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ABSTRACT

%03y a radioactive isotope of strontium, is one of the fission products and quite often present
in the radioactive waste produced by nuclear power plants. Recently, the removal efficiency of
strontium by treated coconut fibers was evaluated and reached up to 95% in an aqueous solution. This
work presents the characterization of raw and treated coconut fibers with different concentrations of
hydrogen peroxide in basic medium using X-ray diffraction (XRD) and scanning electron
microscopy/energy dispersive spectroscopy (SEM / EDS). The analysis of X-ray diffraction shows a
crystallinity of 37.6% for raw coconut fiber and crystallinity of 45.4% and 50.6% for coconut fibers 1
and 2, respectively. These results showed that the different degrees of degradation of organic matter
can affect the crystallinity of the treated. This study of morphology and crystallinity of theses
biosorbent materials with strontium will help in comprehension of the effects of alkaline hydrogen
peroxide treatment and it will demonstrate the potential of strontium uptake by coconut fibers.

1. INTRODUCTION

%5y a radioactive isotope of strontium, is one of the fission products of major
radiological concern due to its relatively long half-life (28.6 years) and quite often present in
the radioactive waste produced by nuclear power plants [1].

Currently, some techniques used to remove heavy metals from aqueous solution are ion
exchange [2], membrane process [3], electrodeposition [4] and chemical precipitation [5].
But, these methods are costly and ineffective in low concentration of heavy metal [6].
Biosorption is a technique used to remove heavy metal with low cost and a variety of
biological material can be used as biossorbent [7]. Industries by-products have been used to
remove heavy metals due to the low cost and large feasibility [8] such as groundnut shells,
sawdust, jute and coconut fibers.

In a previous work, the removal experiments were performed in Sr ** aqueous solution
(2mg.L™), raw coconut fiber at pH 9 for 5 minutes contact time and the presence of strontium
ions in the ashes of raw coconut fiber was confirmed by thermal analyses [9].

This work presents the characterization of coconut fibers in raw and treated forms using
X-ray diffraction (XRD) and scanning electron microscopy/energy dispersive spectroscopy
(SEM / EDS). For the chemical treatment, the coconut fibers were treated with different
concentrations of hydrogen peroxide in basic medium. The presence of strontium in the fibers
was also confirmed by X-ray diffraction (XRD) and scanning electron microscopy/energy
dispersive spectroscopy (SEM / EDS).
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2. EXPERIMENTAL PROCEDURE
2.1- Materials

2.0 mg.L" solution of Sr(NOs), was prepared from a stock solution 200 mg.L™. The
coconut (West Garden) was bought in local trade.

2.2- Pre-treatment and chemical treatment of the biomass

The raw coconuts fiber (Cocos nucifera L.) was washed with distilled water to remove
impurities. After washing, it was dried at 80 ° C for 24 h and sterilized with UV light for 2 h.
It was separated using a particle size sieves.

For the chemical treatment process 10 g of e fibers were suspended in a 200 ml
solution containing 1,59 or 8.g of hydrogen peroxide of (30%) and 0,1 g of the sodium
hydroxide (pH 11.5). The temperature was slowly raised to 60°C and oxidation was
continued for more 2 h. The material was filtered, washed thoroughly with hot water,
followed by cold water and then dried at 70°C for 24h [10].

2.3- Biosorption process

The biosorption process was performed in batch using 0,2 g of biomass and 10ml
solution of Sr(NO3), under agitation at room temperature At the end of the experiment, the
solution was filtered to separate the adsorbent and the filtrate.

2.4- SEM/EDS analyses

The morphological characteristics of the fibers, raw and treated coconut fibers, were
analyzed by Scanning Electron Microscopy (SEM) and Energy Dispersive Spectrometry
(EDS). The samples were analyzed in a carbon matrix under 10 kV electron beam at
magnification of 500 times.

2.5- X ray diffraction of fiber

The X-ray diffractograms of the fibers were obtained using the methodology as
described by Park, et al. 2010 [11]. The radiation employed was Cu-Ka 1.5406 A with nickel
filter and the conditions of measurements were 40 KW and 30 mA. The scan was obtained
from a range of 5-65 (Bragg angle 26) of 0.05 to 0.05 degrees every 15 seconds. All samples
were analyzed in powdered form, previously segregated into 100 mesh sieve. However, the
ashes samples used to obtain the diffraction patterns of raw coconut fibers before and after
the biosorption were prepared in a muffle at a temperature of 600°C, until the formation of
ashes from the fibers (about 1.5 hours).
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3. RESULTS AND DISCUSSION

Coconut fiber (Cocos Nucifera) is composed mainly of cellulose, lignin and
hemicellulose [12]. This material has the ability to remove heavy metals from aqueous
solutions by biosorption process. The characterization of raw coconut fiber (RCF) and treated
coconut fibers with 1.5g (TCF 1) and 8 g (TCF 2) of H,O, at 60°C were investigated by
SEM/ EDS and X ray diffraction. Metal accumulation was confirmed by MEV/ESD, as well
as the components of strontium formed in the ashes of raw coconut fiber after pyrolysis by X
ray diffraction.

3.1. SEM analyses

Scanning electron microscope was used to evaluate the morphological characteristics
of the coconut fibers, according Fig. 1.

Figure 1: SEM micrographs of the RCF (a), TCF 1 (b) and TCF 2 (c)

Fig. 1(b) and 1(c) show that the treated coconut fibers (TCF 1 and TCF 2) have more
pores compared to the raw coconut fiber, Fig. 1(a). The higher porosity was due to the
oxidation process of the fibers components (lignin and hemicelluloses) with hydrogen
peroxide in basic condition (pH 11,5).

The treatment with hydrogen peroxide is generally used in the delignification of
lignocellulosic materials. The effect of degradability was more intense to the TCF 2 when
compared to TCF 1 due to the amount of H,O, used in the treatment of biomasses, 4% for
TCF 2 and about 1% for TCF 1.

3.2. EDS analyses

The analyses of the materials before and after treatment with H,O, in basic condition
were analyzed by EDS qualitatively to identify the elements present in the biomass. The EDS
analysis of the RCF, TCF 1 and TCF 2 are shown in Fig. 2a, 2 b and 2c respectively.
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Figure: EDS diffractgram of TCF 1 (2b)
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EDS diffractgram of TCF2 (2c)

EDS analysis of treated coconut fibers shows sodium (Na) in their structures. The
presence of this metal ion was to sodium hydroxide (NaOH) in the oxidative treatment of the
biomasses. The deprotonated of the functional groups of carboxylic acids can explain the
introduction of sodium [13].

3.3 X ray diffraction of the fibers

X-ray diffraction analyses were performed in the RCF, TCF 1 and TCF 2 in order to
characterize the crystalline structure of each fiber, as shown in figure 3.
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Figure 3: X ray diffraction patterns of the raw coconut fiber (RCF) and treated coconut fibers
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In diffraction pattern the narrower peaks indicating crystalline part of the material,
while the amorphous part of fibers involve wider peaks [14]. Then, it is found that the
diffraction patterns of the fibers have low crystallinity (amorphous).

The amorphous characteristic of raw coconut fiber is due to the high lignin content
(amorphous compound) in its structure [15]. Generally admits that the more lignin and
hemicellulose content (amorphous compounds) present in the lignocellulosic materials lower
crystallinity to the material.

The Bragg angles of 16°, 22° and 35° are characteristic of cellulose [16] and the peak
corresponding to crystalline region is located in a Bragg angle 20 of 22° [17]. The
crystallinity ratios (Cr.R.) of the fibers were calculated using the Equation 1 [18].

Cr.R.=1- (/1) (1)

Where, |; is the intensity at the minimum (20 = 18-19° for cellulose 1) and I, is the
intensity of the crystalline peak at the maximum (20 = 22-23° for cellulose ).

The crystallinity ratio (TCR.) of the fibers was presented in Tab. 1. The crystallinity
values is presented with the intuited to check the degree of crystallinity in the fibers before
and after treatment.

Table 1: Cristallinity ratio (Cr.R.) of the fibers

Biomass Cristallinity (Cr.R.)
RCF 39 %
TCF1 46 %
TCF 2 51 %

Softwasre: Bruker, DIFRRAC.EVA — 3.1 version

According to literature, the crystallinity index of raw coconut fiber is about 40%, [19]
and the result obtained for the studied raw coconut fiber (RCF) was in accordance with the
literature.

By the crystallinity values of the treated coconut fibers (Tab. 1), it was possible to
verify that the processing conditions of the oxidative treatment can affect the crystallinity of
the material. According Abraham et al. (2013) the treatment with hydrogen peroxide in basic
medium allows the removal of constituents with amorphous structures such as lignin and
hemicellulose increasing consequently the crystallinity of these lignocellulosic materials [20].
As shown in the results, the crystallinity of the FCA 2 was higher compared to FCA 1 due to
the greater amount of organic matter with amorphous characteristics dissolved during the
oxidation treatment.

The conformation of cellulose structure changes after chemical treatment, Sangian et
al. (2015) verified that the decrease of the peaks related to the planes 002 and 101 (Fig. 6),
located close to Brag angles (26) of 16 and 22, respectively, showed the conformation
transition of cellulose I to cellulose I, which is more amorphous [11].

3.4 SEM/EDS analyses of RCF and TCF 1 after strontium uptake

Scanning electron microscope and energy dispersive spectroscopy of RCF and TCF 1
after metal uptake are shown in Fig. 4 and 5, respectively. The regions analyzed by EDS on
the fibers are also shown in the SEM micrographs.
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Figure 5: SEM/EDS analyses of the TCF 1
The presence of strontium ion in the surface regions of the coconut fibers was
confirmed by the EDS spectra shown in Fig. 4 and 5.
3.5 X ray diffraction of the ashes

In Fig. 6 shows the analysis of X-ray diffraction of the ashes of raw coconut fibers
before and after the biosorption of Sr?*. The ashes were obtained by the pyrolysis process at

600°C.
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Figure 6: X ray diffratogram of ashes of raw coconut fiber before and after biosorption of
strontium ion
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The samples of raw coconut fibers used in this analysis were obtained under the
following conditions, in a solution of strontium (40 mg.L™) at pH 9, and with a contact time
of 90 minutes. The calculation of wavelengths corresponding to the peaks of the XRD
patterns and the angles 26 were obtained through Equation 2 (Bragg's Law).

A= 2d.senf (2)

The presence of strontium ion in the ashes of raw coconut fiber can confirmed by the
presence of new peaks compared to the spectrum of the ashes of raw coconut fiber. The
characteristic peaks of strontium compounds on Bragg angles 26 of 29,67°; 31,13°; 36,66°,
46,98° and 50,85° were related to the strontium oxide (SrO), while in 25,13° corresponds to
the strontium carbonate (SrCOs3), [21]. According to Barros et al. 2009 [22] when the biomass
is heated to high temperatures the dissolution of organic matter occours with the formation of
highly reactive radicals such as hydroxyl and carboxylate (R-OH and R-COO).
Consequently, the metals ions in the biomass can react with these radicals and strontium
hydroxide under high temperatures can form oxides [23].

Another possible explanation of SrCO; into the coconut fiber structure is by physical
adsorption, a portion of strontium solution can form strontium carbonate (SrCO3) at pH 9
[24].

3. CONCLUSIONS

The characterization of RCF, TCF 1 and TCF 2 using X ray diffraction indicated
crystallinity values at 39, 46 and 51, respectively. These results showed that the removal of
amorphous compounds (lignin and hemiceluloses) in the oxidation treatment arise the
cristallinity of the materials (TCF 1 and TCF 2). The presence of strontium was confirmed by
MEV/EDS analyses on the surface of RCF and TCF 1, and by X ray diffraction analyzes. The
chemical composition of strontium in the ashes of raw coconut fiber were SrO and SrCOs.
Thus raw and treated coconut fibers have adsorptive characteristics for strontium ions and
this work can help in the choosing of a biosorbent for *°Sr treatment present in liquid
radioactive wastes.
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