0 stretch of tertiary amide
1955.458 C=C=C Stretch of allenes
2180.658 [O-C=N] of cyanates, C=N" of cyanides, [SC=N] of thiocyanates
C=C stretch of alkynes
2644.442 Hydrogen-bonded O-H stretch of carboxylic acids
2921.153 Hydrogen bonded O-H stretch of carboxylic acids
C-H stretch of alkanes
3182.692 Intra-molecular H-bonded O-H of alcohols
N-H stretch of primary amide
3381.938 N-H stretch of primary aromatic amine
N-H stretch of primary amide
3601.981 Free O-H stretch of alcohols and phenols
3686.06 Free O-H stretch of alcohols and phenols

Table 5: FTIR Spectral Results for Cellulose triacetate

Frequency (cm™)

Functional group

1059.671

C-O stretch of alcohols

S=0 stretch of sulphur compounds




1290.03 C-N stretch of aromatic amines
C=0 stretch for esters
1415.428 O-H in-plane bend of carboxylic acids
H
In-plane bending of unsaturated C-H bond of =C
H
1627.85 N-H in plane bend of primary amine
C=C stretch of alkenes
Free C=0 stretch of tertiary amide
1873.115 C=0 stretch of acid anhydride
2165.219 [O-C=N] of cyanates, C=N" of cyanides, [SC=N] of thiocyanates
C=C stretch of alkynes
2548.496 Hydrogen bonded O-H of carboxylic acids
2662.726 Hydrogen bonded O-H of carboxylic acids
2863.589 C-H stretch of alkanes
2977.214 C-H stretch alkanes
Intra-molecular H-bonded O-H of alcohols in chelate form
3092.581 =C-H of alkenes
3207.265 Hydrogen bonded O-H of alcohols
3395.579 N-H stretch of primary aromatic amine
3499.734 N-H stretch of primary aliphatic amine
3584.56 Free O-H stretch of alcohols and phenols
3882.972 Free O-H stretch of alcohols and phenols

Considering fig. 4, table 4 and table 5, methyl and methylene groups both have asymmetric and
symmetric C-H stretching vibration modes, giving rise to four absorption bands just below
3000cm™ The presence of a small sharp band just above 3000cm™is due to unsaturated =C-H
stretching vibration of alkenes. The in-plane bending vibration (or scissoring) of the C-H bond in
=CH, group produces a band near 1415cm™. The adsorption in the 1420-1290cm™ region with
weak intensity is as a result of in-plane bending of the unsaturated C-H bond. The C=C



stretching vibration gives rise to an absorption band in the 1680-1620cm™ region in simple
alkenes; the band is of variable intensity but is much less intense than that from the C=0
stretching vibration which also leads to absorption in this region. Conjugated double bonds of
aliphatic systems such as dienes, trienes and tetraenes show two, three and four bands
respectively in the 1650-1600cm™ region [28]. The C=C stretching vibration gives rise to a weak
absorption in the 2260-2100cm™ region of the spectrum with variable intensity [28, 41]. Free O-
H stretching band for alcohols and phenols is in the 3650-3590cm™ region. O-H band recognised
as strong broad band in the 3400-3200cm™ region is due to intermolecular hydrogen bonding
which results in the weakening of the O-H bond; thus, broadening and shifting to lower
frequency. Hydrogen bonded O-H of carboxylic acids show absorption in the region 3300-
2500cm™ with very broad band [32, 28, 41]. The band at 1060cm™ is characteristics of C-O
stretch for primary alcohols. The C-O stretching vibrations in esters give rise to very strong
bands in 1300-1100cm™ [28, 32]. Allenes show a moderately intense band (sometimes as a
double peak) at 2000- 1900cm™ due to the asymmetric C=C=C stretching vibrations[28, 41]. In
dilute solutions, primary amines give two absorption bands, one near 3500cm™ and the other
near 3400cm™ arising from the asymmetric and symmetric stretching vibrations of the two N-H
bonds. The N-H out of plane bending of amines within the absorption range of 910-660cm™ [28,
41, 32]. All acid anhydrides show two strong absorption bands of C=0 stretch near 1800cm™ and
1750cm™, and they are almost always 60cm™apart [28, 41]. C-O stretch and O-H in-plane
deformation vibrations of carboxyl groups absorb at 1440-1395cm™ (weak). The C-O stretching
vibration in esters give rise to very strong bands in 1300-1100cm™ region [28,41]. C=0O stretch
of tertiary amide in dilute solution absorb at 1670-1630cm™ region with strong band [32]. C-N
stretch of aromatic amine absorption band falls in the range 1340-1260cm™[32]. The in-phase,
out-of-plane, wagging vibrations of adjacent hydrogens of substituted benzenes give rise to
strong absorption in well-defined frequency ranges in the 900-690cm™ region of the spectrum
[28, 41]. The adsorption pattern with meta-substituted benzenes give rise to two apparent bands,
one at 810-750cm™ and the other at 900-860cm™[28, 41]. S=O stretch of sulphur compounds
absorbs in the region of 1060-1040cm™ with strong band [28, 41].Inorganic ions such as cyanide,

thiocyanate and cyanate absorb in the region of 2200-2000cm™[41].

3.4 GC-MS Analysis



Gas chromatography mass spectrometry is used to determine the chemical composition of the
CNC and its derivative cellulose triacetate. The GC-MS results of cellulose nanocrystals (Fig. 5
and Table 6) revealed the presence of organic compounds such as aliphatic hydrocarbons,
phenolic compounds, saturated aliphatic carboxylic acids, aliphatic halogenocarboxylic acid,
unsaturated aliphatic hydrocarbons, aliphatic ketones, aromatic ketone, diene, phthalate esters,
aromatic alcohol, thiol, fatty acids, unsaturated aliphatic carboxylic acid, alkane sulphonyl
chloride, triterpene, steroid, esters, aromatic alcohol, organometalloid compounds and amine
[28]. On the other hand, the GC-MS results of cellulose triacetate (Fig.6 and Table 7) disclosed
the presence of organic compounds such as saturated aliphatic hydrocarbons, unsaturated
aliphatic hydrocarbons, aliphatic alcohols, saturated halogeno aliphatic compound, aliphatic
ketone, phthalate esters, aliphatic carboxylic acid, aliphatic halogenocarboxylic acid, esters and
triterpene [28].

Squalene, a triterpene present in CNCs has anti-cancer activity especially the tumour growth
around blood vessels [42]. Amines are used as painkillers, as anaesthetic, as solvents in Benadryl
syrups, regulates vitamin levels in the body and serves as useful stimulants for neurotransmitters
like serotonin for our bodies [43]. Carboxylic acids are used as solubilizer for antibiotic or
antihistamine drug, as antihypertensive drugs, as blood cholesterol reducing drugs, as
nonsteroidal anti-inflammatory drugs and as analgesics [44,45]. Thiol containing drugs are used
as chelators of heavy metal ions, removing them from blocking enzyme activity in the body and
promoting oxidation; they serve as antioxidants in the body i.e prevents the oxidation of protein,
lipids and DNA in the body [46]. Ketones are used in chemical peeling and for acne treatments;
ketones maintain brain function in the absence of glucose; enter the bloodstream and are used by
the heart, kidney and skeletal muscle [47]. Phenols act as antioxidants and prevents cancer but
can be toxic in high amounts; relieves symptoms caused by sore throat, used as preservatives in
vaccines; phenol-based products are used as oral analgesics; used to treat tight muscles [48].
Phenolic compounds exhibits various biological activities such as antimicrobial, anti-
inflammatory and antioxidant properties [49, 50]. Dihydroxy isosteviol methylester with the
highest percentage composition of 26.58% is capable of inducing apoptosis in cancer cells
signifying its utilization in drug design for chemoprevention [51]. Pthalates are converted to
metabolites in the body which is excreted in urine, faeces and sweats. In human, phthalates cause

type Il diabetes, insulin resistance, overweight /obesity, allergy, asthma, higher systolic blood



pressure, low birth weight, earlier menopause, pregnancy loss, preterm birth. Some phthalate
metabolites were negatively associated with breast cancer, increased risk of thyroid cancer in
children, toxicity on genetal development; determines semen quality and precocious puberty in
male children [52]. Steroids are anti-inflammatory drug used to treat rheumatoid arthritis, lupus
or vasculitis (inflammation of the blood vessels) [53]. Halogenated aliphatic and aromatic
hydrocarbons are known to exhibit high activity against different nematodes and trematodes
parasitizing domestic animals and humans [54]. Fatty acids are used as a vehicle and lubricant in
pharmaceutical preparations; it have been used extensively as an additive for development of
nanodrug delivery systems [55]. Aliphatic hydrocarbons are used in extraction processes in
pharmaceuticals; they are axphysiants and central nervous system depressants. Many paraffins
cause chemical pneumonitis [56]. Aliphatic and aromatic alcohols are used as antiseptic,
disinfectant and antidote; used as a solvent and intermediate in the pharmaceutical industries;
used in human medicine as an anti-microbial preservative and as a local anesthetic and
antipruritic. Aliphatic alcohols show increasing potency as non-selective central nervous system

depressants [57]. Conjugated dienes demonstrates antifungal and antibacterial properties [58,59].

TIC: CMNC_data ms

1S5 3z0

0000000
0000000

nnnnnnn

e L

999999
22222

Fig 5: GC-MS spectra for CNCs
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2 8.481 2,4-tert-butylphenol X& 0.46
3 8.611 Pentadecane VAVAVAVAVAVAVAN 0.35
4 9.592 Dodecanoic acid 0 1.87
/\/\/\/\/\)]\OH
5 10.022 3-chloropropionic acid © 0.34
CI/\)J\OH
6 10.185 Hexadecane 1.11
7 11.706 Heptadecane PAVAVAVANAVAVAVAN 0.50
8 12.556 Tetradecanoic acid 0 5.07
/\/\/\/\/\/\)I\OH
9 12.742 Tetradecanoic acid 0 0.62
/\/\/\/\/\/\)J\OH
10 13.017 9-Eicosene 2.24
11 13.165 Octadecane /\/m 2.18
12 13.331 1-octadecanesulphonyl 0.49

chloride




13 13.920 9-Heptadecanone A A p 0.94
‘J
0
14 14.062 7,9-Di-tert-butyl-1- _, o . 0.65
~ PN v
oxaspiro (4,5)deca-6,9- s “‘H" “ﬂ" N
diene cl.:-"’{;
15 14.559 Nonadecane PaVAVAVAVAVAVAVAVAN 0.74
16 14.707 Dibutyl phthalate o) 2.03
|
O/\/\
O\/\/
I
o
17 15.106 Aspidospermidin-17-ol 0.47
o T
o /> "’“i"N\“ T
P Eﬁj}___l//}k%:* B /J\]
O‘\ 7'@%‘?:/_’_”;
18 15.320 n-Hexadecanoic acid 0 23.43
/\/\/\/\/\/\A)LOH
19 15.504 n-Hexadecanoic acid 0 1.68
/\/\/\/\/\/\/\)LOH
20 15.616 tert-Hexadecanethiol 1.70
S — —
21 15.764 1-Docosene 5.64




22 15.890 Heptadecane 1.14
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VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV
30 24.856 Squalene 1.13
VNI INANAMA
31 27.785 Ergosterol 1.22




32 30.006 N-Acetoacetyl- OMe 1.52
deacetylcolchicine MeO OMe
MeO O O
o J
HoN'
33 30.417 Thymol CHs 2.27
OH
HsC CHis
34 31.052 Cyclotrisiloxane HsG  CHs 13.73
O/SI\?
H3C SI\ /SI\_CHs
HsC CHgz
35 31.095 Silicic acid o/H 1.82
\S_/O\H
H ]
St S
o
wo
36 31.288 16-pregnenolone o 11.30
N
(o
37 31.350 3-(3,4- O O 5.59

dimethoxycinnamoyl)-4-
hydroxy-6-methyl-2H-

pyran-2-one




38

36.599 1,2-Benzisothiazol-3-amine

-1.04

Table 6: GC-MS composition of CNCs
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Table 7: GC-MS composition of CTA
3.5 Weight percent gain (WPG)

Figures 7, 8, and 9 show the plots of WPG over reaction time, catalyst concentration and
temperature of the acetylation of CNCs. The WPG of acetylated cellulose fluctuated with
reaction time increment as well as with the fluctuation of catalyst concentration. The temperature
of acetylation fluctuated alongside with the fluctuation of WPG. As the concentration of catalyst
increased, both the temperature of acetylation and WPG fluctuated. Table 8 displayed that the
WPG was least (29.87%) at the highest temperature (60°C) but highest (72.22%) at mid
temperature of 47.50°C suggesting that the decrease in temperature increased the WPG. At
constant concentration of catalyst (5.50 wt%), the WPG fluctuated while the temperature became
constant (47.5°C). Therefore, WPG was inversely proportional to temperature but varied with the
concentration of catalyst. The reduction in WPG with increase in temperature was as a result of
degradation of carbohydrate cellulose under the condition of strong acid and high temperature
[10, 60, 61].

Table 8: Weight percent gain (WPG) of acetylated cellulose



Run Time (hours) Conc. of H;SO4 | Temp (°C) WPG (%)
(Wt%0o)

1 2.50 5.50 47.50 72.22

2 4.00 1.00 35.00 64.44

3 1.00 10.00 60.00 29.87

4 0.02 5.50 47.50 65.63

5 5.02 5.50 47.50 46.05
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Fig. 7: Plot of WPG of acetylated cellulose as a function of catalyst concentration and reaction time
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In this investigation, CNCs were successfully extracted from bean seed hulls via sulphuric acid
hydrolysis. Prior to this, the non-cellulosic components such as lignin, pectin, wax and
hemicellulose were extensively removed by alkali treatment and bleaching. The chemical
composition study reveals higher percentage of raw cellulose content with a lower percentage of
lignin, hemicellulose and ash content. The reduced moisture content of CTA than that of CNCs
means that CTA will make a better biofuel than CNCs. The percentage yield suggests that large
quantity of CNCs will be employed to obtain a greater yield of CTA. The solubility test showed
that both the isolated CNCs and CTA were sparingly soluble in the polar solvent, water but
insoluble in the organic solvent, ethanol. Some functional groups related to lignin and
hemicellulose were identified using FTIR spectrometer implying that the pretreatment process
did not remove all the lignin and hemicellulose from the isolated CNCs. The SEM analysis
showed that the extracted CNCs has a magnified specific surface area and pore size than CTA
making CNCs a better adsorbent than CTA. Therefore, CNCs obtained from bean seed hulls
have great potential to be utilized as adsorbent for heavy metals, crude oil, dyes, pesticides etc.
as well as to be converted into CTA fabrics thereby remediating environmental pollution

emanating from bean seed hulls.
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