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Abstract

The production of cellulose with exceptional properties has led to the modification of chemical pulping methods and the development of newer
chemical pulping methods. This study developed mixtures of sodium hydroxide, ethanol, and anthraquinone as new pulping chemicals to produce
alpha-cellulose from pineapple leaves and Saim weed stem s. The addition of anthraquinone was noticed to influence the pulp yield positively
and the FTIR of all the cellulose has the characteristic cellulose bands. Calculated Total crystallinity index (TCI), (Lateral order index) LOI., and
Hydrogen bond intensity (HBI) from the FTIR presented PLSHAEC (68.38 %) and SWSHQEC (67.74 %) having high crystallinity. From the
XRD, the 2θ by all the materials is attributed to cellulose I diffraction, and the crystallinity index aligned with FTIR determined crystallinity. The
determined particle average diameter using ImageJ software showed that PLSHQEC 3.00 had the smallest value, followed by 5.17 for PLSHQC,
5.32 for SWSHQEC, and 6.03 for SWSHQEC. From the thermal analysis, the onset of the degradation of all the cellulose occurred at different
temperatures: 247.10 ◦C (PLSHQC), 253.38 ◦C (PLSHQEC), 240.20 ◦C (SWSHQC) and 242.58 ◦C (SWSHQEC). The increase in yield, higher
crystallinity index, and smaller fiber diameter of the cellulose demonstrated anthraquinone as a better additive to produce quality cellulose that
would undergo easy chemical modification.
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1. Introduction

The non-biodegradability and negative environmental
greenhouse gas impact of synthetic- based products and global
environmental guidelines have led to a vigorous search for year-
round, renewable substitutes for fossil-based industrial raw ma-
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Fahmi)

terials. Lignocellulosic biomass is copious, inexpensive, re-
newable, and easy to process, with great potential to replace
synthetic raw materials. Also, researchers are interested in
lignocellulosic resources to protect against persistent and im-
minent damage to the environment and humanity by synthetic
chemicals [1].

Lignocellulosic comprises functional biochemical compo-
nents like lignin, cellulose, hemicellulose, and extractive. Cel-
lulose is one of the most desirable commodities in the universe
because of its properties, such as high aspect ratio, crystallinity,
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thermal stability, biodegradability, mechanical ability, mixabil-
ity, and functionalization potential [2]. Because of its excep-
tional characteristics, cellulose and its derivatives can be used
in paper, textile, pharmaceutical, biomedical, food, polymer,
biofuel, and other industries.

Various pulping methods, such as Kraft, sulfite, and soda,
have been adopted to produce cellulose from lignocelluloses.
Pulping methods such as semi-chemical [3], sodium hydrox-
ide and sodium sulfide [4], and organosolv and sulfite acid [5]
have been employed in the time past. However, the chemical
method has been used extensively to isolate cellulose from plant
biomass, and the realization of the direct relationship between
the pulping chemicals and the characteristics of the produced
cellulose has triggered more research on the use of different
chemicals and chemical mixtures for the production of cellu-
lose. Sodium hydroxide solution is mainly used for delignifi-
cation and cellulose extraction during pulping. However, the
low lignin removal and carbohydrate peeling effect of sodium
hydroxide pulping are some of its drawbacks. To enhance
the properties of cellulose, sodium hydroxide pulping has been
modified by adding some other chemicals. The addition of an-
thraquinone to sodium hydroxide has been reported [2, 6, 7].
Adding ethanol to soda pulping has been reported to increase
the lignin removal and yield and produced a better result than
using kraft pulping chemicals in ethanol production [8]. The
search for chemicals or chemical mixtures that could positively
influence the properties of cellulose has been pivotal in vari-
ous research on chemical pulping. Modifying the soda pulping
method could produce cellulose with better properties than cel-
lulose produced with either soda or soda anthraquinone pulp-
ing chemical. Ethanol and anthraquinone have been combined
singly with soda, but there needs to be more information on the
use of soda, ethanol and anthraquinone mixture for cellulose
production.

In this study, instrumental investigation using scanning
electron microscopy, ImageJ software, X-ray diffraction,
Fourier Transform Infrared, and thermogravimetric analysis
was carried out to elucidate surface morphology, fiber diame-
ter, crystallinity, the functional group (with FTIR-derived crys-
tallinity), and thermal stability of cellulose produced from
pineapple leaf and siam weed (chromolaena odorata) stem
as influenced by sodium hydroxide-anthraquinone-ethanol and
sodium hydroxide-anthraquinone pulping chemicals.

2. Materials and methods

2.1. Preparation of cellulose
The leaves of pineapple (ananas comosus) were collected at

the School of Agricultural Technology, Mini Mat. At the same
time, the stem of siam weed (chromolaena odorata) was gath-
ered from demonstration farm, both from the federal univer-
sity of technology akure, nigeria. these plants were validated
at the same university’s department of crop, soil, and pest man-
agement. The materials were freed of foreign matters, and the
pineapple leaves were washed with water. The samples were
cut to 2 to 3 cm sizes and sun-dried (40 ◦C) for a month be-
fore pulverizing. The material was sieved to obtain 450 µm

particle size and then stored in an air-tight glass mason jar (500
mL, 26 ◦C, 60 % relative humidity). The leaves of pineapple
were coded as “PL” while siam weed was “SW” sodium hy-
droxide, sodium chlorite, ethanol (98 %), sulfuric acid (95 %),
glacial acetic acid, and anthraquinone are all analytical grades
obtained from Sigma Aldrich, USA.

2.2. Proximate analysis of materials

Moisture content
The sample’s known weight (m1) was dried (oven, 105 ◦C

3 h), and the weight (m2) was determined after the experimen-
tal duration [9]. The moisture content was determined using
equation (1)

% moisture =
[
m1 − m2

m1

]
× 100. (1)

Ash content
A moisture-free sample (3 g) was weighed into an ash cru-

cible and subjected to furnace heating (575 ◦C, 3 h). After the
experiment, the ash weight (AW) was determined, and the ash
content [10] was determined using equation (2).

% ash =
(AW

3

)
× 100. (2)

Lignin determination
Sulphuric acid (15 mL,72 %) was added to a known weight

of extractive free sample (Wac) and subjected to mechanical stir-
ring (2 h, 20 ◦C). Afterwards, the volume was made up to 575
mL with distilled water and then subjected to heating (100 ◦C,
4 h). The content was allowed to cool overnight, filtered, the
solid residue washed free of acid, oven dried (3 h, 105 ◦C, and
the weight determined (Y) [11]. The acid-insoluble lignin was
calculated using equation (3).

Klason lignin(%) =
Y × 100

Wac
. (3)

2.3. Holocellulose

A quantified extractive sample (Ee) and distilled water (150
mL) mixture were treated under mechanical stirring in a water
bath (80 ◦C, 1 h), after which NaClO2 (1 g) and glacial acetic
acid (0.2 mL) were added. The Addition of NaClO2 (1 g) and,
glacial acetic acid was repeated consecutively for 5 h. The mix-
ture was then cooled, and the solid content was washed free
of chlorine before drying (3 h, 105 ◦C), and the weight was
determined (Hs). Holocellulose content was determined using
equation (4) [12].

Holocellulose content(%) =
Ee

Hs
. (4)
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2.4. Alpha-cellulose

Holocellulose of pre-determined weight (HCe) was treated
with NaOH (50 mL, 17.5 %, 20 ◦C) under mechanical stirring
(30 min), followed by the addition of distilled water (50 mL),
and the reaction continued (5 min). The solid content was ob-
tained, washed free of sodium hydroxide, and oven-dry (105
◦C, 3h) [13], and the weight was determined (AC). The alpha-
cellulose was determined using equation (5).

Alpha-cellulose(%) =
AC

HCe
. (5)

2.5. Pulping method

Two pulping solutions were employed following slightly
modifying the Oluwasina et al. [9]. method. The first solu-
tion was a mixture of NaOH (15 %) and 95 % ethanol (40 %),
and for the second solution, anthraquinone (0.1 %) was added
to the first solution. All the percentages of the used chemicals
are based on the weight of the plant sample. The pulping was
carried out in an oil bath autoclave digester (THR-280B), with
a solution to a solid ratio of 30:1 (v/w) and 15 psi. Two-stage
pulping method was employed; the sample was heated at 70 ◦C
for 1 h before the temperature was raised to 170 ◦C for another
1 h. The pulp sample was obtained after filtration, washed free
of chemicals, and dried (105 ◦C) to constant weight (6 h).

2.6. Bleaching process

The bleaching method sequentially added sodium chlorite
(NaClO2) and sodium hydroxide (NaOH). An oven-dried pulp
sample (10 g) in a beaker was added to hot distilled water (80
◦C, 500 mL) in a water bath. Then NaClO2 (6 g), and acetic
acid (2 mL) were added. The sample was filtered after 1 h, then
treated with NaOH (5 %, 80 ◦C, 1:10 solid to chemical ratio)
and washed free of NaOH (the process was repeated consecu-
tively for four hours) [9]. The sample was finally washed free
of chemicals and dried (105 ◦C).

2.7. Preparation of alpha-cellulose

Alpha-cellulose was extracted from the bleached pulp us-
ing NaOH (17.5 %) at 25 ◦C with solids to chemical ra-
tio of 1:10. The sample was washed free of the chemical
and dried to constant weight (105 ◦C, 6h) [9]. The sodium
hydroxide and ethanol mixture were coded as SHQ, while
sodium hydroxide, ethanol, and anthraquinone were coded as
SHQE. The alpha celluloses (C) produced were named after
the plant-coded names (Pineapple as PL and siam weed as SW).
The final celluloses were named as PLSHQC (Pineapple leave
with sodium hydroxide and ethanol cellulose) and SWSHQC
(siam weed, with sodium hydroxide and ethanol cellulose),
PLSHQEC (pineapple leave with sodium hydroxide, ethanol
and anthraquinone cellulose), and SWSHQEC (siam weed with
sodium hydroxide, ethanol and anthraquinone cellulose)

2.8. Instrumental characterization

Fourier Transform Infrared (FTIR) (model Bruker Tensor
27) spectroscopy obtained the functional group analysis. XRD
(model Bruker D2 Phaser, 30 kV, 10 mA, and Cu-Kα radiation)
was employed for the sample X-ray diffraction and crystallinity
determination. Sample surface morphology was obtained us-
ing a Scanning Electron Microscope (SEM coupled with energy
dispersive X-ray (EDX) (FEI FIB/SEM Nova 600 Nanolab).
The fiber diameter was determined using ImageJ software. Ma-
terial thermal firmness was observed using a thermogravimetric
analyzer. Using the absorbance peak height of the FTIR spec-
tra, HBI, LOI, and TCI were calculated using equations (6), (7),
and (8), respectively.

Hydrogen bond intensity (HBI) =
A3336

A1336
cm−1, (6)

Lateral order index (LOI) =
A1429

A893
cm−1, (7)

Total crystallinity index (TCI) =
A1372

A2892
cm−1. (8)

The material’s XRD crystallinity index was determined us-
ing peak height ratios of I 200 (the highest spectra peak height)
and Iam (the lowest spectra peak height). The % CI was calcu-
lated using equation (9).

% CI =
(

I200 − Iam

I200

)
× 100. (9)

3. Result and discussion

3.1. Proximate analysis of the plants

The useability of a material hinges on its properties; thus,
preliminary proximate analysis was conducted on the selected
plant materials to establish their suitability for chemical pulp-
ing. Those materials’ moisture, ash, lignin, and cellulose con-
tents were determined (Figure 1a). Moisture content can in-
fluence the shelf-life of material because wood decay microbes
could thrive in a high moisture environment, which could lead
to the loss of quality lignocellulosic due to microbe degrada-
tion. All the moisture content values observed in this study
are lower than the 30 % moisture content expected of wood
for microbial degradation [14]; nevertheless, taking a clue from
food and storage powdered material with recommended stor-
age moisture content of between 12 % to 15 % [15]. It could
be inferred that lower moisture content would be preferred to
preserve the chemical composition of powdered lignocellulosic.
Thus, the moisture content of 5 % (siam weed) and 6 % (pineap-
ple) are opined to be suitable for preserving the chemical prop-
erties of the materials. The ash content of 6.5 % (siam weed)
and 9.50 % (pineapple) compete reasonably well with 4.63 %
to 6.03 % [16] and 2.9 % to 9.5 % [17] reported for various
biomass. A pretreatment process would be needed to reduce
the ash content of the plant materials to prevent channel clog-
ging during pulping. The lignin contents are 21.40 % (siam
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Figure 1. (a) Proximate analysis and (b) pulp yield percentage of biomass.

weed) and 27. 57 % (pineapple) indicates the potential of those
plant materials as lignin sources for industrial purposes.

The high lignin content in pineapples could have impacted
the compactness and glossy nature of the plant material. Lignin
is known to be the glue holding plant fiber together, and its aro-
matic nature could have impacted the glossy character. Similar
lignin values have been reported by Alharbi et al. [18]. The
pineapple leaf recorded 59.89 % alpha-cellulose, higher than
56.08 % of siam weed. The alpha-cellulose values reported here
exceed 26 % to 43 % of coir and leave biomass [18]. From the
overall proximate results, siam weed steam and pineapple leaf
fiber are good pulping candidates for cellulose production.

3.2. Pulp yield
Higher pulp yields were observed when sodium hydroxide,

ethanol, and anthraquinone were used as the pulping chemi-
cal. Pineapple leaves and siam weed stem recorded 64.7265.20
% yields. Still, lower yields of 61.18 % and 62.40 % were
recorded for the same plant material when sodium hydrox-
ide and ethanol were used as the pulping chemicals (Figure
1b). The addition of anthraquinone to sodium hydroxide during
pulping has been documented to have increased the yield, im-
proved the chemo-mechanical properties of the products, quick-
ened delignification, prevented redeposition of removed non-
cellulosic materials and prevented carbohydrate peeling effect
[2, 7, 8]. This study has demonstrated that combining ethanol
and anthraquinone can improve pulp yield.

3.3. FTIR result
The prominent peaks expected of cellulose are identifiable

in the spectra of all the celluloses (Figure 2. Some exhibited
sharp and broad spectra (PLSHQEC and SWSHQEC), while
some shifted to low frequency. The spectra at 3293 cm−1 , 3283
cm−1 , 3296 cm−1 , and 3290 cm−1 PLSHQEC, PLSHQC, SW-
SHQEC, and SWSHQC are attributed to a hydrogen-bonded
hydroxyl group holding cellulose fiber together. The spectra
band at 2895 cm−1, 2903 cm−1 , 2898 cm−1 , and 2889cm−1

, for PLSHQEC, PLSHQC, SWSHQEC, and SWSHQC are
for C-H stretch of methyl and methylene groups, while 1636
cm−1 , 1647 cm−1 , 1638 cm−1 and 1640 cm−1 are for hydro-
gen bonds associated with absorbed water [19]. Also, spectra at
1422 cm−1 (PLSHQEC and PLSHQC), 1425 cm−1 , 1418 cm−1

and 1313 cm−1 (PLSHQEC and SWSHQEC), and 1314 cm−1

Figure 2. FTIR spectra of cellulose.

(PLSHQC and SWSHQC) are for CH 2 group bending and
waging. At the same time, band at 1157 cm−1 for PLSHQEC
and SWSHQEC and 1156 cm−1 for PLSHQC and SWSHQC
are for C-O-C of the glycosidic linkage [9]. However, com-
pared with their counterparts, the OH peaks of PLSHQEC and
SWSHQEC are broader and more intense (though the OH band
of PLSHQEC was more visible than that of SWSHQEC). These
broad and intense OH peaks of PLSHQEC (3293 cm−1) and
SWSHQEC (3296 cm−1) attest to removing most non-cellulosic
materials, thereby exposing the OH functional group to FTIR
vibration frequency. The smaller fibre diameter (as shown from
the ImageJ determination) resulted in a high surface area, thus
granting accessibility to the available OH groups. It was noticed
that there was an overlapping of peaks between PLSHQEC and
PLSHQC, as well as SWSHQEC and SWSHQC. The overlap-
ping of peaks experienced by the celluloses suggests that those
materials have the same chemical composition. The overlap-
ping experience reported in this study is similar to the finding
of Rafidah et al. [20]. Additionally, the empirical crystallinity
(TCI, LOI, and HBI) inferences were obtained from the various
spectra through the use of Nelson and O’Connor [21] and Nada
et al. [22] equations.

PLSHAEC and SWSHQEC crystallinity obtained from the
FTIR (TCI, LOI, and HBI) and XRD data followed the same
order presented in Figure 3. However, there was an interchange
in their LOI values because SWSHQEC (1.13) has a higher
value than PLSHQEC (1.06). The removal of non-cellulosic
matters and reduction in the amorphous cellulose could be re-
sponsible for the increase in their crystallinity. The removal
of non-cellulosic matters and reduction in the amorphous cel-
lulose could be responsible for the increase in crystallinity
of PLSHQEC and SWSHQEC when compared with the SW-
SHQC and PLSHQC. Kaur et al. [23] reported an increase
in LOI after removing the water-loving portion of cellulose.
The higher HBI recorded for PLSHQEC (0.99) and SWSHQEC
(0.67) imply that they contained more ordered cellulose chains
than their counterparts. In another study, an increase in TCI
and LOI has been credited for cellulose orderliness and crys-
tallinity [24]. The crystallinity values observed from the XRD
and FTIR are likely influenced by anthraquinone addition to
the SHQ pulping chemical. The anthraquinone helps remove
unwanted materials from the lignocellulosic fiber [8], leaving
smoother and cleaner cellulose behind. The smoothness and
cleanliness could be responsible for the formation of intra- and
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Figure 3. Crystallinity (FTIR and XRD).

inter-hydrogen bonding between the cellulose chain, which in
turn influence the crystallinity of the materials.

3.4. XRD

The four distinct peaks (Figure 4) presented by all the cel-
lulose at different 2θ an evidence plant materials reacted differ-
ently to the two pulping chemicals.

The 2θ values of all the cellulose PLSHQEC (14.7◦, 23.9◦,
25.9◦ and 30.2◦), PLSHQC (15.1◦, 24.2◦, 26.8◦ and 31.8◦),
SWSHQEC(14.7◦, 24.1◦, 26.0 ◦and 40.6◦) and SWSHQC
(14.6◦, 24.0◦, 26.1◦, 40.5◦) can be attributed to cellulose I
diffraction peaks [25]. Samples pulped with SHQE have lower
crystallinity, while those with added anthraquinone have the
highest values. The PLSHQEC had a crystallinity of 68.4 %,
while PLSHQC had 62.0 %. Likewise, SWSHQEC had 67.7 %
and SWSHQC had 65.7 %. According to the literature, the de-
crease and increase in crystallinity of cellulose is a function of
the amount of the OH group present in the cellulose; a decrease
in the OH group would adversely reduce the crystallinity or-
der of cellulose material [25–27]. Soda pulping is synonymous
with hydrolysis and peeling reaction of cellulose, affecting the
degree of cellulose polymerization because it causes shortness
of the chain length and dissolution of cellulose due to glycosidic
bond cleavage. However, adding ethanol and anthraquinone to
soda-pulping chemicals has produced a unique cellulose with
higher delignification and brightness [28]. This reason could be
responsible for the higher crystallinity index of cellulose. The
crystallinity index (Figure 2) of 62.04 %, 65.7 %, 67.7 %, and
68.4 % recorded in this study compete favourably with some in
the literature 60.50 % [29], 67 % [30], 62.54 % [31], 57.85 %
[32] and 59 % [33]. The relatively high crystallinity of the cel-
lulose in this study indicates its better tensile strength, modulus,
and rigid properties [34]. These are good properties desirable of
cellulose that could be used in various industrial applications.

3.5. SEM

The fiber micrograph of the celluloses is presented in Figure
5. The influence of the pulping chemicals was evident from the
images. The images of cellulose obtained with soda, ethanol,

and anthraquinone mixture look brighter, smoother, and shin-
ing than cellulose obtained with only soda and ethanol pulp-
ing chemicals. Ethanol addition to soda chemical can improve
lignin selectivity towards degradation and dissolution, thereby
reducing the impurity on the fiber surface. However, it is worth
noting that lignin dissolution and degradation are enhanced by
anthraquinone, which also prevents redeposition of lignin and
other impurities (wax, pectin, extractives, hemicelluloses) on
cellulose fiber surface [9]. The overlay of long, bundle, firmly
glued, and cloudy fiber was more conspicuous in SWSHQC
than PLSHQC, testifying that non-cellulose compounds are still
present in the fiber. The presence of silica in the EDX spectra
(Figure 6 and Table 1) of SWSHQC revealed the existence of
non-cellulose materials, which agrees with the findings of Ich-
wan et al. [1]. The removal of that non-cellulosic impurity al-
lowed the proper interaction between the pulping chemical and
fiber, leading to defibrillation, causing the PLSHQEC and SW-
SHQEC to appear as fiber strands instead of a bundle like the
SWSHQC [35].

Table 1. Percentage composition of elements in the cellulose.
Element (%)

Carbon Oxygen Silica
SWSHQC 51.29 46.74 1.97
SWSHQEC 54.40 45.60 0.00
PLSHQC 49.42 50.58 0.00
PLSHEQC 49.00 51.00 0.00

3.6. ImageJ
The average diameters of the cellulose fiber measured us-

ing SEM image and ImageJ software (Figure 7) are 3.00
(PLSHQEC), 5.17 (PLSHQC), 5.32 (SWSHQEC) and 6.03
(SWSHQEC), reflecting the influence of the pulping chemi-
cal and non-cellulosic material fibers on the measured diam-
eter. The distribution pattern of the fiber diameter revealed that
PLSQHEC has a minor diameter, having recorded the lowest
diameter frequency (4 to 10 µm), probably the reason for its
highest crystallinity because much of the non-cellulosic impu-
rity might have been removed by the pulping chemical. Ac-
cording to Ichwan et al. [1], lignin, hemicellulose, and pectin
removal reduce fiber diameter. Conversely, the higher fiber di-
ameter recorded by the SWSHQC and PLSHQC can be linked
to an attached impurity, which undoubtedly increases the fiber
thickness, leading to a wider diameter. The small fiber diame-
ter of the PLSQHEC and SWSHQEC made them good candi-
dates for the production of cellulose derivatives because their
OH functional group would be very much available and acces-
sible for modification.

3.7. TGA
The thermal analysis of the cellulose presents their reaction

to heat, which consistently dictates applicability. From Fig-
ure 8, all the thermal spectra present three stages of weight
loss; however, there are two stages of thermal degradation.
All the samples experienced loss of moisture content of 7.78
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Figure 4. XRD spectra of cellulose.

Figure 5. SEM of cellulose.

% (PLSHQC), 22 % (PLSHQEC), 6.68 % (SWSHQC), and
6.32 % (SWSHQEC) depicted by the first peak in the DTG
curve. The onset of the degradation of all the cellulose oc-
curred at different temperatures: 247.10 ◦C (PLSHQC), 253.38
◦C (PLSHQEC), 240.20 ◦C (SWSHQC), and 242.58 ◦C (SW-
SHQEC), showing that the cellulose produced using SHQE ex-

hibited resistance to thermal degradation. The XRD results of
cellulose can support this because crystallines are known to
have better thermal properties. The crystallinity inferences, as
determined from the cellulose FTIR spectral, which are higher
for PLSHQEC and SWSHQEC, could also attest to the thermal
stability of the cellulose [36]. In the first stage of thermal degra-
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Figure 6. EDX spectra of cellulose.

Figure 7. ImageJ average diameter size of the cellulose fiber.

dation between 247.10 ◦C to 353.79 ◦C (PLSHQC), 253.38
◦C to 361.23 ◦C (PLSHQEC), 240.20 ◦C to 383.90 ◦C (SW-
SHQC) and 242.58 ◦C to 387.72 ◦C (SWSHQEC), the weight
loss experienced by the PLSHQEC (65.87 %) and SWSHQEC
(72.32 %) was higher than that of PLSHQC (63.38 %) and

SWSHQC (70.31 %). The presence of non- cellulosic mate-
rials such as silica and lignin (EDX Table 1 and spectra Figure
6), which are known to have higher degradation temperatures,
could be responsible for the reduction in the percentage weight
loss of PLSHQC and SWSHQEC. The higher D.T.G. curves
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Figure 8. Thermogravimetric analysis of cellulose.

presented by PLSHQC and SWSHQC suggest the presence of
non-cellulosic material, which requires a higher thermal degra-
dation temperature. Reflection from the last degradation tem-
perature (353 to 800 ◦C) experienced by the cellulose materials
showed that a higher percentage of weight loss was recorded
for PLSHQC (28.26 %) and SWSHQC (23.01 %). A lower
percentage was observed for PLSHQEC (23.57 %) and SW-
SHQEC (15.79 %). Degradation of lignin at higher tempera-
tures [37] could have caused a higher percentage of weight loss
experienced by those cellulose materials at the last degradation
temperature. The results have revealed that cellulose produced
using SHQE is more thermally stable than those produced with
SHQ.

4. Conclusion

The proximate results of the raw materials (moisture con-
tent of 5 % siam weed and 6 % Pineapple), (ash content of
6.5 % siam weed and 9.50 % pineapple), (lignin contents of
21.40 % siam weed and 27.57 % pineapple), alpha-cellulose of
59.89 % pineapple and 56.08 % of siam weed) suggest them as
good pulping candidates for cellulose production. Adding an-
thraquinone to sodium hydroxide-ethanol pulping chemical has
proved to be a better alternative to sodium hydroxide-ethanol.

It produced celluloses with a higher crystallinity index and fiber
with a larger surface area due to the reduced fiber diameter de-
termined by the ImageJ software. The celluloses have higher
thermal stability than those produced with sodium hydroxide
and ethanol. The prominent peaks expected of cellulose are
identifiable in the spectra of all the celluloses. The SEM anal-
ysis that showed the smaller morphological images of the cel-
lulose by adding ethanol collaborated with the ImageJ and the
crystallinity results. The functionalization reaction of those cel-
luloses produced by ethanol addition would be faster and easier
because of their larger surfaced area. Because of their crys-
tallinity properties, the cellulose materials could be useful in
thermal and strength demanding products. Also, the particle
size of the materials could make the materials that can easily be
modified to produce various cellulose derivatives.
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