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Abstract— A new class of green material has been elaborated by grafting the modified kapok fiber, by the means of azidated kapok
fiber followed by “click-chemistry” reaction with the terminal alkyne crosslinker. The modified and synthesized product was
characterized using Fourier transform infrared spectroscopy (FT-IR), and Scanning electron microscopy (SEM). The study also was
undertaken to investigate the effect on the absorption of methylene blue from aqueous solution onto the click fiber prepared. The
findings showed that the click kapok absorbed more compared to the untreated kapok. Based on the result, the reaction of click
chemistry influenced the properties of the filter made from kapok fiber.
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purpose [11]. Most of the absorbent used could be in organic,
I. INTRODUCTION mineral or biological origin such as zeolities, clays, activated

Textile, paper and cosmetic industries used a lot of Watercarbons, silica beads and agricultural wastes.

in their processes and end up generating a lot of wastewater Curren_tly, thefe_ are growing interests in using Cheap _and
polluted with different types of dyes [1], [2]. Colour commercially available materials for absorption and filtering

produces by minute amount of organic dyes in water process especially absorb_ents containing natural polyme_zrs.
discharged from those industries is considered veryThe utilization of natural fiber for wastewater treatment is

important because besides being aesthetically unpleasa Iso an attra_ctive and p_romising _option fOF the environmer_1t.
from our naked eyes, the content of colour in the water may he kapok fiber has gamgd a wide attention as an effective
possibly cause harmful effect [3]. This may cause severe""bSorbent espema]ly in ol spil cleanu_p [.1.2] and the ot_her
negative impact on organisms and ecological environment aseﬁlueqts due to its low cost and significant adsorptlon
they are considered toxic and have carcinogenic propertiespo.tem."f’II for removal of_vanous pollutants. Kapok f!ber or
which make the water inhibitory to aquatic life [1], [4], [5]. scientifically knqw aserapgntandra (L'). Gaertn is a

In recent years, several methods including biological and natural F"a.m fiber with .S'lky’ yeIIOW|§h and fIUﬁY
physicochemical technologies have been suggested haracteristic [12], [13]. It is also non-toxic, non allergic,

remove dyes and other effluent from wastewater [6] Theseresistant to rot and odourless which make it suitable to be
processes include coagulation, anaerobic treatment, filtrationapp“ed_ as a raw material for water treatment purpose.
ccording to Lim and Huang [17], kapok fiber has a hollow

floatation, adsorption, membrane separation, ion exchan ) L .
P P g structure with a thin fiber wall and large lumen; which has

and advance oxidation [6]-[8]. Up to now, sorption ed i . . bsorb il i
technology has gain an interest in academic and industries akEc€ved Increasing attention as an absorbent material In
water treatment [12], [14]. Kapok fibers also contain a waxy

one of the most efficient techniques, not only to clean up oil ™ .
and other effluent but also as a method for the removal ofcutin on the fiber surface that makes them water repellent
and oil absorbent [15].

dyes and heavy metal ions [9], [10]. It is now recognized as .
y vy ! [91, [10]. 1t W gniz Normally, cellulose fibers tend to agglomerate and unable

an economic, efficient and effective method for water di tormly duri h Ki | q
decontamination application and for separation analytic to disperse uniformly during sheet making process. In order
to make this kapok fiber fully functionalize as filtering
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system in treating wastewater, some modification need to bel4.16g of tosyl chloride, 17.76ml of triethylamine and

done. Up to date, the use of modified kapok fiber via azide 240ml of distilled water. After 24 hours under mechanical
alkyne has not been widely reported. In this study, the click stirring, the mixer was filtered and washed with 200ml of
azide-alkyne click chemistry has been approached. Thehot distilled water and ethanol. Then, the product was dried
study will also focus on the formation of filter and finally on at 50°C.

the effect of dye absorption. 3) Azdation of kapok fiber : 3g of tosylated fiber was

mixed with 5.78g of sodium azide in 60ml of DMF and
undergoes stirring process at 75°C for 48 hours. Then the
A. Materials reaction was cooled down, filtered and washed using
distilled water and ethanol. The product was dried at 40°C.

Il. MATERIALS AND METHODS

The kapok fiber was purchased from Hasrat Bestari Sdn.
Bhd. and was cleaned before used. Chemical such as 4) Preparation of azide-alkyne kapok fiber : The
triethylamine, sodium azide, N, N- dimethylformamide azidated fiber and alkyne crosslinker was mixed with ratio
(DMF) were purchase from R&M company while for 1:1 in 75ml of DMF. The mixture reaction was left to react
paratoulene sulfonyl chloride (tosyl chloride) and alkyne under stirring at 100°C for 24h. Then the product was
crosslinker were purchased from Sigma-Aldrich company. filtered, washed using distilled water and ethanol, and dried
All chemicals were used as received unless stated otherwiseat 40 °C.

1) FTIR. FTIR spectra were recorded using Perkin 5) Absorption studies : In this experiment, a stock of
Elmer FTIR spectrometer using the potassium bromide (KBr)methylene blue solution (1000mg/L) was used. The
pellet method. concentration of methylene blue was determined by using
UV-Vis machine. About 0.1g untreated kapok absorbent was
added to 50ml dye in a stoppered conical flask and agitated
at constant speed (100rpm) on the GFL 3005 orbital shaker
in room temperature for 24h. Then the methylene blue
B. Methods solution was filtered through a filter paper. The

The preparation of click azide- alkyne kapok fiber filter concentration of methylene blue solution was measured and

was carried out based on method according to Elchinger andt®mpPared with the blank solution (without absorbent). The
co-worker [16], with some slight modification. same processes were repeated using the pre-treated kapok

absorbent and click kapok absorbent.

2) SEM: The morphological study was done using Leo
Supra 50 Vp Field Emission Scanning Electron Microscope
(Carl-zZiess SMT, Oberkochen, Germany).

1) Pre- treatment of kapok fiber : 300g of kapok fiber
was immersed in 2M of sodium hydroxide with ratio 1:7 I1l. RESULT AND DISCUSSION
(fiber: liquor) and undergone chemical pulping using a
digester. The cooking time was about 120 minute at 170°C.A. FTIR Characterization
The treated fiber was washed several times using distilled The FTIR spectra of untreated, pre-treated, tosylated,
water and was used in further modification. azidated and click kapok fiber are displayed in Figure 1.

2) Tosylation of kapok fiber : Tosylation of fiber was
prepared by mixing 6g of pre-treated kapok fiber with
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Fig 1 The FTIR result for a) untreated kapok fiber b) pre-treated kapok fiber c) tosylated kapok fiber d) azidated kapok fiber e) click kapok fiber

17



Comparing the entire sample, the major findings are
observed at the range of 2900-1600cm-1. For untreated ©
kapok fiber (Figure 1a) and pre-treated kapok fiber (Figure &
1b), the difference is observed at absorbance band 1432cm-1
and 1376cm-1 which assigned to —CH3 asymmetric and C-H
symmetric deformation of lignin due to alkali treatment. The
sharp peak at 1740cm-1 which may attribute to C=0
stretching of hemicelluloses and peak at 1250 cm-1 also s
disappeared after the pre-treatment shows an evidence tha
the hemicelluloses are removed [18]. The tosylated fiber
(Figure 1c) and pre-treated fiber (Figure 1b) do not show £
obvious changes on the FTIR result. However, for azidated
fiber (figure 1d), a strong peak at 2050 cm-1 is observed
which corresponding to the azide group. The success Of [EEE—-—_..
clicking process is clearly seen in Figure 1e where the azide P 7
group is disappeared after the crosslink. This indicates that o (b
the substantial parts of alkyne and azide groups participated
in the click chemistry [17].

B. Morphological analysis

Figure 2 shows the morphology of pre-treated, azide and
click fiber. From Figure 2(a), the pre-treatment of the fiber
made the fiber surface become rough and forming wrinkled
texture which indicates that the waxy coating has been ’
remove from the fiber surface [5], [14]. Different from pre- »
treated fiber, Figure 2b shows that the surface of the azidated §
fiber is rougher and some of the fibers are covered by the .
sodium azide. This is akin to modification of the fibre
surface.The observed fibre surface phenomenon is due to th
exposition of more cellulose hydroxyl group since the fiber S
changes from being hydrophilic to hydrophobic after the pre- &
treatment process. The fiber to fiber bonding is clearly seen i
on the click fiber (Figure 2c). Less space between the fiber : :
(fiber void) was observed and this is attributed by the (©

success of crosslinking between the croslinker and fiber. ! _ ) , _
Fig 2 The SEM image for a) pre-treated kapok fiber b) azidated kapok fiber

and c) click kapok fiber

C. Absorption studies

Figure 3, shows the concentration of methylene blue dye
after treatment with different absorbent. From the result, it is
shown that the untreated kapok fiber still can absorb the
methylene blue dye even though no modification was done
to the fiber. This is maybe due to the presence of hollow
lumen [10]. However, the sorption capacity was not as much
as pre-treated kapok. The waxy surface of the kapok fiber
makes it superhydrophobic, thus decreases the surface
energy to absorb more dyes [5]. Comparing the pre-treated
kapok fiber with click fiber and untreated kapok fiber, the
improvement of dyes absorption in pre-treated kapok fiber is
more significant. This is maybe due to the surface roughness
of the fiber and more open pore is available since the waxy
coating of the fiber was removed. The increased in surface
roughness will also lead to better diffusion of dyes through
the fiber walls to the hollow lumen [10]. For click kapok
fiber, the concentration of dyes after treatment shows a bit
higher compared to the pre-treated kapok fiber. This maybe
due to some void on the surface of the fiber has been
covered up during the crosslinking process. However, the
click kapok fiber still shows better performance of dye
absorption compared to the pre-treated kapok fiber.
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Fig 3 The concentration of methalene blue dye after 24h being immersed
with diffrerent absorbent 9

V. CONCLUSIONS

The present study shows that the click kapok fiber has!1°!
higher dye absorption capability compared to the pre-treated
kapok fiber. The FTIR and SEM analysis also showed that a[11]
new method of crosslinking fiber to fiber can be successfully
performed by using click technology. Owing to the
advantages of clicking technique and high dye absorption
capability, the click technology is a new method of
modification of fibre for wastewater treatment application.

(12]
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