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[bookmark: _Hlk526255051][bookmark: _Hlk526254911]This study investigates the capability of activated carbon-supported nano-zero valent iron (AC-nZVI) to remediate the anionic dye (Acid Orange II). The supported nanoparticles (AC-nZVI) were synthesized by using chemical reduction method of Ferric Chloride Tetrahydrate and Sodium Borohydride, NaBH4 solutions. The absorbents of nZVI and AC-nZVI were characterized by using Brunnaer–Emmett–Teller (BET) surface area, Field Emission Scanning Electron Microscopy (FESEM), X-Ray Diffraction (XRD) and X-ray Photoelectron Spectroscopy with Auger Electron Spectroscopy (XPS-AES). Batch Tests were also conducted to delineate the effectiveness of adsorbent materials in removing Acid Orange II. Batch tests involved of five effects including dose, initial concentration, pH, kinetic and temperature. In initial concentration effect, AC-nZVI exhibits larger adsorption capacity (4.41 mg/g) compared to activated carbon (1.82 mg/g) due to the dispersion of nZVI particles on activated carbon particles, consequently providing more sites for adsorption. The results also revealed that the supported nZVI can be an effective absorbent to remove anionic dye wastewater.
0. [bookmark: _Hlk526435745][bookmark: _Hlk529807136]Introduction
Nano zero-valent iron (nZVI) has been commonly used in groundwater treatment and site remediation due to its higher reactivity (Chen et al. 2012; Vilardi et al. 2017; Bavasso et al. 2018). This nZVI use the concept of adsorption process, which is one of the most efficient methods in removing pollutants from wastewater. According to Shen et al. (2009), the advantages of adsorption process are inexpensive, simple in operation and no formation of sludge. However, nZVI itself has its own limitation that are easily agglomerate and sedimentation due to iron's magnetic attraction forces resulting in reducing its mobility (Busch et al. 2015). Modification on nZVI was proposed to reduce nZVI particles from agglomerated (Kakavandi et al. 2014; Busch et al. 2015). The main objective of the current study is to investigate the capability of activated carbon-supported nano-zero valent iron nanoparticles (AC-nZVI) to remediate the anionic dye (Acid Orange II). According to Shen et al. (2009), activated carbon is frequently used in wastewater treatment due to its large specific surface area, although it is a bit expensive to run. 
0. Materials and Method 
Materials used in this study are activated carbon and Acid Orange II supplied in solid state.  Chemicals such as Ferric Chloride Tetrahydrate, FeCl3.6H2O (Acros organics, 99+%), Sodium Borohidrate, NaBH4 (Acros organics, 98+%) and Ethanol C2H6O (Fisher Scientific, 99.4%) were used in this analysis.
2.1 Synthesizing Composite Nanoparticles
Composite nanoparticles were synthesized by using chemical reduction method (Yaacob and How, 2015). Ferric chloride solutions were prepared by mixing 4.38g ferric chloride tetrahydrate with 50 ml mixture of ethanol and deionized water (35ml ethanol + 15ml of deionized water). 4 g of activated carbon was added to ferric chloride solution and the mixture was shaken using ultrasonic shaker for 30 minutes. To produce NaBH4 solutions, 6.091 g sodium borohydride was dissolved in 100 ml deionized water. The NaBH4 solutions were then pipetted into ferric chloride solution on a magnetic stirrer. The mixture was stirred for 20 minutes after the last dropped of NaBH4. The black particles of AC-nZVI were filtered and were washed three times with ethanol (50ml). Lastly, nanoparticles were oven dried at 50oC for approximately 12 hours.
2.2 Batch Test
Batch Test studies were conducted to determine the effectiveness of absorbent materials in removing Acid Orange II. Batch tests involved of five effects including different doses (0.05 g to 1 g), concentrations (5 mg/L to 250 mg/L), pH values (pH 2 - pH 12), kinetics (0 min to 180 min) and temperatures (30oC to 60 oC). Each effect are performed three time replication under the same conditions and all the measured data are the average values for three replicates in each effects. 
0. [bookmark: _Hlk531008372]Results and Discussions
3.1 Brunnaer–Emmett–Teller (BET) surface area 
Table 1 shows the result of Brunnaer–Emmett–Teller (BET) surface area for activated carbon and AC-nZVI. The results showed the activated carbon has higher surface area and pore volume (618.3522 m²/g, 0.3684 cm³/g; respectively) compared to AC-nZVI (157.3585 m²/g, 0.1104 cm³/g; respectively). The results indicated that pores in the activated carbon were filled with added nZVI particles (Zhu et al. 2009; Chen et al. 2012). 
Table 1: Specific surface areas (BET) result for Activated Carbon and AC-nZVI
	Sample
	Activated Carbon
	AC-nZVI

	BET Surface Area (m²/g)
	618.3522
	157.3585

	Pore Volume (cm³/g)
	0.3684
	0.1104

	Pore Size (Å)
	23.8280 (2.3828 nm)
	28.0597 (2.8060 nm)


3.2 Field Emission Scanning Electron Microscopy (FESEM) 
	FESEM images with EDX spectrum of AC-nZVI are shown in Figure 1. The AC-nZVI has spherical shapes, ranging between 45.61 nm to 69.42 nm and were aggregated into a chain-like (Shi, et al., 2011; Kerkez et al., 2014) on activated carbon surface. The aggregation of nZVI was due its huge interface energy and magnetic property (Han et al., 2015). The EDX image and EDX spectrum in Figure 1(b) and Figure 1(c) contained intense peaks of Fe, C, O and Na. The elements of Fe, C, O and Na were originated from ferric chloride, sodium borohydride and activated carbon used to synthesize the AC-nZVI.
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Figure 1: Field Emission Scanning Electron Microscopy (FESEM) results for AC-nZVI (a) Mag=100000X (b) EDX- image and (c) EDX spectrum
3.3 X-Ray Diffraction (XRD)
Figure 3 shows the XRD patterns of the activated carbon and AC-nZVI. The XRD pattern of activated carbon, graphite and carbon oxide were indicated at the peaks of 24.7° and 27°respectively. In AC-nZVI, small peak at 2θ = 44.9° corresponded to the formation of zero valent iron (Yaacob and How, 2015; Al-Dokheily and Sadoon, 2015). 
3.4 X-ray Photoelectron Spectroscopy with Auger Electron Spectroscopy (XPS-AES)
[bookmark: _Hlk531358589]Figure 3 shows the X-ray photoelectron spectroscopy and Auger Electron Spectroscopy (XPS-AES) spectrum of activated carbon and AC-nZVI. As displayed in Figure 1(a), only O and C were found on activated carbon surface while Na, Fe, O, C, and B were distributed on AC-nZVI surface. Na and B were expected to be present as NaBH4 was used to synthesize AC-nZVI (Yaacob and How 2015). According to (Yaacob and How, 2015), the peaks at 719.7 eV (Fe0 2p1/2) corresponding to zero valent iron. 
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Figure 2: X-ray Diffraction (XRD) images for AC and AC -nZVI
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Figure 3: X-ray photoelectron spectroscopy and Auger Electron Spectroscopy (XPS-AES) result for (a) Activated Carbon, (b) AC-nZVI and (b) AC-nZVI of Fe 2p line
3.5 Batch Test
The sorption results of different dosages are presented in Figure 4(a).  By using dye concentration of 50 ppm and pH values of pH=6, the results for both activated carbon and AC-nZVI showed the same trend and adsorption values. The adsorption capacity for both materials decreased with the increasing of adsorbent materials due to the overlapping of adsorption sites, thus giving the overcrowded adsorbent particles (Hefne et al., 2010). The adsorption values for both materials were also the same in all dosage values, showing that both materials had same capability to adsorb dye. Based on the paper reported by (Shen et al. 2009), activated carbon has higher adsorption capability in removing pollutant due to its large specific surface area. This study suggests of using high concentration of Acid Orange II in order to know the different of adsorption capacity between activated carbon and AC-nZVI.
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Figure 4: Batch Test results of five factors (a) dose (b) initial concentration (c) pH (d) kinetic and (e) Temperature
The effect of initial concentrations on Acid Orange II are presented in Figure 4(b). The curve showed the adsorption capacity increased with the increasing of initial concentration until at one point it became constant although the initial concentration was increased due to surface particles was saturated with dye. In initial concentration effect, AC-nZVI exhibited larger adsorption capacity (4.41 mg/g) compared to activated carbon (1.82 mg/g) due to the dispersion of nZVI particles on activated carbon particles, consequently providing more sites for adsorption. Figure 4(c) and 4(d) illustrate the effect of pH and kinetic study of Acid Orange II on activated carbon and AC-nZVI. Both graphs were constant suggesting that the adsorption capacity was not affected by pH values and shaking time. The effect of temperature on the adsorption capacity of Acid Orange II on Gr and Gr-nZVI is illustrated in Figure 4(e). It can be observed that adsorption capacity of Acid Orange II was increased with the increasing of temperature. The same results reported by Reddy et al. (2012). For the AC-nZVI curved, it showed constant adsorption capacity values, and this showing that temperature did not give any significant effect on AC-nZVI particles. However, AC-nZVI showed higher adsorption capacity compared to activated carbon. This was due to AC-nZVI provided both mineral and nZVI particles surfaces for greater adsorption sites compared to activated carbon itself. The findings suggest the stability of AC-nZVI towards temperature effects and proven as better materials for water treatment in the natural environment.
0. Conclusions
This study concludes that AC-nZVI was successfully synthesized using chemical reduction method. The characterization of composite nanoparticles was performed using BET surface area, FESEM, XRD and XPS-AES. Through BET surface area, the pores in the activated carbon were filled with added nZVI particles. The FESEM analysis shows the AC-nZVI has spherical shapes, ranging between 45.61 nm to 69.42 nm and were aggregated into a chain-like on activated carbon surface. In XRD pattern, the AC-nZVI shows small peak at 2θ = 44.9° where it was corresponded to the formation of zero valent iron. In Batch test results, only effects of initial concentration and temperature showed a significant difference between activated carbon and AC-nZVI in adsorbing dye. Other effects such as dose, pH and kinetic effects did not give any significant difference since activated carbon has their own capability in remediates dye. 
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Activated Carbon	0.05	0.1	0.3	0.5	0.7	1	31.914852558139536	15.98511627906977	5.3283720930232574	3.1970232558139542	2.2835880398671105	1.5985116279069771	AC-nZVI	0.05	0.1	0.3	0.5	0.7	1	31.970232558139539	15.98511627906977	5.3283720930232574	3.1970232558139542	2.2835880398671105	1.5985116279069771	nZVI	0.05	0.1	0.3	0.5	0.7	1	8.0093023255814035	11.246511627906976	5.3283720930232574	3.1970232558139542	2.2835880398671105	1.5985116279069771	Bentonite	0.05	0.1	0.3	0.5	0.7	1	11.051162790697676	15.403716279069769	5.2349420930232569	3.1532334558139539	2.2607366112956817	1.5985116279069771	B-nZVI	0.05	0.1	0.3	0.5	0.7	1	23.720930232558139	15.98511627906977	5.3283720930232574	3.1970232558139542	2.2835880398671105	1.5985116279069771	Granite	0.05	0.1	0.3	0.5	0.7	1	5.6930232558139586	4.2837209302325618	3.386046511627907	3.0781395348837211	2.2306423255813961	1.5872646279069771	Gr-nZVI	0.05	0.1	0.3	0.5	0.7	1	22.772093023255813	15.076326279069768	5.3283720930232574	3.1970232558139542	2.2835880398671105	1.5985116279069771	Dose (g)
Concentration of Acid Orange II absorbed by particles, qe (mg/g)

Activated Carbon	5	40	60	80	100	150	200	250	1.8202721088435376	5.6299319727891159	7.7999999999999989	8.5857142857142872	8.7421768707483007	8.912244897959182	8.912244897959182	8.912244897959182	AC-nZVI	5	40	60	80	100	150	200	250	4.4053061224489793	5.6299319727891159	7.7999999999999989	8.5857142857142872	8.7421768707483007	8.912244897959182	8.912244897959182	8.912244897959182	nZVI	5	40	60	80	100	150	200	250	4.5816326530612228	8.1224489795918373	6.5646258503401347	8.912244897959182	8.912244897959182	Initial Concentration (Co) 
Concentration of Acid Orange II absorbed by particles, qe (mg/g)
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Concentration of Acid Orange II adsorbed by particles, qe (mg/g)
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