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Abstract

Limited application of pure cellulose has brought in modification to cellulose produce substances that are of renewable origin, biode-
gradable but have significant enhancement of their adsorption capabilities. In this study, cellulose was modified with citric acid and its
structure was analyzed by using Fourier-Transform Infrared Spectroscopy (FTIR) spectra, Thermal Gravimetric Analysis (TGA) and
Optical Microscope. FTIR results shows that there is two main important band existed in Citric Acid Modified Cellulose (CAMC) which
are hydroxyl (~OH) band at 3345 cm™ and carboxyl (CO) band at 1725 cm™, while TGA study shows that the mass loss attributed by the
decomposition of CAMC occur at 300°C. Crystallinity and open pore structure in the microstructure of CAMC suggesting the suitability

of using this CAMC in the remediation of acid mine drainage.
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1. Introduction

To date, there has been an increasing awareness and interest in
natural, biodegradability and environmental safety. Development
of biodegradable materials based on cellulose has become a very
attractive selection in the removal of heavy metal. Cellulose, one
of the remarkable pure and naturally occurring organic polymer,
representing about 1.5 x 10" tons of the world’s total annual bio-
mass production, consisting solely of units of anhydroglucose held
together by B-(1,4)-glycosidic linkages in a giant straight chain
molecule [1]. Pure cellulose has limited application, hence modifi-
cation is favoured to produce substances that have different prop-
erties from cellulose, yet they are of renewable origin and biode-
gradable. One of the most important properties is that most pure
are not thermoplastic but cellulose esters and ethers are thermo-
plastic. An ester linkage or cellulose ester is produced when hy-
droxyl groups of cellulose is substituted by less polar ester group
[2]. Several studies have revealed that citric acid is a good modify-
ing chemical or chelating agent [3][4]. The use of citric acid mod-
ified cellulose in removal of heavy metal has been reported in
several study [5][6][7] but limited study has been done on the
capability of this cellulose ester in remediation of acid mine drain-
age. Therefore this study aim to investigate the capability of this
citric acid modified cellulose for further application in remediation
of acid mines drainage at Tasik Puteri, Bukit Besi.

In this study, extra pure microcrystalline cellulose has been modi-
fied using citric acid by the method adapted with modification
from [8][9] with one third portion of citric acid blended with pure
cellulose and sufficient water is used for the removal of unreacted
citric acid. To obtain direct information on the chemical changes
that occur during chemical modification with a simple method,
FTIR is used [10]. Further than that, TGA is used to determine the

decomposition of citric acid modified cellulose and its thermal
stability with the measurement changes in the weight loss of the
sample in time thermal analysis and as a function of temperature
[11][12]. Meanwhile the microstructure examination is also con-
ducted by using an HUVITZ Optical Microscope (OM) in order to
analyze qualitatively microstructure of the modified cellulose.

2. Main Body
2.1. Materials and Methods

2.1.1. Chemical Modification of Cellulose

Cellulose microcrystalline, extra pure, average particle 90 pm and
citric acid anhydrous were purchased from Acros Organic. Deion-
ized water was used in all experiments.

Chemical modification of pure cellulose was conducted based on
procedures adopted done by [13]. A 1g of pure cellulose was
added to solution of 3g citric acid in 16 mL of water with the ratio
1:3. Using Thermostat Incubater at 320 rpm at 20°C, the solution
being stirred for 30 min and then it were placed in evaporating
dish and being dried using forced air oven at temperature 50°C.
The thermochemical reaction between cellulose and acid was pre-
ceded after 24 h for another 12 h by raising the oven temperature
to 120°C. Thus, after cooling, the CAMC formed was washed
using warm distilled water until pH of filtrated water was neutral.
Lastly, the modified cellulose (CAMC) was dried until constant
weight at 50°C and preserved in a desiccator as adsorbent for fur-
ther use. All the above was repeated three times for reproducibility.
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2.1.2. Characterization

Bruker, Fourier Transform Infrared system (FTIR) model Tensor
27 with OPUS 6.0 software were used to analyse infrared spectra
of samples. While Attenuated Total Reflectance (ATR) were used
to test samples in powder form. The scans were carried out from
400 to 4000 cm™. Thermogravimetric analysis (TGA) of all the
samples was carried out using a Netzsch model STA 449F3-
Jupiter. Samples of 15-16 mg were placed in alumina pans and
heated from 30 to 800° C at 10 Kmin™, under a dynamic flow of
nitrogen (50 mLmin™). The microstructure examination was con-
ducted by using a Huvitz Optical Microscope (HRM300).

3. Results and Findings

The prepared sample of citric acid modified cellulose is shown in
the Figure 1. Petri dish on the left show citric acid modified cellu-
lose (CAMC) before wash with warm distilled water [1] while
petri dish on the right [2] show CAMC after had been washed
with warm distilled water.

Fig. 1: CAMC before [1] and after wash [2]

It can be seen that modified cellulose before been washed with
warm distilled water (1) is brown in color compared to after wash
(2) which is white in color. The brown in color which appear in
the first petri dish (1) is indication of unreacted of citric acid after
being heated [14] which is completely disappear after being
washed with warm water in second petri dish (2).

The following Figure 2 shows the spectra obtained for the tripli-
cate of prepared citric acid modified cellulose (CAMC). The FTIR
spectra of the citric acid (a), pure cellulose (b) and citric acid mod-
ified cellulose (c) samples were recorded in the range 400—4,000
cm ' (Fig. 2).
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Fig.2: FTIR spectra for citric acid (a), pure cellulose (b) and citric acid
modified cellulose (c)

According to Figure 2, a strong characteristic stretching vibration
absorption band of carboxyl group at 1725.44 cm ™' in IR spectrum
of citric acid modified cellulose can be seen matching with the IR
spectrum of samples not citric acid modified. It reflected the result
of citric acid esterification that introduced more carboxylic site
[15]. In the study of cotton cellulose modified with citric acid [16],
proved that the result of citric acid esterification is reflected by a
strong characteristic stretching vibration absorption band of car-
boxyl group at 1727 cm' in IR spectrum of citric acid modified

cotton straw. While in another study of modification of pineapple
leaf cellulose [17], the emersion of C=0 group was marked at the
wavelength 1728.08 cm™. Table 1 summarizes the functional
group found in FTIR spectra of citric acid, cellulose and citric acid
modified cellulose.

Table 1: Summary of ftir spectra before and after modification

Functional Wavelength Citric Pure Citric acid

Group Range (cm™) acid Celullose modified
Cellulose

Bonded

—OH group 3500 - 3000 3339 3333 3336

Carboxyl

Group 1740 - 1680 1743 absent 1725

So, it can be concluded that FTIR spectra obtained in this study is
in line with the above studies that high amounts of free carboxyl
groups is introduced when the cellulose modified with citric acid,
at the same time it presents an suitable chemical and physical
characteristics to adsorb metal ions. The increment of carboxyl
group in the microcrystalline cellulose by the modification with
citric acid has adequately prepared CAMC to be the good metal
ion binding [18][19][20] in remediation of acid mine drainage at
Tasik Puteri, Bukit Besi which is high in iron. It is reported in
other study that via a possible symmetrical carboxylate binding,
carboxyl group could chemically adsorb onto the surface of
maghemite nanoparticles in aqueous solution [17].

The following Figure 3(a) dan 3(b) show thermogravimetric anal-
ysis (TGA) and differential scanning calorimetry (DSC) for cellu-
lose, citric acid modified cellulose (CAMC) and citric acid.
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Fig.3a: TGA thermograms of (a) citric acid, (b) cellulose and (c) citric
acid modified cellulose
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Fig.3b: DSC thermograms of citric acid (a), cellulose (b), citric acid
modified cellulose (c)

Based on Figure 3 (a), the shape of the TGA curves of citric acid,
cellulose and citric acid modified cellulose suggest a single step of
mass loss is occur. The mass loss attributed by thermal decompo-
sition of citric acid is around 200°C while cellulose and citric acid
modified cellulose occur around 300°C.

Melting point of citric acid starts its decomposition. A broad endo-
thermic peak with two non-symmetric inflexions showing a com-
plex decomposition process can be seen in the DSC curve does not
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reflect the single step shown in TGA thermogram. Even though
the pattern is similar with the research of thermal behaviour of
citric acid and isomeric aconitic acids [19] however their melting
point are slightly difference. The difference might be due to dif-
ference supplier of the citric acid.

During heating especially at high temperature, changes will occur
in cellulose and citric acid modified cellulose. The strength of the
cellulose chain bonds will reduce, generally the cleavage of glyco-
side bonds, C-H, C-O and C-C bonds will occur. Finally high
temperature will reduce the degree of polymerisation and crystalli-
sation of the cellulose [7][16]. It can be seen from DSC curve,
decomposition of cellulose release 89.3 J/g of heat while citric
acid modified cellulose absorb 84.75 J/g of heat when calculating
the area under the DSC curve suggesting that the formation bond
or crosslinking etherification is also occured around 300°C.

The following figure 4 shows the microstructure of citric acid
modified cellulose, CAMC 2 by using using a Huvitz Optical
Microscope (HRM300) with 200 resolution.
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Fig.4: Microstructural Characteristic of Citric Acid Modified Cellulose
It can be seen that CAMC is in the form of crystalline structure
with open porous structure. The possibility of the metal ions to be
trapped, absorbed, penetrate into the surface and interact therein
with the surface chelating groups can be at open pore structure
[20].

3. Conclusion

In order to increase ion sorption property in pure cellulose, it has
been modified with citric acid via etherification process. This
improvement in pure cellulose property which has been confirmed
through FTIR Characterization, TGA Analysis and Optical Micro-
scope could increase its utility for contaminated water treatment,
particularly in areas of acid mine drainage.
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