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INTRODUCTION

Corn is one of the major crops in the world. In 2002, world corn production was about 640 million tons, associated with
corn production was a corresponding about 45 million tons annual production of cornhusk. The cornhusk resource
constitutes an alternative to wood as a raw material for making pulp because of its high growth rate and adaptability to
various soil types. Recently, a fiber extraction method have been developed to obtain cellulose fibers from cornhusk with
mechanical properties similar to that of the common textile fibers [1]. The cornhusk cellulose was used as cellulose source
[2]. Moisture regain of cornhusk fibers is about 9 % at standard testing conditions; the moisture regain of the fibers is large
due to the higher amorphous regions in the fibers. Cornhusk fibers can be produced using common chemicals and the cost
of producing corn fibers would be very competitive to prevail cotton prices [3].

Because cellulose is a linear polymer, the presence of crystalline regions and the strong intermolecular hydrogen
bonding decrease its accessibility or reactivity for the grafting reaction. The grafting efficiency can be increased by
increasing the ratio of cellulose/monomer either by swelling the cellulose before the reaction or by performing the grafting
reaction in a medium in which cellulose swells [4]. Namely, the accessibility or reactivity of cellulose for grafting can be
enhanced by decreasing its crystallinity or by increasing the content of amorphous phase since the grafting occurs mainly
on the amorphous regions. The change in the physical structure of cellulose can be performed by swelling in concentrated
NaOH solution (~20 %) and then by regeneration (mercerization) [5].

Grafting of vinyl monomers onto cellulose is an important tool for the modification of cellulose. Depending on the
monomer grafted onto cellulose, it gains new properties. Graft copolymerization of binary mixtures of vinyl monomers has
special importance in comparison to simple grafting of individual monomers; the synergistic effect of the co-monomers in
grafting mixtures plays an important role in controlling the composition and graft yield onto cellulose [6, 7].

Natural biomasses such as natural fibers are utilized by humans for household or other conventional applications [8].
Natural polymers have found various applications in different fields such as building materials, sports equipment,
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automobiles, electrolytes, energy storage, aerospace, and as adsorbent for toxic metal ion from different resources [9]. The
applications of cellulose graft copolymers change with the structure of polymer grafted on cellulose. For that reason
cellulose grafted with hydrophilic monomers could be used as body fluid absorbent in medical applications [10]. The
grafting of water-soluble vinyl monomers onto amine-treated cotton fiber gave a graft copolymer with enhanced moisture
sorption ability that can be used in fabrics, such as underwear and athletic wear [11]. Cellulose-thiocarbamate-g-PAN had
high antimicrobial activity. In addition, the cellulose graft copolymers obtained by grafting of acrylonitrile, and 2
acrylamidomethylpropane sulfonic acid have been used in the adsorption of hazardous contaminants such as heavy metal
ions or dyes [12] from aqueous solutions [13, 14]. The product of poly(4-vinylpyridine)-grafted cellulose with sodium
borohydride has been used as reducing agents for various carbonyl compound such as benzaldehyde, cyclohexanone,
crotonaldehyde, acetone and furfural [15].

Many physiochemical methods like coagulation, flocculation, ion exchange, membrane separation,
photodegradation, electrochemical oxidation have been used for the treatment of contaminated water [16 - 19]. Among
these methods, adsorption is known to be efficient, and is widely used in wastewater treatment. Several researches utilizing
a number of natural materials like chitosan, pectin, and cellulose extracted from different lignocelluloses as natural fibers
for the removal of the dyes and heavy metal ions from water [20, 21]. Also chitin and its derivatives have been studied with
respect to their ability to remove heavy metals from aqueous solution [22, 23]. The adsorbed ions can be easily desorbed by
treating with HCI solution and the desorption percentage reached above 95% when desorbing with 1N HCI solution for one
hour at room temperature [24].

2. Experimental
2.1. Materials

Cornhusk was kindly provided from Sharkia, Egypt. It was first dried in sunlight and then cut into small pieces
(2— 3 cm). The industrial waste water was obtained from the national company for maize products after the production of
sorbitol from dextrose solution by reduction with hydrogen and Nickel contains about 1500 ppm Ni and was used as
sample for treatment.

2.2. Prehydrolysis

Cornhusks were prehydrolyzed to eliminate hemicelluloses that form an envelope around cellulose microfibrile.
These hemicelluloses(sugars, sugar acids, and other polysaccharides of D.P = 50-300) were eliminated by dilute acids
where the raw material was refluxed with H,SO, (6% related to the oven dry weight) and the liquid ratio is 1: 5 for six
hours, washed and dried at 50°C under vacuum till constant weight.

2.3 Pulping
Pulping was carried out using peracetic acid (P.A.A) only (namely one stage pulping) or by using sodium
hydroxide followed by P.A.A (namely two stages pulping), as follows.

2.3.1 One stage pulping:

In a polyethylene bag the sample was mixed with peracetic acid (16% related to the O.D.W of the sample) with
liquor ratio of 1:6 at 85°C for two hours, washed with 80% A.A followed by distilled water till neutrality and dried at 50°C
under vacuum till constant wt [25, 26].

2.3.2 Two stages pulping:
The sample was first treated with 10% NaOH (related to the O.D.W of the sample) liquor ratio of 1:3 at 90°C for

1.5 hrs, and then washed with distilled water till neutrality. The sample was mixed with 16% peracetic acid; liquor ratio
was 1:6 with acetic acid, in a bag. The bag was closed and immersed in water bath at 70°C with continuous fluctuation for
three hours, followed by filtration, and then washing with 80% A.A and distilled water till neutrality and dried at 50°C
under vacuum till constant weight [26, 27].

Peracetic acid (P.A.A) was prepared by reacting glacial acetic acid with 30 wt% hydrogen peroxide at room
temperature for 48 hours. The volume ratio of acetic acid and 30 wt% hydrogen peroxide was selected as 1.5:1 [27].
Sulfuric acid 1.5% (w/w) was added as a catalyst to form 16% P.A.A.

2.4. Bleaching

Bleaching process was carried out using alkaline hydrogen peroxide 20% water consistency. The bleaching
solution contains 3% NaOH, 1% MgSO, and 2% H,O, based on dry sample. This solution was mixed with the sample and
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placed in water at 70°C for 1 hr with shaking and the sample was washed with distilled water till neutrality followed by

drying at 50°C under vacuum till constant weight [27].

2.5. Grafting

Graft copolymerization of acrylamide onto cornhusks was carried out with K,S,0g (KPS) as an initiator under
vacuum. In a two nicked 250 mL flask, cornhusks (1 g) were soaked in 30 mL of degassed distilled water for 24 hrs. The
sample was stirred with magnetic stirrer for 15 mins under vacuum. A separating funnel was conducted to the reaction
vessel to be used for chemical additions. The sample was placed in water bath at 70°C. K,S,0g solution 10 ml
(2gm/100ml) was added. After 15 mins 10 ml acrylamide solution (30gm/100ml) was added and the reaction was
continued for 2 hrs with shaking from time to time. After the reaction complete 50 ml methanol was added followed by

filteration and drying at 50°C under vacuum till constant weight.

2.6. Base hydrolysis of the grafted copolymer

In order to change amide group to carboxylate, 0.5 gm of the grafted sample was mixed with 50ml of 0.1N
NaOH solution and the mixture was refluxed for 1 hr. After hydrolysis the reaction mixture was washed with
distilled water then neutralized with 2.0 N HCI and washed again with distilled water till neutralization.

2.7. Metal ion uptake

The two pulp samples were grafted with acrylamide and base hydrolyzed then 0.5 gm of the four samples (two
grafted samples and two hydrolyzed grafted samples) were soaked into 50 mL of the buffered metal solutions (1500
ppm concentration), whose pH was adjusted in a range of 2.0— 8.0, The samples were fixed in a temperature-
controlled shaking water bath and the adsorption experiments were carried out at different temperatures for different
time intervals in a closed vessel for the adsorption test. At the end of experiment samples were removed by
filtration. To determine the amount of metal ions adsorbed onto the grafted cellulose before or after hydrolysis, the
metal ion concentrations remaining in the solution were determined by atomic spectrophotometer at 232 nm by
standard calibration curve method [28]. Initial concentration of Ni in the waste water was 1.5 gm/L (1500 ppm).

3. Results and discussions

The raw material used in this work (corn husks) has the following specification: a-cellulose% 61.7, ash% 3.5,
and lignin 9.0%. The chemical analyses of both bleached and unbleached two pulps A, B (one stage and two stages
pulp) are listed in table (1). It is clear from table (1) that pulp B has higher a-cellulose, lower ash content and
produced with lower yield. This is due to the presence of NaOH which facilitates the enhance of peracetic acid
between cellulose fibers, so a great amount of lignin was eliminated which decreased the yield and increased the
ratio of a-cellulose.

Table (1). Analysis of the bleached and unbleached corn husks two pulp samples:

Pulp Yield% a-cellulose% Cryst% Amorph% Ash% thg);/cr)nn
un db'eaChe 48.7 74.7 . . 1.80 4.2
Bleached  46.6 91.6 83.2 16.8 0.06 -
un db'eaChe 45.2 83.8 - - 0.24 2.3
Bleached  43.1 93.2 79.0 21.0 0.01 -

Pulp A (one stage pulp): 16% peracetic acid with liquor ratio 1:6 at 85°C for two hrs.
Pulp B (two stages pulp): 10% NaOH, 1:3 liquor ratio at 90°C for 1.5 hrs then 16% peracetic acid with liquor
ratio 1:6 at 70°C for two hrs.

3.1 Factors affecting grafting efficiency G.E% of acrylamide onto cornhusks cellulose.

The grafting efficiency of acrylamide onto cellulose was varied by changing KPS concentration, monomer to
substrate ratio, reaction time and reaction temperature. These factors were studied to reach the optimum conditions
for grafting process.
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3.1.1 Effect of initiator (KPS) concentration:
Potassium persulphate K,S,0g was used as an initiator for grafting acrylamide onto corn husks cellulose with
concentration from 0.1 to 0.4gm. The effect of increasing the initiator concentration on the grafting factors (polymer

loading and grafting efficiency) were illustrated in table (2).

Table (2): Effect of initiator concentration on the grafting parameters.

sample | Initiator (gm/1 gm pulp) P% G% G.E% WRVgm/gm N,%
0.1 110 70.2 63.6 5.9 5.4

A 0.2 254 173.0 68.2 7.1 7.3
0.3 258 199.0 77.3 9.2 10.0
0.4 258 206.1 79.9 10 11.1
0.1 113 75.2 66.6 6.1 6.0

B 0.2 263 176.5 72.8 7.6 8.6
0.3 266 208.2 78.3 9.3 10.2
0.4 267 211.5 79.2 10.6 11.4

Conditions: 1 Sample :3 monomer , 1 :50 Lr with different initiator (K,S,0g) concentrations ,for 2 hrs at 70°C under

vacuum.

It is clear from table(2) that increasing KPS concentration from 0.1 to 0.3gm causes a significant increase in the
grafting quality such as P%, G% and G.E%, WRV, and Nitrogen%. This is because of the presence of free radicals
on cellulose molecules which enhances the grafting process. Further increase in initiator concentration up to 0.4gm
causes a slight increase in the G.E% value that may be due to the consumption of accessible sites on cellulose [29],

fig 1.
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Fig.1 shows the effect of KPS conc. on G.E% at the following conditions:(1 gm sample, 1:50 L.r, 1gm sample: 3
gm monomer, for 2 hrs at 70°C and different initiator concentrations)

3.1.2 Effect of monomer concentration:
The monomer to substrate ratio was varied from 1:1 up to 1:4 with fixing other conditions and the values of P%,
G%, G.E%, WRV and N% were listed in table (3).
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Table (3): Effect of monomer ratio on the grafting parameters.

sample | Pulp: monomer | P% | G% | G.E% | WRVgm/gm N,%
1:1 68 31 45.5 2.1 2.2

A 1:2 180 | 101 | 56.0 6.5 6.1
1:3 254 | 173 | 68.2 7.1 7.3

1:4 383 | 280 | 731 11.8 13.8

1:1 72 36 50.0 25 2.8

B 1:2 195 | 119 | 60.8 6.8 6.7
1:3 247 | 180 | 72.8 7.6 8.6

1:4 340 | 254 | 745 12.1 13.8

Conditions: 1gm sample, 1:50 L.r 0.2gm initiator (K,S,Og), for 2 hrs at 70°C under vacuum.

It is clear from table
value G.E% increases slo
[30-32] fig.2.
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Fig.2 shows the effect of monomer conc. on G.E% at the following conditions:(1 gm sample , 1 :50 I.r, 0.2 gm

initiator (K,S,0s) , 2 hrs at 70°C)
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The grafting reaction time was varied starting with 1 hr to 4 hrs and the effects on grafting parameters were

listed in table (4).
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Table (4) Effect of grafting reaction time on the grafting parameters.

sample Time(hrs) P% G% G.E% WRVgm/gm N2%
1 128 0 0 0.3 0.0
A 2 196 123.5 63 6.9 6.7
3 248 182.5 73.6 7.5 7.2
4 254 195.8 77.1 9.1 10.1
1 140 0 0 0.4 0.0
B 2 247 180 72.8 7.6 8.6
3 256 191 74.6 9.2 10
4 266 210 79.5 10.4 11.2

Conditions:1 gm sample, 1:50 L.r, 1 sample: 3 monomer, 0.2 gm initiator (K,S,0g), at 70°C for different time

intervals

From table (4) it is clear that in the first hour no grafting occurs so G.E% is zero. By increasing reaction time
G.E% increases till 2 hrs then it starts to increase slowly because the reactant concentration decrease and the

medium viscosity increase that retards diffusion.
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Fig.3 shows the effect of time on G.E% at the following conditions:(1 gm sample , 1 :50 Lr, 1 sample :3

monomer , 0.2 gm initiator (K,S,0s) , at 70°C for different time intervals )
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3.1.4 Effect of reaction temperature:
The grafting reaction temperature was changed starting with 40°C to 70°C the effects on grafting parameters

were listed in table (5).

Table(5) Effect of grafting reaction temperature on the grafting parameters.

sample | temperature P% G% G.E% WRVgm/gm N,%
40 137 46.2 32.8 2.6 2.9

A 50 158 65.4 41.1 3 4.4

60 238 143 60 5.8 6.6

70 254 173 68.2 7.1 7.3

40 150 51.3 34.2 2.9 3.1

B 50 180 83.8 46.6 3.2 4.9

60 240 151.6 63.2 6.5 6.8

70 251 178.4 71.1 7.7 7.5

Condition ns:1 gm sample , 1 :50 L.r , 1 sample :3 monomer , 0.2 gm initiator (K,S,0g) , at different temperature for
2 hrs and vacuum .
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Fig.4 shows the effect of temperature on G.E% at the following conditions:1 gm sample , 1 :50 L.r, 1 sample :3
monomer , 0.2 gm initiator (K,S,0g) , at different temperature for 2 hrs.

By increasing the reaction temperature, the solubility of KPS and monomer diffusion increase so G.E%
increases till 60°C. After that G.E% increases slowly because at high temperature oxidative degradation of cellulose
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and decomposition of KPS occurs to give oxygen (a radical scavenger), which reacts with primary free radicals [33,
34] this is show in Fig.4

It is clear from the forgiving that in the same conditions for the two types of pulp, the G.E% of the two stages
pulp was more than that of the one stage pulp. This causes an increase in the other parameters such as N% and
WRV. This increase in the G.E% value of pulp B is attributed to the high percent of the amorphous region in it
rather than that of pulp A. Also the sodium binding capacity of the two pulp samples A, and B was measured after
their grafting and after their grafting hydrolysis and the results were listed in table (6).

Table (6) sodium binding capacity of the two pulp samples A, and B after their grafting and after their grafting
hydrolysis.

sample Vol. of 0.01N Average Na binding
P NaOH g capacity(m.eqwt/gm)
38.8
Grafted 40.6 39.53 1209.4
A 39.2
Hydrolyzed 10.1
yaroy 9.6 9.63 1807.4
grafted
9.2
30.2
Grafted 29.1 29.3 1414
B 28.6
Hydrolyzed 4.1
yaro'yze 35 3.56 1928.6
grafted 31

From table (6) we note that the hydrolysis of the grafted samples cause an increase in their sodium binding
capacity value; this is because the carboxyl group is more reactive towards sodium ion than the amide group. Also it
is clear that the increase in the G.E% value of pulp B than pulp A cause an increase in its sodium binding capacity
values in the grafted and the hydrolyzed grafted forms.

3.2 IR Spectroscopy

The IR spectrum of ungrafted corn husks cellulose (figures A and B) showed the absorption bands at 3417 and
3414 cm™ for O—H. and at 2917and 2902 cm™ for C—H stretching in A and B respectively. broad bands at 1647
and 1642 cm™ were attributed to the bending mode of the absorbed water, and a small peak at 1431 cm™ belonged to
CH, symmetric bending in each type of pulp. Also a small peak at 1373 cm™ showed C—O stretching in each. The
C—O—C pyranose ring skeletal vibration gave a strong bands at 1107 and 1030 cm™. A small sharp peak at 898
cm™ corresponded to the glucosidic C—H deformation with ring vibration contributions and O—H bending. This
was characteristic of a- glucosidic linkage between the glucose molecules in cellulose [35]. Figures G.A and G.B
showed the IR spectrum of the acrylamide grafted cellulose exhibited the new absorption bands at 1658 and1649cm”
! which were attributed to the C=0 of the amide group. Also the O-H band and C-O-C band intensities at 3428 and
1109 cm™ decrease after grafting and after hydrolysis this is because of the degradation of the glucose units. In
figures H.A and H.B it was shown that a new band appears at 1720cm™ that corresponding to the carbonyl group of
COOH which proofs the base hydrolysis of the amide group giving the carboxyl group. The ratio of band intensity at
1430 to the band intensity at 900 cm™ express the crystallinity index of the sample, this is reported in table (7) [36,
37].
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Table (7): crystallinity indexes of the two types of ungrafted, grafted and hydrolysed grafted pulp.

Sample Band | at 1430 Band | at 900 Crystal. index
A 14 0.6 2.33
Cellulose
B 1.3 0.75 1.73
A 0.6 0.4 15
Grafted cellulose
B 0.36 0.25 1.44
cellulose B 0.2 0.27 0.74

From this table we note that the crystallinity index decreases by grafting and decreases again after the
hydrolysis of the grafted sample. This may be related to the penetration of the hydrophilic monomer molecules in
the fibers. This was also noted from the values of WRV that increase by grafting and hydrolysis. Also from the
table, we noted that the crystallinity index of the one stage pulp (PAA only) is higher than that of the two stages pulp
(NaOH/PAA), this is because the treatment of the fibers first with NaOH decreases the crystalline region and lignin
that is clear from the chemical measurements of the crystallinity %. Because the amorphous region of the two stages
pulp is higher than that of the one stage pulp; we also note that the G.E% at the same conditions in the two stages
pulp is higher than that of the one stage pulp. This has appeared in the N% and the WRV. Increase of the G.E%
increases the number of active sites that absorbs Ni ions from its solution.

3.3 Factors affecting metal ion sorption.

We note that with increasing G.E%, the WRV and WAV were increased due to the incorporation of the
hydrophilic amide group. Also the base hydrolysis of the grafted samples converts most of the amide groups to the
carboxyl groups that also is more hydrophilic than amide groups. Increasing the swelling properties and the negative
charge of the fibers makes them more efficient in metal ion sorption. Here we study some factors that affect the
adsorption of Ni ions on the surface of acrylamide grafted corn husks cellulose and hydrolyzed grafted corn husks
cellulose.

3.3.1  Effect of pH.

pH is one of the most important factors that affects the adsorption of Ni on the ion exchanger. It not only affects
the surface charge of the adsorbent, but also affects the ionization degree of the adsorbate. We note that by raising
pH value; the adsorption increases till neutral medium. After pH 7, adsorption starts to decrease. This is because at
low values of pH a competition between Ni ions and H ions occurs that retards Ni ions from adsorption [37] while
raising the pH gradually decreases the H" ion concentration which gives a chance to Ni ions to be adsorbed. But at
high pH values (alkaline medium) the fibers are more compact and Ni ions are precipitated as Ni(OH),. Because the
hydrolyzed grafted sample contains acidic COOH group instead of CONH, group and the carboxyl group is more
sensitive to the alkaline medium, the activity% begins to decrease after pH 4[38].
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activity %

Fig.6 Effect of P of the medium on the metal ion sorption

3.3.2 Effect of amount of the ion exchanger.

By increasing the amount of the ion exchanger, the amount of removed Ni increases. This may be attributed to
increasing the active sites available for adsorption process [39].

activity %

T T T T T
0.2 0.4 0.6 08 1.0

amount
Fig.7 Effect ion exchanger amount on the metal ion sorption

3.3.3 Effect of adsorption time.

By increasing the time of adsorption process the amount of removed Ni increases till 1 hour the activity%
increase slowly afterwards. This may be attributed to decreasing the active sites available for adsorption process
after formation of a layer of Ni ions on the surface of the adsorbent.
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activity %

T T T T T T T
20 30 40 50 60 70 80
time

Fig.8 Effect time on the metal ion sorption
3.3.4 Effect of adsorption temperature.

The activity% of the ion exchanger reaches its maximum value at 20° C while after that it decreases by
increasing temperature may because of liberation of Ni ions from the ion exchanger surface.

activity %

T T T T T T T
10 15 20 25 30 35 40
temperature

Fig.9 Effect medium temperature on the metal ion sorption

4. Conclusion

A polycarboxylate chelating ligand was successfully synthesized by base hydrolysis of polyacrylamide grafted
corn husks cellulose , a waste material . The optimum conditions were pulping in two stages by NaOH followed by
peracetic acid, and grafting at 1:50 liquor ratio, 1 gm cellulose: 3gm Monomer: 0.2gm potassium persulfate, for 2
hrs at 70°C.The polymeric ligand gives good adsorption capacity toward Ni, and this was found to be pH-dependent.
The low-cost production of the corn husks cellulose-based polycarboxylate ligand could be considered a promising
candidate for waste water treatment because the activity %was up to 58.7%from aqueous media by soaking 1 gm of
the ion exchanger in 100 ml of the waste water containing 1500ppm Ni for 1 hr at 20° C and 7 P". The reusability of
the polymeric ligand can be performed by dilute solution of hydrochloric acid.

References

1. Reddy, N., & Yang, Y. Q. (2005). Properties and potential applications of natural cellulose fibers from cornhusks.
Green Chemistry, 7, 190-195.

2. Yan Cao , Jin Wu , Tao Meng , Jun Zhang , Jiasong He , Huiquan Li , Yi Zhang (2007), Acetone-soluble
cellulose acetates prepared by one-step homogeneous acetylation of cornhusk cellulose in an ionic liquid 1-
allyl-3-methylimidazolium chloride (AmimCI). Carbohydrate Polymers 69, 665—672.

3. Narendra Reddy and Yigi Yang. University of Nebraska- Lincoln, Nebraska- USA (2004). A new natural
cellulose fibre from cornhusks. Indian Express Newspapers Issue dated - 07 October 2004.

4. Gu'rdag™ G, Gu'c,lu” G,0" zgu'mu’s, S (2001) Graft copolymerization of acrylic acid onto cellulose: effects of
pretreatments and crosslinking agent. J Appl Polym Sci 80:2267-2272.

5. El Seoud OA, Fidale LC, Ruiz N, D’Almeida MLO, Frollini E (2008) Cellulose swelling by protic solvents:
which properties of the biopolymer and the solvent matter? Cellulose 15:371-392.

6. Singha,A.S.,Guleria,A.,andRana,R.K. (2013), Ascorbic acid/peroxide- initiated graft copolymerization of Methyl
Methacrylate onto abelmoschus esculentus fiber :a kinetic approach. Int. J. Polym. Anal. Char. 18, 1-8.

948



ISSN 2320-5407 International Journal of Advanced Research (2015), Volume 3, Issue 8, 936 — 949

7. Thakur,V.K.,Singha,A.S.,andThakur,M.K. (2014), Pressure induced synthesis of EA grafted Saccaharumcilliare
fibers. Int.J.Polym.Mater.Polym.Biomater. 63, 17-22.

8. Sharma,S.,Pathania,D.,andSingh,P.(2013), Preparation, characterization and Cr(VI)adsorption behavior study of
poly(acrylicacid) grafted Ficuscarica bast fiber. Adv.Mat.Lett. 4,271-276.

9. Sis,A.L.M,,Ibrahim,N.A.,andYunus,W.M.Z.W.(2013), Effect of(3- aminopropyl) trimethoxysilane on mechanical
properties of PLA/PBAT blend reinforced kenaf fiber. Iran.Polym.J. 22, 101-108.

10. Toledano-Thompson T, Lor1’a-Bastarrachea M, Aguilar-Vega MJ (2005) Characterization ofhenequen cellulose
microfibers treated with an epoxide and grafted with poly(acrylic acid). Carbohydr Polym 62:67-73.

11. Ibrahim MD, Mondal H, Uraki Y, Ubukata M, Itoyama K (2008) Graft polymerization of vinyl monomers onto
cotton fibres pretreated with amines. Cellulose 15:581-592.

12. Coskun M, Temuz MM (2005) Grafting studies onto cellulose by atom-transfer radical polymerization. Polym
Int 54:342-347.

13. O’Connell DW, Birkinshaw C, O’Dwyer TF (2006) A modified cellulose adsorbent for the removal of nickel(Il)
from aqueous solutions. J Chem Technol Biotechnol 81:1820-1828.

14. Liu S, Sun G (2008) Radical graft functional modification of cellulose with allyl monomers: chemistry and
structure characterization. Carbohydr Polym 71:614-625.

15. Dhiman PK, Kaur I, Mahajan RK (2008) Synthesis of a cellulose-grafted polymeric support and its application
in the reductions of some carbonyl compounds. J Appl Polym Sci 108:99-111.

16. Gupta,V.K.,Pathania,D.,Agarwal,S.,andSharma,S.(2013b), Removal of Cr (VI) onto Ficus carica biosorbent
from water. Environ.Sci.Pollut.Res.Int. 20, 2632-2644.

17. Gupta,V.K.,Pathania,D.,Sharma,S.,Agarwal,S.,andSingh,P.(2013c), Remediation and recovery of methyl orange
from aqueous solution onto acrylic acid grafted Ficus carica fiber: isotherms , kinetics and thermodynamics. J.
Mol. Lig. 177, 325-334.

18. Gupta,V.K.,Pathania,D.,Agarwal,S.,andSharma,S.(2014), Amputation of congo red dye from waste water using
microwave induced grafted Luffa cylin- drica cellulosic fiber. Carbohydr.Polym. 111, 556-566.

19. Pathania,D.,andRathore,B.S. (2014), Styrene-tin(IV) phosphate nanocomposite for photo catalytic degradation
of organic dye in presence of visible light. J. Alloy. Comp. 606,105-111.

20. Pathania,D.,andSharma,S.(2012), Effect of surfactants and electrolyte on removal and recovery of basic dye by
using Ficus Carica cellulosic fibers. Tenside Surfact. Det. 49,306-314.

21. Gupta,V.K. Pathania,D.,Sharma,S.,Agarwal,S.,andSingh,P.(2013a), Remediation of noxious chromium(VI)
utilizing acrylic acid grafted ligno- cellulosic adsorbent. J. Mol.Liq. 177, 343-352.

22. Yang Y and Shao JJ (2000). Synthesis of sulfhydryl chitin and its adsorption properties for heavy metal ions.
Journal of Applied Polymer Science 77 151-155.

23. Padilha PM, Pacha JC and Moreira JC(1997). Preconcentration of heavy metals ions from aqueous solutions by
means of cellulose phosphate: an application in water analysis. Talanta 45 317-323.

24. Kavakli PA, Seko N, Tamada M and Guven O (2011). Adsorptive removal of 2, 4-dichlorophenol from aqueous
solution by low-cost carbon from an agricultural solid waste: coconut coir pith. Separation Science and
Technology (39) 1631.

25. Nada, A.M.A., Ibrahem, A., Fahmy, Y. and Abou Yousef, H. (1999), “Peroxyacetic acid pulping of bagasse (2)
characterization of lignin and pulp”, J. Sci. Ind. Res., Vol. 58 No. 5, pp. 620-30.

26. Xuebing Zhao, Evert van der Heide, Ting Zhang, and Dehua Liu. (2010), delignification of sugarcane bagasse
with alkali and peracetic acid and characterization of the pulp., BioResources, 5(3), 1565-1580.

27. Zhao, X., Zhang, T., Zhou, Y., and Liu, D. (2008a). “Preparation of peracetic acid from acetic acid and
hydrogen peroxide: Experimentation and modeling,” Chinese J. Process Eng. 8(1), 35- 41.

28. EI-Khouly A. S., Takahashi Y., Saafan A. A., Kenawy E., Hafiz Y. A., (2011), Study of Heavy Metal lon
Absorbance by Amidoxime Group Introduced to Cellulose-Graft-Polyacrylonitrile. Journal of Applied Polymer
Science, Vol. 120, 866-873.

29. Md Lutfor Rahman, Nik Rohani Nik Mustapa, Mashitah Mohd Yusoff, (2014), Synthesis of Polyamidoxime
Chelating Ligand from Polymer-Grafted Corn-Cob Cellulose for Metal Extraction J. APPL. POLYM. SCI.
40833 (1-8)

30. Hosseinzadeh H, Pourjavadi A, Zohouriaan-Mehr MJ, Mahdavinia GR. (2005), Modified Carrageenan. 1. H-
carragPAM, a Novel Biopolymer-based Superabsorbent Hydrogel. Journal of Bioactive and Compatible
Polymers, 20, 475-491.

31. Gupta K. C., Sahoo S., Khandekar K. (2002), Graft copolymerization of ethyl acrylate onto cellulose using ceric
ammonium nitrate as initiator in aqueous medium. Biomacromolecules, 3, 1087- 1094.

949



ISSN 2320-5407 International Journal of Advanced Research (2015), Volume 3, Issue 8, 936 — 949

32. Rahman L., Silong S., Zin W. M., Ab Rahman M. Z., Ahmad M., Haron J. (2000), Graft copolymerization of
methyl acrylate onto sago starch using ceric ammonium nitrate as an initiator. Journal of Applied Polymer
Science, 76, 516-523.

33. Shah S. B., Patel C. P., Terivedi H. C. (1995), Ceric-induced grafting of acrylate monomers onto sodium
alginate. Carbohydrate Polymers 26, 61-67.

34. Branrup J, Immergut EH, Polymer Handbook, 2nd Edition. (1989), Wiley, New York.

35. Hebeish A., Guthrie J. T(1981), The Chemistry and Technology of Cellulosic Copolymers, Springer- Verlag,
Berlin.

36. Chuan, F .L.;Jun, LR.;Feng, X.;Jina, J. L.;Jin, X. S.;Run, C. S (2006), J.Agric.Food. Chem., 54, 5742.

37. Nada A. M. A., Mohamed Y. Alkady, and Hesham M. Fekry. (2007), “Grafted cellulose for metals adsorption,”
BioResources 3(1), 46-59).

38. Abdel-Halim E.S., Salem S. Al-Deyab,(2012), Chemically modified cellulosic adsorbent for divalent cations
removal from aqueous solutions Carbohydrate Polymers 87 1863— 1868.

39. Mehrdad Yazdani-Pedram, Jaime Retuert, Raul Quijada. (2000), Synthesis and swelling behavior of poly
(acrylic acid) grafted chitosan. Macromol. Chem. Phys., Vol. 201, No. 9, pp 923-930.

950



