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Fig. 2. Image from the activated graphene oxide
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Fig. 5. Comparison of changes in the chemical bonds of: a) GO samples, and b) AGO samples
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Table 1. Langmuir and Freundlich model parameters for nitrate removal by AGO

Model Langmuir Freundllich
Parameter Ky Ry R’ a B R’ 1/n Ky n
Value 5.82 09289 0.8819 0.0017 3333.33 0.8484 0.82 9.89 1.2181
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Table 2. Adsorption capacities of the most important adsorbents so far used for nitrate removal

No. Adsorbent Amount adsorbed Concentration Contact Temperature Adsorbent dose
range time
1 H,SO, treated carbon cloth 2.03 mmol/g 115 mg/L 60 min 250C (Afkhami et al. 2007)
2 Powdered activated carbon 10 mmol/g = 60min 250C (Khani & Mirzaei
3 Carbon nanotubes 25 mmol/g - 60min 250C gﬂ(:lg)& Wu 1996)
4 Untreated coconut granular 1.7 mg/g 5-200 mg/L 2h 25°C (Ohe et al. 2003)
activated carbon
5 ZnCI2 treated coconut granul 10.2 mg/g 5-200 mg/L 2h 25°C (Hu et al. 2013)
aractivated carbon
6 Coconut shell activated carbon ~ 2.66x10-1 mmol/g - - 303°K (WHO 2009)
7 Bamboo charcoal 1.04x10-1 mmol/g - - 303°K (WHO 2009)
8 Bamboo powder charcoal 1.25 mg/g 0-10 mg/L 120 h 10°C 50mg/40mL  (WHO 2009)
9 Halloysite 0.54 mg/g 100 mg/L 17h Room 0.2g/40mL (EPA 2007)
temperature
10 HDTMA modified QLD- 12.83-14.76 mg/g 100 mg/L 17h Room 0.2g/40mL (EPA 2007)
bentonite temperature
13 Chitosan coated zeolite 0.6-0.74 mmol/g  10-3100 mg/L 72h 20°Cy4°C 0.4g/200mL (Ahn et al. 2008)
14 Chitosan hydrobeads 92.1 mg/g 1-1000 mg/L 1440 min 30°C 2g/40mL (Ahn et al. 2008)
15 Chitosan beads 90.7 mg/g 25-1000 mg/L 24h 30°C (Eroghlu et al, 2013)
16 Conditioned cross-linked 104.0 mg/g 25-1000 mg/L 24 h 30°C (Eroghlu et al, 2013)
chitosan beads
17 Pure alkaline lignin 1.8 mmol/g 1-30 mg/L 48 h 30°C 0.1g/50mL (Eslami et al. 2014)
18 Sugarcane bagasse 1.41 mmol/g 1-30 mg/L 48 h 30°C 0.1g/50mL (Eslami et al. 2014)
19 Pure cellulose 1.34 mmol/g 1-30 mg/Ls 48h 30°C 0.1g/50mL (Eslami et al. 2014)
20 Rice hull 1.32 mmol/g 1-30 mg/L 48 h 30°C 0.1g/50mL (Eslami et al. 2014)
21 Raw wheat residue 0.02 mmol/g 50-500 mg/L 150 min 23£2 oC (Afkhami et al. 2007)
22 Modified wheat residue 2.08 mmol/g 50-500 mg/L 150 min 23+2 oC (Kandaha Meunier
23 Impregnated almond shell 16-17 mg/g 10-50 mg/L 120 min 20°C %Iggzzmha Meunier
activated carbon 2007)
24 Wheat straw charcoal 1.10 mg/g 0-25 mg/L 10 min 150C 0.5,1,1.5,2,g/50mL glégl;daha Meunier
25 Mustard straw charcoal 1.30 mg/g 0-25 mg/L 10 min 15°C 0.5,1,1.5,2,g/50mL (Liu %005)
26 Commercial activated carbon 1.22 mg/ 0-25 mg/L 10 min 15°C 0.5,1,1.5,2,g/50mL (Ahn et al. 2008)
amine-crosslinked wheat straw 87.27mg/g 100 mg/1 24h 0.1g/50mL (Afkhami et al. 2007)
27 Zr(IV)-loaded sugar beet pulp 63 mg/g - 24 h 15°C (Dorman et al. 1985)
28 Chemically modified sugar beet 9.14-27.55 mg/g 10-200 mg/L - 25-45°C 0.1g/50mL (Eroglu et al. 2013)
bagasse
29 Original and activated red mud 1.859 and 5.858 5-250 mg/L 60 min Room (Eroglu et al. 2013)
mmol/g temperature
30 Sepiolite activated by HCI 38.16 mg/g 100 mg/L 5min - (Eroglu et al. 2013)
31 Unmodified sepiolite 408 mmol/kg - - — (Eroglu et al. 2013)
32 Surfactant-modified sepiolite 453 mmol/kg - - - (Ahn et al. 2008)
33 Cross-linked and quaternized 7.55 mg/g 10-40mg/dm3 10 min 25°C 0.1g/50mL( 0-1g/L) (Forman et al. 1985)
chinese reed
34 Ammonium-functionalized 46.0 mg/g 100-700 mg/L 60 min 5°C 5g/L(1-10g/L)  (Kumar et al. 2013)
mesostructured silica
35 Protonated cross'-linked 20mg/L 10 min 20°C (Ahn et al. 2008)
chitosan gel beads
36 Nano-Alumina 4 mg/g 1-100 mg/L 24h 25°C 1g/1 This study
37 Activated graphene oxide 3333.3 mg/g 45-110mg/L 40min ROOM 0.27g/L
temperature
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Table 3. Investigation of compatibility of nitrate removal processes with kinetic adsoprption models
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Fig. 11. Agreement of nitrate removal kinetics on AGO
and the model proposed by Hoe et al
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Fig. 12. Nitrogen adsorption-desorption at 77 ° K
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Fig. 13. Nitrogen adsorption BJH diagram at 77 ° K
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