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IMPROVING THE EFFICIENCY OF CONVENTIONAL DRINKING-WATER-
TREATMENT PROCESSES IN THE REMOVAL OF ARSENIC

ABSTRACT

Viet Quoc Vu”
University of Technology - TNU

Since Vietnam is one of the most rice producing countries in the world, a huge amount of rice hull
waste produced every year has been raising environmentally significant concerns. This study aims
to build a model of improving the efficiency of the treatment process of removing arsenic from
drinking water using activated carbon derived from rice hull. In this model, the efficiencyof
treatment process is optimized due to the combination of the advantages of iron and activated
carbon. The iron hydroxide phases can improve maximum adsorption capacity and the activated
carbon can offer a high surface area for adsorption.
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INTRODUCTION

Arsenic  contamination has been a
considerable concern in many areas in
Vietnam. Arsenic element existing in nature
as As(lll) and As(V). It is important to
remove both species of arsenic from drinking
water. Many studies have been conducted to
produce activated carbon from rice hulls for
arsenic removal. However, the arsenic
removal rate of activated carbon is not high
enough to fulfill health standards.

The most common process used to produce
activated carbon is chemical process. During
this process, carbonization and activation

(dehydrating) agent such as zinc chloride is
used to decompose the cellulose of rice hull.

An issue during this process is thatthe
efficiency of the removing metal irons is still
limited. This study aims to improve
performance of activated carbon, in order to
improve the efficiency of the removing
arsenic irons from drinking water.

2A model of improving the efficiency of the
removing arsenic from drinking water
process

This process combines the advantages of
both, iron and activated carbon. The Iron
hydroxide phases increase the adsorption
capacity. Activated carbon can offer a high
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Figure 1. Iron-impregnated activated carbon process for removing Arsenic irons”

*Tel: 0943952708; Email: vuquocviet84@gmail.com

107



Viet Quoc Vu

Journal of SCIENCE and TECHNOLOGY

127(13): 107 - 110

Table 1.

Step 1
Step 2
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Step 13
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The description of producing Iron-impregnated activated carbon for removing Arsenic irons

Description
Washing 100g Rice Hull

Drying

Mixing with 1.0 M NaOH solution

Washing until the base is undetected in
the filtrate

Drying until constant weight
Grinding and sieving

Covering with aluminum foil, placing
in alumina crucible, capping with an
alumina cover

Placing in furnace

Cooling

Rinsing three times in deionized water
Drying Furnace

Cooling

FeCl, (5.59) is dissolved in 100mi
deionized water. Adding NaOH to
ferrous chloride solution until pH 12

Adding AC (30g) to solution without
headspace

Shaking
Filtered
Drying

Cooling

Mix Fe-AC with 1M NaOH for 24
hours

Soaking

Washing and Drying

* RC: Room temperature
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Temperature
RC
80°C

RC

RC

80°C

RC

RC

800°C
RC
RC

110°C
RC

RC

RC

110°C
RC

RC

RC
RC

Time

5 hours

10 hours

2 hours

10 hours

24 hours

10 hours

24 hours

24 hours

Equipment
Deionized water
Furnace

409 NaOH,

1 L Deionized water
Deionized water

Furnace

Siever and Grinder

aluminum foil, alumina

crucible with lid

Furnace

Deionized water

Furnace

5.5g FeCly,

100 ml Deionized
water, NaOH

Glass bottle with lid,
250ml

Rotator
Filter Bag

Furnace

40g NaOH

1L Deionized water
100 ml 38% HCI

Deionized water
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DISCUSSION
Choosing chemical agent NaOH

In this process,the silica in the rice hulls
reacts with NaOH forming sodium silicate
which leads to a porous surface area. Using
NaOH as a chemical agent results in a
comparable low surface area with a big pore
volume. It is used here for two reasons.
Firstly,Qiganget al. [1] state in their report
that the best results of coating activated
carbon with iron take place using a macro
pore activated carbon which means a low
surface area and a large pore volume. This is
because the large pores Fe®* can enter deep
into the activated carbon. Using activated
carbon with small pores leads to an
impregnation only on the surface of activated
carbon. Secondly using NaOH will simplify
the process since it is also used for further
steps. The impact of NaOH on rice hulls is
shown in the picture stated below.

Choosing impregnation with Fe?*

In this process impregnation with Fe?" is
chosen. Iron forms an amorphous layer of
iron oxides on the activated carbon surface.
Due to this layer the net positive surface
charge of the activated carbon is increased
and therefore the arsenic removal capacity of
activated carbon is enhanced. Arsenic

adsorption to iron oxide-hydroxide surfaces
can be described by the ligand exchange
mechanism. In the adsorption process,
arsenic species can replace hydroxyl ion
(OH-) on the surfaces of iron oxide-
hydroxides, forming inner-sphere complexes
[3]. Furthermore ferrous is soluble at a wide
range of pH and can diffuse deep into the
internal pores of the activated carbon. The
degree of impregnation onto the activated
carbon surface is maximal when the net
charge of the activated carbon surface
becomes negative. The net surface charge is
highly dependent on the pH. Therefore the pH
of the ferrous solution is increased to pH 12
by adding NaOH.

CONCLUSION

The removal rates of toxic metals have been
very promising and with adaptions like
iron-impregnation the results can be even
improved. The model of the process to
produce iron-impregnated activated carbon
for arsenic removal is a combination of a
variety of processes and could improve
the arsenic removal rate of activated carbon,
in which iron hydroxide phases increase the
adsorption capacity and activated carbon offer
a high surface area for adsorption.
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Figure 2. Impact of NaOH on rice hulls; (a) Raw rice hulls and (b) Rice hull treated with NaOH

(Adapted from [2])
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NANG CAO HIEU QUA QUA TRINH LOAI BO THACH TiN

TRONG NUOC SINH HOAT

Vii Quéc Vigt"

Truong Dai hoc Ky thudt Céng nghiép — DH Thai Nguyén

Viét Nam la mot trong nhitng nudc san xuit gao nhiéu nhat trén thé gisi, vi vay mot lugng l6n vo
trdu duoc tao ra trong qua trinh san xuét gao c6 thé gay anh huong dén cac van dé vé moi truong.
Viéc tan dung ngudn vo trau cho céc tng dung hiru ich dang 1 van dé dwoc quan tam Ién. Muc
tiéu cua bai bao nay la xay dung mot mo hinh nang cao hiéu qua cua qua trinh loai bo thach tin
trong nudc sinh hoat bing than hoat tinh duoc tao thanh tir vo triu. Trong nghién ciu nay, hiéu
qua t6i wu cua qua trinh xu ly dat dugc nho su két hop ion sit va than hoat tinh. lon sit nang cao
t6i da hiéu qua hap thy thach tin, trong khi d6 than hoat tinh dwoc hinh thanh véi luong 16n dién

tich bé mat hap thu.

Tir khoa: Xu Iy nuéc uong, logi bé thach tin, vé trau, than hoat tinh.
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