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 Large surface area, high porosity. On the surface having good arsenic adsorption functional groups.

Equilibrium time: 10 min, (H = 89.5%). Optimal conditions: pH = 2, dose: 50 g/L, T = 30˚C. The adsorption process of IH

material follows the model Langmuir, 𝑞𝑚𝑎𝑥 = 250 µg/g.

Working well with groundwater in short time, after 5 minute reduce 56,5%. After 4 hours, Adsorption capacity stable and

concentration of arsenic output reach QCVN 02:2009/BYT (<50 µg/L).

Materials are made from low-cost, local-available materials with easy preparation process. In compassion with other

materials, IH is cheaper and have overcome some of their disadvantages.
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Arsenic Removal by Granular Iron Hydroxide-based Adsorbent

1 Introduction

21% Vietnam's population using As

contaminated water (2010), particularly in

Red and Cuu Long river delta regions.

The solution to remove As from groundwater with low-cost adsorbent

Granular adsorbent is easy to apply in fixed bed column treatment system

2 Materials and methods
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Iron hydroxide, Kaolin, bentonite, Alumium oxide

 Mixed, created granular form, heated at 500˚C for 10 

hours

3 Results and discussion

Image of X-ray diffraction spectrum of IH SEM of IH

Surface area of the material

Material
Area

(m2/g)
Source

IH before adsorption 22.6909 This research

IH after adsorption 22.0304 This research

Fly ash 0.8
Diamadopoulos et 

al.,1993

Iron Zero valent 1.8 Sasaki et al., 2009

Manganese

sand(IOCMS)
9.18 Wu et al., 2007

Kaolin 33 Mohapatra et al., 2007

𝐹𝑒𝑥(𝑂𝐻)𝑦-Montmorillonite 165 Lenoble et al., 2002

Iron activated carbon 723 Chen et al., 2007

Activated carbon 1125 Lorenzen et al., 1995

C- from coir 1200 Lorenzen et al., 1995

Diatomite rock changes 

the surface
50-55 Wu et al., 2005

FTIR spectrum of materials
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Adsorption Isotherm 

y (t= 20) = 0.9009x - 2.3556

y = 0.7655x - 1.8527

y = 0.946x - 2.4442
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Adsorbent 𝒒𝒎𝒂𝒙 (µg/g) Source

Granular IH 250 This research

Powdered IH 2896.9 This research

Zero valent Iron 1920 Wu et al., 2007

Manganese sand 5452 Wu et al., 2007

Kaolin 860 Mohapatra et al., 2007

𝐹𝑒𝑥(𝑂𝐻)𝑦-Montmorillonite 4000 Lenoble et al., 2002

Iron activated carbon 5130 Chen et al., 2007

Denatured Corn protein 1950 Sineephan et al., 2016

Activated carbon 1725 S.P. Dubey et al., 2015

Lemon peel 474 Marin-Rangel et al., 2012

Experiment with groundwater at Cu Da 

(initial concentration:170ppb)
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Conclusion
Research orientation:

 Further research to widely apply IH

 Improving the process of adsorbent preparation

 Developing method fo desorption and reusing IH material.

Evaluation of arsenic removal efficiency 

T= 30 days  V = 60 m3

Input: mFe = 600g, mAs = 18g

Output: mFe = 18g, mAs = 0,6g

 60% The amount of As is removed by sand filtration and natural

precipitation  Adsorbent treated 36.66% of arsenic.

Maximum adsorption capacity of the material (qmax) is 0,00025 kg

As/kg adsorbent, madsorbent = 100 kg  mAs =0,025kg = 25g

q(1 month) =
17,4∗36,66 %

25
= 25,52% qmax

 T Material replacement frequency: one per 4 months.

Cost
mass/ kg material

(kg)

Cost

(VNĐ)

Total

amount(VNĐ)

Kaolin 0,24 800 192

Alumium oxide 0,1 13.000 1.300

Bentonite 0,075 5.000 375

Iron hydroxide 0,4 15.000 6.000

Labour 1.500

Electricity 1.000

Material loss 100

IH 10.467

Cost of 1 m3 water
Electricity cost /day: 

 Pump : P=100W, t=2h 

 Aerator : P=370W, t=1,5h

Replace materials costs:

Activated carbon (50kg): 1 time/ year , Adsorbent (100kg/time): 3 times/ year Replace materials costs : 3.740.000 VND/year

Amount of water processed in 1 year: V=730m3

Material replacement costs for 1m3: 5.123 VND

Capital cost: 8.390.000 VND for water treatment system, lifetime: 10 years

 Invest cost 1m3 = 8.390.000/ 7.300= 1.142 VND

 Total amount for 1M3:  6.793 VND

Electric consume : 0,755 kWh/ 2m3 = 0,3775 kWh/m3 → 𝟓𝟐𝟖 VND/m3

REFERENCES

[1]. Nguyễn Mạnh Khải, Nguyễn Quốc Việt, Hoàng Thị Quỳnh Trang, Ô nhiễm asen trong

nước ngầm tại quy mô hộ gia đình tại xã Trung Châu, Đan Phượng, Hà Nội, Tạp chí Khoa

học ĐHQGHN 27(2011) 22-29

[2]. Phạm Thị Thúy, Nguyễn Thị Thanh Mai, Nguyễn Mạnh Khải, Nghiên cứu chế tạo vật

liệu xử lý Asen trong nước từ bùn đỏ, Tạp chí Khoa học ĐHQGHN 1S(2016) 370-376.

[3]. Sabine Goldberg and Cliff T.Johnston, Mechanisms of Arenic adsorption on amorphous

oxides evaluated using macroscopic measurements, vibrational spectroscopy, andsufure

complexation modeling, Journal of Colloid and Interface Science 234(2001)204-216.

[4]. Hang Cui,Yu Su, Qi Li, Shian Gao, Jian Ku Shang, Exceptional arsenic (III,V) removal

performance of highly porous, nanostructured ZrO2 spheres for fixed bed reactors and the

full-scale system modeling, Waster Research 47(2013) 6258-6268.

[5]. Kiril Hristovski , Paul Westerhoff , John Crittenden , An approach for evaluating

nanomaterials for use as packed bed adsorber media: A case study of arsenate removal by

titanate nanofibers, Journal of Hazardous Materials 156 (2008) 604–611.

[6]. Hui Su , Zhibin Ye , Nuri Hmidi , High-performance iron oxide–graphene oxide 

nanocomposite adsorbents for arsenic removal , Physicochem. Eng. Aspects 522 (2017) 

161–172 .,

[7]. Yang Yu, Ling Yu, Kaimin Shih, J. Paul Chen, Yttrium-doped iron oxide magnetic 

adsorbent for enhancement in arsenic removal and ease in separation after 

applications, Journal of Colloid and Interface Science 521 (2018) 252–260.

[8] Sineephan Thanawatpoontaweea, Apichat Imyima, Narong Praphairaksita, Iron-

loaded zein beads as a biocompatible adsorbent for arsenic(V) removal, Journal of 

Industrial and Engineering Chemistry 43 (2016) 127–132 .

AAS

Temperature

Initial

concentration
Dose

Adsorption 

IsothermTime

pH

Experiment 

with 

groundwater 

Pilot 

scale 

unit at 

Cu Da

93.34 90.04 88.59
87.87

84.23

47.36

26.63

0

10

20

30

40

50

60

70

80

90

100

0

20

40

60

80

100

120

140

500 1000 2000 5000 10000 20000 50000

Performance 
(%)

q (mg/g) 

Co (ppb)

Performance (%) Adsorption capacity

77.0

89.5 89.5 90.8 90.3 90.1 90.7 90.8 91.7 90.9 92.6
93.3 96.0 98.6

0

20

40

60

80

100

120

0

10

20

30

40

50

60

5 10 15 20 30 45 60 90 120 180 240 360 14402880

Performance 
(%)

q (µg/g)

Time (min)

Performance (%) Adsorption capacity

86.09

89.54
90.24

80

85

90

95

100

0

10

20

30

40

50

60

70

80

90

100

2.64 5.1 10.6

Performance 
(%)

q (µg/g)

m (g)

Performance (%) Adsorption capacity

91.79

92.97

88.63

88

89

90

91

92

93

94

95

43

43.5

44

44.5

45

45.5

46

46.5

47

T=25 T=30 T=35

Performance 
(%)

q (µg/g)

temperture(˚C)

Performance (%) Adsorption capacity

94.37

93.04

88.83

86.43 86.20

89.80 89.88 89.96

82

84

86

88

90

92

94

96

30

36

42

48

pH=2 pH=3 ph=4 pH=5 ph=6 pH=7 pH=8 pH=9

Performance 
(%)

q (µg/g) 
Performance (%) Adsorption capacity

0

1

2

3

4

5

6

7

8

9

10

-1000

-800

-600

-400

-200

0

200

400

600

800

1 2 3 4 5 6 7 8

 Zeta Initial pH Final pH

pHpzc= 2,28


