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ABSTRACT

This paper focuses on the feasibility study of ammonia nitrogen removal from micro-pol-
luted river by permeable reactive barriers with mixtures of steel slag and fly ash brick as
reactive materials. The results indicated that individual maximum adsorption capacities of
steel slag and fly ash brick were 0.83 and 0.42mg/g, respectively. However, 3-5mm steel
slag was best for ammonia nitrogen removal in terms of removal efficiency and permeabil-
ity. And the best ammonia nitrogen removal efficiency was 65.8% when the steel slag to fly
ash brick ratio was 3:1. The study indicated that the steel slag and fly ash brick mixture is
an effective reactive material in a permeable reactive barrier system to remove ammonia

nitrogen from micro-polluted river.
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1. Introduction

Permeable reactive barrier (PRB) has been used in
many countries due to its low cost, continuity once
installed, potential long duration, and effectiveness.
When the contaminated plume goes through the
barrier, the contaminants react with reactive materials
to reduce the concentration based on adsorption,
precipitation, and decomposition [1]. It has also been
used for groundwater treatment to save operation and
maintenance costs [2]. The reactive materials in
permeable zone are crucial in PRB technology, which
can be used separately or in combination depending
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on the types of contamination. Recent attempts have
been made in PRBs to find the cost-effective reactive
materials from industrial wastes, such as steel slag [3],
fly ash [4], peat [5], and Fe’ filings [6] etc. These mate-
rials are effective in removing particular contaminants
and some are of great amount. If these industrial
wastes can be used as reactive media in PRBs, it
would save great land space and disposal costs. How-
ever, it should be noted that little has been known
about using mixtures of steel slag and fly ash brick as
reactive media. Steel slag, a main by-product in steel-
making process, consists of calcium oxide, magnesium
oxide, and other metal oxides [3]. It has been used as
an alternative adsorbent for dye [7], phosphorus [8],
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nickel [9], and arsenic [10], which would also be suit-
able for nitrogen removal. However, steel slag aggre-
gates easily in water solution or moisture conditions,
which would change the hydraulic conductivities and
reduce the porosity gradually and finally in concomi-
tance with clogging [11].

Fly ash brick is made of fly ash (above 75%)
blended with appropriate lime and gypsum by steam
curing. Fly ash brick has larger hydraulic conductiv-
ity, which makes it more permeable than steel slag.
The elements presented in fly ash brick include
silicone (Si), aluminum (Al), calcium (Ca), iron (Fe),
magnesium (Mg), potassium (K), and sodium (Na).
Some researchers have also reported that modified fly
ash is effective for ammonia nitrogen removal [12]. It
seems logical that using steel slag and fly ash brick in
combination could not only exert higher NH;-N
removal efficiency of fly ash brick, but also prevent
clogging due to its complex porous structure. There-
fore, fly ash brick and steel slag in combination as
PRB’s reactive material was proposed in this study.

The objective of this work was to investigate the
feasibility of using mixtures of steel slag and fly ash
brick as PRB’s material for the NH; -N removal. Batch
studies were conducted to investigate the impact of
initial NHI-N concentration, contact time, solution
pH, particle size of steel slag on NH; -N removal rate.
The maximum NH,-N adsorption capacity and iso-
therm were also analyzed. Furthermore, column tests
with continuous flow were carried out to find the
optimal volume ratio of steel slag to fly ash brick.

2. Materials and methods
2.1. Materials

Steel slag was supplied by Taiyuan iron and steel
(group) Co. Ltd., China. It was crushed in a ball mill to
mm-sized, then screened to different particle size
ranges and washed with distilled water to remove sur-
face dust and soluble ions. Fly ash brick was obtained
from a brick factory in Taiyuan, China. It was made of

coal fly ash (above 75%) blended with quicklime and
gypsum under steam curing. The characteristics and
composition of two materials are presented in Table 1.
The NH; -N solution for the experiments was prepared
by NH,CI with distilled water.

2.2. Batch NHy -N adsorption experiments

The adsorption capacity with contact time and the
effect of initial NH;-N concentrations were investi-
gated in a series of 250mL glass Erlenmeyer flask
containing 5.0g prepared steel slag (fly ash brick of
crushed) with 100mL NH; -N solution. The concentra-
tion of NH;-N was 5, 10, 25, 50, and 100mg/L,
respectively. All the glass Erlenmeyer flasks were
continuously shaken for 6h in a thermostat shaking
container at 120rpm to ensure equilibrium at 20°C.
This speed was fast enough to ensure constant mixing
but not too fast to encourage disaggregation of parti-
cles [13]. The pH of all solutions was maintained at
about 7.0 by adding NaOH (0.1mol/L) or HCI
(0.1 mol/L) solution. The particle size of steel slag was
in the range 3-5mm. Meanwhile, this batch equilib-
rium technique is used to investigate the capacity of
adsorption [14]. The adsorption capacity of a combina-
tion of Viag:Viy asn=3:1 is conducted on the same
condition.

The effect of adsorbent dosage on NH; -N removal
was tested by adding different adsorbent amounts
into 100 mL of NH; -N solution at 120rpm on a rotary
shake, respectively. The amount of steel slag (fly ash
brick of crushed) with particle sizes of 3-5mm are 1,
3,5, 8, 10, and 13g. The NHI-N initial concentration
is 10mg/L and the solution pH was maintained at
about 7.0 and 20°C.

The effect of pH on NH; -N removal was observed
at NH; -N initial concentration of 10mg/L at various
pH values (2, 4, 6, 7, 8, 10, and 13). About 5g of steel
slag (fly ash brick of crushed) was put in each glass of
Erlenmeyer flasks which were shaken at 120rpm and
20°C. The particle size of adsorbents was between 3
and 5mm. At different times, the adsorption capacity

Table 1

Characteristics and composition of steel slag and fly ash brick

Steel slag

CaO 5i0, MgO FeO AlLO; TFe Cr,0; TiO, MnO
51.84% 28.21% 9.74% 6.17% 4.39% 3.96% 1.28% 0.35% 0.29%
Coal fly ash brick

SlOz A1203 F6203 CaO MgO Na20 Kzo SO3

50.6% 27.1% 7.1% 2.8% 1.2% 0.5% 0.3% 0.3%
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and the final pH were measured. In addition, 5g com-
bination of Vslag:Vily asn=3:1 was put in 100mL
NH; -N solution (initial pH is 7.0) under the same
condition to investigate the change of pH value with
reaction time.

The effect of particle size of steel slag was also inves-
tigated. The batch experiments were carried out using
5g steel slag in 100mL NH; -N solution under above-
mentioned conditions. The particle size of steel slag ran-
ged from 3mm to 24mm (3-5mm, 5-8 mm, 8-10mm,
13-15mm, 18-20 mm, and 23-25 mm).

The batch experiments for standard adsorption
enthalpy (AHY have been studied at 20, 30, and 40°C.
A constant temperature batch was used to keep the
temperature consistent. About 5g of steel slag (fly ash
brick of crushed, a combination of Vi,g:Viay asnh=3:1)
was added into a series of 100mL NH; -N solution of
10 mg/L under above-mentioned conditions.

2.3. Continuous-flow tests

The experimental setup is shown in Fig. 1. The
reactor was made of acrylic in the dimension of
45cm x20cm x 30 em (L x H x W). About 5cm quartz

Fly ash brick Steel slag Quartz sand Effluen
XX __4
< > .::1:' J

Influent

(a) The box of continuous influent experiment

Influent
BT
Flow I\
-
Effluent
Pump 2
Inlet Sand Reaction Sand Outlet

tank [P filtration [® zone [P filtration [® tank

I- Quartz sand, II- Fly ash brick, III- Steel slag, I'V- Inlet tank, V- Outlet tank

(b) Flow diagram of the experimental setup

Fig. 1. Flow diagram of the experimental setup. The
reactor was 45cm x 20cm x 30cm (L x H x W); added 5cm
quartz sand on the top and at the bottom of the box; steel
slag and fly ash brick were packed in the middle.

sand was added on the top and at the bottom of the
box and supported by a macroporous board. Steel slag
and fly ash brick were packed in the middle. The
influent was pumped into the reactors continuously
by a peristaltic pump at a rate of 150 mL/min. Three
different volume ratios (steel slag to fly ash brick of
crushed) were tested in this study, they are 1:1, 3:1,
and 5:1 in Box 1%, 2% and 3" respectively. The system
was operated for 14days, and the effluent samples
were collected daily for NH; -N analysis.

2.4. Analytical methods

Chemical compositions of the steel slag and coal
fly ash brick were measured by X-ray-fluorescent
(72000S, ARL, Switzerland). pH was measured using a
pH meter (PHBJ-260, Leici, China). UV/visible spec-
trophotometer (UV-2,100, Shinco, China) was used to
determine the concentrations of NH; -N according to
APHA methods [15]. All sorption experiments were
conducted in triplicates and the data were expressed
as the average value.

3. Results and discussion
3.1. Effect of initial NH, -N concentration

The effect of initial NH;-N concentration on
NH;-N removal by the two materials was investi-
gated in this study, as shown in Fig. 2. It can be seen
that the adsorption capacity of NH; -N increased with
the increase in contact time, but time for equilibrium
varied when the initial NH; -N concentration changes.
Under the same condition, the time to establishe equi-
librium for steel slag was longer than for fly ash brick.
In every circumstance, NH; -N uptake rate is higher
at the start-up period. The initial rapid uptake rate
may be due to the increase in available vacant sites,
which increased the concentration gradient between
adsorbates in the solution and adsorbates in the
adsorbent [16]. And adsorption gradually decreased
with reduced adsorption sites. The further increase in
contact time had no obvious effect on the uptake rate
after 60 min. It also can be noted that, NH; -N removal
was more efficient when the initial concentration is
low. The effect of initial NH;-N concentration on
NH; -N removal by fly ash brick was negligible when
the initial concentration was lower than 50mg/L
(Fig. 2b). The experiment showed that the maximum
adsorption capacities of steel slag and fly ash brick
were 0.98mg/g and 0.58mg/g, respectively. Huo
et al. [17] reported that NH;-N removal reached
98.46% with an initial concentration of 6 mg/L by
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Fig. 2. Effect of initial NH; -N concentration on NH; -N removal by two materials. Added 5g steel slag (particle size: 3—
5mm) into 100mL NH;-N solution; changed NH;-N concentration (5, 10, 25, 50, and 100mg /L); shaken for 6h at
120rpm to ensure equilibrium at 20°C; pH was controlled at 7.0 by dosing 0.1 mol/L NaOH/HCI. Fly ash brick of

crushed was tested on the same condition.

modified clinoptilolite. But clinoptilolite needs modifi-
cation by three steps used with NaCl solution and
FeCl; solution of certain concentration and was calci-
nated at 200°C in a muffle furnace for 1h finally.
Halim[18] et al. investigated the adsorption capacity
of NH; -N was 24.39mg/g on the composite media of
activated carbon and zeolite. Wang et al. [19] et al.
found that the maximum theoretically saturated
adsorption of NH",-N was 2.33mg/g for zeolite as
filled materials in wetland system. Liu [20] et al.
screen six novel agricultural residues as sorbents to
treat NH; -N, and the theoretical maximum adsorp-
tion capacities were 6.71, 4.62, 6.07, 5.01, 6.22, and
6.25mg/g, respectively. Most studies on NH;-N
adsorption from aqueous solution have been focused
on mineral materials and their modifications, which
need large amounts of money and consume resources
in large-scale application. Compared with other adsor-
bents from literature, steel slag and fly ash brick, as
adsorbents not only solve problem of land occupation
but also have a low-cost; their cost in environmental
waste treatment would be an advantage.

3.2. Effect of adsorbent dosage

Fig. 3 shows that the uptake of the NH;-N
increased rapidly with increasing amount of adsorbent
ranging from 1 to 5g and slowed down to 10g. A fur-
ther increase in the amount of adsorbent did not affect
the uptake significantly.

3.3. Effect of pH

The effect of pH on NH;-N removal is shown in
Fig. 4. Six pH values in range of 2-13 were tested. With
the pH increased, the adsorption capacity of steel slag

70 -
60 -
50 -
40 -
30+

20 —e—steel slag

—a—fly ash brick

NH4"-N removal(%)

10 -

0 I I I I I I
12 14

0 2 4 6 8 10
adsorbents(g)

Fig. 3. Effect of adsorbent dosage on the removal of
NH;-N. Added Steel slag (particle size: 3-5mm) into
100mL NH; -N solution (10mg/L); changed the dosage (1,
3,5, 8, 10 and 13 g); shaken for 6h at 120rpm at 20°C; pH
was controlled at 7.0 by dosing 0.1 mol/L NaOH/HCI. Fly
ash brick of crushed was tested on the same condition.

increased slowly, but it was different for fly ash brick
(Fig. 4a): The adsorption was found to decrease both at
the lower and higher pH values with somewhat higher
adsorption in the intermediate pH region. The pH in
solution affects the adsorption process, which can be
explained using the theory of zero point of charge
(ZPC). The essential mineral of steel slag is magnetite
whose ZPC is obtained at pH 6.5. When the pH <6.5,
the steel slag surface is protonated and became posi-
tively charged, which prevents electrostatic binding of
the positively charged NH; . In this case, the adsorp-
tion capacity is attributed to the porous of steel slag
surface. But, for pH > 6.5, the surface becomes deproto-
nated, which favors the adsorption of NH; via electro-
static attraction [21]. For fly ash brick silica, alumina,
and calcium compounds are the major constituents
together with other metal oxides as minor or trace
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Fig. 4. Effect of solution pH on the removal of NH; -N. Added 5g steel slag (particle size: 3-5mm) into 100mL NHj-N
solution (10mg/L); shaken at 120rpm and 20°C; pH (2, 4, 6, 7, 8, 10, and 13) was controlled by dosing 0.1 mol/L NaOH/
HCI. Fly ash brick of crushed (a combination of V,s:Vay asn=3:1) were tested on the same condition.

constituents, ZPC is 3.78 calculated theoretically [22],
which adsorption capacity should increase with pH
increasing. However, the adsorption behavior did not
follow the theoretical predictions. Because the oxides
of metals present in fly ash brick form aquo complexes
and develop charged surface through amphoteric
dissociation at varying pH values. At low pH (< 4), a
positive charge is developed at the oxides surface in fly
ash. Hence its uptake increased with the increasing of
the solution pH at a lower pH value. In a higher pH
range (>4), competitive cation Ca®* had a much higher
negative effect on ammonium removal. So its uptake
decreased with the increasing of the solution pH at a
higher pH value. The change of pH value with reaction
time by a combination of V,g:Viy ash=3:1 is shown in
Fig. 4(b). It was found that pH did not change dramati-
cally and was close to the neutral levels with time
elapsed, and then stabilized at 8 after 6 h.

3.4. Effect of particle size of steel slag

The effect of steel particle size on NH; -N removal
rate is shown in Fig. 5. When the particle size was less
than 3-5mm, the rise of NH; -N uptake rate was not
obvious. It is widely accepted that particle size would
strongly influence on the adsorption. Smaller the steel
slag particles, higher the specific surface area, which
is directly related to NH;-N removal efficiency.
However, the clogging effect of small particles should
be considered when selecting the appropriate steel
slag size for NH;-N removal, as smaller particles
would have severe agglomeration.

3.5. Adsorption kinetics

In this study, batch adsorption kinetics of NH; -N
by steel slag and fly ash brick have been studied in

60

50

40 -
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NH4"-N removal(%)
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Slag size(mm)

Fig. 5. Effect of particle size of steel slag on the removal of
NH;-N. Added 5g steel slag (particle size: 3-5mm) into
100mL NH-N solution (10mg/L); changed particle size
(3-5mm, 5-8 mm, 8-10mm, 13-15mm, 18-20mm and 23—
25mm); shaken at 120rpm and 20°C; pH was controlled at
7.0 by dosing 0.1 mol/L NaOH/HCL

terms of pseudo-first-order kinetic and pseudo-sec-
ond-order kinetic model [23].

The integrating pseudo-first-order equation in the
following;:

Qe _ kl
oo ") a0 2

where Q. and Q; are the amounts of solute adsorbed at
equilibrium and at time ¢ (min), respectively. And k; is
the rate constant for pseudo-first-order reaction (min™").
Eq. (1) can be rearranged to obtain a linear form:

13(Qe — Qi) =log Q. —

1
2.303t @)

A straight line for the plot of 1g (Q.—Qy) vs. t would
suggest the applicability of this kinetic model fit the
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Table 2
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Parameters of kinetic models for NH; -N adsorption by steel slag and fly ash brick

Co (mg/L) Pseudo-first-order Pseudo-second-order

Steel slag Fly ash brick Steel slag Fly ash brick

ki (min~") rR? ki (min ") R? ks [g/(mgmin)] R? k> [g/(mgmin)] rR?
5 0.024 0.8627  0.020 0.8165 1.01 0.9977  0.17 0.9994
10 0.021 0.8288 0.022 0.8543 0.69 0.9986 0.13 0.9988
25 0.018 0.7982 0.017 0.8872 0.23 0.9949 0.04 0.9978
50 0.016 0.8621 0.019 0.8959 0.21 0.9953 0.02 0.999
100 0.013 0.8026  0.013 0.8218 0.33 0.9940 0.01 0.9961

experimental data. The rate constant k; and correlation
coefficients R?, under different conditions were calcu-
lated from these plots as Table 2. We can see from
Table 2 and Fig. 6, the R? values of the pseudo-first-
order kinetic models were obviously lower.

The pseudo-second-order model can be expressed
as Eq. (3), which can be rewritten as Eq. (4) in a linear
equation form. And k, are the rate constant for
pseudo-second-order reaction [g/(mgmin)].

Pseudo-second-order equation:

Q_ .- Q)

dt

Pseudo-second-order linear equation:
1 1 1 1

— X—+—
Q kQ t Q.

(4)

A plot of 1/Q; vs. 1/t should give a linear relation-
ship for the applicability of the pseudo-second-order
kinetic. Table 2 and Fig. 7 show a plot of 1/Q; against

0r & 5mg/L
A 25mg/L
X X 100mg/L

B 10mg/L
© 50mg/L

12(Qe-Qp)

0 20 40 60 80
t(min)

100 120

(a) Steel slag

1/t for pseudo-second-order equation. Compared with
R? values for the pseudo-first-order equation, the data
show a good compliance with the pseudo-second-
order equation and the regression coefficients R* for
the linear plots are higher than 0.9940.

3.6. Adsorption capacity of NH, -N by steel slag and fly
ash brick combination

Adsorption equilibrium models have been widely
applied to study the adsorption behavior, such as the
Langmuir and Freundlich models. By applying these
models, adsorption capacity can be obtained. In this
study, the following equation for Langmuir model
was used [24].

C 1
Qe kSQm

Ce
Om

+ (5)

where Q. and Q. are the amounts of NH;-N
adsorbed per unit mass of adsorbent (mg/g) and the
maximum adsorption capacity (mg/g), respectively;

¢ 5Smg/L | 10mg/L
A 25mg/lL. ¢ 50mg/L
X 100mg/L

12(Qe-Qp)

0 20 40 60 80
t(min)

(b) Fly ash brick

100 120

Fig. 6. Pseudo-first-order kinetic of NH; -N adsorption on steel slag and fly ash brick. Experimental condition is the same

as the condition of Fig. 2.
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Fig. 7. Pseudo-second-order kinetic of NH;-N adsorption on steel slag and fly ash brick. Experimental condition is the

same as the condition of Fig. 2.

C. is the equilibrium NHj-N concentration (mg/L)
and k3 is the Langmuir constant.

The essential characteristic of the Langmuir
isotherm can be represented by the equilibrium
parameter, Ry, calculated by:

1

Ru=7 1 kCo

(6)
where C is the initial NH; -N concentration (mg/L).
Ry is a dimensionless separation factor used to deter-
mine whether the adsorption process is favorable or
unfavorable. The shapes of the isotherms for
0<Ry <1, Ry>1, Ry, =1, and Ry =0 are favorable, unfa-
vorable, linear, and irreversible [25], respectively.
Eq. (7) was used for the Freundlich model:

InQ. = %In C. + Ink; (7)

where k¢ and n are Freundlich adsorption isotherm
constants, being indicative of the extent of the adsorp-

0.14
0.12+ A
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0.1 2
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[
5‘ 0.08 - L
3 006, =7
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0.04 >AKm' fitting curve(fly ash brick)
0.02F fitting curve(steel slag)
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(a) Langmuir isotherm

Fig. 8. The fitting curves with Langmuir and Freundlich equations.

of Fig. 2.

tion and the degree of nonlinearity between solution
concentration and adsorption, respectively. The Fre-
undlich constant # is a measure of the deviation from
linearity of the adsorption. If a value for n is equal to
unity the adsorption is linear. If a value for n is below
unity, it implies that the adsorption process is chemi-
cal, but if a value for n is above unity, adsorption is a
physical process [26].

Fig. 8 shows the Langmuir isotherm and Freundlich
isotherm. The correlation coefficients (R?) of Langmuir
and Freundlich equations were 0.9969 (p<0.05)
and 0.9848 (p<0.05) by steel slag, respectively, and
0.9819 (p<0.05) and 0.9785 (p<0.05) by fly ash
brick, respectively. Furthermore, fitted equilibrium
adsorption capacity (Qm-steet slag=0-83mMg/g, Qm-fly ash
prick = 0.42 mg/g) is in close agreement with those tested
experimentally (Qm-steel slag=0.98mg/g, Om-ay ash
brick =0.58 mg/g). Given the good agreement between
model fit and experimentally tested equilibrium
adsorption capacity in addition to the large correlation
coefficients and higher significant level, it suggests that

8 -
’7 |-
6 |-
5 |-
& .
EY
3r fitting curve(fly ash brick)
2F e fitting curve(steel slag)
I i fitting curve(a combination)
0 L L L L I
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Experimental condition is the same as the condition
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NH; -N adsorption on two materials both followed
their isotherms.

All the values of R; calculated were found less
than unity (R =0.004-0.060 for steel slag, Ry =0.023-
0.081 for fly ash brick), and therefore the adsorption
of NH; -N is favorable. The Freundlich constant n of
steel slag and fly ash brick at equilibrium (room tem-
perature) are 1.69 and 1.42, respectively. The n values
indicated that adsorption of these materials was favor-
able; and therefore this suggests it is more like a phys-
ical process, in which the adsorption bond becomes
weak and conducted with van der Waals forces,
rather than chemical process [27].

To determine if it was physical adsorption, stan-
dard adsorption enthalpy (AH®) was analyzed. The
value of AH can be calculated from the van’'t Hoff
plot equation (Eq. (8)) as follows.

1gC. = —1g Ky + AH’/(2.303RT) 8)

where T is the absolute temperature (K), K; is constant
and R is the gas constant. If AH’>0, the adsorption is
endothermic. If AH? <0, the adsorption is exothermic.
When attraction between adsorbates and an adsorbent
took place, the change in standard enthalpy was
caused by various forces, including van der Waals,
hydrophobicity, hydrogen bonds, ligand exchange,
dipole-dipole interactions, and chemical bonds [28].
According to the magnitude of different forces, the
nature of physical or chemical adsorption can be iden-
tified by the sum of different forces. Generally, the
magnitude of standard enthalpy changes for absolute
physical adsorption is less than 20kJ/mol, while
chemical adsorption is in the range of 80-200kJ/mol
[29]. To obtain valuable knowledge about AHY,
adsorption reaction was conducted at different tem-
peratures (293, 303 and 313K). The values of AH? of
steel slag adsorption and fly ash brick adsorption are
5.69, 5.38, 5.12kJ/mol and 4.75, 4.53, 4.32kJ/mol at
293, 303, and 313K, respectively. The positive values
of AH" implied both the steel slag adsorption and fly
ash brick adsorption are endothermic. In addition,
both the adsorptions should be regarded as physical
adsorption.

As the combination of Vel slagt Vily ash brick Was
3:1, the R*> values (0.9969 (p<0.05) and 0.9848
(p<0.05) for Langmuir and Freundlich equations,
respectively) showed that the adsorption process can
be represented by two isotherms. The values of Rp
are 0.035-0.078, less than unity, therefore the
adsorption is favorable. The Freundlich constant # is
153 and the thermodynamic parameter AH are
5.44, 521, 4.83k]/mol at 293, 303 and 313K, respec-
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tively, which presented the adsorption is endother-
mic and physical.

3.7. Removal of NH;-N from continuous influent

Continuous flow tests were conducted for 14 days
using experiment set up shown in Fig. 1. NH; -N con-
centration in the influent was 10mg/L. NH;-N
removal efficiency profile was shown in Fig. 9. The
results showed that NH; -N was reduced largely after
the boxes. At the beginning, the NH;-N removal
increased dramatically that mainly due to the higher
NH; -N adsorption capacity, when the adsorbent mix-
ture was fresh and the adsorption sites were free for
NH; -N. Then, the NH;-N removal increased slowly
after 6 days, which may be due to physical blockage of
the adsorption sites. The average NH; -N removal by
box 1*, box 2% and box 3* were 56.1, 65.8, and 60%,
respectively. With the increasing amount of steel slag
from box 1% to box 3", NH}-N removal efficiency of
box 2* is higher than box 1% but did not continue
trending higher of box 3*. It can be attributed to the
fact that the porosity decreased obviously and clog-
ging seriously with too high percentage composition
of steel slag. With time going on, finally the difference
of NH;-N removal efficiency of three boxes was not
evident (all the NH; -N removal efficiency are about
60%). It may be due to the effect of biological nitrifica-
tion. It is well known that biological nitrification is the
most effective process for nitrogen removal [30]. The
biological nitrification was in highest flight for NH; -N
removal in the columns as the time goes on. Therefore,
the mixture of steel slag and fly ash brick was feasible
for NH; -N removal, and a proper volume ratio of steel
slag and fly ash brick can improve the effluent quality.

70
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20

NH4"-N removal(%)

0 2 4 6 8
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10 12 14 16

Fig. 9. NH;-N removal from effluent through steel slag
and fly ash brick boxes. The influent entered into reactor
by a peristaltic pump at 150 mL/min; volume ratios of fil-
ler Changed (Vsteel slag: fly ash brick of Crushedzl:lr 3:1 and 51)1
the system was operated for 14 days.
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4. Conclusions

Present study indicates that steel slag and fly ash
brick may be effective materials for NH; -N removal in
PRB systems. All NH; -N adsorption behavior, respec-
tively by steel slag, fly ash brick and combination of
steel slag and fly ash brick, followed Langmiur and
Freundlich models, and were preferential types and
physical adsorption by isotherm and thermodynamics
parameter analysis. Furthermore, the adsorption pro-
cess was well described by the pseudo-second-order
equation. The maximum adsorptions of steel slag and
fly ash brick were 0.83 and 0.42mg/g, respectively.
The NH;-N removal by steel slag decreased with
increasing NH;-N concentration, particle size, and
solution pH. But NH;-N removal by fly ash brick
decreased with increasing NH; -N concentration and it
was at its peak at about pH 4. Continuous flow test
showed the average rates of NH;-N removal were
around 56.1-60% by box 1*, box 2*, and box 3". The
proper volume ratio of the mixture is 3:1 of steel slag
to fly ash brick. Due to low cost and high adsorptive
capacity, the mixture of steel slag and fly ash brick was
the potential materials for NH;-N removal from
micro-polluted rivers.

The more long-term performance flow-through
experiments should be explored further, which are
important in the study of the contributions of denitri-
fication by microbes. It may attain better NH;-N
removal efficiency.
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